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Key Findings

Coastal impacts

A

Sea level rise levels of 0.4 metres by 2050 and 0.9 metres by 2100 are currently
accepted in NSW and other states as the benchmark levels for coastal planning and
hazard assessments.

More than 400 kms of open coastline in the region are exposed to sea level rise and
more frequent and intense storm surges. Half of that length is comprised of sandy
shores or muddy shores backed by soft sediments.

The total extent of low lyingareas ( O 2 . 5 israbouk48,00p hectares. Of this area,
approximately 51% are agricultural lands and a further 33% are conservation areas.

31,000 households, with a total population of 81,000 people or 85% oft he r e gi
population currently reside in these areas. 28% of the households are low income. 23%
of the people are aged 65 or over.

Infrastructure located in low lying areas includes major roads, railway lines, schools,
community facilities and waste facilities.

More than one third of low lying coastal areas in the region are conservation areas
including endangered and vulnerable ecological communities and high conservation
value coastal wetlands.

Key potential impacts include ecological, amenity and tourism impacts associated with
the loss or degradation of beaches, foreshore areas and estuaries.

Region wide coastal modelling is required to provide a more complete understanding of
the vulnerability of coastal areas in the region to inundation and erosion.

Extreme rainfall and flooding and storms

A

Climate change projections for the region indicate that there will be an increase in the
frequency of extreme rainfall events in the region in summer and autumn and an
increase in the maximum intensity of extreme rainfall events.

At least 130,000 hectares in the region are exposed to a 1 in 100 year flood at present.
Approximately 80% of this total is agricultural land and a further 10% is conservation
reserves.

57,000 households, with a total population of 149,000 people currently reside in these
areas. 25% of the households are low income. 16% of the people are aged 65 or over.

Infrastructure located in low lying areas includes major roads, railway lines, schools,
hospitals and other medical facilities, community facilities and waste facilities.
Substantial industrial and commercial areas, centred on Newcastle, are also exposed.

Potential impacts include direct damage costs associated with inundation of buildings
and non-market costs such as health effects and disruption to services.

Flood hazard assessment in the region would benefit from region wide modelling of
changes to extreme rainfall intensities, durations and frequencies and site-specific
hydrological/flood modelling of selected areas using the modelled changes to extreme
rainfall.
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Fire weather

A

>

Climate change projections for the region indicate that there will be an increase in the
length of the fire season (extending into autumn) and potentially an increase in the
frequency of high and extreme fire risk days.

More than 2 million hectares or 58% of the region is classified as bushfire prone land.

About 60 % of the total bushfire prone area is zoned agricultural, with most of the
remaining areas (38%) being conservation areas. Significant residential areas are also
exposed, especially in Gosford, Lake Macquarie and Port Stephens.

Due to the wide range of variables influencing bushfire behaviour, the extent to which
communities living in and infrastructure located within bushfire prone areas in the
region will face bushfire hazards in the future is difficult to quantify.

Fire behaviour modelling is required to gain a fuller understanding of the potential
impacts of climate change on the communities, infrastructure and ecosystems of the
region.

Average rainfall and water availability

A

A

Rainfall projections indicate that average annual rainfall may increase in the region,
especially during summer and winter.

Projections relating to water availability, runoff and drought frequency and severity are
less clear though, with the potential for increased stresses on key water dependent
industries and systems.

Water authorities and the agriculture, mining and energy sectors could all be impacted
by changes in water availability, as could the ecological health of regional waterways,
wetlands and estuaries - many of which are already facing significant stresses.

Further modelling of changes to water balance, runoff and groundwater availability
under different climate change scenarios is required, as is research into the impacts of
climate change on regional rainfall variability and drought frequency and severity.

Average and extreme temperatures

A

Average temperatures in the region have experienced an increasing trend in recent
decades, consistent with global and national trends. Temperatures are virtually certain to
increase in future decades.

Potential impacts most important to the region are heat-related illness and mortality
(especially elderly people and infants), energy demand in buildings and impacts to some
agricultural industries.

The region currently has a high proportion of elderly people (17% of total population)
with this group expected to increase substantially over the next 20 years. Gloucester,
Great Lakes and Greater Taree have particularly high proportions of elderly people.

Energy use in buildings is likely to increase with increased temperatures. Recent energy
modelling suggests that increased cooling loads in housing in the region will
significantly outweigh reduced warming loads.

Regionally significant agricultural industries that are sensitive to temperature increases
include viticulture and intensive livestock.

There is a need to improve understanding of the potential health-related impacts of
temperature changes in the region through improved regional economic and social
indicators and datasets and datasets of regional housing stock, age and quality.
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Executive Summary

Introduction

1. Local councils have a very important role in responding proactively to the potential
impacts of climate change in the region. Their importance lies in the fact that the
impacts of climate change will be most effectively addressed at regional and local
levels and that local council is the level of government closest to communities.

2. This report is one part of a region wide project that aims to assist local councils in the
Hunter, Central and Lower North Coast region of NSW to assess and manage climate
risks both individually and collaboratively across the region. The report provides
background information on potential climate change impacts in the region.

3. The assessment approach adopted in the report draws heavily on the climate change

6vul nerabilityé frameworKk. Under this for
change on a community or a system are assessed as the product of their direct physical
6exposured to climate changesventsr events a

4, Exposure and sensitivity information is presented on five major climate change
variables or hazards:

i. coastal inundation and recession associated with sea level rise and storm
surges;

ii. extreme rainfall, flooding and storms;

iii. changes to fire weather conditions;

iv. changes to average rainfall and water availability;
v. changes to average and extreme temperatures.

An overview of potential impacts for each of these hazards is also provided,
considering the most significant market (tangible) and nonmarket (intangible) costs.

5. This study provides a high level analysis of a range of potential climate change
impacts for the Hunter, Central and Lower North Coast region. As such, it does not
provide the level of depth required for the detailed decision making processes of local
councils and other regional organisations.

The Hunter, Central and Lower North Coast Region

6. The climate of the Hunter, Central and Lower Nor t h Coast i s- cl ass
tropical moi st 6. It has an annda&id’Caverag
and moderate to high rainfall (700 i 1200 mm annually). Rain falls throughout the
year, although in coastal areas rainfall is highest in summer and autumn and in inland
areas is highest in spring and summer.

7. The region is divided into three broad climate zones i Coastal, Central and Western.
The Coastal Zone includes the local government areas (LGAs) of Gosford, Wyong,
Lake Macquarie, Newcastle, Port Stephens, Great Lakes and Grater Taree. The
Centr al Zone includes | arge sections of t
and Gloucester, as well as parts of all Coastal LGAs. The Western Zone covers the
LGAs of Singleton, Muswellbrook and Upper Hunter.
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8. Tables 1 to 3 provide an overview of climate change scenarios for the region for each
of the Coastal, Central and Western climate zones respectively. The scenarios that
have been derived come from a number of sources including the Regional Climate
Change Study undertaken for HCCREMS. In general terms, there is a high degree of
certainty associated with temperature-related projections for the region but less
certainty associated with changes to patterns of rainfall.

9. The potential impacts of climate change on communities can be significantly
influenced by the sensitivity of those communities to a particular climate change or
hazard as well as physical exposure to the hazard. For example, the high and growing
proportion of elderly people in the region and the high proportion of low income
people are two important social characteristics that could increase sensitivity of the
region to various climate related hazards.

10.  Similarly, employment in key climate sensitive industries such as agriculture, mining
and tourism is quite high in a number of municipalities, indicating that the economies
of those municipalities could be particularly vulnerable to the impacts of climate
change.

11. Climate change is likely to interact with other non-climate stressors to compound the
overall stresses on natural systems. Coastal wetlands, rainforests and wet sclerophyll
forests in the region are likely to be especially sensitive to climate change.

Potential Impacts in Coastal Areas

12.  The Lower Hunter, Central and Lower north coast region of NSW attracts
devel opment , residents and tourists and
significant ports. The coastal zone also contributes substantially to the environmental,
cultural and amenity values of the region. However the coast also represents a source
of hazards to the communities of the region in the form of sea-level rise, coastal
storms, extreme tides and storm surges.

13.  Sea level rise levels of 0.4 metres by 2050 and 0.9 metres by 2100 are currently
accepted in NSW and other states as the benchmark levels for coastal planning and
hazard assessments. However, recent studies provide sea level projections that are
significantly greater than current IPCC projections.

14.  More than 400 kms of open coastline in the region are exposed to sea level rise and
more frequent and intense storm surges. Half of this coastline is comprised of sandy
shores backed by soft sediment or muddy shores backed by soft sediments, two
categories of shoreline considered particularly susceptible to instability in the context
of sea level rise.

15.  The total extent of low lying land (definedasO 2 . 5 me in theeregjionAs ldbDu)
40,000 hectares. Of this area, approximately 51% are agricultural lands and a further
33% are conservation lands. However, significant residential and industrial areas are
also located in low lying areas, especially in Gosford, Great Lakes, Lake Macquarie
and Wyong (residential) and Newcastle (industrial). The total extent of land situated
in very low lying areas (definedas O 1 me t is substatially)less - only about
8,000 hectares.

16. Assignificant proportionof t he regi onds community curre
(O 2.5 metres AHD). Approxi mately 31, 00C
81,000 people or 8. 5% of the regionds to
comparison only about 3,000 households, with a population of 7,500 people reside in
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very low | ying arGososd, Lak©OMadguanaeand YWpong AakeD ) .
the greatest numbers of people residing in low lying areas.

17.  Approximately 9,000 households or 28% of all households in the region residing in
low lying areas can be defined as dow income& About 23% of all residents residing
in low lying areas are elderly.

18. Infrastructure situated in low lying areas in the region includes transport infrastructure
(major highways, railway lines and bridges), schools, community facilities (council
buildings, emergency services facilities and other public buildings), and waste
facilities. Significant industrial and commercial areas are also situated in low lying
areas.

19. By their nature and position, most of the natural areas exposed to coastal inundation
and recession are sensitive to these hazards due to fragmentation associated with urban
encroachment and other development. Especially vulnerable ecosystems and locations
are beaches and dune systems with soft, erodible substrates backing onto endangered
ecological communities (EECs), vulnerable ecological communities (VECs) and high
conservation value wetlands.

20. Although the direct market impacts of coastal inundation for the region could be
significant in the long term - notably, stranded residential and commercial assets
affected by coastal recession or permanent inundation - the relatively long timeframe
associated with sea level rise provides coastal and infrastructure planners with
significant lead time to plan for and potentially to prevent / mitigate many of the worst
impacts to infrastructure and settlements.

2. On the ot her hand, someaer Kendi rmpacmar kevé
to involve significant costs, both monetary and non-monetary. Three impacts worth
noting, linked to coastal recession and the potential loss of beaches and foreshore
areas, are impacts on the tourism industry, amenity impacts and impacts on key
coastal ecosystems.

Potential Impacts Associated with Extreme Rainfall, Flooding and Storms

22.  Extreme rainfall events and the management of the subsequent runoff has long been a
challenge for the Hunter, Central and Lower North Coast region. High magnitudes of
rainfall over short time periods have contributed to major flooding, both river and
flash flooding in a number of catchments and drainage areas in the region.

23.  Recent climate change projections for the region indicate that there will be an increase
in the frequency of extreme rainfall events (95™ percentile) in all climate zones in
summer and autumn. Other projections for the region and the NSW coast in general
also indicate that maximum intensity of extreme rainfall events will increase, by up to
20% by 2050 for a 24 hour event and by greater amounts for shorter duration events in
the longer term (2080). As a consequence, greater numbers of people and
infrastructure will be exposed to the direct impacts of flooding in the future and
communities and systems that are already exposed to flooding will be exposed more
frequently.

24. Flood risk areas were identified from geographic flood model data provided by the
region 6s counci |l s. Some of the model s provi
also make some allowance for climate changes projections and/or local characteristics.
Only limited flood model data was available for Cessnock and Gloucester.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

At least 130,000 hectares are exposed to a 1 in 100 year flood at present in the Hunter,
Central and Lower North Coast region. Approximately 80% of this total is
agricultural land and a further 10% are conservation areas.

A substantial proportion of the current population of the Hunter, Central and Lower
North Coast region is exposed to river flooding or flash flooding. At least 57,000

dwellings and 149,000 people (16% o f the regiondés tot al

exposed to a 1 in 100 year flood. Exposure levels are particularly high in Greater
Taree, Maitland, Newcastle and Singleton.

Substantial proportions of exposed people are sensitive groups 1 low income and / or
the elderly. More than 14,000 households or 25% of all exposed households in the
region are on low incomes. The elderly represent 17% of all exposed people.

Exposed infrastructure includes transport (roads, railway lines and bridges), education
facilities, community facilities, waste facilities ands medical centres. Substantial
commercial and industrial areas are also exposed to flooding.

Care needs to be taken in interpreting the flood exposure data discussed in the report,
since exposure estimates provide an incomplete picture of the potential impacts
associated with flooding.

The generally accepted approach to costing the direct damage impacts of flooding to
private property is to include costs of damage to buildings and other infrastructure but
not loss of land value. For residential and commercial buildings, direct flood damage
cost estimates are typically based on the level of flood inundation above ground and

PO

floor l evel . Those costs -damaguesua@l i ye sebs,

approach that could, in theory, be used to assess the potential future costs of flooding
under different climate change scenarios.

Additional to the direct market costs of flooding are the indirect damages associated
with flood inundation, such as emergency response and clean up costs, and various
non-market costs. Studies indicate that households affected by flooding rate the
intangible costs of flooding as greater than the tangible impacts such as damage to
their house and contents. Intangible costs include health effects (such as death, injury
and water-borne diseases associated with disruption to sewerage and water services);
stress and worry; disruption to services and day-to-day life and loss of memorabilia.

While wind has significant potential for causing damages in the Hunter, Central &
Lower North Coast region, it is often associated with some of the other impacts
addressed in this report, such as extreme rainfall and/or storm surges. The June 2007
storm and floods in the region were a notable example of this.

In NSW, severe storms and associated winds represent a major fraction of disaster
damages. Wind for example, has been identified as a major contributor to insured
losses in six of the top 20 storm events in the State. Extreme wind projections for the
region are very uncertain though, with possible increase in the frequency of extreme
winds in summer, and autumn but decreases in winter being projected.

Nevertheless, even relatively minor increases in extreme winds could have important
consequences due to the manner in which damages during wind events increase
exponentially with rising wind speeds. The areas of greatest exposure to extreme
winds in the Hunter, Central & Lower North Coast region are likely to be all open
coastal areas, especially those coastal areas that are elevated and high altitude inland
areas such as along the Great Dividing Range

Vi
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Potential Impacts Associated with Changes to Fire Weather

35.

36.

37.

38.

39.

40.

41.

Compared with floods and storms, bushfires in NSW have historically been a
relatively minor driver of natural disaster-related economic and social damages. Even
so, many parts of the Hunter, Central & Lower North Coast region have been affected
by significant bushfires in recent history including in; 1990/91 (Cessnock, Gosford,
Wyong); 1991/92 (Gosford, Lake Macquarie, Wyong); 1993 /94 (Hunter region) 1996
(lower Hunter Valley); 1998 (lower Hunter Valley); and 2001/02 (Cessnock, Gosford,
Muswellbrook, Singleton).

Climate change projections for the region indicate that there will be an increase in the
length of the fire season and potentially an increase in the frequency of high and
extreme fire risk days. It is important to note however, that a broad range of factors
contribute to the risk of ignition and spread of bushfire across a landscape, its rate of
movement, and the intensity with which it burns - high fire danger weather is only one
of those factors. Given this, the extent to which communities, infrastructure living
within bushfire prone areas in the Hunter, Central & Lower North Coast region will
face bushfire hazards in the future is very difficult to quantify.

Fire prone areas were identified f
councils in accordance with guidelines provided by the Rural Fire Service. More than
2 million hectares or 58% of the region is classified as bushfire prone land based on its
exposure to Vegetation Categories 1 and 2. Approximately 1.2 million hectares (60%)
of the total bushfire prone area is zoned agricultural, with most of the remaining areas
(38%) being reserves and parkland.

A very substantial proportion of the current population of the Hunter, Central and

Lower North Coast region is exposed to bushfires. More than 120,000 dwellings and

339,000 people (36% of t he r euwhfireprodes
areas. All LGAs have substantial exposed populations. Of the total exposed

population, significant proportions are on low incomes and / or are elderly. 21% of all

exposed households are on low incomes. 16% of all exposed people are elderly.

Exposed infrastructure include 300 kms of highways, 1700 kms of railway lines,
reservoirs, coal mines, electricity zone substations and high voltage transmission lines,
education facilities, community facilities and medical facilities. Cessnock, Gosford
and Wyong have particularly large numbers and concentrations of exposed
infrastructure.

About seven percent of all bushfire prone areas are populated by endangered
ecological communities (EECs) and vulnerable ecological communities (VECS).
There are significant concentrations of exposed EECs and VECs in and around
Barrington Tops National Park (Gloucester and Dungog), Copland Tops State
Conservation Area (Gloucester), Yengo National Park (Cessnock) and Karuah
National Park (Port Stephens) and Myall Lakes National Park (Great Lakes).
Especially vulnerable, fire sensitive EECs and VECs include coastal wetlands, various
rainforest communities and alpine bogs and fens.

It is difficult to determine how projections on the increased frequency of fire weather
conditions under a changed climate might translate into future changes to fire
frequency and intensity and consequences for people and infrastructure and natural
systems. This is because human factors can play a significant role in whether fires
occur or once ignited, detected and extinguished early, thereby greatly reducing
impacts.

rom

vV e

tot al

Vil
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42. More complex and detailed analysis than is provided in this study T incorporating fire
behaviour modelling T is required to gain a more complete picture of the potential
impacts of climate change on the communities, infrastructure and ecosystems of the
Hunter, Central & Lower North Coast region.

Potential Impacts Associated with Changes to Average Rainfall and Water
Availability

43. The Hunter Region has moderate to high rainfall (700 i 1200 mm annually). The
coastal zone records a high average annual rainfall of 12200mm, whereas the central
and western zones have a lower average annual rainfall of 810 mm and 690 mm,
respectively. Rain falls throughout the year, although in coastal areas rainfall is
highest in summer and autumn and in inland areas in spring and summer.

44.  Rainfall projections to the middle of this century indicate that average annual rainfall
could increase slightly in all zones compared with the current period, especially during
the summer and winter months.

45.  Projections relating to water availability, runoff and drought frequency and severity
are less clear though. Runoff modelling, undertaken for the Department of
Environment, Climate Change and Water indicates that there will be a slight increase
in runoff depths in the Hunter region. Projections of the Regional Change Study
indicate that water availability (rainfall less evaporation) will remain unchanged in the
Coastal and Central climate zones but could fall in the Western zone, especially after
2040. Projections also point to possible increases in drought frequency and/or
severity.

46. These projections suggest a potential for increased stresses on the water sector, and
key water dependent industries and natural systems in the future. Potable water
supplies (residential and non-residential) and non-potable water supplies could be
affected, with the agriculture (horticulture) and power generation industries being
particularly sensitive to potential reductions in availability of water from traditional
sources. The regionbs waterways and hi gt
also sensitive to potential reductions in runoff and streamflows.

Potential Impacts Associated with Changes to Average and Extreme
Temperatures

47.  Average temperatures in the Hunter, Central & Lower North Coast region have
experienced an increasing trend in recent decades, consistent with global and national
trends. Moreover, regional temperatures are virtually certain to increase in future
decades i a trend that will also increase the frequency and severity of extreme high
temperature events.

48.  Literature on climate change and rising temperatures indicates that potential impacts
most important to the region are: heat-related illness and mortality; thermal comfort
and energy demand in buildings; and impacts to some agricultural industries, in
particular viticulture and intensive livestock.

49.  Human exposure to temperatures that are excessively high or low can have direct
adverse health consequences. In the Hunter, Central & Lower North Coast region
though, which are subject to warm temperate or sub-tropical climate, heat-related
illness and mortality is likely to be a more significant threat.

viii
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50.

51.

52.

53.

Heat-related mortality is currently a public health issue in NSW. For example, it has
been estimated that approximately 37 individuals per 100,000 people aged 65 or older
currently die each year in the Sydney region due to heat-related causes. These deaths
predominantly occur during summer months when temperatures are at their peak and
include generally healthy individuals.

Noting the particular sensitivity of the elderly to extreme heat events, areas in the
Hunter, Central & Lower North Coast region that have a disproportionately high
concentration of individuals over the age of 65 provide a useful indicator of locations
most sensitive to extreme heat. The region currently has a high proportion of elderly
people (17% of the total population) with this group expected to increase substantially
over the next 20 years to almost 24% of the population. Gloucester, Great Lakes and
Greater Taree have particularly high proportions of elderly, but most other councils
also have significant pockets where there are high concentrations of elderly.

In keeping with trends in most parts of Australia over the past two decades, it is likely
that buildings will be managed to maintain thermal comfort as temperatures rise
through artificial cooling such as air conditioning. This will result in increased energy
use. Recent energy modelling shows significantly increased cooling loads in housing
in the Central and North coasts of NSW.

A number of agricultural industries that are prominent in the Hunter, Central & Lower
North Coast region are potentially sensitive to the temperature related impacts of
climate change. One such industry is the viticulture and wine industry. Intensive
livestock industries, in particular dairying and poultry, also have the potential to be
adversely impacted by temperature increases.

Conclusions

54,

55.

The Hunter, Central & Lower North Coast region faces significant exposure to a
number of natural hazards associated with current climate variability and future
climate change. Moreover, climate change has the potential to have cascading impacts
that extend well beyond simply the inundation or burning of land, drying of rivers or
heating of the atmosphere.

As noted in the introduction, this report provides a high level analysis of potential
climate change impacts for the Hunter, Central & Lower North Coast region. As such,
there are limitations with the information it provides. Deficiencies with primary data
identified during the course of the study indicate that further work is required to assist
local councils and other regional organisations with their decision making on climate
change. Particular key areas / information needs include:

A development of high-resolution integrated elevation/bathymetry data sets for
use in hydrological and coastal modelling;

A site-specific modelling of coastal and estuarine erosion based upon coastal
geomorphology, sea-level rise and storm events; and

A region wide modelling of changes to extreme rainfall intensities, durations and
frequencies; and

A Spatially-explicit studies of the effects of projected climate changes on bushfire
hazard that account for fuel loads, topography, weather and management
efforts.
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1. Introduction

1.1. Local Government & Climate Change

Local councils have a very important role in responding proactively to the potential impacts
of climate change in the Hunter, Central & Lower North Coast region. Their importance lies
in the fact that the impacts of climate change will be most effectively addressed at regional
and local levels and that local council is the level of government closest to communities.
Recognising this, the Council of Australian Governments places substantial responsibilities
and roles on local government for climate change response and natural disaster management
(COAG, 2004, 2008). Those roles include:

A providing local overview of disaster planning and preparedness;
A providing disaster relief and recovery services to communities;

A undertaking cost-effective measures to mitigate the effects of climate change on local
communities and the provision of services to the community;

A appropriate application of land use planning to reduce hazards associated with natural
disasters and climate change; and

A representing community interests to other levels of government and contributing to
decision-making processes.

However, effective responses by local government will require a substantial level of
resources. While COAG establishes some cost sharing arrangements on climate change and
natural disaster management, it does not appear to have adequately taken into account
potential additional cost burdens on local councils arising from the increased frequency
and/or intensity of natural disasters and other impacts of climate change. Additionally, it is
important to note that local government can not effectively respond to climate change on
their own. To be effective, the planning and implementation of adaptation strategies will
require an integrated and co-operative approach between all levels of government agencies
and other key stakeholders.

1.2. Purpose of the Report

This report is one part of a region wide project that aims to assist local councils in the

Hunter, Central & Lower North Coast region of NSW to assess and manage climate risks

both individually and collaboratively across the region. The region covered by the project

include the coastal councils of Gosford, Great Lakes and Greater Taree!, Lake Macquarie,
Newcastle, Port Stephensand Wyong (referred to hereafter
rural councils of Cessnock, Gloucester, Maitland, Muswellbrook, Singleton, Upper Hunter
(referred to her esdFigeer]). as ORural Council so

The project has been funded by the Commonwealth Government through the Local
Adaptation Pathways Program (LAPP) and through the NSW Environmental Trust. It also
builds upon individual council risk assessments previously completed by HCCREMS coastal
councils through Statewide Mutual.

! Greater Taree has been classified as both a 6écoast al

1
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The project comprises three major parts:

A aregion wide analysis of potential climate change impacts (presented in this report).
A individual council climate change risk assessments; and

A council and region wide adaptation planning.

This report provides background information on potential climate change impacts in the
region that can be wused mesoftheieclinmte chamge sk i | s 06 p
assessments, as well as assist them in the adaptation planning process.

1.3. Approach

The assessment approach adopted in the report draws heavily on the climate change
6vul nerabilitydé fr ame wo r dderthisfrangeworktthe mbtenday Sc hr o
impacts of climate change on a community or a system are assessed (qualitatively or
quantitatively) as the product of their dire

and their s eevests (FigueR)t Ybe t Ovulhmereabilityd of
system to climate changes are assessed, in turn, as the product of the potential impacts on the
community and the capacity of the community to adapt to those impacts ; i . e. its Oa

capaC|tyo.
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Figure 2. Understanding the Potential Impacts of Communities and Systems to
Climate Change

Source: Schroter (2004)

This report focuses on exposure and sensitivity information, and does not seek to specifically
address adaptive capacity. Nevertheless, the analysis included in the report does provide
some indicator of the adaptive capacity of certain communities across the region. One
reason for this is that many of the criteria that are used to define sensitivity of communities
and systems to the impacts of climate change also have relevance to the adaptive capacity of
those communities (e.g. income can an important factor influencing sensitivity of people to
climate change, as well as their capacity to adapt). Another reason is that other criteria
relevant to adaptive capacity (e.g. strength of political institutions, access to social networks
and information) require a detailed level of analysis that is beyond the scope of this project.

Exposure and sensitivity information is presented in relation to five major climate change
variables or hazards:

A coastal inundation and recession associated with sea level rise and storm surges (Section
3);

extreme rainfall, flooding and storms (Section 4);
changes to fire weather conditions (Section 5);

A
A
A changes to average rainfall and water availability (Section 6); and
A

changes to average and extreme temperatures (Section 7).

Exposure of communities and systems to some of these climate change variables is
geographically specific (e.g. coastal inundation, flooding and bushfires). With other
variables (e.g. average and extreme temperatures), there tends to be little variation in

exposure between different localities within the region. For those variables, information
pertaining to sensitivity of communities and systems becomes more pertinent.

After considering exposure and sensitivity information in relation to each of the main climate
variables, an overview of potential impacts is presented drawing on the framework presented
in Figure 3. The overview is not intended to be comprehensive or in-depth, but merely
provides an indication of the types of impacts that exposed and sensitive communities and
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systems could face as a consequence of the relevant climate change variable and some of the
issues that need to be considered when seeking to undertake a more detailed analysis of
potential impacts.

dimate related *event’

hdarket costs Non-market costs
(tangible) (intangible)
‘ Direct ‘ | Indirect | ‘ Direct ‘ ‘ Indirect |
- propety loss or - loss of - deathandirjury - stress & ill health
partial loss production & - lozs of natural / - social disruption
[coastal only) disruption to ervironmertal & - lossof recreational
- damageto SEryices cultural assets opportunities
infrastructure - EmMEergency - loss of personal
- increased response mermorakilia
maintenance - clean up

Figure 3. Types of Impacts Associated with Climate Change

Source: After BTE (2001), Queensland Government (2002)

1.4. Limitations

This study provides a high level analysis of a range of potential climate impacts for the
Hunter, Central & Lower North Coast region. As such, it does not provide the level of depth
required for the decision making processes of local councils and other regional organisations.
For example, information within this report should not be used as the basis for any statutory
planning decisions. On the other hand, the report may help to provide guidance on the
nature of more detailed analysis required or the location(s) at which the analysis should be
focussed.

Considerable care also needs to be taken in interpreting the exposure and sensitivity
information presented in the following sections, since exposure estimates do not provide a
complete picture of potential impacts arising from the different climate hazards or of the
relative importance of those impacts. Changes to the frequency and severity of hazards must
also be taken into account, as must changes to associated physical processes. In addition,
there is the question of how the changes will flow through to social, economic and physical
impacts on communities and systems which, as previously noted, will be significantly
influenced by factors affecting adaptive capacity.

For example, although the total areas and numbers of people and infrastructure in the region
exposed to coastal inundation are likely to be substantially less than the corresponding
numbers for river and flash flooding, consideration of the potential impacts and risks arising
from coastal inundation must also take account of:
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A projected changes in the frequency of storm surge events;

A coastal erosive processes that may greatly exacerbate future damage to, or potentially,
complete loss of beaches and foreshore areas; and

A the full range of potential consequences of impacts both tangible and intangible.
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2. The Hunter, Central and Lower North Coast
Region

2.1. Current climate of the region

The climate of the Hunter, Central and Lower Nor t h Coast i stropichl assi f i
mo i ’s It has an annual average maximum temperature of around 23 1 25° C and moderate

to high rainfall (700 7 1200 mm annually). Rain falls throughout the year, although in

coastal areas rainfall is highest in summer and autumn and in inland areas is highest in spring

and summer.

Historic and projected climate changes for the region are detailed in a series of reports
produced for HCCREMS as part of the Hunter, Lower North Coast and Central Coast
Regional Climate Change Study (Blackmore & Goodwin 2009, 2010a, 2010b, 2010c).
Anyone seeking a more detailed understanding of the climate of the region should refer to
those reports.

The regional climate change study has divided the region into three broad climate zones 1
Coastal, Central and Western (Figure 4). The same zones have been used for this study.

The Coastal Zone includes the local government areas (LGASs) of Gosford, Wyong, Lake

Macquarie, Newcastle, Port Stephens, Great Lakes and Greater Taree. The Central Zone
includes | arge sections of the LGA6s of Cess
as parts of all Coastal LGAs. The Western Zone covers the LGAs of Singleton,
Muswellbrook and Upper Hunter.

There are some differences in the climates of the three zones, notably:
A the Coastal zone has higher average rainfall than the Central and Western zones;

A although all zones have similar average temperatures, temperature ranges (both diurnal
and season-to-season) tend to be greater in the Western zone than in the Central zone,
which in turn are greater than in the Coastal zone (in other words, the Western Zone
tends to have more temperature extremes than the other zones); and

A average wind speeds and peak wind gusts tend to be highest in the Coastal zone.

Among a range of findings, the Regional Climate Change Study has concluded that
statistically significant changes have occurred to a range of climate variables in recent
decades, in all or parts of the region. Changes include:

A increases in average, maximum and minimum temperatures in all zones (1970-2007);

A decreases in average annual precipitation linked to the Interdecadal Pacific Oscillation
(IPO) in all zones (1946-2007);

A increases in the number of extreme heat events in the Coastal and Central zones (1970-
2007);

A increases in the speed of summer average wind gusts in all zones (1970-2007); and

A decreases in average wind speeds, notably in autumn, in the Western and Central zones
(1970-2007).

20One of tihéimAtibageibnes dyreiand dobbs (2005). elidis chmrgcteriskd byrhaving
relatively high moisture and growth indices all year round, although lowest in Spring.
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2.2. Climate change scenarios for the region

Tables 1 to 3 provide an overview of climate change scenarios for the region for each of the
Coastal, Central and Western climate zones respectively. There are a number of important
points to be made regarding the climate scenarios.

First, the information presented in the tables represent scenarios not projections. As such,
they are intended to present a plausible future state of the climate in the region at different
time periods drawing on the medium to high end of best available projections. Indicated
changes though should be viewed as indicative only, particularly with respect to the
magnitude of changes.

Changes are relative to current period with the current period being defined as the average
climate experienced over the 1980-2007 period.

Third, the projections from which the scenarios have been derived come from a number of
sources. Projections produced for the Regional Climate Change Study (Blackmore &
Goodwin 2010a, 2010b, 2010c) are the preferred source of climate change information, since
the approach used in that study, combining statistical downscaling and projected changes in
the frequency of key synoptic types, is likely to produce more robust regional projections
than the courser-scale outputs of other studies. Nevertheless, the results of other studies
have been drawn upon to supplement the Regional Climate Change Study where specific
regional projections are not available (see CSIRO, 2007, 2007b; Macadam, Mclnnes &
OO0 Gr a d yVaze & 4.,2008).

Finally, all climate change projections T regional, national and global 7 have ranges of
uncertainty associated with them, a point noted in all of the relevant studies. The
uncertainties stem from inherent complexities of the climate system, methods applied in
different climate models and uncertainty about the future pathway of global greenhouse gas
emissions. In general terms however, there is a high degree of certainty associated with
temperature-related projections but less certainty associated with changes to patterns of
rainfall. Even so, in general uncertainties are not so great as to preclude judgements being
made for high level risk assessments and adaption planning.

Table 1. Climate Change Scenarios Coastal Zone

1. Sea level rise and storm surge

State planning level is

% y 0.7 7 n currently 0.9 metres,
Seallevel . 1.8m consistent with IPCC
AR4 projections

Storm tide T max height, 1:100 Based on NSW design
ARI (average  recurrence 1.4m 1.8m 2.3m still water levels -
interval) excludes wave setup

Limited regional

Storm tide i ARI (1.4 m) 1:100 141011 na modelling of
recurrence intervals

has been undertaken
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Indicative change?

Climate Variable Current® Comments

to date

2. Extreme rainfall, flooding and storms

Based on NSW
models - Hunter
region not well
represented. Greatest
intensity increases
likely in Summer

24 hr rainfall intensity (max) 250mm gy up tadg VY

Extreme rainfall frequency o & & g‘nc(;e:jﬁsnlz Sdlémge
(95th %ile) y yy .

in Winter.

Specific projections
oo ; not available

Flooding i Annual y
Exceedance Probability (AEP)

Possible increase in
Maximum wind gust intensity 155 km/hr y Z na Spring and decrease
in Winter

; . Possible increase in
Frequency of high wind gusts o &
(95" %pile) y Z na Summer, and Autumn,

decrease in Winter

3. Fire weather

Based on CSIRO
projections for one site
(Williamtown).
Regionally specific

16 gy up t na projections are not as
conclusive, although
increased fire danger
for Autumn is
indicated

Number of very high and
extreme fire danger days

Declared fire season Fire season extends
Length of fire season From 1 October to g na further o A
31 March urther into Autumn

4. Average and extreme temperatures

Greatest increases in

Average annual maximum Autumn and Winter,

0, ~
temperature 2 y up to na potential decrease in
summer
Days per year > 37 °C 3 g 99 Specific projections

not available

Possible decrease in
Days per year <0 °C 1 no change na winter, increases in
autumn and spring

5. Average rainfall and water availability

Average annual 1200 mm y 9% na .
Increases in Summer,

Winter and Spring,
____________________________________________________________________________________ decrease in Autumn




HCCREMS

Potential Impacts of Climate Change on the Hunter, Central and Lower North Coast of NSW

[N EACRYEEI

Current®

Indicative change?

Comments

Winter 200 mm y 19% na
Spring 260 mm gy 18% na
- , ' Specific projections
Number of rainy days per year 130 z z not available
No change in summer,
Average water balance -1.4mm/day no change na drier in autumn,
(rainfall less evaporation) 1972-2007 9 moister in winter and
spring
10-20% of months 0t @8R 4 Based on projections
Drought frequency (averaged over 10 y of months na for NSW central-north

year period)

coast

Sources: Blackmore & Goodwin 2010; CSIRO 2007, Macadam, Mclnnes and O'Grady 2007, Vaze et al. 2008

Key
y increase; V9V g
Z decr eas e, deckkdse

1. Current - average 1977-2007

reater
greater

2. Indicative change i relative to current period

3. Run-off information is available only for 2030

I' N C na - not available

N/AT not applicable

Table 2. Climate Change Scenarios Central Zone

Climate Variable

1. Sea level rise and storm surge

Current®

Indicative change®

Comments

N/A

2. Extreme rainfall, flooding and storms

Based on NSW models -
Hunter region not well
24 hr rainfall intensity (max) 190mm gy up td gy represented. Greatest
intensity increases likely
in Summer
Extreme rainfall frequency . s Increases in Summer
(95th %ile) y vy and Autumn
Flooding i Annual y fla y $flash P -
Exceedance Probability - - — - :\?;f;l')?eprojemons not
(AEP) y rive yy r
i Possible increase in
Maximum wind gust intensity 122 km/hr yZ na Spring and decrease in
Winter
. ] Possible increase in
Frequency Ofmh'g-h LIS VA na Summer, and decrease
(95™ %ile) T
in Winter

10
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Climate Variable

3. Fire weather

Current®

Indicative change?

Comments

Number of very high and

Based on CSIRO
projections for one site
(Williamtown).
Regionally specific

. 16 gy up t na projections are not as
extreme fire danger days conclusive, although
they do indicate an
increase in fire danger
for autumn
Declared fire season Fire season extends
Length of fire season From 1 October to Y na further into Autumn
31 March
4. Average and extreme temperatures
Greatest increases in
Average annual maximum o Autumn and Winter,
temperature 2GS g W e na possible decrease in
Summer
o - PN Specific projections not
Days per year > 37 °C 7 Y vy available
Decrease in winter,
Days per year <0 °C 6 no change na increases in autumn and
spring
5. Average rainfall and water availability
Average annual 810 mm vy 7% na
Summer220mm ___________ 920% ________ n_ a_‘ ______ Increases in Summer,
Autumn 250 mm Z 12% na Winter and Spring,
---------------------------------------------------------------------------------- decrease in Autumn
Winter 150 mm y 24% na
Spring 190 mm vy 5% na
Number of rainy days per . . Specific projections not
120 Z VA f
year available
Average water balance -1.6mm /day no chanae na Moister in spring and
(rainfall less evaporation) 1972-2007 9 summer, drier in autumn
10-20% of months ¢t 989 4 Regional projections not
Drought frequency (averaged over 10 yof months na available - based on

year period)

projections for NSW
central-north coast

Sources: Blackmore & Goodwin 2010; CSIRO 2007, Macadam, Mclnnes and O'Grady 2007, Vaze et al. 2008

Key
y increase; §yV
Z decrease, 227

[

. Current - average 1977-2007

N

greater i

greater

. Indicative change i relative to current period

3. Run-off information is available only for 2030

N € na - not available

d e N/AT not applicable

11
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Table 3. Climate Change Scenarios Western Zone

Climate Variable

Current*

1. Sea level rise and storm surge

Indicative change®

Comments

Not applicable

2. Extreme rainfall, flooding and storms

Based on NSW models -
Hunter region not well

24 hr rainfall intensity (max) 118mm vy up td vy represented. Greatest
intensity increases likely
in Summer

Extreme rainfall frequency o & & Increases in Summer

. v vy and Autumn, decrease

(95th %ile) S
in Winter.

Flooding i Annual y fl a y $Hlash - P

Exceedance Probability - — - :\E’;f;t'jepmjec“ons not

(AEP) y rirve yy r

i Possible increase in

Maximum wind gust intensity na vy Zz na Spring and decrease in
Winter

Frequency of high wind gusts . Possible increase in

(ng % iIe)y 9 9 vy Zz na Summer, and decrease

0 in Winter

3. Fire weather
Based on CSIRO
projections for one site
(Williamtown).

. Regionally specific

Number of very high and - e

extreme fire danger days 16 y up t na prolecthns are not as
conclusive, although
they do indicate an
increase in fire danger
for autumn

DETEIEG T SEEEE Fire season extends

Length of fire season From 1 October to i na further into Autumn

31 March
4. Average and extreme temperatures
Averade annual maximum Greatest increases in
9 24°C up tCo na Autumn, possible
temperature . )
decrease in Spring
o 5 (elevated) - o Specific projections not

DEWES [JE27 ML & 84S 15 (other) Y vy available
Possible decrease in

Days per year <0 °C 22 no change na winter, increases in

autumn and spring

5. Average rainfall and water availability

12
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[N EACRYEEI

Current®

Indicative change?

Comments

Average annual 690 mm gy 17% na
Summer 230 mm y 25% na
Caaumn 45mm | )A, T ooml na Increases in all seasons
Winter 125 mm y 20% na
Spring 190 mm vy 2% na
Number of rainy days per 106 7 7 Specific projections not
year available
Moister in spring, drier in
Water balance -2.4mm/day 7 na autumn and winter -
(rainfall less evaporation) (1972-2007) significant reduction
after 2040
10-20% of months ¢t @89 4 Regional projections not
Drought frequency (averaged over 10 yof . na available - based on

year period)

projections for NSW
central-north coast

Sources: Blackmore & Goodwin 2010; CSIRO 2007, Macadam, Mclnnes and O'Grady 2007, Vaze et al. 2008)

Key
y increase; V9V
Z decr e greatr,decteds

1. Current - average 1977-2007

greater
e

2. Indicative change i relative to current period

3. Run-off information is available only for 2030

I' N C na - not available

N/AT not applicable

13
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2.3. Social and Economic Contexts

Physical exposure of communities and systems to the climate changes outlined above is a
major focus of the following sections of this report. As noted in section 1.2 however, the
potential impacts of climate change on communities can also be significantly influenced by
the sensitivity of those communities to a particular climate change or hazard. There are a
number of social and economic characteristics and trends that are pertinent to a range of
climate change variables, providing an indication of the overall sensitivity of communities to
climate change. Information relevant to the sensitivity of exposed communities, systems or
infrastructure to specific climate variables is discussed in the relevant sections of the report.

Two important social characteristics are demography and income. Australian and
international studies indicate that groups especially vulnerable to extreme climate events
such as flooding, storms, bushfires and heat waves include:

A low income earners;

A the elderly; and

A people with existing health conditions (including physical and mental health).
The vulnerability of these groups stems from:

A limited capacity to prepare for impacts due to lack of resources or an inability to access
or effectively utilise relevant information;

A difficulty in responding to particular impacts, due to physical incapacity, lack of
mobility or lack of resources; and/or

A problems with recovering from impacts, again due to lack of resources or to the absence
of effective social networks. (Dwyer et al., 2004°)

Table 4 provides an overview of population projections for the region to 2027. The data
reveals that the proportion of people aged 65 or greater is already significant in most
municipalities in the region, but especially in Gloucester, Great Lakes and Greater Taree and
Wyong. Furthermore, the proportion of people in this age group is expected to grow by over
40% by 2027, with this growth occurring in all municipalities.

Table 5 provides a breakdown of weekly household disposable incomes in the region, as of
2006. The data indicates that in the Hunter Valley subregion®, Central Coast subregion and
Lower North Coast subregion® the proportion of households on incomes that are less than
$500 per week gross, is significantly greater than the corresponding proportion for NSW as a
whole. Conversely, the proportion of households on very high incomes in the subregions is
substantially less than the state average.

% A recent case study in support of a National Climate Change Coastal Risk Assessment for the Hunter and
Central Coasts region (Brunkhorst et al. 2009) discusses these issues in considerable detail.

* Corresponding approximately to the Rural Councils of the Hunter, Central & Lower North Coast region.

% Corresponding approximately to the Coastal Councils of the Hunter, Central & Lower North Coast region.
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Table 4. Population and Population Growth Projections, Hunter, Central & Lower
North Coast Region

Population Growth | No. People > 65 year| % People > 65 years

Actual | Projected ;g;% Actual | Projected | Actual | Projected
2007 2027 2007 2027 2007 2027
2027
(%)

Cessnock 46,194 60,784 1.4 6,311 13,252 13.7 21.8
Dungog 8,061 8,340 0.2 1,212 2,102 15.0 25.2
Gloucester 4,795 4,998 0.2 1,054 1,662 22.0 33.3
Gosford 158,188 179,423 0.6 28,758 44,440 18.2 24.8
Great Lakes 32,771 48,099 1.9 9,129 17,373 27.9 36.1
Greater Taree 45,159 52,719 0.8 8,711 16,143 19.3 30.6
EUCHVEGIEY: 183,102 217,492 0.9 30,736 55,053 16.8 25.3
Maitland 61,873 98,457 2.3 7,235 18,757 11.7 19.1
Muswellbrook 15,235 19,088 11 1,566 2,966 10.3 15.5
Newcastle 141,774 174,436 1.0 22,534 36,427 15.9 20.9
Port Stephens 60,457 88,949 1.9 10,204 23,736 16.9 26.7
Singleton 21,923 30,584 1.7 2,087 5,141 9.5 16.8
Upper Hunter 12,978 13,742 0.3 2,032 3,179 15.7 23.1
Wyong 139,815 207,524 2.0 25,602 46,180 18.3 22.3
Total Region 932325 1,204,635 1.3 157,171 286,411 16.9 23.8

GA

Source: ABS, 2008

Table 5. Breakdown of Weekly Household Incomes, Hunter, Central & Lower North
Coast Region and NSW, 2006

Hunter Valley Region CentralCoast Region

Gross
Weekly
Household
Income

No. of % of No. of % of No. of % of
Households| Households| Households| Households| Households| Households

<$500 52,425 26.7 25,651 27.1 467,382 22.6

76,116 38.8 38,143 40.4 755,991 36.6
39,660 20.2 18,721 19.8 422,933 20.5
27,829 14.2 11,989 12.7 420,736 20.4
196,030 100.0 94,504 100.0 2,067,042 100.0

When examining the potential impacts of climate change on the regional economy and
industries it is useful to consider the importance of major climate sensitive industries, such as
agriculture, mining and tourism. Employment data provides a proxy of the relative
importance of those industries to the region. Table 6 reveals that although employment in
agriculture is relatively low in the region as a whole, in specific municipalities i Gloucester,
Upper Hunter, Dungog, Muswellbrook - it is substantial or very substantial, indicating that
the economies of those municipalities could be particularly vulnerable to the impacts of

15
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climate change on the agriculture sector. Similarly, employment in the mining sector is low
for the region as a whole but it is very significant in Singleton and Muswellbrook and quite
significant in Cessnock and Upper Hunter. On the other hand, employment in the tourism
industry is quite significant throughout the region but is particularly high in the coastal
municipalities of Great Lakes and Port Stephens and in the wine growing municipality of
Cessnock.

Table 6. Employment in Key Climate Change Sensitive Industries (percentage of total
employment), Hunter, Central & Lower North Coast Region

LGA Agriculture, Tourism &
Forestry & Fishing Recreation
7.7

23 105

13.4 22 6.7
238 5.3 77
08 02 79
Great Lakes 50 0.5 13.4
55 03 79
Lake Macquarie 0.4 1.9 7.0
Maitland 1.8 4.3 7.4
Muswellbrook 9.1 16.2 8.0
05 10 8.9
Port Stephens 1.9 1.1 10.5
5.1 19.9 69
Upper Hunter 20.2 7.2 7.4
08 04 8.7
Total Region 2.0 24 8.3
Key climate average and national and sea level rise and
related seasonal rainfall, international storm surges,
stressors average and climate change wildfires, storms,
extreme response number of sunny
temperatures CQ days
concentrations
(ocean acidity) (indirectly) factors

influencing viability
of viticulture
industry and wine
based tourism

2.4. Natural Systems Context

As with the social and economic impacts of climate change, the potential impacts of climate
change on natural systems and values can also be significantly influenced by the sensitivity
of those systems to a particular climate change or hazard. On this point, it is important to
note that climate changes will interact with each other (e.g. increased temperatures and
rainfall variability and increased frequency of bushfires) and with other non-climate stressors
to compound the overall stresses on natural systems.
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Tabl e 7 bel

ow provides an overview of

Australia which is centred on the Hunter, Central & Lower North Coast region of NSW. The
overview includes a summary of the major habitats of the region, existing stressors, climate
changes and threats and sensitive ecosystems.

Table 7. Potential Impacts of Climate Change on Biome of the Subtropical Moist

Region of Australia

% | Biome Subtropécal moist forest
Z | Climate & growth Mosture Index and Growth Index moderate to high year-round Both indices are lower in winter in
§ southern regions and lower in spring i northerm regions
Where Coastal southern-QLD and NSW (chmate is more lemperate in southern NSYW)
L Ecosystem function | Year round growth
8 Habitat diversity High landscape diversity, coastal plains and hills. Manly Eucalypt forest; regionally ramiorest
% woodiand, end heath. Mangroves, salt marshes and wetlands along the coast
§ Climate extremes Penods of high rainfall and drought
3 » Disturbance Urban deyvelopment. cropping, grazing, fire drought flood
El g | Agric Horticulture, intensive grazing. forestry
o 5 Habitat loss Urban development. cropping, grazing, forestry
-g Ground water Locally important in some areas
a Surface water Many perennial wetlands, and rivers, flows very vanable with local ranfall m refatively small
catchments
= Temperature Increasng but less than inland
$ o | Rainfall Increased summer and autumn rainall
Cco2
§ E Storms More intense rainfall and storms, more damage. more flooding, storm surge
w Sea level Increased sea level, coastal inundaton. mangroves. coast wetlands affected by salt infrusion
Fire: mtensiy Many fire-adapted ecosystems, but also many fire sensitive ones (wet sclerophyll and ramforest) n
frequenty. gullies and other welter microhabdats Increased fire frequency, mtensity and extent hikely, due to
seasonafity, extent dryness but no reduction in fuel. Impact expected on both fire adapted (due to "excessive”
frequency) and fire sensitve species. Societal reacbon to increases nsk will be important
New Species new Lots of potential due to agnic and human settiement, fragmentation and fentiliser history. Local and
g occurrences of native | exolic species expecied to re-sort with improved growing condibons, but no strong seasonal
£ | and exobic species change expected. Increased fire management will have potential to spread and encourage
~§ establishment. Urban pressure will increase weeds especially through more “water-wise” garden
c weeds.
‘g Landuse change due | Urban development to continue. more vegetation cleanng for suburbs and associated fire
@ 5 fo chmate change protestion. Possibly more pressure for food production, conversson of pasture to horticulture?
- Forestry practices may change with increased fire nsk; consesvation value of forests will mcrease
('S

Coastal ecological communities under threat from societal responses 10 sea level nse: sea walls,
etc; and salt marshes eic unable to magrate inland due to development

Water More local looding due to increased intense rainfall More frequent droughts with increased urban
development would pose additional threat to water security, and aguatc ecosystems.
§ Growing season Increased growth likely Possibly some relative increase in summer growth in southern part
g Vegetation structure | Not clear Increased rainfali and growth may favour forest and wetler species, but this will be
S countered by increased fire frequency
g Composition Much local species changes aided by tagh specses dwersity and habitat diversity. Some fire
5 sensitive and fire-adapted species will be affected. Northern species moving south, but restncted by
§ high levels of fragmentation and habitat modification
@ | Other

Key Priorities! Issues

Many fire-adapted ecosysiems, but mcreases in fire fraquency, miensity and exient possible:
rainforests and wet sclerophyll at nsk. Big issues for agncultural and human settlement. High level
of fragmentation with some level of re-sorting will iead to local extmetions. Sea level nsing important
for mangroves, salt marshes. coastal wetlands.

Source: Dunlop & Brown, 2008

The table highlights the threats to coastal wetlands, rainforests and wet sclerophyll forests
posed by increased rainfall variability, reduced runoff, increased temperatures and increased
bushfire frequency 1 these threats having the potential to compound existing stressors such
as fragmentation due to urban development and competition from animal and plant pests and

diseases.
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3. Potential Impacts in Coastal Areas

Section Summary

Key findings A Sea level rise levels of 0.4 metres by 2050 and 0.9 metres by 2100
are currently accepted in NSW and other states as the benchmark
levels for coastal planning and hazard assessments.

A More than 400 kms of open coastline in the region are exposed to sea
level rise and more frequent and intense storm surges. Half of that
length is comprised of sandy shores or muddy shores backed by soft
sediments.

A The total extent of low lyingareas ( O 2 . 5 israbout49,00p
hectares. Of this area, approximately 51% are agricultural lands and a
further 33% are conservation lands.

A 31,000 households, with a total population of 81,000 people or 8.5%
of t he r egi o ncarenthtreside & thesqamap. 28% a t
of the households are low income. 23% of the people are aged 65 or
greater.

A Infrastructure located in low lying areas includes major roads,
railway lines, schools, community facilities and waste facilities.

A More than one third of low lying coastal areas in the region are
conservation areas including endangered and vulnerable ecological
communities and high conservation value coastal wetlands.

A Key potential impacts include ecological, amenity and tourism
impacts associated with the loss or degradation of beaches, foreshore
areas and estuaries.

Infor_mation Region wide coastal modelling is required to provide a more complete
requirements | ynderstanding of the vulnerability of coastal areas in the region to
inundation and erosion. Modelling should consider:

A storm tide levels and recurrence intervals given sea level rise
projection;

A site specific hazard assessments to determine the potential impacts of
sea level rise on coastal recession; and

A concurrent storm surge and extreme rainfall events.

3.1. Overview of the Issue

The Hunter, Central and Lower North Coast region of NSW attracts development, residents
and tourists and is the site of one of Austr
contributes substantially to the environmental, cultural and amenity values of the region.
However, the coast also represents a source of hazards to the communities of the region in
the form of sea-level rise, coastal storms, extreme tides and storm surges. Such processes
contribute to coastal erosion that threatens property, buildings and infrastructure and coastal
amenity. Climate change is anticipated to exacerbate these challenges in the future. This is
largely a function of sea-level rise that will increase rates of erosion along susceptible
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stretches of coastline, inundate low lying areas, and interact with climate events, such as
synoptic weather fronts, to enhance storm surges above current levels.

3.2. Approach

A comprehensive and complete understanding of the vulnerability of coastal areas in the
Central and Lower North Coast region to inundation and erosion requires consideration of a
range of issues including:

A Sea level rise scenarios. Levels recommended by the Department of Environment,
Climate Change and Water, NSW (DECCW 2009) of 0.4 metres by 2050 and 0.9 metres
by 2100 are accepted in NSW and other states as the benchmark levels for coastal
planning and hazard assessments.  Nevertheless, DECCW emphasises that the
benchmark levels will be periodically reviewed.

A Storm tide levels and recurrence intervals given sea level rise projections.

A Site specific hazard assessments to determine the potential impacts of sea level rise on
coastal recession.

A Consideration of the potential for concurrent storm surge and extreme rainfall events.

Detailed coastal modelling, considering all of the issues outlined above, is beyond the scope
of this study®. In the absence of the preferred coastal modelling approach therefore, two
separate exercises were undertaken drawing on spatial modelling:

A First,data relating to physical c hacompted.er i st i c
Primary data was sourced from the Australian Coastal Smartline Geomorphic and
Stability Map Version 1 (see Sharple, Mount & Pederson, 2009). Landform categories
in the intertidal zone for the Hunter, Central and Lower North Coast region were
identified and then aggregated into eight broad classifications.

A Second, high resolution terrain mapping was undertaken using a region wide Digital
Elevation Model ( DE M) t o low Iirgdareas of lgnd (dominally selected as O1,
01.5 and 02.5 metres AHD" ®), with elevation data being imported into a geographic
information system (ARCGIS 9.3.1) as 20 m gridded data layers. Land uses,
demographic features, infrastructure and natural systems located in these areas were
then identified, with the gridded layers being used to interrogate a wide range of
geographic datasets including ABS 2006 census, ABS Mesblocks, Geosciences
Australia and National Pollution Inventory infrastructure datasets, DECCW
conservation overlays (including national parks and other conservation areas) and land
use planning datasets provided by HCCREMS councils.

The approach used was similar to that employed for a pilot high resolution terrain
mapping of the NSW Central and Hunter coasts undertaken by the NSW Department of
Planning (2008). A wider range of datasets have been interrogated for this study

® 1t is noted however, that coastal hazard assessments (considering inundation and/or erosion) have been
undertaken for some specific sites in the region, taking into account one or more sea level rise scenarios (see
for example BMT 2009, Worley Parsons 2009).

" Australian Height Datum i approximates mean sea level.

® These elevations were selected giving consideration
recent global sea level rise projections and 3) the 1:100 design still water level for 2100 recommended by
DECCW.
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however, and low lying areas over the entire Hunter, Central and Lower North Coasts
have been mapped.

3.3. Physical Sensitivity of the Coastline

As indicated in Table 8, more than 400 kms of open coastline in the region are exposed to
sea level rise and more frequent and intense storm surges. As previously discussed, analysis
of the impacts of these changes on coastal processes, including the potential for beach
recession has not been undertaken for this study. It is worth noting however, that half of the
|l ength of the regionbés coastline is ¢
muddy shores backed by soft sediments, two categories of shoreline considered particularly
susceptible to instability in the context of sea level rise (Sharples, Mount & Pederson, 2009).

Sharple, Mount & Pederson (2009) suggest that some hard rock, cliffed shores may also be
susceptible to erosion.

Table 8. Open Coast Landforms, Hunter, Central & Lower North Coast Region

(S

g | & 2 c
Landform el 8| 3| ol 2 S
(generalsedclassification o a < b 51 ok
- : = ) = © = 04
intertidal zone) = = ” o N —
el el 2|38 |5 5
O] O] _1 Z o
Hard rock shores, cliffed 174 150 02 32 02 57 41 459
FIETE] [ EBITES; G 100 323 55 88 23 261 67 0918
moderately sloped
Muddy shores backed by
0.0
bedrock
Muc_jdy shores backed by soft 73 0.7 8.1
sediments
SEUGASIOCENE COlAEll - 56 | 74 20 57 36| 19, 76 339
SURRIBESEER SRS 35 745 455 137 64 339 218 200.2
sediment
Sandy shores undifferentiated 9.1 0.0 1.7 127 23.5
Structures 1.6 0.2 0.6 0.6 2.3 0.9 0.9 7.1
Total open coastline (kms) 48.1 1458 538 320 165 819 412 4194

Smartline landform data is not currently available for most estuary shorelines in the region.

3.4. Exposed Areas by Land Use

Figure 5 shows low lying areas in the Lower Hunter, Central and Lower North Coast region,
classified by land use zone, for two different elevations:

A O 2. 5 AH2(teferredsto hereafter as low lying areas); and
A O 1AHB (referred to hereafter as very low lying areas).

The total extent of low lying areas is about 40,000 hectares. Of this area, approximately 51%
are agricultural lands and a further 33% are conservation lands. However, significant

ompri s
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residential and industrial areas are also located in low lying areas, especially in Gosford,
Great Lakes, Lake Macquarie and Wyong (residential) and Newcastle (industrial).

The total extent of land situated in very low lying areas is substantially less - only about
8,000 hectares. Nearly all of this area is agricultural land ("52%) or land zoned conservation

C42%).

Table 9. Generalised Land Uses of Low Elevation Areas in the
Hunter, Central & Lower North Coast Region (hectares)

Generaliseddnd use

Z0nes

Areas O1 m AHD

Agricultural 4
Commercial

Conservation 421
Education 0
Hospitd/Medical
Industrial

Other
Residential

Total Exposed Area (ha 433
Areas 02.5 m AHD

Agricultural 191
Commercial 36
Conservation 2,059
Education 25
Hospital/Medical 2
Industrial 57
Other 24
RES O EE 885

Total Exposed Area (hajevrg)

N O

0
Q
X
©
—
—
©
[}
b
O]

1,634

486

&ee

Greater T

1,917

109

46
2,072

8,284

487
1
0
0
0
268

9,043

127
1,210

362
23
1,258
25

7
135

0
743

2,552

Newcastle

508

19

533

0

92
2,630
11

0
1,231
0
312

4,277

Port Stephen

355

1,135

69
61

1,622

1,753
0
2,007
0

0

37
392
160

4,349

48
399

1,587
64
918
14

0

78

0
893

3,554

4,287
10
3,416
18

0

41
71
347

8,191

20,770
292
13,461
80

8
1,538
415
3,973

40,537

Figures 5a and 5b provide overviews of the Lower Hunter, Central and Lower North Coast
LGAs respectively, illustrating coastal landforms and areas situated in low lying areas (i.e.

below 2.5 metres AHD).
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Morphology of Coastline classification

— 1, Sandy shores undifferentiated

. SAndy $hores backed by soft sediment

——3, Sandy shores backed by bedrock

e 5, Muddy shores backed by soft sediments
6, Muddy shores backed by bedrock

e 1, Hard rock shores, gently to moderately sloped
8, Hard rock shores, cliffed
9, Structures

== Land areas < 2.5 m AHD

Greater Taree (C)

Great Lakes (A)

e

P

Figure5.Coa st al L andfLow nisy ibangidreas, Lower North Coast
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Morphology of Coastline classification
— 1, Sandy shores undifferentiated
— 2 SAndy $hores backed by soft sediment
—3, Sandy shores backed by bedrock
5, Muddy shores backed by soft sediments
6, Muddy shores backed by bedrock
T, Hard rock shores, gently to moderately sloped
8, Hard rock shores, cliffed
9, Structures

== Land areas < 2.5 m AHD
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3.5. Exposed and Sensitive People

Examination of regional residential property data indicates that a significant proportion of

the r e g i comndusity currently reside in low lying areas (O 2.5 AHWDL r es
Approximately 31,000 households, with a total population of 81,000 people or 8.5% of the

regi ondés t oetidaih thepeargaas Byacompaoison only about 3,000 households,

with a population of 7,500 people reside invery lowly i ng areas (O 1 metre !/

All coastal LGAs in the region have significant numbers of dwellings and people located in
low lyingareas (O 2.5 metres AHD)). I n absolute te

Wyong have the greatest numbers of people residing in low lying areas. As a percentage of
23



HCCREMS
Potential Impacts of Climate Change on the Hunter, Central and Lower North Coast of NSW

LGA population, the greatest proportions of people residing in low lying areas are in
Gosford, Great Lakes and Wyong.

Table 10. Residential Areas and Number of People Located in Low Elevation Areas in
the Hunter, Central & Lower North Coast region

Category

Great Lakes

Greater Taree
ake Macquarie

Newcastle

Port Stephens
otal Region

L
T

Exposed PeoplKm Y 18 1,024 1,066 2,244 470 93 1,672 7,597

Slers=ol 2ol ReNe 22,170 8,991 3,414 16,668 8,538 1,914 19,329 81,074
Exposed Residential
5¢gSttAy3a 128 467 422 925 192 306 663 3,107
Exposed Residential
Dwellingskn ®p Y 8,307 4,013 1,383 6,583 3,382 712 7,353 31,751

Exposed Households o
[26 LyO2YS 23 146 127 305 52 82 190 925

SOLSl B 5 155 1513 465 2035 837 179 1811 8,998
Low IncomeKH ® p

w
~

Exposed People > 65
8SINE | yR 65 340 231 518 69 150 358 1,732
Exposed People 65

yearsand)XH ®p Y

5,031 3,351 827 3,781 1,411 392 3,623 18,422

As discussed in section 2.3, Australian and international studies indicate that groups
especially sensitive and vulnerable to extreme climate events such as flooding include low
income earners; the elderly; and people with existing health conditions (including physical
and mental health). Table 10 reveals that approximately 9,000 households or 28% of all
households in the region residing in low lying areas can be defined as low income®, a similar
proportion relative to the total percentage of households on low income in the region (27%)
but higher than the total percentage of households on low income in NSW (Table 5)*. This
suggests that the residents of the Hunter, Central and Lower North Coast region could be
especially vulnerable to the coastal impacts of climate change relative to other residents of
NSW. Significant concentrations of low income households residing in low lying areas are
in Greater Taree and Great Lakes and parts of Lake Macquarie.

A relatively high proportion of the people in the region who are currently residing in low
lying areas are elderly (>65 years), with 23% of all residents in low lying areas being in this
age category. This compares with the total population of the Hunter, Central & Lower North
Coast region, 16% of who are aged 65 or greater (14% statewide). Again, this indicates that
the residents of the Hunter, Central and Lower North Coast region could be especially
vulnerable to the coastal impacts of climate change relative to other residents of NSW. There
are especially significant numbers of exposed elderly (on a proportional basis) in Great
Lakes, and to a lesser extent in Gosford and Lake Macquarie.

® Defined as less than $500 per week (pre-tax). This approximately equates to the poverty line.

19 Further analysis is required however, to determine the statistical significance of this difference.
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Median Income Households N
Located < 2.5 m AHD L~

B - sso0 L |

B sso1 - sso0
$801 - $1200
$1201 - $2000
> $2000

Greater Taree (C)

Geeat Lakes (A)

Figure 7. Median Income of Households Situated in Low Elevation Areas, Lower North
Coast
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ol |

Maitiand (C) - R L
x )

Port Stephens (A)

S
Newcastle (C)
Cesznock (C) -

Lake Mac guarie (C)

Wyong (A)
Median Income Households
Located < 2.5 m AHD

B -
Riss T O B sso1 -sso0
2 ‘ $801 - $1200
I $1201 - $2000
: > $2000

Figure 8. Median Income of Households Situated in Low Elevation Areas, Lower
Hunter and Central Coast

3.6. Exposed and Sensitive Infrastructure

Table 11 and Figure 9 to Figure 15 reveal that various types of infrastructure are located in
low lying areas in the Hunter, Central and Lower North Coast region. Transport
infrastructure located in low lying areas includes 172 kms of classified roads™ and 25 kms of
railway line (mainly in Newcastle). Other infrastructure in low lying areas includes
education facilities* (mainly schools), community facilities*®, stormwater outlets and waste
facilities. Most coastal infrastructure including port facilities, piers, jetties and wharfs are
(by their nature and location) also exposed to coastal inundation. No medical facilities** in
the region are located in low lying areas.

1 Refers to roads classified under the Roads Act 1993 (Freeway, State Highway, Main Road, Tourist Road,
Secondary Road) but not local roads.

12 Education facilities include primary schools, secondary schools, technical colleges, universities.
13 Community facilities refer to emergency services facilities and council facilities.

14 Medical facilities refer to hospitals and medical centres.
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Table 11. Infrastructure and Commercial Areas Situated in Low Elevation Areas in the
Hunter, Central & Lower North Coast region

() Q )
8| £ 3 5 5

Infrastructure type | £ § ° |5 S

Bldls|=]| q |& o

= = &) —

%5 ®© @© Q = — S

o o o = ) o) I

(OB HON O] _1 Z ol
Length of Expose@lassifiedRoads 05 16 199 80 07 03 1.0 10
(km)>Im
Length of Expose@lassifiedRoads 17 30 36 19 29 3 37 172
(km)MXR.5 m
Length of Exposed Rail (ki, ™ 0.0 - - 01 - - 00 0.1
Length of Exposed Rail (k2.5 m 5 0 0 1 16 3 25
E):Eosed Area zoned Industriéia) XX 0.0 ) - 200 189 22 ) 211
Eéprc:]sed Area zoned Industrial (h& 51 ) _ 121 1176 29 73 1,450
Exposed Area zoned Commercial (h
K HoOp Y - - 93 - 01 0.2 9.6
Exposed Area zoned Commercial (h 29 72 1 22 70 0 61 256
H2.5m
Educaton Facilities (no. )X m Y - - - - - - - 0
Education Facilities (no}.5 m 7 8 1 6 7 0 6 35
Community Facilities (no)X ™M Y - - - - - - - 0
Community Facilities (no}2.5 m 9 10 2 7 8 1 4 41

Significant industrial and commercial areas are located in low lying areas. The vast majority

of the industrial areas and a substantial proportion of the commercial areas are in Newcastle,

centred on the Newcastle Harbour area around Carrington and Kooragang Island. The
exposure of these areas to sea level rise in combination with flash flooding and Hunter River

flooding is fully documented in the Newcastle Flood Planning study (BMT, 2009).

Relatively few infrastructure items are located in very low lying areas (O 1 apar) from a

few industrial and commercial areas in Newcastle and Lake Macquarie.

It is difficult to make definitive statements about the sensitivity and vulnerability of
infrastructure types exposed to coastal inundation, with site, design characteristics and asset
life all being factors influencing their vulnerability. However, low lying areas with
concentrations of major public infrastructure (transport, energy, waste water and storm water

and community) should obviously be a focus for adaptation planning.

27



HCCREMS
Potential Impacts of Climate Change on the Hunter, Central and Lower North GaeSt/d

M(C)

Ecpoced Community Facllities
A Oy §activg
o Ecaon Eadiny

Exposed A¥ports

Exposed Transmission Lines

Exposed Waste Facilities
@
Exposed Major Highways

s Land areas < 2.5 m AHD

ABS Urban Centrs / Locality

Wyong (A}

Lake Macquare (C)
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3.7. Exposed and Sensitive Natural Systems

As previously indicated in Table 9, more than one third of low lying coastal areas in the
Hunter, Central & Lower North Coast are conservation areas (including national parks and
other state and local reserves). As illustrated in Figures 16 and 17, exposed conservation
areas include coastal wetlands, intertidal mangroves and other coastal conservation reserves.
By their nature and position, most of the natural areas exposed to coastal inundation and
recession are sensitive to these hazards due to fragmentation associated with urban
encroachment and other development. This is particularly true of areas that are bounded by
roads or other land uses that will prevent inland migration of ecosystems.

Areas < 2.5 m AHD

I Coastal wetlands
B Intertidal mangroves

Other conservation areas

Greater Tares (C)

Non conservation areas

Great Lakes (A)

» Fa 0

o+M¥ e " -

Figure 16. Low Lying Wetlands and Other Conservation Areas, Lower North Coast
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Figure 17. Low Lying Wetlands and Other Conservation Areas, Lower North Coast

Especially sensitive ecosystems and locations are beaches and dune systems with soft,
erodible substrates backing onto high value ecological communities. These include:

A Endangered ecological communities (EECs) ** and vulnerable ecological communities
(VECs) such as:

- Coastal Apple-Stringybark-Scribbly Gum;
- Coastal Bastard Mahogany Forest;
- Swamp Mahogany Paperbark Forest;
- Coastal Flooded Gum;
- Swamp Oak/Melaleuca Forest; and
- Coastal Sands Blackbuitt.
A High conservation value coastal wetlands:

- wetlands listed under the Ramsar Convention on Wetlands; and

15 EECs face a very high risk of extinction in the near future. VECs face a high risk of extinction in the medium
term future.

36



HCCREMS
Potential Impacts of Climate Change on the Hunter, Central and Lower North Coast of NSW

- wetlands listed under State Environmental Planning Policy No. 14, covering coastal
wetlands of state significance.

All coastal LGAs, as well as Maitland have high conservation value wetlands including the
major coastal lakes and estuaries in the region including the Hunter Estuary, Manning River,
Myall Lakes, Smiths Lakes, Wallis Lake, Port Stephens, Tuggerah Lakes and Brisbane
Water.

3.8. Maijor Potential Impacts of Coastal Inundation and Recession

Coastal inundation and recession has the potential to cause a range of additional impacts,
both direct market impacts and indirect and non-market impacts.

Although the direct market impacts of coastal inundation for the region could be significant
in the long term - notably, stranded residential and commercial assets affected by coastal
recession or permanent inundation - the relatively long timeframe associated with sea level
rise provides coastal and infrastructure planners with significant lead time to plan for and
potentially to prevent or mitigate many of the worst impacts to infrastructure and
settlements'®.

On the other hand, a r ampea keft 66 ii npiarce st, mdri
nature are irreversible, have the potential to involve significant costs, both monetary and
non-monetary. For the Hunter, Central & Lower North Coast region two key impacts worth

considering, linked to coastal recession and the potential loss of beaches and foreshore areas

are:

A impacts on the tourism industry; and

A amenity impacts.

Impacts on the tourism industry

Coastal inundation and recession has the potential to disrupt a range of business activities,
both in the short-term and longer-term. The regional sector most likely to be affected in this
way is tourism associated with beaches and coastal activities (which is likely to be the basis
for most of the tourism in the regionbs coas

As discussed earlier in this section, beaches and foreshore reserves throughout the region are
likely to be affected by long-term sea-level rise and storm tides. As well as having
environment al i mpacts, increased erosion, de
beaches could have serious implications forthe r egi onds touri sm sector.

A |l arge |l oss of the regiondés beaches and co
and inundati on, even on a temporary basis, \
economy and could be very significant for the r e gi ond s tourism secto
municipalities such as Great Lakes and Port Stephens where tourism provides 13.4 % and

10.5 % respectively of local employment (see Table 6). However, the extent of impacts to

the region6s t o urlybesffacted by d numberofyfactasi imcludingthe e a

| ocation, scale, timing and permanency of inm
example, affected beaches that are located in areas with high visitation rates will have greater

consequences for the tourism industry than beaches with low visitation rates, especially if

18 To minimise impacts to infrastructure and settlements though, will require ongoing and considered adaptation
planning and response.
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impacts occur at the start of the peak tourism season. Output of other sectors with links to
tourism, notably wholesale and retail trade, will also be affected.

Amenity impacts

Beaches and coastal reserves in the Hunter, Central & Lower North Coast region provide

substantial direct and indirect benefits to local communities. Visitors from outside the

region also derive benefits fr ohatbothlealsr egi on
and visitors derive from these include:

A ecological / natural;

A educational;

A cultural heritage; and

A leisure, recreation and wellbeing.

Numerous studies into the value of public land and open spaces suggest that these non-
market values of beaches and foreshore areas are as important or more important to local
communities as their direct and indirect market values. Put simply, a major reason many of
the people who live in the region is because of the recreational, health and wellbeing benefits
that they derive from living near to beaches and the coast. As discussed earlier in this
section, these values could be substantially threatened in the longer term by sea-level rise,
storm tides and coastal recession.

3.9. Key implications / information requirements

As noted in section 3.2, a comprehensive and complete understanding of the vulnerability of
coastal areas in the Lower Hunter, Central and Lower North Coast region to inundation and
erosion requires consideration of a range of issues. Improved information is required in
relation to the following:

A Sea level rise projections Sea level rise levels recommended by the Department of
Environment, Climate Change and Water, NSW (DECCW 2009) are 0.4 metres by 2050
and 0.9 metres by 2100. These levels reflect (high emission scenario) projections of the
CSIRO (CSIRO 2010) and the Assessment Report Four (AR4) of the Intergovernmental
Panel on Climate Change (IPCC 2007). The levels are accepted in NSW and other
states as the benchmark levels for coastal planning and hazard assessments.
Nevertheless, DECCW (2009) emphasises that the benchmark levels will be periodically
reviewed. Given this, it is important to note conclusions of studies completed since the
release of AR4. Many of these provide sea level projections (under high emissions
scenarios) that are significantly greater than current IPCC projections (see for example,
Vermeer & Rahmstorf 2009).

A Storm tide levels Regional and local oceanic and hydrodynamic modelling is required
to understand the potential for sea level rise to impact on extreme tide levels and return
intervals. DECCW (2009) provides estimates of design ocean still water levels for the
NSW coastline for varying average recurrence interval (ARI) events for 2050 and 2100
that incorporate provision for sea level rise. The recommended 100 year ARI levels are
1.435 metres (2009), 1.775 metres (2050) and 2.275 metres (2100), with the later two
levels incorporating the sea level rise projections of 0.4 and 0.9 metres respectively.
The recommended levels are relevant only to open coastal areas. Where tidal levels are
less than the oceanic range (e.g. inside constrained estuaries), locally-derived design still
water levels will need to be determined on a site-specific basis taking into consideration
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the sea level rise benchmarks. On the other hand, the recommended levels do not take
account of wave setup and run-up influences along the open coast.

A Coastal recession and hazard assessmerDetailed hazard assessments are required
on a site specific basis to determine the potential impacts of sea level rise, not only on
coastal inundation, but also coastal recession. Assessments need to take account of local
hydraulic and oceanic processes, baseline levels of recession (or accretion), as well as
the impacts of sea level rise on storm tide levels and ARIs. Smartline mapping of
estuaries will be an important first step to assist hazard assessments.

A Concurrent events Coastal hazard assessments also need to take account of the
potential for concurrent storm surge and extreme rainfall events, since projected sea
level rise will increase flood levels and flood extents in coastal waterways (although this
effect will generally diminish with distance upstream from the coast).
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4. Potential Impacts Associated with Extreme
Rainfall, Flooding and Storms

Section Summary

Key findings A Climate change projections for the region indicate that there will be
an increase in the frequency of extreme rainfall events in the region
in summer and autumn and an increase in the maximum intensity of
extreme rainfall events.

A At least 130,000 hectares in the region are exposed to a 1 in 100 year
flood at present. Approximately 80% of this total is agricultural land
and a further 10% is conservation reserves.

A 57,000 households, with a total population of 149,000 people
currently reside in these areas. 25% of the households are low
income. 16% of the people are aged 65 or over.

A Infrastructure located in low lying areas includes major roads,
railway lines, schools, hospitals and other medical facilities,
community facilities and waste facilities. Substantial industrial and
commercial areas, centred on Newcastle, are also exposed.

A Potential impacts include direct damage costs associated with
inundation of buildings and non-market costs such as health effects
and disruption to services and day-to-day life.

Infor_mation Notwithstanding considerable flood mapping and planning that has been
requirements | yndertaken in recent years, flood hazard assessment would benefit from:

A region wide modelling of changes to extreme rainfall intensities,
durations and frequencies; and

A site-specific hydrological/flood modelling of selected areas using the
modelled changes to extreme rainfall.

4.1. Overview of the Issue

Extreme rainfall events and the management of the subsequent runoff has long been a
challenge for the Hunter, Central & Lower North Coast region. High magnitudes of rainfall
over short-time periods have contributed to major flooding, both river and flash flooding in a
number of catchments and drainage areas in the region.

Flash flooding in low lying urban areas has been particularly acute due to the nature of the
terrain and the large proportion of impervious land cover (e.g., buildings, roads, parking lots)
that causes a much higher proportion of runoff per unit of rainfall than in natural landscapes.
Flash flooding in Newcastle, Maitland and other parts of the region in June 2007 led to the
loss of life and inundated approximately 10,000 properties in Newcastle alone, prompting a
number of councils in the region to undertake comprehensive flood modelling and to
commence the process of developing local flood risk management strategies.

Recent climate change projections for the region indicate that there will be an increase in the
frequency of extreme rainfall events (95" percentile) in all climate zones in Summer and
Autumn, although the frequency of these events could decrease in Winter (Blackmore &
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Goodwin 2010a, 2010b, 2010c). Other projections for the region and the NSW coast in
general also indicate that maximum intensity of extreme rainfall events will increase, by up
to 20% by 2050 for a 24 hour event and by greater amounts for shorter duration events and
in the longer term. These projections indicate that the annual exceedance probability (AEP)
of a given flood magnitude in the region is likely to increase. Probable maximum flood
(PMF) and 1 in 100 year flood levels for a given location in the region are also projected to
increase, exposing greater numbers of people and infrastructure to the direct impacts of
flooding in the future and increasing the frequency of exposure for communities and systems
that are already exposed. Given the significant current exposure of communities in the region
to extreme rainfall, flooding and storms, such an increase represents a significant source of
concern for the region.

4.2. Approach

Flood risk areas were identified from geographic flood model data provided by the region 6 s
councils which were imported into a geodata file. An inundation/hazard layer was
constructed based upon the data. Flood modelling within the region varies from council to
council. Some of the models provide 1:100 year flood layers, drawing on historic data
including maximum flood levels. Other models also make some allowance for climate
change projections and /or local characteristics. At the time of writing only limited flood
model data was available for Cessnock and Gloucester (all areas) and for Singleton (rural
areas).

As with coastal inundation, the flood layers were then used to interrogate a range of
geographic data sets. Land areas, census collection districts, and assets intersecting
inundation/flood hazard areas were treated as potentially exposed and associated people,
infrastructure and natural systems were subsequently quantified.

Storm systems associated with extreme rainfall events are often associated with storm surge
events as well. Therefore, inland and coastal flooding is often driven by both of these
processes acting in unison. Effects of such coincident events were not assessed for this
study.

4.3. Exposed Areas

Table 12 and Figure 14 indicate the areas that are exposed to flooding in the Hunter, Central
& Lower North Coast region. At least 130,000 hectares are exposed to a 1 in 100 year flood
at present. Approximately 80% of this area is agricultural land and a further 10% is
conservation reserves. However, substantial residential, commercial and industrial areas are
also exposed, especially in the Dungog, Gosford, Greater Taree, Newcastle, Upper Hunter
and Wyong Council areas.

4.4, Exposed and Sensitive People

A substantial proportion of the current population of the Hunter, Central & Lower North
Coast region is already exposed to river flooding or flash flooding. As indicated in Table 13,
at least 57,000 dwellings and 149000 peopl e (16% of the region
directly exposed to a 1 in 100 year flood"". At least 10% of the population in 10 of the
regionés 14 LGAds are directly exposed to f

17 additional numbers of people and dwellings (unquantified but potentially significant) are exposed in Cessnock,
Gloucester and (possibly) Singleton.
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complete for these areas. Exposure levels are particularly high in Greater Taree (32% of the
population), Maitland (20%), Newcastle (39%) and Singleton (32%), both in absolute terms
and as a proportion of their populations.

Of the total population exposed to flooding in the region, substantial proportions are
sensitive groups T low income and / or the elderly. More than 14,000 households or 25% of
all exposed households in the region are on low incomes. Proportionately, this is less than
the total percentage of households on low income in the region ("27%) but slightly greater

than the percentage of low incomes households in NSW as a whole.

Figure 18 reveals that there are significant pockets of exposed low income households in
Gosford, Lake Macquarie and Port Stephens, with Great Lakes, Greater Taree and
Muswellbrook also having significant pockets of exposed households that are on relatively
low incomes.

There is also a relatively high proportion of elderly people (>65) exposed to flooding in the
region, with 17% of exposed people falling into this age category. Comparatively, 16% of
the total population of the region are aged greater than 65 and 14% statewide. There are
especially significant numbers of exposed elderly in Gosford (21% of all exposed people)
and Greater Taree (23%).

4.5. Exposed and Sensitive Infrastructure

Table 14 indicates the various types of infrastructure that are potentially exposed to flooding
in the Hunter, Central & Lower North Coast region. Exposed transport infrastructure
includes 734 kms of major roads (excluding suburban streets) and 135 kms of railway line.
Other exposed infrastructure includes 58 education facilities (mainly schools), 62 community
facilities (including council buildings and emergency service facilities), 11 waste facilities
and 2 medical facilities (hospitals, medical centres). Greater Taree, Maitland and Newcastle
have particularly large numbers of exposed infrastructure (Figure 19 to Figure 21).
Substantial industrial and commercial areas, centred on Newcastle, are also exposed to
flooding.
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Table 12. Areas Exposed to Flooding (1 in 100 year), Hunter, Central & Lower North Coast region (Hectares)

o | @ = £ 3 c

; X~ [ 2 © = ) e c 9

Generdised bnd use 3] 7 © = — 2 = e S e S

zones 2 & = g g g < & T | = x

% =] 8 8 = ) = + =) 3 T

) i) 2 2 [ S () o £ [} 15

O ©) ©) ©) > > p o @) ) =
na 3,168 na 454 1,300 30,537 557 14,488 23,629 0 13683 3,308 7,355 6,759 105,545
na 0 na 38 5 137 7 63 3 401 8 45 7 43 759
na 1 na 9 0 35 5 18 0 101 4 41 2 39 256
Hospital/Medical na 0 na 0 0 0 0 2 0 2 0 0 0 3 7
na 0 na 70 0 0 65 17 0 1,687 194 0 0 179 2,211
na 0 na 15 0 0 0 0 0 1 28 0 0 0 43
na 206 na 628 301 1,730 338 357 1,427 6,104 888 121 202 922 13,224
na 1031 na 647 288 962 125 484 46 1,890 536 363 608 876 7,871
na 0 na 0 0 0 0 0 0 35 0 0 0 0 35

Total Exposed Area (Hi4 na 4,406 na 1861 1,894 33,400 1,097 15430 25,106 10,221 15,340 3,879 8,174 8,820 129,951

na - not currently available / not in suitable format for analysis
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Table 13. People and Residential Areas Exposed to Flooding, Hunter, Central & Lower North Coast region

Category

Lake Macquarie
ingleton

“JCessnock

=1IGloucester
Great Lakes
Greater Taree
Muswellbrook
Newcastle
Port Stephens

otal Region

Exposed People

a 1,073

a 18554 1,600 14,442 4,389 12,192 1,745 54,617 8,230 7,018 2,238 22,691 148,862

Exposed Residential
Dwellings

410 na 7,133 610 5,715 1,656 4,243 637 22,386 2,924 2,525 869 8,330 57,463

na
Exposed Low Income na 119 na 1604 197 1906 471 816 142 5770 630 503 200 1,978 14,342
Households
5;;?:6‘1 People > 65 na 171 na 3,897 378 3275 845 1387 204 8855 1074 1012 340 3,945 25391

Table 14. Infrastructure and Commercial Areas Exposed to Flooding in the Hunter, Central & Lower North Coast region

S < i 2 S c
Infrastructure type 2 L 5 ° @ Q S

(&) +— +— © (&) n 2

1) o o 5 @ o) =

) O ©) > p o 73]
Exposed Road (km) na 18 na 19 12 144 9 113 94 71 72 35 53 91 734
Exposed Rail (km) na 4 na 4 0 22 4 16 25 38 0 6 5 10 135
Exposed Industrial Area (ha) na 0 na 70 0 0 65 17 0 1,687 194 0 0 179 2,211
Exposed Commercial Area (ha) na 0 na 38 5 137 7 63 3 401 8 45 7 43 759
Exposed Waste Facilities (no.) na 0 na 0 0 4 1 0 0 2 1 2 1 0 11
Exposed Education Facilities (no. na 2 na 1 0 5 0 4 3 26 2 9 1 5 58
Exposed Community Facilities (nd na 0 na 8 2 11 1 2 2 23 4 6 0 3 62
Exposed Medical Facilities (no.) na 0 na 0 0 0 0 0 0 1 0 1 0 0 2
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Figure 18. Areas Exposed to Flooding (1 in 100 year) and Median Incomes of Exposed Households, Hunter, Central & Lower North Coast region
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Figure 19. Infrastructure and Residential Areas Exposed to Flooding, Greater Taree
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Figure 21. Infrastructure and Residential Areas Exposed to Flooding, Newcastle
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4.6. Major Potential Impacts of Flooding

Care needs to be taken in interpreting the flood exposure data discussed in the previous
sections, since exposure estimates provide an incomplete picture of the potential impacts
associated with flooding or of the relative importance of those flooding impacts.

4.6.1. Market costs

The generally accepted approach to costing the direct damage impacts of flooding to private
property is to include costs of damage to buildings and other infrastructure but not loss of
land value. The assumption underlying this approach is that the risk of building on
vulnerable land (i.e. flood prone land) is reflected in the price paid for that land and if the
price of land declines subsequent to a disaster such as a flood, the change merely reflects
more accurate knowledge of the risks of building on that site (BTE, 2001; Handmer, 2003).
Thus damage cost estimates focus on the impacts of flooding on buildings and other
infrastructure.

For residential and commercial buildings, direct flood damage cost estimates are typically
based on the level of flood inundation above ground and floor level. Those costs are usually

esti mat ed -dwmsnargge &cutrages 0, which represent

loss and varying depths of flood water. The use of these curves has been subject to
significant critique, since the curves can disguise enormous variation in individual cases and
do not account for intangible losses (Handmer, 2003).

Nevertheless, they are the most commonly used approach to flood loss assessment at present
and could, in theory, be used to assess the potential future costs of flooding under different
climate change scenarios. To undertake such an assessment though, would require the
following information that is not available regionally at present:

A building size of all potentially affected buildings;
A ground and floor heights for affected buildings;

A current flood heights associated with different flood events (e.g. 1:10yr, 1:50yr, 1:100yr,
1:200yr, 1:500yr, Probable Maximum Flood height);

A recurrence interval curves for different flood heights under various climate change
scenarios.

In addition to the direct market costs of flooding are the indirect damages associated with
flood inundation such as emergency response and clean up costs. These are commonly
estimated as a proportion of direct damage costs. The ANUFLOOD model*® for example,
recommends the following proportions:

A indirect residential damages - 15% of direct residential damages; and
A indirect commercial damages - 55% of direct commercial damages.

Again, further research is required to gain a more complete understanding of the potential
nature and scale of indirect market costs.

t

B6ANUFLOODS® is generally accepted as a best practice
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4.6.2. Non market costs

A number of Australian and overseas studies into the severity of different impacts of
flooding suggest that, qualitatively, affected households rate the intangible costs of flooding
as greater than the tangible impacts such as damage to their house and contents (reported in
BTE, 2001). Intangible costs include:

A health effects (such as death, injury and water-borne diseases associated with disruption
to sewerage and water services and stress and worry);

A disruption to services and day-to-day life; and
A loss of memorabilia.

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

In relation to social impacts (including human health, stress and social disruption), Reed
Sturgess & Associates (2000) suggest that in the absence of data on all of relevant variables,
the most significant determinant of the scale of social impacts of flooding is the size and
density of the resident population at risk. Based on this simple rule of thumb, the Newcastle
LGA is most vulnerable to the social impacts of flooding, although other major urban centres
in the region are also vulnerable.

Although there are substantial natural areas exposed to flooding (Table 12), most natural
systems exposed to flooding are on watercourses and floodplains and have evolved to cope
with or even thrive with periodic flooding (e.g. wetlands, and riparian vegetation). The
major adverse impacts posed to natural systems by an increase in the frequency or severity of
flooding relates to siltation or pollution of waterways especially from poorly managed
construction sites or agricultural land or from waste and waste water facilities.

4.7. Windiness and storms

Often climate events interact, with multiple extremes occurring simultaneously. A good
example of this phenomenon is that of storms and their associated high winds. While wind
has significant potential for causing damages in the Hunter, Central & Lower North Coast
region, it is often associated with some of the other impacts addressed in this report, such as
extreme rainfall and/or storm surges. The June 2007 storm and floods in the region were a
notable example of this.

In NSW, severe storms and associated winds represent a major fraction of disaster damages.
Wind for example, has been identified as a major contributor to insured losses in six of the
top 20 storm events in the State (Figure 18).
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Figure 18. Causes of top 20 storm events for buildings in NSW insured through
Insurance Australia Group

Source: Coleman (2002)

As indicated in the regional climate change scenarios (Chapter 2) and discussed in detail in
projections produced for the Regional Climate Change Study (Blackmore & Goodwin
2010a, 2010b, 2010c) extreme wind projections for the region are very uncertain, with
possible increase in the frequency of extreme winds in Summer, and Autumn but decreases
in Winter.

Nevertheless, even relatively minor increases in extreme winds could have important
consequences due to the manner in which damages during wind events increase
exponentially with rising wind speeds (Coleman, 2002). Observations of wind damages also
suggest a critical threshold for wind speed of approximately 50 km/hour, above which
damages increase significantly (Figure 19).
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Figure 19. Response of Housing Damages to Increasing Wind Speeds

Source: Coleman (2002)
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In considering the exposure of different areas within the Hunter, Central & Lower North
Coast region to extreme winds, open, coastal exposure and the topography of the landscape
are critical considerations. In relation to the latter, rough landscapes with significant
vegetation or buildings tend to retard the flow of wind and, subsequently, wind speeds. On
the other hand, the tops of hills are particularly susceptible to high winds, due to the fact that
wind speeds generally increase with altitude and when winds encounter a hill or elevation of
the landscape, they are forced upwards, increasing air flow over the top of the hill. In light
of the effects of topography, the areas of greatest exposure to extreme winds in the Hunter,
Central & Lower North Coast region are likely to be all open coastal areas, especially those
coastal areas that are elevated and high altitude inland areas such as along the Great Dividing
Range.

Another relevant consequence of storms is hail. Damages from hail storms can be
substantial, with the 1999 Sydney hail storm being one of the largest economic disasters in
Australian history. Modelling studies suggest climate conditions conducive to hail generation
will become more common in a warmer world (CSIRO and BOM, 2007).

4.8. Key implications / information requirements

In part, driven by past events, understanding of the potential flood impacts of climate change
in the Hunter, Central and Lower North Coast region is more advanced than, say, coastal
impacts. Most councils in the region, for example, have produced detailed flood hazard
maps, flood management plans and (in some cases) flood risk plans.

Nevertheless, flood modelling within the region varies from council to council and there
does not appear to be a consistent approach regionally to integrating climate change extreme
rainfall projections into hydrological / flood modelling and flood hazard mapping. To that
end, in the short to medium term councils would benefit from:

A region wide modelling of changes to extreme rainfall intensities, durations and
frequencies; and

A site-specific hydrological/flood modelling of selected areas (i.e., areas where there is
limited knowledge or the perceived risk is high) using the modelled changes to extreme
rainfall.

This modelling would need to be integrated with Australian Rainfall and Runoff guidelines
(AR&R) which are currently being revised by Engineers Australia.

In the longer term, potential flood loss assessment s at t he L GA-damtagev el , U ¢
curvesd or other met hod wo ulstahding of thespotahteel c o u n c i
costs of flood damage under different climate change scenarios. This could help inform

planning decision making and the costs and benefits of flood mitigation and preparation

works and programs.
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5. Potential Impacts Associated with Changes
to Fire Weather

Section Summary

Key findings A Climate change projections for the region indicate that there will be
an increase in the length of the fire season (extending into autumn)
and potentially an increase in the frequency of high and extreme fire
risk days.

A More than 2 million hectares or 58% of the region is classified as
bushfire prone land.

A About 60 % of the total bushfire prone area is zoned agricultural,
with most of the remaining areas (38%) being conservation areas.
Significant residential areas are also exposed, especially in Gosford,
Lake Macquarie and Port Stephens.

A Due to the wide range of variables influencing bushfire behaviour,
the extent to which communities living in and infrastructure located
within bushfire prone areas in the region will face bushfire hazards in
the future is difficult to quantify.

Information A Fire behaviour modelling is required to gain a fuller understanding of
requirements the potential impacts of climate change on the communities,
infrastructure and ecosystems of the region.

5.1. Overview of the Issue

Compared with floods and storms, bushfires in NSW have historically been a relatively
minor driver of natural disaster-related economic and social damages. Even so, between
1967 and 1999 bushfires cost approximately $1 billion in damages®® and resulted in multiple
fatalities (BTE, 2001), with major fires since then (notably in 2001/ 02) causing further
major damage and loss of life.

Many parts of the Hunter, Central & Lower North Coast region have been affected by
significant bushfires? in recent history including in: 1990/91 (Cessnock, Gosford, Wyong):
1991/92 (Gosford, Lake Macquarie, Wyong); 1993 /94 (Hunter region) 1996 (lower Hunter
Valley); 1998 (lower Hunter Valley); and 2001/02 (Cessnock, Gosford, Muswellbrook,
Singleton). (Smith, 2002)

Climate change projections for the region indicate that there will be an increase in the length
of the fire season (extending into Autumn) and potentially an increase in the frequency of
high and extreme fire risk days. It is important to note however, that a broad range of factors
contribute to the risk of ignition and spread of bushfire across a landscape, its rate of
movement, and the intensity with which it burns - high fire danger weather is only one of
those factors.

192010 values

2 Resulting in injuries, loss of life and /or destruction of dwellings.
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Fuel loads are obviously a key driver, with bushfire prone areas in the region, as in other
areas of NSW, being largely designated based upon the identification of significant
vegetation areas by remote sensing (RFS, 2006). Hence, the most hazardous bushfires (in
terms of human impacts) tend to occur around the fringes of development, where significant
human communities and infrastructure are present, but where there is also significant native
and modified vegetation to fuel bushfires. With development in the Hunter, Central and
Lower North Coast region moving into native vegetation and bushland areas, this has
increased the number of people and housing within bushfire prone areas. Fire ignition has
also been correlated with access of people to bushfire prone areas (Brown et al., 2004), as
humans are one of the core factors contributing to fire ignition. Other important factors
include topography and slope, with research regarding fire dynamics indicating that that
bushfires spread more quickly and burn more intensely on upward slopes than on downward
slopes (Bradstock et al., 2008).

Given these factors, the extent to which communities living in and infrastructure located
within bushfire prone areas in the Hunter, Central & Lower North Coast region will face
bushfire hazards in the future is very difficult to quantify. Nevertheless, it is worth noting
findings of a recent case study into the potential impacts of climate change on bushfire risk
in the region (Blackmore & Goodwin, 2010d), which has rated a number of bushfire related
ri sks as OExtremed6 including:

A the potential for more intense and/or frequent fires in high population coastal areas in
summer due to an increase in onshore wind gusts;

A the potential for worsened fire behaviour in Autumn due to increased frequency of NW
wind gusts; and

A the potential for a significant increase in FFDI (Forest Fire Danger Index (FFDI)) during
summer and autumn due to the projected increase in extreme heat days.

5.2. Approach

Fire prone areas were identified fromve get ati on groups mapped by t
A Vegetation Group 1 - Forest

A Vegetation Group 2 - Woodlands, heath and wetlands

A Vegetation Group 3 - Moist rainforests, shrubland, open woodlands, mallee and
grasslands.

A bushfire prone layer comprising 2 vegetation categories was then constructed based upon
these groupings in accordance with guidelines provided by the Rural Fire Service (RFS,
2006):

A Vegetation Category 17 Groups 1 and 2
A Vegetation Category 2 i Group 3.

By its nature, Vegetation Category 1 areas will tend to be subject to a higher bushfire risk
than Vegetation Category 2 areas, although this is not specifically stated in the RFS
Guideline.

As with coastal inundation and flooding, the bushfire prone layers were then used to
interrogate a range of geographic data sets. Land areas, census collection districts, and assets
intersecting bushfire prone areas were treated as potentially exposed and associated people,
infrastructure and natural systems were subsequently quantified.
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5.3. Fire Prone Areas

Figure 22 and Table 15 provide an overview of bushfire prone areas in the Hunter, Central &
Lower North Coast region. More than 2 million hectares or 58% of the region is classified as
bushfire prone land based on its exposure to Vegetation Categories 1 and 2.

Approximately 1.2 million hectares (60%) of the total bushfire prone area is zoned

agricultural, with most of the remaining areas (38%) being conservation areas. However,

significant residential areas are also exposedinmany of the regionds L GA:
proportional basis) in Gosford (1.7% of the LGA is bushfire prone residential land), Lake

Macquarie (3.4%), Newcastle (4.1%) and Port Stephens (3.1%).

5.4. Exposed and Sensitive People

A very substantial proportion of the current population of the region is exposed to bushfires.

As indicated in Table 16, more than 120,000 dwellings and 339,000 people (36% of the
regionds total popul ati on) are |l ocated in b
LGAs have substantial exposed populations, although exposure levels are particularly high

in Cessnock (42% of the population), Gosford (58%), Lake Macquarie (49%) and Port

Stephens (58%).

Of the total exposed population, only moderate proportions are sensitive groups i low
income and / or the elderly. More than 25,000 households or 21% of all exposed households
in the region are on low incomes. Proportionately though, this is less than the total
percentage of households on low income in the region ("27%). The most significant LGAS,
in terms of both numbers and percentages of exposed households on low incomes, are Lake
Macquarie (6,293 exposed low income households; 21% of all exposed households), Wyong
(3,958; 23%) and Port Stephens (3024; 24%).

Similarly, there is only a moderate proportion of elderly people (>65) living in bushfire
prone areas in the region, with 16% of exposed people falling into this age category.
Comparatively, 16% of people across the region are aged greater than 65 and 14% statewide.
The highest numbers and proportions of exposed elderly people in the region are in Gosford
(13,982 exposed elderly people; 16% of all exposed people), Lake Macquarie (13,392; 16%)
and Wyong (7,992; 17%).

5.5. Exposed and Sensitive Infrastructure

Table 17 indicates the various types of infrastructure that are in bushfire prone areas in the
Hunter, Central & Lower North Coast region. Exposed transport infrastructure includes
more than 5,000 kms of major roads (excluding suburban streets) of which 300 kms are
highways, 1,700 kms of railway lines and an unspecified number of bridges. Other exposed
infrastructure includes reservoirs, coal mines, power facilities (zone substations), high
voltage electricity transmission lines (>3,000 kms), education facilities (398), community
facilities (344, including council buildings and emergency service facilities), and medical
facilities (29). Cessnock, Gosford and Wyong have particularly large numbers and
concentrations of exposed infrastructure (Figure 23 to Figure 26). Significant industrial areas
in Gosford, Lake Macquarie and Wyong are also in bushfire prone areas.
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s Bushfire Prone Land

{ [ Vegetation Category
[ ] Vegetation Categorg

Figure 22. Bushfire Prone Areas, Hunter, Central & Lower North Coast region
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Generaliseddnd use

Zzones

Bushfire Prone Areas
by Land Us&one
Agricultural
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Medical
Industrial
Other
Conservation
Residential
Transport
Unclassified
Bushfire Prone Areas
by Vegetation @tegory
Vegetation Category
VegetationCategory 2
Total Bushfire Prone
Areas

Taotal Area of Region

Percent of Region
Bushfire Prone

Table 15. Bushfire Prone Areas, Hunter, Central & Lower North Coast region (Hectares)
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0
46,752
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0
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0
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2
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1,595
0

678

74,162

0
74,162
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94
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164,447
28

220,933

0
220,933
372,658

59

Great Lakes

21,642
19
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2,455
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84
24,955
0
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337,110

8

Lake Macquari

23,587
39
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1,008

14,128
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41,383

0
41,383
64,234
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Maitland

161
324
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7,472
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35
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0

5

0

23

0
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5
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9
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0

1

0

32

0
199,553
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0
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1
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Total Region
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4,250
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Table 16. People and Residential Areas Exposed to Bushfires, Hunter, Central & Lower North Coast region
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Table 17. Infrastructure Exposed to Bushfires, Hunter, Central & Lower North Coast region
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Figure 23. Infrastructure and Residential Areas Exposed to Bushfires, Cessnock
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Figure 24. Infrastructure and Residential Areas Exposed to Bushfires, Gosford
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Figure 26. Infrastructure and Residential Areas Exposed to Bushfires, Wyong
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5.6. Exposed and Sensitive Natural Systems

As previously indicated in Table 15, some 770,000 hectares (38%) of all bushfire prone
areas in the Hunter, Central & Lower North Coast region are in national parks and other
conservation areas. This significant proportion is hardly surprising given that bushfire prone
areas are defined in terms of different (principally native) vegetation categories.

Of the exposed conservation areas, only a relatively small proportion contains sensitive
ecosystems, defined in terms of their endangeredness and fire sensitivity. Figure 27
illustrates known endangered ecological communities (EECs) and vulnerable ecological
communities (VECs) that are in bushfire prone areas”’. Most but not all of the EECs and
VECSs are in conservation areas. In total, EECs and VECs cover approximately 20% of all
bushfire prone conservation areas or about seven percent of all bushfire prone areas.

Major concentrations of exposed EECs and VECs are located in and around Barrington Tops
National Park (Gloucester and Dungog), Copland Tops State Conservation Area
(Gloucester), Yengo National Park (Cessnock) and Karuah National Park (Port Stephens)
and Myall Lakes National Park (Great Lakes). Especially vulnerable, fire sensitive EECs
and VECs include coastal wetlands, various rainforest communities and alpine bogs and
fens.

21 1t is probable that some EECs and VECs, which are highly vulnerable to fire and other stressors due to their
location, fragmentation and surrounding land uses, have not been mapped.
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Figure 27.

Endangered and Vulnerable Ecological Communities Exposed to Bushfires, Hunter, Central & Lower North Coast region
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5.7. Key implications / information requirements

Wildfires are qualitatively different from other natural hazards such as storm surge and
flooding. As noted in Middelmann (2007), for example, bushfire is the only hazard for which
the potential of the hazard itself can be reduced, by reducing human ignitions and through
early suppression. Further, there is a significant body of literature and other evidence
pointing to the crucial role of preparation and behaviour in influencing the extent to which a
bushfire, once underway, results in destruction of property and loss of life (e.g. Webster,
2000). On the other hand, because bushfires, once underway, are potentially very erratic and
destructive, they have the potential to cause very significant loss of life, total destruction of
property and severe disruption to key services as such as power, water and transport T more
so perhaps than other climate-related hazards.

For these reasons, more complex and detailed analysis than is provided in this study T
incorporating fire behaviour modelling T is required to gain a fuller understanding of the
potential impacts of climate change on the communities, infrastructure and ecosystems of the
Hunter, Central & Lower North Coast region. A recent study for the Sydney region by
Bradstock et al. (2008) using the FIRESCAPE model22 provides an example of the
modelling that is required.

Even allowing for fire modelling of this type though, it will be very difficult to determine
how projections on the increased frequency of fire weather conditions under a changed
climate might translate into future changes to fire frequency and intensity and the extent and
consequences of these changes for people and infrastructure and natural systems in the
Hunter, Central & Lower North Coast region. This is because human factors can play a
significant role in whether fires occur (e.g. arson, accidental ignition) or once ignited,
detected and extinguished early, thereby greatly reducing impacts.

22 FIRESCAPE is a process-based dynamic simulator that generates spatial patterns of fire regimes in
topographically complex landscapes. It explicitly deals with effects of weather, fuel and terrain at a variety
of spatial and temporal scales
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6. Potential Impacts Associated with Changes
to Average Rainfall and Water Availability

Section Summary

Key findings A Rainfall projections indicate that average annual rainfall may
increase in the region, especially during summer and winter.

A Projections relating to water availability, runoff and drought
frequency and severity are less clear though, with the potential for
increased stresses on key water dependent industries and systems.

A Water authorities and the agriculture, mining and energy sectors
could all be impacted by changes in water availability, as could the
ecological health of regional waterways, wetlands and estuaries -
many of which are already facing significant stresses.

Information | A Further modelling of changes to water balance, runoff and

requirements groundwater availability under different climate change scenarios is
required, as is research into the impacts of climate change on
regional rainfall variability and drought frequency and severity.

6.1. Overview of the Issue

The Hunter Region has moderate to high rainfall (700 7 1200 mm annually). The coastal
zone records a higher average annual rainfall of 12200mm, whereas the central and western
zones have a lower average annual rainfall of 810 mm and 690 mm, respectively. Rain falls
throughout the year, although in coastal areas rainfall is highest in summer and autumn,
whereas inland areas experience higher rainfall in spring and summer.

Rainfall projections to the middle of this century indicate that average annual rainfall is
likely to increase in all zones compared with the current period”, especially during the
summer and winter months.

Projections relating to water availability and runoff are less clear though. Runoff modelling
in particular is complex, since the relationship between rainfall and surface runoff is not
linear, being influenced by a complex set of drivers and interactions. Variables such as soil
moisture, plant evapo-transpiration rates, temperature and relative humidity play a
significant role, as does catchment land use, vegetation composition and numbers of farm
dams. As has been apparent in recent years, the seasonal distribution of rainfall is
particularly important to runoff, as rainfall in drier periods and/or warmer months is likely to
result in disproportionately less surface runoff than rainfall in wetter periods and/or colder
months (Preston and Jones, 2008).

Regional runoff modelling, undertaken by Vaze et al. (2008) for the Department of
Environment, Climate Change and Water (2010), indicates that there will be a slight increase
in runoff depths in the region (excluding Gosford, Wyong and Greater Taree) in 2030
relative to the current period, with possible increases in the magnitude of high flows but also
increases in the frequency of low flows.

2% Noting that the current period has been a relatively dry one in historical terms.
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On the other hand, projections from the Regional Change Study using more regionally
specific rainfall projections (Blackmore & Goodwin, 2010c) indicate that water availability
(rainfall less evaporation) will remain more or less unchanged in the Coastal and Central
climate zones over the 2020-2080 period relative to the current period. In the Western zone
however, there is likely to be a reduction in water balance over the period, with a substantial
stepwise reduction after about 2040.

Moreover, even if there is an increase in average rainfall and runoff, increased rainfall
variability (season to season and year on year) and higher temperatures points to possible
increases in drought frequency and/or severity. This outcome has been modelled for the
NSW central north coast by Macadam et al. (2007), who project that drought frequency will
increase from the current average of about 10-20% of months (over a ten year period) to
about 24-28% of months by 2050.

Thus there is the potential for increased stresses on the water sector, and key water
dependent industries and natural systems in the future, especially in the Western climate
zone in the longer term.

6.2. Exposed and Sensitive Sectors and Industries

6.2.1. Potable Water Supply and Consumption

Within the Hunter, Central & Lower North Coast region water management and supply rests
with three regional and three local water authorities. Table 18 shows the areas of
responsibility for the six water authorities.

Table 18. Water Authorities within the Hunter, Central & Lower North Coast region

Water Authority Area / Council Cr‘;ii':;?;f;

Cessnock

Dungog

Hunter Water Lake Macquarie
Corporation (HWC) Maitland #9020

Newcastle

Port Stephens

5 =
Gosford? e 2y’ 3/ Eaaa 64,320
Water Authority Wyong 59,000
(GWCWA) ’

Great Lakes ~37,000

Greater hree

Gloucester * (not including Gloucester

MidCoast Water
. : Singleton Loca
SingletonCouncil Government Area 5,160
MuswellbrookShire Muswellbrook Local;
. na
Council Government Area

Upper HunterShire Upper Hunter Loca

Council Government Area 4,330

*Note: Water and sewerage services of Gloucester Shire Council will be transferred to
MidCoast Water County Council on or after 1 July 2010.

na: no data available
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Water supply data for 2008-09 for the regional and some local water authorities in the
Hunter, Central & Lower North Coast region is reported in the National Water
Commi s s i o rNatenal(Parar®ance Report 20@®09(NWC, 2010)*. Singleton,
Muswellbrook and Upper Hunter Shire Councils do not report to the NWC. However, some
information on total water consumption as well as population supplied and/or properties
connected is provided publicly for Singleton and Muswellbrook. The data is somewhat
limited though.

As shown in Figure 28, in most water supply areas in the Hunter Region per capita water
consumption is moderate when compared with the New South Wales average® of
approximately 325 litres per day per person. Gosford and Wyong however, report lower per
capita residential and total consumption than the NSW average. By contrast, per capita water
consumption for Singleton (about 560 litres per day) is substantially greater than the NSW
average and other parts of the Hunter, Central & Lower North Coast region. As separate data
for residential and/or industrial water supplied was not available for Singleton, the driver for
the high water consumption there could not be identified. The data suggests however that
Singleton could be vulnerable to significant changes in runoff and water availability due to
its relatively higher level of water consumption per capita.

Water Consumption in I/d/person
N W
o O
o O
>

100 +— —

O T T T T T T T 1

& & & & N o e *
C o > > 0 o 3 A
N <9()(5} $* &$ %\ N ) N %C’
e 9 & & D
& &® © o"’$ F
X & N\ S\

H Total Residential

Figure 28. Estimated Per Capita Water Consumption in the Hunter, Central Lower
North Coast Water Supply Areas and NSW

Demographic and built environment considerations are likely to be major factors influencing

future residential water demand. Per capita water consumption tends to be lower in large

households than in small households. In the Hunter Region, households tend to be slightly

bigger than the average household size in NSW, 2.5 persons per household according to the

2006 Census. Water consumption is also linked to income, garden size and type and to local

character (Troy, Holloway & Randolph, 2005). In other words, higher-income households

with | arge gardens, i n mor e eavater. Arubblyshese d 61 e a
types of households are less well represented in the Hunter, Central & Lower North Coast

region.

2+ 1t should be noted, that water authorities report to the NWC on a voluntary basis and that data presented in

the National Performance Report is provided on a very high level and should be used as guide only.
% Note, in this case NSW average consumption includes only data of water authorities which reported to the

NWC. A list of these water businesses is included in the NWC National Performance Report 2008-09.
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The National Performance Report 20@®809shows that most water in the region is sourced
from surface water, with only a small proportion obtained from groundwater. Additionally,
some water authorities have started to use recycled water in recent years, although this is
only a very small contribution to the total volume of water supplied.

The potential for reduced potable water supply stemming from climate change, combined
with increased water demand due to population growth and other trends, could have
significant social and economic implications for the region. However, the nature and extent
of any impacts will largely depend on the policies and measures implemented by local water
authorities and state and local governments. In that respect, the water supply and demand
issue is qualitatively different to many of the other issues discussed in this report. There are a
number of potential approaches to dealing with the potential water reliability problem, such
as additional water supply augmentations (traditional or non-traditional) paid for by water
users, continuing reliance on water restrictions or water efficiency regulations and associated
measures.

6.2.2. Non Potable Water Consumption d Agriculture, Mining, Energy

The main sectors or industries in the Hunter region relying on non potable water are
(irrigated) agriculture, mining and power generation.

Agriculture

Agriculture is an important industry in the Hunter region, with a total value of agricultural
commodities produced of almost $500 million in 2000-01%. It also accounts for a
considerable share of employment in some municipalities - in particular in Dungog, Upper
Hunter and Gloucester Shire Councils, more than 13%, 20% and 23%, respectively, of all
people employed work in Agriculture, Forestry & Fishing (see Table 6). The agricultural
sectors horticulture (including viticulture) and (irrigated) cropping are most dependent on
water and hence adequate runoff and streamflows. Horticulture makes up a considerable
proportion of land use and agricultural output in the Hunter region (see Table 19).

As noted, although a slight increase in average annual rainfall is projected for the region, it is
expected that changes in rainfall variability will lead, on the one hand, to a higher
precipitation intensity and, on the other hand, to an increase in the number of dry days as
well as a higher frequency and severity of droughts, with negative impacts on runoff and
streamflows. Horticulture is also expected to experience an increase in water demand due to
warmer conditions and increasing temperatures in the region (CSIRO, 2008). Most impacts
on the agricultural sectors will also be compounded with increases in temperature. Further,
an increase in rainfall intensity will result in an increased offsite movement of nutrients and
sediment as well as decreased yield through reduced infiltration of rainfall into the soil
(CSIRO, 2008). Increased water demand, combined with the possibility of reduced water
supply poses significant challenges for the horticultural sector in the region. Increased
demand combined with reduced supply from traditional sources is likely to occur in a
political and market environment where water allocation from aquifers or waterways is more
strictly controlled and regulated than it has been in the past, and where the cost of water is
greater than it currently is. Farmers are also likely to be competing with urban / town water
demand, with the urban market being in a position to pay more for the same unit of water.

% National Regional Profile New South Wales 2000 to 2004, by SLA
(available at: http://www.abs.gov.au/AUSSTATS/abs@.nsf/Previousproducts/1Industry12000-
2004?opendocument&tabname=Summary&prodno=1&issue=2000-2004&num=&view=)
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Table 19. Agricultural Land Use, Hunter, Central & Lower North Coast region (Hectares)

Agricultural
Land Use
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0
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Port Stephens

20,250
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10
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24
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3,519
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48,973

Singleton

167,393
1,142

2,229

100
2,615
1,522

4,245

1,655

102,296

283,196

596827
31,959

9
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Mining and Power Generation

The mining and power generation sectors are large users of water and in most instances have
water access licenses and bulk entitlements to ensure access to water.

In general, coal mines are less exposed than say the agricultural sector to reduced runoff, as
their water is usually stored onsite in dams. Relatively small changes in average annual
rainfall combined with increases in rainfall variability and intensity can probably be
accommodated therefore by mines without incurring significant costs. If there is excess
water, this can be supplied to nearby power stations via pipelines.

Power generators are significantly more prone to a decrease in water supply, as large
volumes of water are required for cooling, a crucial element in the process of electricity
generation. Lake Liddell, for example, owned and managed by Macquarie Generation, is an
integral part of the power generation infrastructure of the region.

Water scarcity also has flow-on effects for power generators, which require higher quality
water for their cooling systems, as impurities can cause scaling and therefore need to be
removed before the water can be used. Low water availability and drought can affect water
quality and increase the occurrence of impurities, requiring upgrades of filtering systems at
the power plant.?’

6.3. Exposed and Sensitive Natural Systems

Increases in rainfall variability and drought frequency are likely to have a number of
biophysical manifestations, including:

A Reduced surface runoff and groundwater-derived base flows, and increased likelihood
of low flows, affecting

— waterway flows and the ecological health of waterways and estuaries (including
flow-on effects such as blue-green algae blooms); and

— wetland health.

A Reduced average soil moisture levels, either in some seasons (e.g. spring and autumn) or
throughout the year.

A Reduced groundwater recharge and aquifer levels, potentially impacting on
groundwater-dependent ecosystems such as waterways, terrestrial vegetation
communities, and coastal ecosystems such as saltmarshes, mangroves and seagrass beds
(Kammermans et al. 2002).

Some of these impacts may further compound the effects of other degrading processes (such
as habitat fragmentation), and once the changes have gone beyond a certain threshold, could
be irreversible. Whilst the impact of reduced groundwater flows on mangroves and seagrass
beds has not been studied for the Hunter, Central & Lower North Coast region, it is known to
be a factor in seagrass decline internationally.

For both communities living in the region and visitors, these impacts have implications for
social and economic values. Waterways and wetlands provide a range of values and services

2 http:/;wvww.singletonargus.com.au/news/local/news/general/80-million-upgrade-set-for-power-

stations/367230.aspx accessed 07.05.2010
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to communities, including amenity values (such as property values) and recreational values
(e.g. waterway parks and reserves; bird watching).

Figure 29 shows wetlands and estuaries in the region that are of high ecological significance
including wetlands listed under:
A the Ramsar Convention on Wetlands (Ramsar);

A State Environmental Protection Policy 14 covering wetlands of state significance (SEPP
14); and

A the Australian Department of Environment and Heritage Directory of Important
Wetlands of Australia (DIW).
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Figure 29. High Conservation Value Wetlands in the Hunter, Central & Lower North
Coast region

The relationship between the volume of surface water and groundwater flows to the coastal
and marine environment is not well understood in the study region. To the extent that there
may be a relationship, values that may be impacted include:

A recreational (and commercial) fishing stocks and fish recruitment capacity;

A non-use values associated with the health, diversity and robustness of coastal
ecosystems in the region.

6.4. Key implications / information requirements

The Hunter, Central and Lower North Coast region currently faces significant pressures
associated with growing and competing demands for water use in the region, as evidenced in
the recent period of drought. Climate change has the potential to exacerbate this situation.
There is still significant uncertainty however, about the potential for changes to runoff and
water availability in the region as a consequence of climate change i even more so, the
sensitivity and vulnerability of key industries and systems to changes in water availability.

To achieve a better understanding of these issues in the first instance will require further
modelling of changes to water balance, runoff and groundwater availability under different
climate change scenarios, at the catchment and basin levels (Figure 30). Further research
into the impacts of climate change on regional rainfall variability and drought frequency and
severity will also be valuable.

Figure 30: River Basins by Climate Zone
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7. Potential Impacts Associated with Changes
to Average and Extreme Temperatures

Section Summary

Key findings A Average temperatures in the region have experienced an increasing
trend in recent decades, consistent with global and national trends.
Temperatures are virtually certain to increase in future decades.

A Potential impacts most important to the region are heat-related illness
and mortality (especially elderly people and infants), energy demand
in buildings and impacts to some agricultural industries.

A The region currently has a high proportion of elderly people (17% of
total population) with this group expected to increase substantially
over the next 20 years. Gloucester, Great Lakes and Greater Taree
have particularly high proportions of elderly people.

A Energy use in buildings is likely to increase with increased
temperatures. Recent energy modelling suggests that increased
cooling loads in housing in the Central and North coasts of NSW will
significantly outweigh reduced warming loads.

A Regionally significant agricultural industries that are sensitive to
temperature increases include viticulture and intensive livestock.

Infor_mation There is a need to improve understanding of the potential health-related
requirements | jmpacts of temperature changes in the region through:

A improved regional economic and social indicators and datasets;
A datasets of regional housing stock, age and quality; and

A vulnerability assessment of human health to climate change that
accounts for sensitive subpopulations and quality of housing stock.

7.1. Overview of the Issue

As outlined in section 2.2 and discussed in more detail in Blackmore & Goodwin (2010a,
2010b, 2010c), average temperatures in the Hunter, Central & Lower North Coast region
have experienced an increasing trend in recent decades, consistent with global and national
trends. Moreover, average temperatures in the region are projected to continue to increase in
future decades.

Blackmore & Goodwin et al. (2010a, 2010b, 2010c) suggest that temperatures are likely to
increase in all seasons of the year and in all climate zones but warming is likely to be
greatest in autumn and winter and slightly greater in the Central and Western zones than in
the Coastal zone.

In regard to extreme heat events, Blackmore, Goodwin & Wilson (2010e) identify that an
overall increase in the frequency of extreme heat events at the current threshold levels are
expected, and that combined with relatively stable or decreasing average maximum
temperatures, that the extreme heat temperature thresholds of the community will decrease.
This lowering of threshold levels, combined with projected increases in extreme heat events
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at current threshold levels is likely to increase the frequerty of occurrencef extreme heat
events beyond known variability. Combined with an historic increasing trend, projections
suggest that increases in the intensity of these events are also likely to continue.

Rising average temperatures and more frequent extreme temperature days have the potential
to contribute to a variety of impacts in the Hunter, Central & Lower North Coast region.
Literature on climate change and rising temperatures indicates that potential impacts most
important to the region are:

A for people, heat-related illness and mortality and (associated with this) building thermal
comfort and energy demand; and

A for infrastructure and industry, impacts to some agricultural industries, in particular
viticulture and intensive livestock (e.g. poultry & dairying).

Increasing temperatures also have potential to impact on the viability of some natural
systems, especially those that already subject to major stresses and which are sensitive to
other climate changes, notably an increase in the frequency or magnitude of wildfires
(Section 5) or reduced water availability (Section 6).

7.2. Potential Impacts to People and Infrastructure

Health impacts

As outlined in Scenarios 2 & 3 (Tables 1 to 3), the Central and Western zones are subject to
more temperature extremes than the Coastal zone, including the frequency of extreme high
temperature days. This distinction aside, temperatures throughout the Hunter, Central &
Lower North Coast region are relatively similar on a day-to-day basis. That given, a key
consideration affecting the health consequences of extreme heat is the demographic
composition of the exposed population.

Human exposure to temperatures that are excessively high or low can have direct adverse
health consequences. Public health practitioners have id ent i f-§ eapead 66jr espons
human health to temperature (Figure 31), with excess mortality associated with extremes of
both cold and hot, but rising more rapidly as temperatures exceed approximately 30°C
(Davis et al., 2003). This is typical of physiological responses to a broad range of
environmental conditions. Research on the implications of climate change on heat-related
illness and mortality has largely focused on the potential increases in heat-related mortality,
although it should be noted that reductions in cold-related winter mortality is also a
possibility (Guest et al., 1999). There is debate regarding which of these two factors may be
more important, but in the Hunter, Central & Lower North Coast region, which are subject to
warm temperate or sub-tropical climate, heat-related illness and mortality is likely to be a
more significant threat.
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Figure 31. "J-Shaped" response of human mortality to temperature

As temperatures drop below freezing, excess mortality tends to increase. Similarly, as temperatures
rise above freezing, mortality also increases, but at a significantly faster rate, with temperatures above
~37° likely to be key threshold for the Hunter region

Sources: Guest et al., 1999; Davis et al., 2003; Woodruff et al., 2005

Heat-related mortality is currently a public health issue in NSW. For example, Woodruff et
al. (2005) estimated that approximately 37 individuals per 100,000 people aged 65 or older
currently die each year in the Sydney region due to heat-related causes. These deaths
predominantly occur during summer months when temperatures are at their peak and include
generally healthy individuals who would have been expected to continue living for years in
the absence of the heat event.

Particular health related impacts identified for the region (Blackmore et al 2010e) include:

A Heat related morbidity and mortality (heat related injuries, dehydration & other
disorders of fluid, electrolyte and acid base balance. Examples include heat fatigue, heat
cramps, heat syncope, heat exhaustion and heat stroke).

Increase in production of photochemical smog and particulate pollution from bushfires.
Reduced access to emergency services and facilities.
Injury, trauma and related effects as a result of violence & trauma.

Disruptions to essential services (e.g. electricity & water supplies).

> > > > >

Reduced access to transport services.

Noting the particular sensitivity of the elderly to extreme heat events, areas in the Hunter,
Central & Lower North Coast region that have a disproportionately high concentration of
individuals over the age of 65 provide a useful indicator of locations most sensitive to
extreme heat. As outlined in Table 4, the region currently has a high proportion of elderly
people (17% of the total population) with this group expected to increase substantially over
the next 20 years to almost 24% of the population. Gloucester, Great Lakes and Greater
Taree have particularly high proportions of elderly, although an examination of Figure 32
reveals that most other councils (in particular the coastal municipalities of Gosford, Lake
Macquarie, Newcastle and Port Stephens) have significant pockets where there are high
concentrations of elderly people.
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Though less-well-documented in the context of climate change, epidemiological research
also indicates that young children and infants are also sensitive to temperature extremes due
to poor thermo-regulation (Scheers-Masters et al., 2004). The Hunter Valley municipalities
of Muswellbrook, Maitland and Singleton have the highest concentrations of infants (78% of
the total their total populations in all municipalities T Figure 33), although proportionately
their numbers are expected to fall over the next 20 years.

The implications of extreme heat events for public health may also be exacerbated by
population density, growth and development. Research has found that mortality during
extreme heat events is higher in urban areas due to the thermal effects of heat islands
(Bridgman et al., 1995). Thus areas in the region with high population density, such as
Newcastle, are also likely to be sensitive to extreme heat events.
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Figure 32. Distribution of People Aged > 65 Years, Hunter, Central & Lower North Coast region
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Figure 33. Distribution of People Aged <5 Years, Hunter, Central & Lower North Coast region
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7.2.1. Energy consumption

The practical consequences of higher temperatures are reduced indoor thermal comfort,
which if not managed, may have health consequences, especially for already vulnerable
groups such as the elderly and other people with pre-existing medical conditions. However,
in keeping with trends in most parts of Australia over the past two decades, it is likely that
buildings will be managed to maintain thermal comfort as temperatures rise through artificial
cooling such as air conditioning. This will result in increased energy use.

Energy modelling conducted by Branz (2007) as part of an assessment of the need to adapt
buildings for the consequences of climate change shows significantly increased cooling loads
in housing in coastal NSW T increases that are only partly offset by decreased heating loads
for those locations (Figure 34)®. Although the Hunter, Central and Lower North Coast
region was not specifically covered in the Branz study, results for Sydney and Coffs Harbour
(circled) are likely to be broadly indicative of outcomes for the Hunter / Central Coast and
Lower North Coast subregions respectively.
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Figure 34. Comparison of Average Annual Energy Consumption in Residential
Dwellings, 2005 and 2070 (with climate change) for Different Locations in Australia

7.3. Potential Agricultural Industry Impacts

National and regional studies indicate that a number of agricultural industries that are
prominent in the Hunter, Central & Lower North Coast region are potentially sensitive to the
temperature related impacts of climate change.

%8 These outcomes assume that there are not fundamental changes to residential building design.
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Viticulture

One such industry is the viticulture and wine industry. The total value of wine grapes
produced in the Hunter Valley in 2007-08 is estimated to be approximately $15.2 million
(ABS 2008), with substantial greater value added coming from wine production and wine
based tourism.

A risk assessment undertaken for HCCREMS by Blackmore et al. (2009b) identifies an
increase in leaf burn on vines associated with extreme heat days (leading to leaf loss,
sunburn of fruit and /or increase water usage) as an extreme risk for the Hunter Valley wine
industry arising from climate change. The risk assessment also identifies condensed growing
and ripening seasons due to an increase in the number of heat degree days (and associated
changes to fruit composition and quality) as a high risk for the industry. These findings are
consistent with other assessments of the impacts of climate change on the wine industry in
the Hunter Valley and other Australian wine growing regions (Anderson et al., 2008;
Australian Government, 2008).

Intensive livestock

Intensive livestock industries, in particular dairying and poultry, are also significant
agricultural industries of the Hunter, Central & Lower North Coast region that have the
potential to be adversely impacted by temperature increases.

A report by the CSIRO on the impacts of climate change on the agricultural sector (CSIRO,
2008) concludes that heat stress (which is a function of air temperature, relative humidity
and air movement) represents one of the major threats of climate change to dairying and
other intensive livestock production in the region. The report notes that even with low
humidity, when the temperature exceeds 27°C the effective temperature is above the comfort
zone for high producing dairy cows. They respond to this in a number of ways including:
reduced feed intake; increased water intake; changed metabolic rate and maintenance
requirements; increased evaporative water loss; increased respiration rate; and increased
body temperature. The net result of this is significant production losses for dairy operations
(McKeon et al. 2008).

7.4. Key implications / information requirements

Arguably, there is a higher level of confidence regarding temperature projections for the
Hunter, Central & Lower North Coast, than many of the other climate change related
variables discussed in earlier sections of this report. Nevertheless, the implications of
changes to average and extreme temperatures for people, infrastructure, industry sectors and
ecosystems in the region are less well understood. There is a particular need to improve
understanding of the potential health-related impacts of temperature changes through:

A improved regional economic and social indicators and datasets, disaggregated to at least
the municipal level,

A datasets on regional housing stock, age and quality; and

A understanding of the vulnerability of human health to climate change that accounts for
spatial variability in climate conditions at the local scale, regional projections of future
climate, the distribution of sensitive subpopulations and housing/building stock and its
thermal efficiency.
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8. Conclusions

8.1. Recap

As indicated by data and analysis in this report, the Hunter, Central & Lower North Coast
region faces significant exposure to a number of natural hazards associated with current
climate variability and future climate change. Moreover, due to the underlying sensitivity of
many of the people, industries infrastructure or natural systems exposed to these hazards,
climate change has the potential to have cascading impacts that extend well beyond simply
the inundation or burning of land, drying of rivers or heating of the atmosphere. Many of the
changes having the potential to affect human health and wellbeing, economic activity and
commerce, the provision of public services and the viability of natural systems.

Some impacts of climate change in the region, such as coastal inundation, and increased
frequency or severity of flooding and bushfires, will vary significantly depending upon the
spatial distribution of hazards and human populations, infrastructure and natural systems. In
other words, these types of hazard are geographically specific and location therefore is a key
determinant of the potential for climate change to impact on people, infrastructure, industries
and ecosystems in the region. Other projected changes, such as to water availability and
extreme temperatures, are likely to be felt more or less throughout the region. Potential
impacts with respect to these hazards will fundamentally be determined by the underlying
sensitivityof t he regionds people, industries

8.2. Improving Understanding of Climate Change and Related
Impacts in the Region

As noted in the introduction, this report provides a high level analysis of potential climate
change impacts for the Hunter, Central & Lower North Coast region and there are limitations
with the information it provides. That fact and deficiencies with primary data identified
during the course of this study indicate that further work is required to assist the decision
making processes of local councils and other regional organisations on climate change. As

discussed further i N t he oO6i nformation requfuuredagnt 0

collection and research priorities for the region include:

Coastal impacts

A Development of high-resolution integrated elevation/bathymetry data sets for use in
hydrological and coastal modelling.

A Modelling of the risks to coastal areas associated with concurrent storm surge and
extreme rainfall events, as the joint effects of such events are likely greater than
suggested by assessments that treat each in isolation (noting that some local councils
have completed this process).

A Site-specific modelling of coastal and estuarine erosion based upon coastal
geomorphology, sea-level rise and storm events (noting that some councils have
undertaken modelling at a few specific sites).

Extreme rainfall and flooding

A Region wide modelling of changes to extreme rainfall intensities, durations and
frequencies.

and
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A Site-specific hydrological/flood modelling of selected areas (i.e., areas where there is
limited knowledge or the perceived risk is high) using the modelled changes to extreme
rainfall.

Fire weather and bushfires

A Spatially-explicit studies of the effects of projected climate changes on bushfire hazard
that account for fuel loads, topography, weather and management efforts.

Water availability

A Modelling of changes to runoff, water availability and drought frequency and severity in
basins and catchments under different rainfall scenarios.

Average and extreme temperatures

A Developing improved regional economic and social indicators and datasets,
disaggregated to at least the municipal level.

A Compilation of datasets on regional housing stock, age and quality.

A Spatially-explicit risk assessment of the vulnerability of human health to climate change
that accounts for spatial variability in climate conditions at the local scale, regional
projections of future climate, the distribution of sensitive subpopulations and
housing/building stock and its thermal efficiency.

As noted, some of this research is already being pursued by councils within the region.
However, generally the above list represents a long-term research agenda that will require
significant new investments and (in some cases) the development of new analytical methods
and tools.
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