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Figure 50: Domestic overnight trips to Alpine region by financial year

NOTE: Unfortunately, the data for the Shire is likely to be incomplete, and hence long-term trends in visitation data for sub-alpine tourism operators are lacking.
Source: Alpine Shire Council 2007

Faulkner (2001) describes how the role of the media can have significant negative impact on disaster-affected
destinations, given the discretionary nature of taking a holiday. Nevertheless, the Alpine Shire Council was able
to demonstrate, using a postcard reporting system, that most visitors were repeat visitors, with over 98% saying
that they would visit the Shire again.

Figure 51: Victorian Alpine Resorts Winter visitor numbers by calendar year

NOTE: Visitation to Falls Creek in 2004 and 2005 may be overestimated because of changes in the pricing policy.
Source: ARCC 2008¢c

Research Agenda

Weather-related events in Australia account for around 87% of economic damage due to natural disasters
(Bureau of Transport Economics 2001), and there is strong evidence that the increases seen in a number of
extremes are related to anthropogenic climate change (Alexander et al. 2006; Hegerl et al. 2007;
Intergovernmental Panel on Climate Change 2007). Despite great advances in recent decades in the
understanding of the physical mechanisms that generate natural extremes, along with major improvements in the
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forecasts and warnings associated with atmospheric hazards, adaptation to these events has not always been
successful (White, Kates & Burton 2001). Although mortality and morbidity rates have been falling, economic
losses have been rising sharply (Munich 2005).

Reducing vulnerability to climate change will undoubtedly involve a combination of diverse mitigation and
adaptation options. Adaptation refers to changes in policies and practices that may enhance resilience and reduce
vulnerability to observed or expected changes in climate and associated extreme weather events. It may occur in
physical, ecological and human systems, and involves changes in both social and environmental processes.
Adaptation has the potential to reduce the vulnerability of society to the dangerous impacts of climate change,
such as those from extreme weather events, as well as to capitalise on new opportunities that may present
themselves. While the benefits of mitigation of greenhouses gases will be associated with long-term reductions
in vulnerability, the benefits of adaptation to community and industry resilience can be immediate, especially
when they also address inter- and intra-annual climate variability.

As an organising principle, many integrated assessment activities employ a framework or a set of concepts
that serve as heuristics. Any such framework can be described as a set of categories, which in the research
context ‘permits and rationalises a division of scholarly labor’ (Nakamura 1987: 143). In this way, a framework
will direct attention to what may be important in the context at hand, but will not predict or prescribe what will
be found there. Frameworks are counterproductive if they are piecemeal, directing attention to part of the context
and diverting attention from the rest, where the important considerations may be found.

A good framework is logically comprehensive; it facilitates the identification of an inclusive set of
considerations and their integration for the context at hand. A good framework is also cognitively manageable
and stated in functional rather than institutional terms to make it universally applicable. An integrated
assessment process that rigorously maps local context and perspectives has the ingredients to yield useful
adaptation alternatives, regardless of the choice of framework. Furthermore, selection of a good framework will
result in research that is:

Intensive, focusing on a single community, organisation, or at most, sector, on the ground;
Comprehensive in the range of factors considered across natural and social sciences;
Prioritises the convergence of relevant factors in environmental and policy processes; and
Continuous, emphasising appraisal and termination of failed policies. (Lynch & Brunner 2007)

In the context of the significance of the tourism industry as a prominent contributor to the Shire’s economy,
and its sensitivity to the impacts of summer hazards such as extensive bushfires, it is concluded that it is critical
to assess sub-alpine vulnerability with respect specifically to seasonally distributed climate extremes under
projected future climate change, in order to fully characterise the Victorian Alps’ long-term adaptive capacity for
future sustainable development.
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Chapter 8

CLIMATE CHANGE INDUCED ECONOMIC IMPACTS ON
TOURISM DESTINATIONS: THE CASE OF AUSTRALIA

By Tien Duc Pham, Peter Forsyth and Ray Spurr

This chapter examines the economic implications of the impacts of climate change on the tourism sectors in the
regional economies of Cairns, the Blue Mountains, the Barossa, Kakadu and the Victorian Alps in the years to
come. Apart from regular television programs, the science of climate change has been documented very clearly
in literature, e.g. in Hennessey et al. (2003, 2008), Garnaut (2008), and Hoegh-Guldberg and Hoegh-Guldberg
(2008). Attempts have also been made to provide economic impacts of climate change on various industries of
the Australian economy, e.g. wheat crops in Crimp, Howden, Power, Wang and Voil (2008), livestock in
McKeon, Flood, Carter, Crimp and Howden (2008), forestry in Buchanan, Tulloh and Ford (2008), fisheries in
Vieria and Newton (2008), and horticulture in Duter (2008).

This project focuses on climate change induced tourism impacts in the five tourism destinations discussed in
preceding chapters. The approach is to adopt the likely impacts of climate change on the Australian economy
from the Garnaut Climate Change Review as the climate change inputs in the ambient economic condition
against which the tourism impacts on those regions are measured.

While the links between climate change and the output levels of industries, e.g. agriculture, can be
formulated logically and scientifically at least to some extent, the link between climate change and tourism
activity is harder to estimate. Often, climate change affects the environment, which leads to losses of tourist
attractiveness over the longer term. But how much of these losses will translate into lost tourism activity is an
unknown factor, reflecting tourists’ preferences and hence the prediction of human behaviour.

The topic of climate change and tourism impacts warrants extensive research. This project should be viewed
as a scoping study at this stage, which attempts to explore links between climate change and the tourism sector,
and subsequently predict the magnitude of the economic impacts on those regions. The projections of changes in
tourism activity based on current predictions of weather patterns are expected to evolve as a result of climate
change and the largely intuitive judgements of tourists’ responses. The projections are then examined, together
with climate change inputs, using a Computable General Equilibrium (CGE) economic model.

The following discussion describes the economic model and the modelling approach adopted in this study,
the assumptions and projections of the economy and tourism activity under the effect of climate change, and
finally, the simulation results for the five regions.

The Enormous Regional Model

For the Australian economy, the Enormous Regional Model (TERM) is the only CGE model that has regional
economies below the state level. TERM is a multiregional and multi-sectoral CGE model. The model is well
described and its application is also illustrated in Horridge, Madden and Wittwer (2003). Thus this section will
explain the model very briefly and draw attention to its strengths.

Figures 52 and 53 represent a framework under which users purchase goods from different regions specified
in the model. Users in TERM include industries, household sector, government, investment and overseas export.
There are a wide range of goods demanded by users in a region, and Figure 52 shows an example for ‘Good 1’
only. The same principle will be applied to all other goods. In Figure 52, a user will have to choose Good 1 from
either the imported or domestic source in such a way that minimises its total cost on the consumption of Good 1,
given the relative prices of the good from two sources. This is represented by an imperfect substitution of a
Constant Elasticity of Substitution (CES) functional form.

191



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS

Good 1 From User 1 to Usern Good 1
in Region r in Region r
Imported Domestic Imported Domestic
Good 1 Good 1 Goad 1 Good 1
Domestic
Good 1
All Users
in Regionr

Figure 52: Imported vs. domestic demand
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Figure 53: Domestic sourcing

Prices of imported goods are assumed to be given, i.e. exogenous to the domestic economic condition, in
order to reflect a small open economy assumption. This means Australian producers do not have large market
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share power to influence the world price level. Domestic prices are determined by the cost components in the
production process. All prices are based on a numeraire, which is often the exogenous nominal exchange rate.

The last square box in Figure 52 represents the total demand for Good 1 from Region r, which is simply a
sum of all demands for domestic goods across all users in the region.

In the top part of Figure 53, the first square box is equivalent to the total demand for Good 1 in Figure 52.
This box represents a broker who acts on behalf of all users in Region r to select Good 1 from a combination of
regions in the domestic economy. These selections are made in the same way that goods are selected from the
cheapest source to minimise the cost (CES function). This allows a cheap producing region to expand their
market share to supply Good 1 to Region r. As shown, the model does not explicitly map a specific user to any
specific suppliers across regions. All users in Region r are assumed to have fixed shares in the total demand for
Good 1 from other regions of the domestic source, and similarly for other goods.

The bottom part of Figure 53 shows how transport services are used to facilitate movement of Good 1 from
the producing regions to Region r. Regardless where Good 1 is purchased, the same constant proportions of
transport are applied to the amount of Good 1 purchased. And the supplier of the transport services will be
selected across all regions using a CES function to minimise transport costs.

The supply side of the model is very similar to that in the pioneer ORANI model (Dixon, Parmenter, Sutton
& Vincent 1982). In this structure, an industry pays for intermediate inputs, composite primary demand (i.e.
composite demand for labour and capital), and production tax to the government in fixed proportions. The
intermediate input demands are sourced from domestic regions and imports as described in the above demand
system. For its demand for labour and capital, an industry will choose a combination of the two inputs using a
CES function to minimise costs at a given level of composite primary demand. Production tax is assumed to
move in line with production level.

The structure on the demand side of TERM does not require data for explicit bilateral trade flows between
consumers and producers across regions in the model. Thus, the compact structure of the demand side reduces
significantly the memory requirement and simulation time compared to a conventional multiregional and multi-
sectoral CGE model such as MMRF (Peter, Horridge, Meagher, Naqvi & Parmenter 1996; Adams, Horridge &
Wittwer 2002). Therefore, the advantage of TERM is its ability to handle a larger number of regions and
commodities.

There are some major differences between TERM and MMREF that should be noted. These differences are
important, as MMRF was used in the Garnaut Climate Change Review and TERM is used in this project to
replicate part of the work in the Review in order to set an environment for the tourism impact to be analysed.

6. TERM does not have a full treatment of government financial accounts. Thus, the government
expenditure in TERM is not driven directly by the government budget, nor directly related to tax
instruments in the model. As a result, the model is not suited for scenarios related to government budget
policy simulations.

7. In the labour market, wage rates in MMRF are determined by the setting of a group of variables,
including employment, unemployment, interregional migration, labour participation and population,
explicitly for all regions. In TERM, the wage rates are determined by regional labour supplies, but
sources of the regional labour supplies, such as interregional migration, and labour participation are not
explicitly defined. The original labour market in TERM was modified to derive labour supply in this
project. The modification allows more labour supply into a region when the region’s real wage growth is
higher than the national real wage growth. This situation reverses when a region’s real wage growth is
less than the national real wage growth, in which case the region will experience a net outflow of
migration.

8. In MMRF, investment is determined on a year-on-year basis in a dynamic framework using the inverse
logistic function (Dixon & Rimmer 2002), while investment growth in TERM is assumed either to move
in line with capital stock growth over a period of a number of multiple years, or to be proportional to the
movement of the gross rate of return within a short timeframe such as one to two years.

9. The aggregate regional real household income in TERM is only determined by wage income, not by the
return to capital, nor return to land. As the model does not have foreign ownership of capital, including
total return to capital in household income will distort the household income in the regions. As a result, in
simulations that have more adverse impact on wage income than on capital income, this current treatment
will tend to exaggerate the impact on household consumption.

Nevertheless, the advanced demand structure and a standard supply side of the model are more than enough
to compensate for the simplified features in the model in order to allow for opportunities to undertake modelling
analysis at a sub-state level. The master database contains 172 commodities and 59 statistical divisions, with
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possibility to be disaggregated into 206 small local areas—a very comprehensive database. Currently, the model
is calibrated for a year 2005/06 database, referred to as 2005 hereafter.

In this project, the model database is aggregated down to only 25 commodities and 11 regions (Table 56) to
ease the burden of simulation time while still satisfying the necessary requirement of the analytical results. These
11 regions map back to only five states and the rest of Australia (ROA). The model is run by GEMPACK
(Harrison & Pearson 2005; Horridge, Jerie & Pearson 2008).
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Table 56: Commodity and region sets

Commodities Regions States

1 Agriculture Blue Mountains I\\i]e:lveSSOU‘[h

2 Coal oil and gas Rest of New South Wales I\\Vk::lveSSouth
Other mining Alpine Victoria

4 Food and drink Rest of Victoria Victoria

5 Texttile clothing footwear Tropical North of gk
and leather products Queensland

6 Petrol and coal products Rest of Queensland Queensland
Other non metallic Products Barossa South Australia

8 Metal Rest of South Australia South Australia

9 Equipment and machinery  Kakadu I"I"Ie?rrrti}tlzg

10 Utility Rest of Northern Territory I;:;t§§$

11 Construction Rest of Australia Rest of Australia

12 Wholesale

13 Retail
Restaurant and
accommodation

15 Other transports

16 Air transport

17 Transport services

18 Banking and finance
19 Ownership of dwelling
20 Business services

Government Administration
and defence

22 Education
23 Health services
24 Entertainment

25 Other services

Modelling Approach

Limitations of economic modelling in climate change research

By its nature, the effects of climate change are long-term. Most research in climate change science investigates
in a timeframe between now and 2020, 2050, 2070 and 2100. The very long-term nature of climate change
research poses a challenging task for economic modelling because, firstly, structural changes will have occurred
in the economy regardless of climate change effects. Most economic models are built using historical data to
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calibrate behavioural parameters. But these parameters are unlikely to accurately reflect economic behaviour far
into a future which will be experiencing ongoing changes in technology and policy. Secondly, the links between
climate change and its impact on tourism activities are based on weak historical observations. These represent
significant limitations on the current modelling work.

Model choices

Dynamic CGE models are more suited to dealing with updating structural changes in the economy, as external
forecasts of macro conditions as well as industry structures can be imposed on the model on a year-on-year
simulation basis. Thus, a dynamic CGE model is ideal for this task. Unfortunately, the resource and time
limitations imposed on this project were not adequate to accommodate a full modelling development for such a
dynamic task.

In a comparative static mode, simulations are generally not associated with a time path. Applications of this
type of CGE model are often in two scenarios: short run and long run. In the short run, the timeframe is assumed
to be more or less one year, within which the capital stock has not had enough time to adjust and respond to the
shocks, and any changes in demand for capital stock are reflected by changes to the rate of return. Wages are
assumed to be very sticky, as often employees are locked in contracts with their employers. It is a similar
situation for fixed commodity prices in sale contracts for producers, who do not have flexibility in their budgets
to satisfy any cost increases in their operations. Thus, significant wage negotiation will not be available for
employees, and changes in labour demand will be reflected by changes in level of employment. This scenario is
certainly not suitable for the climate change simulations.

In a long run scenario, assumptions on the labour and capital markets are reversed. Capital stock now has
enough time to adjust and respond to the demand for capital by production activity, while rates of return will
converge or be equalised across industries. In the labour market, wages are no longer sticky, commodity prices
in sale contracts can be negotiable, employers and employees can negotiate wages, and, finally, whoever wants
to work can get a job if they are prepared to accept new wage levels. Wages will adjust so that full employment
is realised. The approximate timeframe in a long run scenario is assumed more than five years.

In this project, TERM is used in a comparative static mode and in a long run scenario. The modelling task
first builds a base case scenario, in which the economy is projected to grow at an average annual growth rate
without any climate change effects. Against this base case, the impacts of climate change effects on the regional
economies via tourism activity in an unmitigated scenario are then measured. Figure 54 summarises the whole
procedure to estimate tourism impact under climate change effects.
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Sim 3

Base case
+ Climate change
+ Reduceczl Tourism Demand Box A:

due to climate change effect .
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minus change and tourism demand
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ouris ojectio: Box C:
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minus reduction on the economy
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Sim 2
Base case )
+ climate change
+ tourism projection _J
Box B:
manus ~ Net effect of climate
Sim 1 on the economy
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Figure 54: Simulation procedure

TERM-TOUR Model

TERM does not explicitly model the tourism sector and thus required modification to incorporate an explicit
tourism sector for the five tourism destinations, so that climate change effects on tourism in those regions could
be measured directly.

Figure 55 illustrates the basic database structure of a region in TERM prior to modification. This is often
referred to as an Input-Output Table. Each column in the Input-Output table represents a user in an economy;
users include all industries, household consumption (HH), investment (INV), government consumption (GOV)
and overseas export (EXP). Users purchase commodities from the rows for their consumption, e.g. industry J1
purchases commodities C;;, Cy; ... C,; as intermediate inputs in the production process. In addition to these
intermediate inputs, industries will also pay wages to employees (P1), capital rental (P2), net taxes on goods and
services consumption (P3), net production taxes (P4), and imported goods (P6). The total cost of production for
an industry is the column total. The total cost has to equal total sales for every industry (TC1 = TS1).
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Industry Final Demands Total
J1Jz J3 Jn HH NV GOV EXP Sales
Intermediate inputs used by industries
- |C TS1
O 1
£y TS2
5O Co1 Cys Con | Copy Corxp
£ )
538 [Ca
U -
[ TSn
G |
T1: Total Intermediate use
Value Added
FP1: Compensation of employees (COE) (not applicable)
P2 Gross operating surplus & mixed income (not applicakble)
F3: Met taxes on products
P4 Met taxes on production (not applicable)
F& Imports
T2: TotalCost |TC1 ...... TC3 TCh

Figure 55: A snapshot of an economy—TERM database

In the original TERM database, the household consumption vector includes both non-tourism and tourism
expenditure components, and similarly for overseas tourism expenditure in the overseas export vector.
Consumption of commodity C,yy is not differentiated between non-tourism household consumption and
domestic traveller expenditure; Cyexp is not differentiated between goods exported to overseas countries and
consumption of overseas tourists in Australia. The inclusion of both tourism and non-tourism components in the
household consumption and overseas export vectors does not allow tourism activity to be analysed separately
from non-tourism activity, so the simultaneous impact of changes on the same commodity between the two
activities cannot be captured.

In this project, the TERM database was substantially modified for five tourism destination regions (Cairns,
the Blue Mountains, the Barossa, Kakadu and the Victorian Alps) to decompose non-tourism and tourism
components in such a way that it allowed free movements of the two components in the household consumption
and overseas export vectors.

The modification of the TERM database required a two-step procedure. The first step was to reconcile
Tourism Research Australia expenditure data and TERM export data. The reconciliation was required mainly
because the Tourism Research Australia tourism expenditure data were larger than the data for overseas export
data in the TERM database. While there are plans to reconcile this difference for the entire TERM database, a
temporary treatment was adopted for the five tourism destinations by reducing interregional trade flows to offset
a required increase in the overseas trade flows for the reconciliation.

Figure 56 illustrates the second step in the modification to create the new structure of a tourism model
(TERM-TOUR) based on TERM. In the TERM-TOUR database, most of the original elements remain
unchanged, except that two new industries (‘dtour’ and ‘etour’) have been created. Dtour represents expenditure
on domestic tourism activity, which includes both overnight visitors and day-trip travellers; etour represents
overseas visitor expenditure. Elements of dtour are extracted from the household vector. Similarly, elements of
etour are extracted from the export vector.
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Industry Final Demands Total
42 J3 L Jdn dtour etour | HH EXP Supply

Commodity

Cn C3 C2 1
Tourism Expenditure
Mon tourism
Mon tourism

from HH
Tourism expenditure

from Export

dtour dtour
etour etour

T1: Total Intermediate use

Value Added
F1: Compensation of employees
F2: Gross operating surplus
F3: MNet taxes on products
F4: Met taxes on production
F&: Imports

T2: Australian Production

Figure 56: TERM-TOUR database structure

Although Tourism Research Australia has tourism expenditure data broken down into further categories, e.g.
business, holiday, and visiting friends and relatives, the purpose of this scoping study does not require the
tourism sector to be subdivided to that level of detail, as the totals for domestic tourism activity and overseas
tourist activity are adequate for this task.

The tourism sectors’ dtour and etour do not require primary inputs. They act as a middle man to select all
goods and services for tourism activity, and then sell all tourism services to the corresponding tourists. This
follows closely the approach adopted in the construction of the Tourism Satellite Account (Pham, Dwyer &
Spurr 2009), where the tourism sector is not a commodity or industry per se and tourists consume a wide range
of commodities and services for their tourism activity. To some extent, the treatment here reflects exactly how
loosely defined the tourism sector is in relation to goods and services in reality. This approach was also adopted
in Dwyer, Forsyth, Spurr and Ho (2003) and Madden and Thapa (2000).

The total household consumption is unchanged, as the total domestic tourism expenditure is now allocated as
a single value dtour at the bottom of the household consumption (HH) vector, and similarly etour at the bottom
of overseas export (EXP). The full detail of commodities for both dtour and etour are in the cost structures of the
tourism sectors. The details of commodities are based on unpublished Tourism Research Australia regional data.

Note that dtour not only sells their tourism goods to domestic visitors in the local area, it also sells tourism
goods to visitors from other regions in Australia who visit the destination regions. In this TERM-TOUR, inter-
and intra-regional flows of tourism activities are fully captured. The split of tourism consumption by regions was
also based on unpublished Tourism Research Australia data.

Currently, TERM-TOUR has its tourism sectors modelled only in the five destination tourism regions. The
rest of regions still have the original setting of the TERM database. It would be ideal to have the same treatment
of tourism sectors for all regions in the model, but this would have required more time to complete than was
available for this scoping study. Certainly, this is an area for further development of the model in the future. The
mixed treatment, however, does not compromise the purpose of this climate change impact analysis.

Base case projection (key drivers in simulation 1)

The base case projection is a growth path for the economy that is used as a benchmark for measuring the impact
of climate change on the economy. It represents the growth which would occur in the economy without any
effect from climate change. Because we are using a comparative static model, the growth path is not on a year-
on-year basis but is simply a smooth growth assumption of economy on an annual average basis over a reference
period in our study. The climate change impacts are assessed for three different time reference paths, namely
2005 — 2020, 2005 — 2050 and 2005 —2070.
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Information and data implemented in these three reference cases are obtained mainly from the Garnaut
Review, particularly from Economic Modelling Technical Paper 3 and 5 (Garnaut 2008). The Review provides
projections for national employment growth rates, national labour productivity growth rates, population growth
rates for all States and Territories, and Gross State Product (GSP) growth rates for the macro economic
condition. The Review also provides data for changes to intermediate inputs required across all industries, and
household taste changes for some selective commodities. It also provides a broad compositional change in four
main sectors: agriculture, mining, manufacturing and services. Each category will be considered separately.

Macro condition

The national employment growth rates and labour productivity growth rates are sufficient to determine the Gross
Domestic Product (GDP) growth rate path for Australia as a whole, using the production functional form Y =
{K, (L/A)}*. As the implied GDP growth rate, based on employment growth and labour productivity growth, is
also consistent with the aggregation of GSP growth rates, in this project the GSP projection has been applied
directly to generate state-specific labour productivity for the base case. Furthermore, as the labour market
specification in TERM is much simpler than that in MMREF, it is explicitly assumed that the working population
moves in line with the population growth rates for all states, and labour participation rates are constant. These
assumptions allow population growth rates to be applied as a proxy for employment growth rates for all states.
The national population growth rate was also calculated from the states’ data, revealing that the national
population growth rate is nearly the same as the national employment growth rate provided in the Review.
Hence, the population growth rates data are used to drive household consumption, and as proxy for the
employment growth in all states (Table 57).

Ideally, there would be projections for Gross Regional Production (GRP) for all sub-state regions listed in
Table 56. But these projections are not available; thus, the same GSP projections were applied across regions in
the same state.

The combination of employment and GSP shocks will set different labour productivity growth for states for each
reference case. This approach is somewhat different to that in the Garnaut Review, where different labour
productivity growth rates were implemented for different industries uniformly across all states over the period to
2020. Beyond 2020, labour productivity of all industries converges to 1.5% per annum, implying that labour
productivity will be the same across all regions after 2020. It was felt that, while it is a preferred option to have
differentiated labour productivity growth across industries, the differentiated labour productivity growth across
states might still exist because, given such a long timeframe, the ‘spill over’ effect of labour productivity can
lead to convergence of labour productivity across industries within a state, but the condition of labour markets
between states will still be different. Therefore, it might be reasonable to have differentiated labour productivity
across states. This explains the choice of closure to allow for different labour productivity growth rates between
states.

2 K is capital, L is hours worked and A represents productivity factor. The whole (L/A) is the effective labour
supply, which equals GDP growth rate. A decrease in A implies an increase in productivity, as it results in a
larger effective labour supply for the economy.
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Table 57: Macro projections—annual average growth rates (%)

Projection 2020 2050 2070
National Projection

Employment growth 1.415 1.02 0.94
Labour Productivity -1.418  -1.45 -1.46
State Projection

Gross State Product

New South Wales 2.73 2.36 2.26
Victoria 2.93 2.40 2.29
Queensland 3.40 2.84 2.68
South Australia 2.37 1.81 1.70
Northern Territory 3.30 2.79 2.75
Rest of Australia 3.33 2.58 2.45
Population

New South Wales 1.03 0.83 0.79
Victoria 1.27 0.96 0.86
Queensland 1.87 1.51 1.34
South Australia 0.80 0.44 0.32
Northern Territory 1.63 1.52 1.41
Rest of Australia 1.61 1.15 1.00

SOURCE: Derived from Tables 5, 6 and 7, Economic Modelling Technical Paper 3, Garnaut 2008
Structural changes

Industries do not use the same proportions of inputs in their production processes over time. They tend to change
these proportions over a relatively long timeframe. Given the trend of higher costs for energy intensive
commodities, industries will tend to reduce their usage of these inputs per unit of output by adapting new
strategies or technologies. Thus, their cost structure is likely to reflect a smaller proportion of energy intensive
inputs and a relatively larger proportion of other inputs, such as business services.

The changes in intermediate usage requirement were also implemented in a cost-neutral manner in TERM, as
they were in MMREF, so that total factor productivity remains unchanged. Table 58 provides an aggregated
version of the structural change data reported in the Garnaut Review. The data in Table 58 reflects the
percentage change of those commodities as input usage, uniformly across all industries. Similarly, Table 59
presents an aggregated version of the household taste change data reported in the technical paper. Note that even
though TERM-TOUR now has dtour as an industry in the model, the household taste changes were actually
applied to the dtour tourism sector instead of the intermediate input structural changes from Table 58. This is
because of the need to be consistent with the corresponding taste changes in the household sector, as dtour
originated from the domestic consumption.
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Table 58: Technological change—new intermediate input usage requirement (%)

Commodity 2020 2050 2070
Agriculture -0.13825 -0.108994 -0.060043
Coal oil and gas -0.24143 -0.24143 -0.24143
Other mining -1.5 -1.186269 -0.671117
Food and drink 0.134035 0.103378 0.059747
gf:;ﬂ;gl"thi“g o e ST ) oo | eesn | osssn
Petrol and coal products -0.5 -0.5 -0.5

Other non metallic products -0.443047 -0.331749 -0.187054
Metal -0.449441 -0.354599 -0.19724
Equipment and machinery -0.033629 -0.025947 -0.015017
Utility -0.604515 -0.562754 -0.488923
Construction 0.5 0.385637 0.222876
Wholesale 0.5 0.385637 0.222876
Retail 0.5 0.385637 0.222876
Restaurant and accommodation -1.5 -1.186269 -0.671117
Other transports 0.450586 0.342696 0.195615
Air transport 0.5 0.385637 0.222876
Transport services 0.576654 0.461201 0.256788
Banking and finance 0.5 0.385637 0.222876
Ownership of dwelling 0 0 0
Business services 1.5 1.185171 0.667373
Government Administration and

defence 0 0 0
Education 0 0 0

Health services 0 0 0
Entertainment 0 0 0

Other services 0 0 0

SOURCE: Derived from Table 12, Economic Modelling Technical Paper 3, Garnaut 2008

0 Table 59: Taste change in the household sector (%)

Commodity 2020 2050 2070
Agriculture -0.12898 -0.102003 -0.057707
Coal oil and gas -0.080493  -0.065172 -0.037191
Other mining 0 0 0

Food and drink 0 0 0
greg(ﬂllztglothing footwear and leather -0.84605 0.677023 -0.378192
Petrol and coal products 0 0 0

Other non metallic Products 0.416331 0.327045 0.183877
Metal 0 0 0
Equipment and machinery 0 0 0

Utility -0.104515  -0.080642 -0.046672
Construction 0 0 0
Wholesale 0.5 0.385637 0.222876
Retail 0.5 0.385637 0.222876

202 Restaurant and accommodation 0.5 0.385637 0.222876
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The structural and household taste change data in Economic Modelling Technical Paper 3 (Garnaut 2008)
contains two groups. The first group is assumed to have a constant rate of change until 2100, and the second
group is assumed to decline to zero by 2050, to reflect uncertainty over the next century (Economic Modelling
Technical Paper 3, Garnaut 2008: 17). For the second group, data provided in the Review are on an annual
average basis for each decade, even though these changes were implemented on a year-on-year basis to decline
smoothly. As a result, one would find values for commodities by 2050 on an annual average basis. The original
growth rate data were initially converted in to indexes, and then the annual average growth rates were calculated
separately for the three cases (2005 — 2020, 2005 — 2050 and 2005 —2070).

Compositional change

The implementation of GSP growth rates to states generates a relatively even distribution of growth for
industries in the states, except agriculture, which is constrained by land. This is because of the current shares of
industries in the economy and parameters calibrated in the model. However, this evenly distributed industry
growth pattern is not exactly consistent with the assumption of industry growth rates in the Garnaut Review over
the next century. This reflects the fact that most of the drivers to generate industry or sector growth rates were
from exogenous factors in addition to the national labour productivity and employment shocks. It was not
possible to obtain all of the exogenous factors from the Review. In addition, the TERM model does not have the
capability to incorporate into simulations some of those exogenous factors that were available, such as energy
efficiency, electricity technologies and carbon emission.

Economic Modelling Technical Paper 5 of the Review (Garnaut 2008: 6) indicated that, by 2100, the services
sector will have strong growth in communication, finance and business services. The services sector is assumed
to increase by 2.5% per annum over the next century, above the GDP growth of 2.3%. Similarly, the mining
sector is also assumed to grow at around 2.4% per annum, a little less than recent growth of the sector, as
resource constraints are assumed to begin to affect underlying productivity in the second half of the century.

In contrast, the Australian manufacturing sector will face tougher competition in the world market as the
productivity growth of the manufacturing sector in developing countries is increasing, together with a rise in the
nominal exchange rate, implying a loss of competitiveness of Australia’s manufacturing industry in the world
market. As a result, manufacturing is assumed to grow very slowly, at approximately 1.1% per annum over the
century, well below the national average growth of the economy as a whole. For agriculture, as previously
mentioned, land is a primary factor constraining growth. Over the century, agriculture is assumed to grow at
1.5% per annum. As both manufacturing and agriculture are assumed to grow slower than the national average
growth rate, their shares in the economy will gradually reduce, while the shares of services and mining increase.

The assumed sectoral growth rates in the Review are adopted as targets in the base case. The precise
implementation of these targets is very challenging. The Review acknowledged that ‘the requirement to model
changes in the structure of the Australian economy in a general equilibrium framework to the end of the 21st
century takes the models to the limits of their capacities’ (Economic Modelling Technical Paper 5, Garnaut
2008: 4). If this was the case for dynamic CGE models, such as GTEM and MMRF, the task to adjust the
compositional change in a comparative static framework such as TERM is far more demanding. This is because
the compositional changes can be implemented incrementally in the dynamic models on a year-on-year basis,
while in TERM the whole changes over the entire timeframe are condensed into a single adjustment. The model
is not capable of making such drastic changes. Given the current large share of the manufacturing sector in the
economy, the assumed low growth rate (1.1%) of the sector will make it very hard for the model to
accommodate economic adjustments realistically.

For 2005 — 2020, no compositional changes to the model were imposed, as the timeframe is relatively short
for such changes to take place. In the 2005 — 2070 base case, a less stringent level of compositional adjustment
than the changes indicated by the Review was assumed, but the suggested relativity of sectoral growth was still
retained: 1.4% for manufacturing and 2.4% for mining for the given the national GDP growth rate of 2.35% per
annum. The agriculture and services sectors were determined endogenously by the model. For the base case
2005 — 2050, compositional changes for the mining (2.4% per annum) and manufacturing sectors (1.5% per
annum) were also imposed, slightly less stringent than in the case of 2070. The other two sectors were
determined by the model.

Tourism projection (an additional driver in simulations 1 and 2)

Tourism projections are for two broad categories only: domestic and overseas visitors. The first category covers
both overnight travellers and day-trip visitors. Projections are based on the Forecast publication (Tourism
Research Australia 2006) and supplemented by another Tourism Research Australia publication, Tropical North
Queensland—A Tourism Case Study (Collins, Hossain, Barry & Lubuwa 2006).
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Among the five tourism destinations, Tropical North Queensland is a more popular and larger destination
than the other regions. Thus, more attention has been paid to differentiate it from the rest in making projections.
There are two reasons why forecasts from Tourism Research Australia were taken as the reference case. First,
because Forecast by Tourism Research Australia was done in 2006, before the 2008 financial crisis, this could
be seen to present a healthy potential development path, or ‘business as usual’ for tourism activity. However, as
a part of their sensitivity analysis, Tourism Research Australia happened to set a path that took into account the
effects of economic disturbances. This broadly coincided with the financial crisis. It was not a prediction of the
current financial crisis, but rather a hypothetical testing to see how the projection reacted to disturbance.
Although this climate change project does not particularly take the current financial crisis into consideration, it
seems reasonable to assume that the disturbance will set a different path of tourism projection compared to
otherwise. Although it cannot be said that Tourism Research Australia’s Forecast was not influenced by climate
change factors, it is clear that climate change factors were not present as direct drivers in their forecasts. It was
thus concluded that the Tourism Research Australia forecasts were suitable for the base case.

There are so many different types of numbers related to tourism activity: number of visitors, visitor
expenditure, tourism consumption, tourism economic value, visitor nights and so on. The number of visitors is
not a good indicator of economic activity and impact as, given the same number of visitors, the length of their
stay can vary, which will subsequently affect tourism contribution to the economy. Other measures, such as
tourism consumption, tourism economic value or tourism expenditure, are based on the number of visitor nights
and a price factor, which can vary year after year. CGE models differentiate movements between quantity and
nominal variables. Imposing movements of a dollar-value variable on a CGE model with incompatible price
levels will distort the analysis. In this project, tourism projection is based on the number of visitor nights in order
to determine demand for goods and services by tourists in quantity terms, and price movements are determined
by the model.

The forecast for domestic visitor nights predicted growth of 0.5% on an annual average basis between 2005
and 2015. This forecast came out after the large fall in domestic visit nights in 2005 by 7%. Tourism Research
Australia indicated that domestic overnight travelling would have to face intensifying competitive pressure from
consumption of other goods and services. In addition, petrol prices would play an important role in determining
tourism activity, as it was argued that petrol prices would reduce consumer income available for discretionary
spending.

Looking back at the overall performance of the Tropical North Queensland region, Collins et al. (2006)
showed that domestic overnight visitors over the period 1998 — 2004 increased by 4.3% on an annual average
basis. This calculation was extended over the whole period 1998 — 2007, and it was found that the annual
average growth was 2.3%, corresponding with an increase of 1.84% in visitor nights. In comparison, the annual
average growth rate of Tropical North Queensland has been consistently higher than all other regions.

Calculations of the annual average growth rates of domestic visitor nights at the state level show small
negative growth rates for New South Wales, Victoria and South Australia, while other states had very small
increases (Queensland was the highest) over the same period 1998 — 2007, resulting in a 0.2% decline at the
national level. But if recent years only are looked at (2005 — 2007), there was a small increase in the annual
average growth by 2.3% at the national level. So, given weaker economic conditions in the years ahead, the
forecast of 0.5% on average over 2005 — 2015 is seen as plausible. Consequently, 0.5% was set as the growth
rate for all four small tourism regions, while Tropical North Queensland is projected to grow at a higher rate of
1.84%, for all three reference periods.

The inbound tourism arrivals are projected more optimistically in the Tourism Research Australia forecasts,
with the number of overseas arrivals to increase by 4.3% on an annual average basis, ‘given an assumed
weakening of both the Australian dollar and world crude oil prices along with a modest expansion of aviation
capacity’ (Tourism Research Australia 2006: 9). The Tourism Research Australia (2006) Forecast also foresaw
more competitive pressure for inbound tourism from the expansion of low cost carriers among Asian countries.
In their sensitivity analysis, Forecast conducted two scenarios in which their model had to respond to two cases:
a single-shock case (occurring in 2009) and a double-shock case (in 2009 and 2013) during the forecasting
period. Their annual average inbound arrival forecast is reduced to 3.7% in the one-shock scenario; and 1.5% in
the other.

Both hypothetical shocks assume an exogenous reduction in arrivals at some point in the forecasting period,
and the purpose of the analysis was to test the new level of arrival growth when returning to the trajectory. Both
shocks were at the same magnitude of the impact of the 9/11 event, but at different timing (Tourism Research
Australia 2006: 12). It appears that the sum of the two shocks comes close to the impact of the earlier Asian
financial crisis. Although the extent to which the current crisis will impact on the number of arrivals is unknown,
the annual average growth of arrivals in the two-shock forecast case is taken as input into the inbound projection.
It is acknowledged that because the main countries of origin of overseas visitors to Australia include Japan, the
United Kingdom and the United States of America, taking the magnitude of the Asian financial crisis as a proxy
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might underestimate the shift in tourism trends in the current global crisis, particularly in relation to visitors from
the United States. But at least this provides an informative figure that can be used to set a more realistic than
otherwise.

Using Tourism Research Australia data, ratios of growth rates between visitor nights to arrivals for all
regions were derived in order to convert the projected arrival growth rate into the visitor night growth rate. It was
found that those ratios are different across regions, but broadly the same at the state level. On average, the ratio
is two, meaning that a 1% increase in arrivals leads to a 2% increase in visitor nights. It is beyond the scope of
this study to come up with a more comprehensive projection of visitor nights at the sub-state level. The average
ratio was adopted to derive the annual average growth of inbound visitor nights equal to 3% (i.e. 2x1.5%) and
this was applied to all five regions. It may be noticed that the ratio of growth in arrivals to growth in visitor
nights for inbound tourism is very different from the ratio of growth in domestic overnight trips to visitor nights,
because overseas tourists tend to have a longer stay than domestic visitors, and, more importantly, because the
number of overseas visitor nights come off a smaller base than the number of domestic visitor nights. A small
increase in the number of nights for overseas visitors can thus result in higher growth than is the case for
domestic visitors.

Climate change effects (key drivers in simulation 2)

It is important to note that this modelling section does not incorporate the costs and benefits of the mitigated
conditions on the economy in the current analysis. The purpose of this scenario is to measure the likely impacts
of climate change on the economy. Thus, in this scenario the findings of the Garnaut Review are imposed as
inputs directly onto TERM-TOUR. These inputs include a wide range of climate change effects on domestic
industries obtained from Economic Modelling Technical Paper 4 (Garnaut 2008). These effects are mainly the
extra costs incurred by the industries from the climate change conditions. The Review considered five scenarios
of climate change conditions: median non-mitigation, extreme dry non-mitigation, mitigation to 550 ppm,
mitigation to 450 ppm, and mitigation to 550 ppm under extreme drying. The present analysis is within the
assumption of the median non-mitigation scenario. Thus, all data in this section were derived strictly from the
median non-mitigation scenario.

Technical Paper 4 covered four affected areas:

10. Primary (agriculture) production;
11. Critical infrastructure;

12. Human health; and

13. Tropical cyclones.

While data reported for the primary production and critical infrastructure are in a form which can be readily
adapted for the present modelling task, data for human health and tropical cyclones are not, and it is unclear how
these data were derived.

The human health section focused on the following main areas: bacterial gastroenteritis, dengue fever and
heat related mortality and hospitalisation. The projection of health expenditure is driven by the projected
population growth and the estimated costs associated with each problem. It appears that the increase in health
expenditure is driven mainly by the change in population growth assumption. Climate change effects thus play
only a marginal role in the increase of health expenditure.

Tropical cyclones are assumed to affect the life expectancy of private and commercial buildings as well as
the cost of maintaining property, but the estimated costs are relatively insignificant, as reported in the technical
paper.

Although it would be ideal to have all four areas incorporated in the unmitigated scenario of our analysis, our
judgment at this point is not to include human health and tropical cyclones, as they will make relatively little
difference to the overall costs due to climate change effect in our analysis and it is likely to prove time
consuming to obtain further clarification on the data. However, a useful subset of data related to human health
that will be incorporated is the effect of climate change on labour productivity.

Agriculture production
Table 60 combines all effects of climate change on agriculture considered in the Review into a single table. The
factors considered by the Review include:

14. The likely changes to pasture production and hence livestock carrying capacity from the projected
changes to atmospheric CO, concentration, temperature and rainfall (see McKeon et al. 2008 for more
information).
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15. The likely effects on dairy production, such as increases in capital expenditure to cool dairy cattle in
times of high heat and a shift toward capital intensive production of dairy cattle with heavy reliance on
supplementary feedstock (Table 61).

16. The likely effect on dry-land grains production (barley, wheat and oat crops).

17.The likely effect adverse effect of lower rainfall and subsequently runoffs on irrigated agriculture
(Quiggin, Adamson, Schrobback & Chambers 2008).

Table 60: The effect of climate change on primary factor usage in agriculture by state (annual average
growth rates) (%)

Year New South Victoria ueensiand South. Nort.hern Rest of
Wales Australia Territory Australia
2020 0.044 0.120 0.143 0.164 0.120 -0.083
2050 0.092 0.186 0.162 0.219 0.116 0.030
2070 0.184 0.275 0.193 0.290 0.106 0.152

SOURCE: Derived from Tables 13, 15 — 19, Economic Modelling Paper 4, Garnaut 2008

Table 61: Changes to usage of supplementary feedstock by dairy industry (annual average growth rates)

(%)
New South . . South Northern Rest of
Year Wales Victoria Queensland Australia Territory Australia
2020 0.002 0.022 0.002 0.005 0.000 0.003
2050 0.002 0.022 0.002 0.005 0.000 0.003
2070 0.002 0.021 0.002 0.005 0.000 0.003

SOURCE: Derived from Table 14, Economic Modelling Paper 4, Garnaut 2008

It is interesting to note that the rest of Australia (ROA) in Table 60 actually has an improvement in its
productivity’. Appendix A reproduces Table 17 of Technical Paper 4 (Garnaut 2008), which portrays results
from Crimp et al. (2008). The Crimp et al. (2008) study indicates that higher CO, concentration can improve
dry-land crops. However, higher CO, concentration is also associated with high temperature, which has an
adverse impact on dry-land crops. Therefore, during the early stage until 2020, the level of CO, concentration
with less heat can improve output of dry-land crops, but further out toward 2050 and 2070, the effect of higher
heat is to reverse the productivity. All states were estimated to have productivity improvement for dry-land
grains, and this productivity in Western Australia was so high that, when it was combined with all other losses of
productivity for the aggregated agriculture sector, Western Australia still had an improvement overall, while this
type of improvement was more than offset by the loss of productivity in other states. Note that heat can
adversely affect grain quality and subsequently grain prices in the world market. However, the price effect is not
captured in this study as it is hard to estimate.

Critical infrastructure
Climate change can reduce water supply in some areas but it can also bring higher rainfall in other areas,

changes in variability, and more storms with higher intensity. Areas likely to be affected by increased frequency
and intensity of severe weather conditions are identified by the Review in four groups as follows:

Buildings in coastal settlements;

Electricity transmission and distribution networks;
Water supply infrastructure in major cities; and
Port infrastructure and operations.

In coastal areas, severe storms will inflict damage on existing buildings (private and commercial), incurring
costs to both private owners and commercial operators for upgrading and repairing damages. New buildings will
also need to be built to higher construction standards, incurring increased costs. The costs of upgrading and
meeting higher construction standards are presented as a loss of productivity in capital (Appendix B, Tables B1
and B2) for private and commercial operators. Tables B3 and B4 in Appendix B set out the associated costs

3 Recall that a negative value reflects an increase in productivity.

* All data for this section are listed in Appendix B.
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related to relatively more frequent demands on Construction Services to repair existing and new buildings during
the operation or use of private and commercial buildings respectively.

The transmission and distribution networks for electricity are even more vulnerable to weather conditions
than buildings. With more severe storms, the networks have to be upgraded, redesigned and replaced in order to
maintain the supply of electricity. These costs are presented in Table B5. In addition, higher operating costs for
repair and maintenance are assumed for the industry. Tables B6, B7 and B8 present higher associated costs for
equipment, materials and construction services in the per unit cost of the industry.

Water supply is likely to be affected by climate change in two ways. First of all, more frequent intense storms
can cause damage to pipeline and drainage systems. This will lead to increased maintenance costs on capital,
equipment and construction services used in the industry. Secondly, as water becomes scarcer, it is likely that the
water supply industry will try to source water from alternative sources, such as desalination or recycling. Such
developments will steer the water supply industry toward greater capital and energy intensity. The additional
capital cost to accommodate for new drainage systems is represented through the industry being more capital
intensive in its costs per unit of output (Table BY). Higher maintenance costs are presented in Tables B10, B11
and B12, and higher energy demand for the alternative water supply will result in higher energy use per unit cost
of water supply, as indicated in Table B13.

Port and water transport will face adverse impacts from severe weather, which could result in more port
downtime, implying losses of productivity for both capital and labour. In order to facilitate the same volume
goods for a shorter operational period, the throughput of port and water transport will have to be higher, which
will require larger vessels and more equipment. Tables B14 to B18 summarise additional costs for water
transport and ports under a climate effect.

Although the impacts of climate change are not modelled on human health here, Technical Paper 4 (Garnaut
2008) does provide some indication of broad changes to labour productivity for four industries due to heat effect.
This approach is adopted and those labour productivity losses for those broad industries are imposed across all
destinations in the model.

Reduced tourism demand (key driver in simulation 3)

This section involves one of the two most difficult tasks in this project, as there is no direct evidence of the effect
of climate change on tourists’ responses. Any changes must be based on the researcher’s judgement. Overall,
climate change is expected to result in a lower growth rate for tourism activity (visitor nights) as compared to the
projection case. The difference in growth rates could be interpreted as a relative reduction in visitor nights. This
reduction, for the five tourism regions, could be diverted to other regions in the country as alternative
destinations. At this stage, this project does not attempt to directly capture this effect in its modelling framework.

For the four small regions, a schedule of reductions in visitor nights of 10% (2020), 40% (2050) and 60%
(2070) are arbitrarily assumed. However, the schedule of reduction in visitor nights in Cairns (Tropical North
Queensland) warrants an explanation and justification, as outlined below. The reductions here are not compared
to the current (2005) level but they are compared to the assumed business-as-usual level of visitor nights by
2020, 2050 and 2070. Subsequently, the corresponding implied annual average growth rates were derived and
used as shocks in simulation 3. Thus these corresponding implied growth rates (shocks) will be lower than the
projection of visitor night growth rates, and can have negative values.

The Tropical North Queensland tourism area is consistently among the top five Australian destinations for
overseas visitors, and among the top 20 destinations for domestic visitors (Collins et al. 2006: iii). Tropical
North Queensland is a well-known place internationally and domestically, due to its unique access to the Great
Barrier Reef, which is considered to be one of the world’s most spectacular coral reef ecosystems. It is seen as
one of the most pristine ecosystems due to low human population pressure, as compared to other countries such
as Indonesia.

The main threats to the Great Barrier Reef include both local and global factors (see Chapter 4). The local
factors include water quality (increased nutrients and sediments from agriculture activities), coastal degradation,
pollution and fishing pressure. Global climate change is believed to have caused an increase of 0.4°C in Great
Barrier Reef water temperatures compared to 30 years ago. A higher carbon concentration also leads to ocean
acidification. These are damaging factors to the Reef, both visually and physically (Hoegh-Guldberg & Hoegh-
Guldberg 2008). In addition, typical weather conditions in the region are expected to involve an increase in the
number and intensity of storms, water inundation and bushfires. This is likely to cause further physical damage
to the reef and to make conditions hotter and with higher humidity. As pointed out in Prideaux, Falco-Mammone
and Thompson (2006), for backpackers, the weather is one of most attractive features of Cairns, but hot, wet and
humid weather can certainly drive backpackers away. Tourists to the Tropical North Queensland region are
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mainly coming for holidays and visiting family (perhaps indirectly for holidays as well). Table 62 shows that
domestic visitors account for a slightly higher economic contribution to the region than do international visitors.

Table 62: Tropical North Queensland regional expenditure profile ($million)

Dome.stlc Domestic day International
overnight
2007a 1,545 232 1,041
2004b 1,424 206 1,020

SOURCE: a: Tourism Research Australia 2007; b: Collins 2006

The main tourism attractions include the Great Barrier Reef, the Daintree Rainforest, the Undara Lava Tubes
in the Gulf Savannah, seven islands around the area, Cairns Convention Centre for business activity, the Skyrail
Rainforest Cableway between Cairns and the rainforest village of Kuranda, and experiences with indigenous
culture (Collins et al. 2006: 8-10).

The most popular activities international visitors participate in include snorkelling, scuba diving, tourist
training, and exploring Aboriginal art or craft and culture displays (Collins et al. 2006: 18).

For domestic visitors, the most popular activities include eating out in restaurants, general sightseeing,
visiting friends and relatives, shopping, and going to the beach (Collins et al. 2006: 28). Although some visitors
have an interest in the rainforests, the level of activity related to rainforests is not very high and rainforests do
not seem to be a strong attraction for tourists coming to the region.

Intrastate travellers to Tropical North Queensland account for 66% of total visitors, smaller than the 71% of
intrastate visitors to other regions of Australia (see Chapter 4). This implies that Tropical North Queensland
attracts more interstate visitors than all other tourism destinations in Australia (Collins et al. 2006: 23). As the
Tropical North Queensland region is not close to the central areas of the state, such as the state capital, Brisbane,
most intrastate overnight trips would require long-distance driving. Overall domestic overnight visitors,
intrastate and interstate would require long vehicle or air journeys to get there. This could explain the relatively
low level of intrastate visitors compared to other tourism areas.

Given the great interest of international visitors in outdoor activities, mainly related to the reef, climate
change is likely to have significant effects on the number of international visitors in the years ahead. In addition,
given that the weather is likely to become more unfavourable for long-distance driving and uncomfortable for
visiting family and friends, the number of domestic visitors will also be significantly affected.

Given the rapid rate of change to the reef indicated by Hoegh-Guldberg and Hoegh-Guldberg (2008), it is
anticipated that under the median unmitigated scenario, damage to the Great Barrier Reef will be visible by
2020, significantly by 2050 and seriously by 2070 (see Chapter 4). As it is one of the most spectacular reefs in
the world, the assumption is that tourists (both domestic and overseas) will make an attempt to see it before it is
gone. Thus, in contrast to the negative forecast for the other small tourism regions, it is assumed that there will
be an increase of 10% (cumulative) of visitor nights above the projection case level by 2020, please note that this
is not 10% higher than the 2005 level but it is 10% higher than the level of the reference case at 2020. However,
the forecast comes down by 40% from the level of the reference case by 2050, due to unfavourable weather
conditions, and loss of tourist attraction, to a 60% reduction in visitor nights by 2070.

For other regions, an arbitrary 10%, 40% and 60% reduction is adopted in 2020, 2050 and 2070 for all other
regions and for both domestic and overseas visitor nights. Table 63 summarises tourism shocks for the reference
case and the unmitigated cases 2020, 2050 and 2070. Appendix C explains how those shocks were calculated.
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Table 63: Projection of tourism—annual average growth rates (%)

Domestic visitor nights Overseas visitor nights
Region Projection 2020 2050 2070 Projection 2020 2050 2070
(Sims 1 &2) (Sim3) (Sim3) (Sim3) (Sims1 & 2) (Sim 3) (Sim 3) (Sim 3)
3lue Mountain 0.50 -0.20 -0.63  -091 3.00 228 1.84 1.56
Alpine Victoria 0.50 -0.20 -0.63  -091 3.00 228 1.84 1.56
ngﬁgaﬁﬂh 1.84 249 069 041 3.00 366 184 156
3arossa 0.50 -0.20 -0.63  -091 3.00 228 1.84 1.56
Cakadu 0.50 -0.20 -0.63  -0.91 3.00 228 1.84 1.56
Model Closure

A formal representation of TERM or TERM-TOUR (interchangeable here onward) in this case can be captured
in a simple expression as below.

FIZ\(1), Za(t), Z(0)] = 0
Where: Z/(0) is the initial state of the economy (database values)
Z,(t) is the vector of values of the endogenous variables after simulation
Z,(t) is the vector of values of exogenous variable that are assumed in the solution

The choice of setting variables as exogenous or endogenous creates a closure for a simulation to be solved
within that condition. Changes in closure will significantly change the simulation results—the values of
endogenous variables. Exogenous variables are those that are assumed to be unchanged, or which have their
values imposed as shocks in the simulations. The previous section provided the values for exogenous variables
(shocks) in the reference case and the unmitigated cases that will be imposed in simulations. This section will
explain the setting of closure in the present cases and highlight where those exogenous shocks will be introduced
to the model (Adams & Parmenter 1995).

Base case

TERM is a sub-state CGE model, which has three institutional levels: national, state and local level. The
macroeconomic closure here is set mainly at the state level, which has been already reconciled with the
corresponding national level outside the model. As projections for gross regional product (GRP) are not
available at the tourism destination/region sub-state level, the model will solve for GRP. Figure 57 represents the
state macro condition. Exogenous variables are enclosed in square boxes and endogenous variables in ovals. The
direction of the arrows indicates cause-effect relationships between variables in the closure.

Recall that this is a long run scenario, in which the rate of return to capital is assumed to be fixed and the
capital supply is assumed to be unconstrained (perfectly elastic) in order to satisfy the demand for capital. The
capital supply is not explicitly linked with domestic saving, thus any increases in capital stock could come from
either domestic or overseas sources in this model. Investment is assumed to move in line with capital stock. Real
wages are flexible in response to labour demand, in order to allow a full employment level for a given level of
labour supply in the economy. The exogenous GSP and the employment shocks determine the level of effective
labour supply. Given the fixed rate of return for capital, the real wage rate is determined via the factor price
frontier.

Aggregate regional real household consumption is driven by the growth rate of endogenous real wages (wage
income) and exogenous changes in the regional population growth. This implies a constant propensity to
consume for the household sector. Aggregate regional real government consumption is assumed to grow at the
same pace with the growth in aggregate real household consumption. International trade emerges as the residual
in the GSP/GDP identity.

At the sectoral level, the closure to implement the projections of the four broad aggregate sectors (agriculture,
mining, manufacturing and services) also warrants some discussion.
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Figure 57: Macroeconomic closure

The macro projection shocks generate a conservative growth rate of around 1.5% per annum for agriculture
(model-implied growth rate), well below the GDP growth rate due to the constraint on the supply of land, and the
higher growth rate for mining. These growth rates are not too far from the projections for these two sectors in the
Review. In terms of gross output, the economy is made up of 3% agriculture, 5% mining, 31% manufacturing
and 61% all services and trade. As a result, if targets for agriculture and mining growth rates need to be imposed
in order to achieve the growth rates indicated by the Garnaut Review, the adjustment does not significantly affect
the rest of the economy.

For manufacturing and services, the adjustment to achieve the targets is a real challenge. As all of the shocks
required to replicate the base case are not available from the Garnaut Review, or cannot be implemented due to
the lack of modelling capacity in TERM, a pragmatic approach has been adopted to build the base cases for this
study. The reported outcomes for manufacturing and services are imposed directly onto the model. The Review
projected manufacturing to grow at only 1.1% per annum, while the model-implied growth rate for such a large
sector usually follows the GDP growth rates quite closely. These range from 3% for 2005 — 2020 and 2.34%
2005 — 2007. This means the projected growth rate for manufacturing is constrained to grow at less than half of
the model-implied GDP growth rate.

The main reason for such a slow growth of the manufacturing sector is an increase in productivity in the
manufacturing sector in developing countries in the second half of the century. Consequently, Australian
manufacturing will lose export demand from the world market. Such a slow-down in manufacturing sector
output is modelled directly by an endogenous downward shift in export demand. This will show real pressure on
the household sector. First of all, the manufacturing sector reduces its demand for labour and capital due to lower
production. The amounts of labour and capital released by manufacturing subsequently make primary inputs
available to other sectors at a cheaper cost, thus enhancing other sectors’ competitiveness in the world market for
more exports. But the stronger growth of exports implies a decline in the terms of trade, meaning cheaper export
prices result in Australia having to export more to pay for the same amount of imports, leading to a significant
reduction in household wage income. Thus, household consumption does not increase in this scenario, an
unrealistic outcome for the base case. To counter the effect of a decline in the terms of trade, shocks were
applied to limit the increase in exports of other sectors. A slightly different approach was adopted to model the
mining sectoral output growth. This was modelled as experiencing lower productivity in its primary inputs,
reflecting an assumption of the higher cost of extraction in the longer term.

However, it was felt that the exact growth of 1.1% for the manufacturing sector is too much for the
adjustment in a comparative static framework, as in fact exports of agriculture are enhanced more than expected.
As 2070 is in the middle of the second half of the century and the economy still has more than two decades to
adjust, it seems that a growth rate of 1.4% is all a comparative static model can cope with during this adjustment.
This explains the assumption of the growth rate for the sector.
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It is the adjustment of the manufacturing sector that attracts the most effort in the task to set up the base case,
and which is the most difficult task in this exercise. The initial share of manufacturing in the economy is large,
and the adjustment required is also significant. Thus, the interaction between manufacturing and other sectors is
hard to control. It is also this adjustment that makes a comparative static CGE model generate very different
results from a dynamic model, which is able to carry out the adjustment incrementally and update the database
for the subsequent year. A dynamic TERM could have addressed this problem better. An alternative approach
could be to create a new database that already has the right size for manufacturing, so that the slow projection
growth of the sector does not create such a large effect on resource relocation in the economy.

A Brief Account on Economic Structure of Regional Economies

Before simulation results are looked at, it is important to know the relative significance of all industries as well
as the two tourism sectors (dtour and etour) in each tourism destination. Table 64 shows output shares’ for all
regions. These outputs are consumed by all regions including own region, other regions in Australia and
overseas export. As noted, only the five tourism destinations have their tourism sectors modelled explicitly, all of
the corresponding regions in the rest of the state do not have tourism shares. The tourism shares in these
corresponding regions are included among the conventional commodities in the column. Data from Table 64
indicates that tourism activity of domestic tourists plays a more important role than tourism activity of overseas
tourists (hereafter domestic tourism and overseas tourism) for all regions. The Alpine region relies significantly
on tourism, and more specifically on domestic tourism (25%). As expected, Barossa has a large output share
(23%) for their wine industry (food and drink), but the tourism sector in the Barossa region is not large in the
local economy (4%). The Tropical North Queensland region has an even distribution of industries in its
economy, the most significant of which is the ‘construction’ industry, which is consumed mainly within the
region. Both domestic and overseas tourism are equally important to the Tropical North Queensland region, their
shares are broadly the same. Taking both of them together, Tropical North Queensland also relies heavily on
tourism, approximately 13% of the total output of the region, well above the shares of all other industries in the
region.

Also, it should be useful to know that the tourism sector is made up of ‘food and drink’; ‘textile, clothing,
footwear, and leather products’; fuel; retail; restaurant and accommodation; road transport; air transport;
business services; and entertainment. Only the first three industries have approximately a 1:1 ratio between
labour and capital. The rest of these industries are very labour intensive, and a larger share of tourism
expenditure is spent in this labour intensive group. Tourism can thus be regarded as a labour intensive sector.

> These are measured at basic price; margin and tax are not included.
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Table 64: Industry output shares by origin region
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1 Agricultr 0.017 0.021 0.095 0.032 0.058 0.046 0.105 0.056 0.008 0.024 0.038
2 CoalOilGas 0.016 0.013 0 0.008 0.002 0.068 0 0.01 0.091 0.015 0.055
3 OtherMining 0.007 0.005 0.004 0.004 0.038 0.025 0.008 0.012 0.558 0.199 0.092
4 FoodDrink 0.042 0.047 0.092 0.058 0.046 0.042 0.23 0.063 0.002 0.005 0.031
5 TCFLeatherWd 0.039 0.036 0.051 0.043 0.012 0.021 0.025 0.035 O 0.005 0.02
6 PetrolCoalP 0.017 0.013 0 0.016 0.002 0.011 0.005 0.005 0 0 0.011
7 OthNMetalPrd 0.051 0.033 0.009 0.04 0.008 0.022 0.046 0.034 0 0.006 0.022
8 Metal 0.057 0.04 0.014 0.039 0.051 0.053 0.03 0.054 0.001 0.059 0.053
9 EquipMachine 0.051 0.04 0.008 0.07 0.016 0.036 0.084 0.095 0 0.017 0.029
10 Utility 0.028 0.022 0.024 0.025 0.012 0.021 0.015 0.025 0.002 0.011 0.024
11 Construction 0.125 0.104 0.072 0.099 0.111 0.128 0.078 0.09 0.023 0.114 0.124
12 Wholesale 0.006 0.007 0.002 0.009 0.005 0.006 0.005 0.007 0.007 0.024 0.013
13 Retail 0.025 0.023 0.045 0.022 0.033 0.026 0.02 0.023 0.008 0.019 0.02

14 RestAccomdtn  0.029  0.03 0.065 0.02 0.058 0.037 0.018 0.025 0.029 0.038 0.021
15 OthTransPort 0.015 0.012 0.006 0.012 0.016 0.013 0.012 0.011 0.001 0.008 0.01

16 AirTrans 0.005 0.013 0.001 0.008 0.022 0.01 0.001 0.006 0.006 0.018 0.008
17 TransprtSrvc 0.044 0.049 0.016 0.056 0.049 0.047 0.023 0.046 0.011 0.04 0.044
18 BankFinance 0.054 0.084 0.012 0.063 0.022 0.042 0.017 0.048 0.002 0.025 0.035
19 OwnerDwellng  0.057 0.059 0.036 0.052 0.044 0.054 0.048 0.055 0.064 0.066 0.045
20 BusnsService 0.131 0.187 0.098 0.169 0.101 0.13 0.071 0.121 0.017 0.11 0.135
21 GovDef 0.055 0.041 0.015 0.03 0.064 0.046 0.025 0.041 0.033 0.079 0.063
22 Education 0.034 0.032 0.023 0.036 0.027 0.031 0.027 0.037 0.011 0.029 0.027
23 HealthComSer  0.04 0.041 0.03 0.043 0.037 0.042 0.03 0.051 0.022 0.038 0.04

24 Entertainmen 0.026 0.028 0.017 0.029 0.018 0.02 0.021  0.025 0.003 0.029 0.023
25 OthServices 0.018 0.02 0.008 0.019 0.018 0.024 0.015 0.025 0.018 0.02 0.02

26 DTOUR 0.010 0 0250 0 0.076 0 0.038 0 0.062 0 0
27 ETOUR 0.001 0 0.006 0 0.054 0 0.001 0 0.02 0 0
Total 1 1 1 1 1 1 1 1 1 1 1

SOURCE: TERM database and TRA unpublished data
Simulation Results

Although most of inputs for this modelling exercise were taken from the Garnaut Review, results in this project
are not directly comparable with results from the Garnaut Review. This is mainly because the mechanisms of
MMRF and TERM are not the same, as highlighted earlier in this report, but also because of the use in this
project of a comparative static framework as compared to the dynamic system of MMRF used in the Review
leading to the concept of time span between the present results and the Review’s results being not strictly
compatible.

Care must be taken when interpreting results, as they are presented in two different forms: (a) per cent
change as an annual average growth, and (b) percentage point change deviation from the base case. Results in
the base case are often presented in the form of annual average growth rates, e.g. over the period 2005 — 2070,
GDP is projected to grow at an average rate of 2.34% per annum. Results for the impacts, however, are often
presented as percentage point change deviations from the base case, e.g. the climate change effect lowers GDP
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by 0.043 percentage points which means that GDP grows by 2.297% per annum. Recall that all shocks were
measured in annual average growth rates over a time period. Results in this report present the typical year
results, representing the same outcome for all years in the time period being examined.

In the following, an explanation is built briefly from the simulation 1, to the climate change effect case®, and
finally the impact of reduced tourism demand case’.

Simulation 1 result (projection case)

Table 65 shows some selective macro projections for all levels. In all three base cases, the main pressure was
from the reduction in manufacturing output and exports. The reduction in exports, as well as output of
manufacturing, has induced other industries to expand their exports, particularly the services sectors. The decline
in manufacturing exports reflects the way a decline is modelled in the terms of trade indirectly®, which means
that export price is falling relatively to import price. The effect of this decline in the terms of trade affects the
ability of Australians to pay for imported goods: Australia must export more in order to pay for the same level of
imports, thereby limiting household consumption. Thus household consumption (row 1) is projected to grow at a
lower rate than exports (row 4) and GDP/GSP/GRP (row 6) in all cases. At the same time, import volumes (row
5) grow slower than GDP/GSP/GRP and household consumption, because domestic consumers substitute toward
cheaper, domestically produced goods.

8 The results here are derived as indicated in Box B in Figure 1 (Sim2 minus sim 1).

7 Similarly, the results here are derived as indicated in Box C in Figure 1 (Box A minus Box B).

8 As we do not have enough inputs from the Garnaut Review regarding the position of the export schedule in the world
market, the focus is more on controlling overseas exports to reflect movements of the terms of trade.
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Main Macro

2005 - 2020
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consumption
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Import volume used
Real GDP/GSP/GRP
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Average real wage
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2005 - 2050

1
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consumption

Real investment

Real government
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Import volume used
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Aggregate
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Average real wage
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2005 -2070

1

2

214

Real household
consumption

Real investment

Real government
consumption

Export volume
Import volume used
Real GDP/GSP/GRP

Aggregate
employment

Average real wage

Aggregate capital
stock

Australia

3.16
2.44
2.99

1.33

2.17

223
1.40
2.47

1.02

0.44

2.04

2.05

2.02
1.23
2.35

Table 65: Projections of selective macro variables (%)

Blue Mountains

2.56

2.73

2.56

3.34
2.08
2.69

1.09

2.68

2.00

11.22
1.10
224

0.85

0.45

1.92

2.13

10.90
1.00
2.18

0.79

0.43

2.07

Rest of New
South Wales

2.66

2.84
223
2.74

1.13

3.04
1.31
2.36

2.89
1.15
227

New South Wales

2.85
222
2.73

1.13

2.15

3.15
1.30
2.36

0.92

0.53

Alpine

2.05

2.34

2.05

3.59
1.46
243

0.95

0.73

2.41

1.56

1.56

8.14
0.58
2.08

0.69

0.17

7.89
0.52
2.03

0.64

0.21

1.87

NOTE: Underlined values are shocks

Rest of Victoria

2.78

2.98

2.78

2.77
2.41
2.93

1.09

2.94

2.06

2.33

2.06

225
1.33
2.40

0.94

0.42

2.26

1.93

223

1.93

2.06
1.17
2.29

0.84

0.40

2.16

Victoria

2.78
2.97
2.78

2.78
2.40
2.93

1.09

2.94

2.06

2.06

2.26
1.33
2.40

0.94
0.42

2.26

1.93
223
1.93

2.06

0.40

2.16

Tropical North
Queensland
Rest of

232

291

3.33
2.42
3.22

1.38

4.20
1.76
2.96

3.96
1.62
2.86

2.64

Queensland

2.96

3.38

3.66
2.79
3.41

1.70

0.88

2.59
1.77
2.84

1.39

0.32

3.22

2.33
1.56
2.67

Queensland

2.93

291

3.64
2.76
3.40

1.68
0.86

3.41

2.40
3.04
2.39

2.67
1.77
2.84

0.31

3.20

2.28
2.92
2.28

241
1.57
2.68

1.25
0.34

3.05

Barossa

2.29

2.45

2.29

3.45
1.83
2.30

0.83

1.08

2.37

1.48

1.77

1.48

10.98
0.76
1.78

0.39

0.39

1.61

1.42

1.72

1.42

10.57
0.66
1.70

0.31

0.42

Rest of South
Australia

2.33

2.49

2.36
1.95
2.37

2.45

1.42

1.42

0.47
0.70
1.81

0.23
0.57
1.70

0.26

South Australia

2.44

1.42

Kakadu

2.55

2.55

3.37
2.15
3.18

5.74
1.55
1.99

5.53
1.57
2.01

Rest of Northern

Territory

2.69

3.71
2.80
3.30

1.45

0.86

2.78

2.18
1.96
2.83

2.80

2.80

1.86
1.83
2.78

1.54

0.56

3.34

Northern
Territory

2.69
3.12
2.68

3.70
2.78
3.30

1.44

3.13

2.79

2.82

2.82

1.90
1.82
2.75

1.55
0.57

3.36

Rest of Australia

2.99
3.33
2.99

3.40
2.75
3.33

1.59

143
1.59
2.58

1.19
0.47

3.29

2.26
3.11
2.26

1.23
1.40
2.45

1.07
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One way to understand the effect of the decline in the terms of trade is to compare the movements in average real
wages over the three time periods in Figure 58. It is the terms of trade effect that forces real wages to become
relatively cheaper for more exports.
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Figure 58: Movements of real average wage rates (average annual per cent)

At the sectoral level, as mining is projected to grow relatively faster than GDP, and mining is a capital
intensive sector, this makes the economy more capital intensive. Capital stock (row 9) grows at a faster rate than
GDP (row 6) for all periods. Over time, the economy becomes more capital intensive’ as the reduction in
manufacturing output, particularly metal and metal products, redirects resources to the mining sector. The larger
the share of the mining sector in the economy, the more capital it will require. Figure 59 illustrates the relative
movements of capital, labour and GDP at the national level. Similar changes are also found for all regions.
However, among all states, Queensland and the rest of Australia (mainly Western Australia) are the states that
require the most capital growth, as both of them have larger shares of ‘coal oil and gas’ and ‘other mining’
compared to all other states. As a result, the growth in mining explains why these two states have relatively
stronger GSP growth rates than others, while other states do not require capital to grow as fast as their GSP
growth rates.
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Figure 59: Relative movements of labour, capital and GDP growth rates (%)

The underlying assumption of increasing world market competition is shown clearly over the three base
cases: the longer the timeframe, the closer the catching-up of developing countries in their productivity growth,
and the larger the loss of Australia’s competitiveness. Thus, growth slows down on an annual average basis as
the economy is projected further into the future. At the same time, the composition of GDP from the expenditure
side also changes, as illustrated in Figure 60. Note that national GDP is determined by the GSP shocks imposed
on the model over each time period, and subsequently the components of GDP are determined in the simulations.

® Capital grows at a relatively faster rate than employment and GDP over time.
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In the period 2005 — 2020, GSP projections are relatively stronger than the other two time periods, subsequently
generating stronger GDP components than in the other two periods (see Table 65 for GSP projections).
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Figure 60: Compositional changes of national GDP components (average annual per cent)

In the first 2005 — 2020 period, state populations are projected to grow much more slowly than GSP growth
projections; real wages are affected by the decline in the terms of trade, and projected to grow modestly. As a
result, projections for household consumption in all states are relatively slower than GSP projections. As a
residual, exports are projected to grow relatively faster than household consumption and investment within the
period (also faster than government consumption—which is not shown in Figure 60). However, over the other
two periods, the capital growth requirement is much stronger, due to higher demand for capital from capital
intensive sectors in the economy; consequently, investment growth becomes an increasingly important driver of
growth in GDP. Therefore, export growth is reduced and replaced by stronger investment growth in 2005 — 2050
and 2005 —2070.

In the 2005 — 2020 base case, no restriction was applied on sectoral output growth for two reasons: (a) to
reflect the fact that the timeframe is still too short for other developing countries to catch up, and (b) to show the
structure of model-implied growth rates as a benchmark for comparing changes when growth restriction is
applied in the other two time periods.

While the changes in this pattern of GDP components over the three time periods are very similar for nearly
all rest of state regions'’, particularly the rest of Queensland and the rest of Australia (mainly Western Australia)
as these two regions are very strong in mining export. However, for the rest of New South Wales, the pattern
does not change over time. Here, investment growth is not emerging as a prominent driver of growth because of
the economic structure of the region. The rest of New South Wales is a strong exporting region of almost all
goods and services. Among its exports, mining is not disproportionately significant compared to services and
manufacturing, thus the rest of New South Wales region continues to export less capital intensive goods and
services in both of the periods 2005 — 2020 and 2005 — 2070. As a result, export growth is strong, while the
requirement for capital is not so strong in stimulating investment as in the other main state regions.

It is interesting to note that most tourism destinations have relatively weaker growth rates compared to the
corresponding rest of the state (Figure 61). The main reason is that for these tourism destinations, services such
as communication, finance and business services tend not to be as large as is the case in the corresponding rest of
state regions. In most cases, these services are involved in interstate linkages between larger cities. As the
economy grows, the large city regions tend to exchange their services directly with each other, and to some
extent the large city regions also provide those services to smaller regions. Altogether, this will stimulate growth
in large city regions more than in often less economically developed tourism destinations.

The pattern of growth over the period 2005 — 2020 in Figure 61 is similar to other time periods, except that in
other periods the Tropical North Queensland actually grows relatively faster than the rest of Queensland. The
main reason for this is the fact that while growth in Queensland GSP is projected to slow, steady growth of the
tourism sectors in the Tropical North Queensland is maintained. In addition, Tropical North Queensland’s shares
of the communication, finance and business services are rather similar to those in the rest of Queensland region.

10 Including rest of New South Wales, rest of Victoria, rest of Queensland, rest of South Australia, rest of Northern Territory
and rest of Australia
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Increases in exports of these sectors further enhance the region’s growth at a relatively higher rate than for the
rest of Queensland region in 2005 — 2050 and 2005 — 2070.
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Figure 61: GDP and GRP projections of tourism and non-tourism regions 2005 — 2020 (average annual
per cent)

Net climate change impacts

Table 66 shows the climate change effects for each of the three cases. In this table, results are presented as
percentage point change deviation from the base case. It is important to remember that a negative value for the
percentage point deviation does not necessarily mean a reduction—rather it means that under the effects of
climate change, the variables increase to a lesser extent compared to the base case. In this simulation, denoted as
simulation 2 in Figure 54, the climate change shocks are being implemented on to the economy. Note that the
base case (sim 1) and this climate change simulation (sim 2) both have the same projections for the two tourism
sectors. However, apart from the climate change shocks, this simulation also includes explicitly the output
targets for two industries for which the original shocks from the Garnaut Review were not able to be obtained,
namely ‘coal oil and gas’ and ‘other mining’. The Economic Modelling Technical Paper 5 (Garnaut 2008: 11)
indicated that, due to lower demand for these mining sectors from the world market, coal output is projected to
decline by 8% and ‘other mining’ by 13% by 2100 relative to the base case. The same percentage of reduction
relative to the base case is applied for these two mining industries in both 2005 — 2050 and 2005 — 2070.
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Figure 62: Climate change impacts—GSP percentage change deviation from the base case (%)
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The nature of the climate change shocks is to impose losses of productivity of labour and capital, and
technological changes of seclective intermediate inputs, mostly lower productivity due to climate change
conditions. As expected, the impacts of such changes will adversely impact on all states of Australia. Figure 62
illustrates the distribution of impacts across all states measured by net GSP growth rates between the climate
change and the base case scenarios.

The patterns of impacts are different over time periods and across regions. First of all, over the next decade
the impacts are not very strong. The impacts become stronger over the longer periods into the second half of the
century. The difference of impacts between 2005 — 2020 and the other two time periods is mainly due to the
constraint imposed by mining output that was applied in simulation 2. As the mining sector (Table 64) is a major
industry in the Northern Territory (mainly exported to New South Wales) and is an important overseas export
component of Queensland and the rest of Australia region (Western Australia), these three regions are the most
affected ones over the 2005 — 2050 and 2005 — 2070 periods, in which mining output is projected to reduce. The
impact on the Northern Territory is relatively stronger than for all other regions, particularly in 2005 — 2070.

In the period 2005 — 2020, there are no restrictions on sectoral growth and export volume. Climate change
simply imposes a loss of productivity on capital in the electricity, water supply, dwellings and business services
industries, which are in the group of medium to very high capital intensive sectors. In particular, dwellings is
such a large industry in all regional economies that the requirement for capital is relatively higher than in the
base case for all regions (Table 66, row 9), making all regions more capital intensive.

As the requirement of capital stock is relatively more intensive in 2005 — 2020, the pattern of strong growth
in investment that was encountered previously has been enhanced further over this period under the effect of
climate change. Investment becomes a strong driver of growth in all regions except South Australia, leading to
lower growth rates for exports, particularly from non-tourism regions (Table 66, row 4).

With the climate change effect alone, South Australia is the most affected region within the period 2005 —
2020, as can be seen from Figure 62. Compared to all other regions, agriculture in South Australia is the most
vulnerable to climate change. Thus, loss of productivity in agriculture pushes up the cost of agriculture
production slightly. In addition, technological change (Table 55) indicates that ‘food and drinks’ as an
intermediate input is required more by domestic industries. This creates an upward demand for the domestic
market, which raises the price of ‘food and drinks’ in the climate change scenario relative to the base case, a very
similar result to agriculture. As a result, both of these commodities become more expensive for the overseas
market. Hence, South Australia loses export volume of both agriculture and ‘food and drinks’, two of four
significant export products for South Australia. As South Australia is changing its industry structure, moving
away from capital intensive sectors such as mining, its requirement for capital is less strong and therefore the
investment growth it requires is lower in the climate change case than in the base case.

Overall, the loss of productivity across labour and capital due to climate change has resulted in higher costs
of production, which subsequently reduces domestic demand for goods and services as well export demand.
Industries have lower output growth rates relative to the base case and thus reduced demand for labour.
Unfortunately these industries are the labour intensive ones in the services sector. Under the assumption of full
employment, a lower demand for labour is reflected by lower wage rates. Thus the impact of climate change
tends to fall on labour income earners more than those that receive income from investment. Coupled with the
fact that the TERM model only uses wage income to drive household consumption, the impact on household
consumption is more pronounced across the three time periods: household consumption under the climate
change effect grows less than the growth rate of household consumption in the base case, as well as below the
growth rates of GDP/GSP/GRP. This can be seen more clearly in the 2005 — 2050 and 2005 — 2070 periods,
where the effect of climate change and the effect of the decline in the terms of trade are becoming more severe.
Figure 63 illustrates real wage, household consumption and GDP growth rates for all three time periods and
provides a comparison of the climate change effects across time. As the chart indicates, while the GSP growth
rates are becoming smaller from one time period to the next, the absolute difference between household
consumption growth and GSP growth is also widening.

In 2005 — 2020, the assumption of no catching-up of productivity growth from the developing countries
implies no external forces, such as lower export demand, to suppress the output levels of any sectors. The model
thus adjusts only slightly to the climate change effect with limited supplies of slack resources that can be
diverted among sectors in the economy. Among those sectors where export growth rates fall below the base case
are agriculture (most severe), ‘coal oil and gas’, and ‘food and drinks’. These are nearly offset by higher export
growth rates from the services and manufacturing sectors, which results in only a marginal reduction to
aggregate regional exports relative to the base case for all regions.
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Figure 63: Labour income effect on household consumption—simple comparison across all time periods

For the other two periods (2005 — 2050 and 2005 — 2070), the additional exogenous constraints on mining
output growth due to lower world demand will initially divert resources to the services sector, and subsequently
allow more room for services and some of the manufacturing industries such as ‘metal and metal products’ to
expand their exports. As a result, regions with relatively large shares of mining will suffer from the loss of
mining production as well as mining exports overseas. These include the rest of Queensland and the rest of
Australia. In contrast, regions with relatively more significant shares of services and manufacturing, rather than
mining, will experience an increase in their export volumes, which are greater under the climate change effect
compared to the base case. However, as the pressure from the decline in the terms of trade exists during these
two periods, higher export volumes do not translate into more income for Australians. Household consumption
in all regions continues to be weaker than the base case, as indicated by Figure 63, or row 1 in Table 66.

The pattern of exports for all sectors is consistent with the export paths illustrated in Figure 1.2 in Modelling
Technical Paper 5 of the Review (Garnaut 2008: 11). Furthermore, the effect of the decline in the terms of trade
indicates that imported goods in the climate change scenarios are more expensive than domestically produced
goods; subsequently import volume (row 5) is reduced relative to the base cases, as domestic consumers
substitute cheaper domestically produced goods for imports. Note that in the Garnaut Review, movements in the
terms of trade were modelled to decline over 2005 — 2020, and started to improve beyond 2020, getting back to
their 2005 level by 2100. In the comparative static framework, the annual average still captures values in
previous years, thus there cannot be a close to zero effect of the terms of trade by 2070 in the 2005 — 2070 period
as indicated by the terms of trade path in the Garnaut Review (Economic Modelling Technical Paper 3, Garnaut
2008: 15).

In these last two periods, the capital stock is reduced far more than GDP reduction. The main reason is that,
in the base case, the economy has become more capital intensive due to changes in the composition of industries
in the economy. Therefore, when GDP/GSP/GRP declines, particularly because of a shrinking mining sector, the
percentage of capital stock would be released more rapidly than the fall of GDP/GSP/GRP growth rates. Note
that the increase in exports of the services sector is not strong enough to offset the loss of productivity generated
by climate change. Thus, the movements of real wages can be attributable to two factors. The first is the overall
lower output level for sectors such as business services, which is relatively labour intensive. The lower demand
for labour by the services sector is reflected in lower wage rates in the full employment assumption. Secondly,
capital is now more readily available, thus more strongly growing industries will substitute toward capital rather
than labour. Overall, a strong reduction in labour demand results in a large movement of the wage rate.

219



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS

220

Table 66: Climate change effects—percentage point change deviation from simulation 1

Main Macro

2005 -2020

1

2

9

Real household
consumption

Real investment

Real government
consumption

Export volume

Import volume
used

Real
GDP/GSP/GRP

Aggregate
employment

Average real
wage

Aggregate capital
stock

2005 - 2050

1

2

9

Real household
consumption

Real investment

Real government
consumption

Export volume

Import volume
used

Real
GDP/GSP/GRP

Aggregate
employment

Average real
wage

Aggregate capital
stock

2005 -2070

1

2

Real household
consumption

Real investment

Real government
consumption

Export volume

Import volume
used

Real
GDP/GSP/GRP

Aggregate
employment

Rest of New South Wales

Australia
Blue Mountains

-0.02 -0.02 -0.02

0.01 0.02 0.02

-0.02 -0.02 -0.02

-0.01 0.00 -0.01

0.00 0.00 0.00

-0.02 -0.01 -0.01

0.00 0.00 0.00

-0.04 -0.04 -0.04

0.01 0.01 0.01

-0.07 -0.05 -0.05

-0.05 -0.01 -0.01

-0.07 -0.05 -0.05

0.05 0.32

-0.06 -0.04 -0.04

-0.04 -0.02 -0.02

0.00 0.01 0.01

-0.09 -0.08 -0.08

-0.05 -0.02 -0.02

-0.07 -0.05 -0.05

-0.05 -0.02 -0.02

-0.07 -0.05 -0.05

0.06 0.35 0.15

-0.06 -0.05 -0.04

-0.04 -0.02 -0.02

0.00 0.01 0.01

New South Wales

-0.02

0.02

-0.02

-0.01

0.00

-0.01

0.00

-0.04

0.01

-0.05

-0.01

-0.05

0.14

-0.04

-0.02

0.01

-0.08

-0.02

-0.05

-0.02

-0.05

0.16

-0.04

-0.02

0.01

Alpine

-0.02

0.00

-0.02

0.00

-0.01

-0.03

0.00

-0.04

0.00

-0.07

-0.03

-0.07

0.21

-0.07

-0.05

0.00

-0.09

-0.03

-0.08

-0.04

-0.08

0.24

-0.08

-0.06

0.00

Rest of Victoria

-0.01

0.01

-0.01

-0.02

0.00

-0.01

0.00

-0.03

0.01

-0.04

-0.01

-0.04

0.21

-0.04

-0.01

0.01

-0.07

-0.01

-0.05

-0.02

-0.05

0.22

-0.04

-0.02

0.01

Victoria

-0.01

0.01

-0.01

-0.02

0.00

-0.01

0.00

-0.03

0.01

-0.04

-0.01

-0.04

0.21

-0.04

-0.01

0.01

-0.07

-0.01

-0.05

-0.02

-0.05

0.22

-0.04

-0.02

0.01

Tropical North Queensland

-0.04

0.00

-0.04

0.00

-0.01

-0.03

-0.01

-0.05

0.00

-0.08

-0.03

-0.08

0.10

-0.05

-0.04

0.00

-0.09

-0.04

-0.07

-0.03

-0.07

0.09

-0.05

-0.03

0.00

Rest of Queensland
Queensland

-0.03 -0.03

0.01 0.01
-0.03 -0.03
0.00 0.00

-0.01 -0.01

-0.02 -0.02

0.00 0.00

-0.04 -0.04

0.01 0.01

-0.09 -0.09
-0.07 -0.07
-0.09 -0.09
-0.03 -0.02

-0.08 -0.07

-0.06 -0.06

-0.01

-0.01

-0.10 -0.10

-0.08 -0.08

-0.09 -0.09
-0.07 -0.07
-0.09 -0.09
-0.01 -0.01

-0.08 -0.08

-0.06 -0.06

-0.01 -0.01

Rest of South Australia

Barossa

-0.05 -0.06

-0.01 -0.02
-0.05 -0.06
0.02 -0.02

-0.02 -0.02

-0.05 -0.05

-0.01 -0.02

-0.05 -0.05

-0.01 -0.02

-0.04 -0.07
0.00 -0.03
-0.04 -0.07
0.28 0.16

-0.04 -0.05

-0.03 -0.04

0.01 0.00

-0.08 -0.09

0.00 -0.04
-0.04 -0.07
0.01 -0.03
-0.04 -0.07
0.30 0.15

-0.04 -0.05

-0.03 -0.04

0.02 0.00

South Australia

-0.05

-0.02

-0.05

-0.02

-0.02

-0.05

-0.02

-0.05

-0.02

-0.07

-0.03

-0.07

0.16

-0.05

-0.04

0.00

-0.09

-0.04

-0.07

-0.03

-0.07

0.16

-0.05

-0.04

0.00

Kakadu

-0.04

0.00

-0.04

0.00

-0.01

-0.02

-0.01

-0.05

0.00

-0.22

-0.15

-0.22

0.13

-0.16

-0.14

-0.08

-0.16

-0.16

-0.23

-0.17

-0.23

0.14

-0.17

-0.16

-0.08

Rest of Northern Territory

-0.04

0.00

-0.04

-0.01

-0.01

-0.02

-0.01

-0.04

0.00

-0.16

-0.11

-0.16

0.06

-0.11

-0.10

-0.05

-0.13

-0.13

-0.17

-0.12

-0.17

0.07

-0.13

-0.11

-0.05

Northern Territory

-0.04

0.00

-0.04

-0.01

-0.01

-0.02

-0.01

-0.04

0.00

-0.16

-0.11

-0.16

0.06

-0.12

-0.11

-0.05

-0.13

-0.13

-0.17

-0.13

-0.17

0.07

-0.13

-0.12

-0.05

Rest of Australia

-0.02

0.01

-0.02

0.00

0.00

-0.01

0.00

-0.03

0.00

-0.12

-0.12

-0.12

-0.07

-0.10

-0.09

-0.03

-0.11

-0.13

-0.13

-0.13

-0.13

-0.09

-0.11

-0.10

-0.03
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Although not strictly applicable to convert typical year results into the accumulative results over time, Figure 64

highlights the compound effect of climate change impacts on the regional economies by 2070. In Figure 64, net
GRP of each region is compounded over 65 years, and the Figure indicates by how much regional GRP will
grow compared to the base case in per cent terms by 2070. For example, GRP for the rest of Queensland region
will grow at less than its base case by nearly 4% by 2070.
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Figure 64: Long-term (2005-2070) impact of the net climate change compound effect (accumulated) on
GRP by regions (per cent)

Net tourism impacts

Recalling that Figure 54 explained the procedure adopted to isolate the net tourism impact on the tourism
destinations from all other impacts of climate and projections on the economies, Table 67 only presents net
results of tourism impact in the context of climate change conditions on the regional economies. At the national
level, the net impact of tourism is insignificant, as only five selective tourism regions are being looked at, only
one of which (Tropical North Queensland) is relatively significant (among the top five destinations for overseas
tourists and top 20 for domestic tourists). However, the impacts at the destinations are very different. As
expected, the Victorian Alps and Tropical North Queensland are the two regions that show the impacts most
clearly.

The 2005 — 2020 case assumes a 10% reduction in all domestic and overseas tourism for the Blue Mountains, the
Victorian Alps, the Barossa and Kakadu, but an increase of 10% for both domestic and overseas tourism to
Tropical North Queensland. It is important to note that the 10% of tourism expenditure in the Tropical North
Queensland is far more significant than the 10% tourism expenditure reduction in all other regions. As the
Alpine region relies on tourism so heavily (at 25% of total industry output), the reduction in tourism activity
reduces the economic growth of the region noticeably. This region does not export goods and services to
overseas markets, thus the reduction of overseas tourism is the primary reason for a reduction in its GRP, and it
subsequently triggers reductions in all components of the region’s GRP. As previously mentioned, tourism is a
labour intensive sector. A reduction in demand for tourism consumption from the region will reduce demand for
employment/labour and wages in the Alpine region. Loss of wage income (row 9) contributes to the lower level
of household consumption (row 1). Generally lower demand results in a much weaker requirement for capital
stock, thus investment growth is below the base case.

The Barossa and Kakadu share almost the same pattern of impact with the Alpine region, but less strongly.
Between the two, the impact on Kakadu is slightly higher, as the output share of the tourism sector in Kakadu is
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marginally higher than that in the Barossa, 6.4% of total industry output compared to 3.4% respectively.

Table 67: Net tourism impacts on the tourism destinations—percentage point change deviation from the
climate change affected cases
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2005 -2020
| Realhousehold 100y 005 0001 0001 -0058 0002 0002 0095 -0006 -0.001 -0.012 0003 0002 -0.006 -0.005 -0.005 -0.002
consumption

2 Real investment 0.0001  0.006 0.000 0.001 -0.036 0.002 0.002 0.069 -0.005 -0.001 -0.006 0.002 0.002 0.000 -0.005 -0.005 -0.002

Real government

. 0.0006 0.005 0.001 0.001 -0.058 0.002 0.002 0.095 -0.006 0.001 -0.012 0.003 0.002 -0.006 -0.005 -0.005 -0.002
consumption

4 Export volume 0.0004 -0.025 -0.003 -0.003 -0.243 -0.004 -0.004 0.278 -0.001 0.013 -0.114 -0.004 -0.004 -0.452 -0.003 -0.008 -0.002

Import volume

5 sl 0.0011 -0.003 0.001 0.000 -0.170 0.002 0.001 0.140 -0.004 0.005 -0.027 0.002 0.001 -0.095 -0.004 -0.007 -0.001
Real
0.0002 0.004 0.000 0.001 -0.164 0.002 0.001 0.083 -0.005 0.000 -0.014 0.002 0.001 -0.018 -0.005 -0.005 -0.002
6 GDP/GSP/GRP
7 Aggregate 0.0000 0.002 0.000 0.000 -0.029 0.001 0.001 0.048 -0.003 -0.001 -0.006 0.001 0.001 -0.003 -0.003 -0.003 -0.001
employment

8 Average real wage 0.0006 0.003 0.001 0.001 -0.029 0.002 0.002 0.048 -0.003 0.000 -0.006 0.002 0.001 -0.003 -0.002 -0.002 -0.001

9 Sff;egate capital 0000 0.005 0.000 0001 -0.035 0002 0002 0052 -0004 -0.001 -0.005 0002 0002 0001 -0.004 -0.004 -0.002

2005 -2050

| Realhousehold 0, 008 0001 0001 -0.158 0002 0001 -0202 0004 -0007 -0036 0000 -0001 -0.024 0003 0002 0.002
consumption

2 Real investment 0.001 -0.002 0.002 0.002 -0.101 0.002 0.002 -0.146 0.005 -0.003 -0.021 0.000 0.000 -0.001 0.006 0.006 0.002

Real government

3 : 20.002 -0.008 0.001 0000 -0.I58 0002 0001 -0.202 0004 -0.011 -0.036 0.000 -0.001 -0.024 0.003 0.002 0.002
consumption

4 Export volume 0.002 -0.028 0004 0004 -0368 0003 0.003 -0.480 0.003 -0.021 -0.150 0.006 0.006 -0.707 0.005 -0.003 0.004

5 g:g’:“v"h‘me 0.002 -0.014 0.001 0000 -0.318 0.001 0000 -0.264 0003 -0.013 -0.053 0.000 -0.002 -0.159 0004 -0.002 0.001
Real

6 0.000 -0.007 0.001 0001 -0323 0.002 0001 -0.169 0.003 -0.006 -0.035 0.000 -0.001 -0.034 0.004 0.002 0.002
GDP/GSP/GRP

g e 0.000 -0.004 0001 0001 -0.079 0001 0001 -0.101 0002 -0.003 -0.018 0.000 0000 -0.012 0.002 0.001 0.001
employment

8 Average real wage -0.001 -0.005 0.000 0.000 -0.080 0.000 0.000 -0.102 0.001 -0.004 -0.019 -0.001 -0.001 -0.013 0.001 0.000 0.000

9 ‘:;fflzegate capital 001 L0002 0001 0001 -0.004 0002 0002 -0.111 0003 -0.002 -0.018 0000 0000 0002 0006 0005 0.002

2005 -2070

| Realhousehold 0010 o010 0001 0001 -0.19 0002 0001 -0251 0005 -0.000 -0.045 0000 -0.001 -0.029 0003 0002 0002
consumption

2 Real investment 0.0009 -0.003 0.002 0.002 -0.125 0.003 0.003 -0.181 0.006 -0.004 -0.026 0.001 0.000 -0.001 0.007 0.007 0.003

Real government

. -0.0019 -0.010 0.001 0.001 -0.196 0.002 0.001 -0.251 0.005 -0.013 -0.045 0.000 -0.001 -0.029 0.003 0.002 0.002
consumption

4 Export volume -0.0028 -0.035 0.005 0.004 -0.458 0.004 0.004 -0.597 0.004 -0.027 -0.198 0.008 0.007 -0.879 0.006 -0.003 0.005

Import volume

5 - -0.0029 -0.017 0.001 0.000 -0.394 0.001 0.000 -0.328 0.004 -0.016 -0.066 0.000 -0.002 -0.198 0.005 -0.003 0.002
Real
-0.0006 -0.009 0.002 0.001 -0.401 0.002 0.001 -0.211 0.004 -0.007 -0.044 0.001 -0.001 -0.042 0.005 0.003 0.002
6 GDP/GSP/GRP
7 Aggregate 0.0000 -0.004 0.001 0.001 -0.098 0.001 0.001 -0.126 0.003 -0.004 -0.022 0.000 0.000 -0.014 0.002 0.002 0.002
employment

8 Average real wage -0.0012 -0.006 0.000 -0.001 -0.099 0.000 0.000 -0.127 0.002 -0.005 -0.023 -0.001 -0.001 -0.016 0.001 0.000 0.000

Aggregate capital

stock 0.0010 -0.003 0.002 0.002 -0.117 0.002 0.002 -0.139 0.004 -0.002 -0.023 0.001 0.000 0.002 0.007 0.007 0.002
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As also expected, the positive shocks to tourism sectors in Tropical North Queensland over the next decade will
bring a positive outcome to the region. The positive shock to overseas tourism in the first round would have
generated much higher total overseas exports from the region than is projected in Table 67. However, as the
crowding out effect happens, all overseas exports of other commodities from Tropical North Queensland are
lower than in the base case. The total of overseas exports from the region slightly smaller than in the first round
effect. Overall, overseas exports from Tropical North Queensland are higher than in the base case, due to the
shocks imposed on the model. Higher demand for tourism sectors generates more labour income in the region.
As a result, the growth rate for household consumption in Tropical North Queensland is stronger than in the base
case.

It is surprising to see that the rest of Queensland does not do as well when the Tropical North Queensland
region expands its tourism activity, even though both are in the same state. The main reason is that the 10%
increase in tourism activity in Tropical North Queensland generates a crowding out effect in the first round: all
regions lose their export volume, except Tropical North Queensland. The net increase in exports at the national
level is purely due to the increase in overseas tourism to Tropical North Queensland. It is interesting to find that
Tropical North Queensland actually has stronger economic links with the rest of New South Wales and the rest
of Victoria than with the rest of Queensland (as indicated from the TERM database): trade flows from the rest of
New South Wales and the rest of Victoria with Tropical North Queensland are nearly 60% and 40% larger than
that of the rest of Queensland with Tropical North Queensland, respectively. Although all three regions (the rest
of New South Wales, the rest of Victoria and the rest of Queensland) lose out from the first round crowding out
effect, the higher growth in Tropical North Queensland requires more inputs from the rest of New South Wales
and the rest of Victoria than from the rest of Queensland. As a result, the second round growth effect is stronger
for the rest of New South Wales and the rest of Victoria than the crowding out effect, while the crowding out
effect dominates the outcome for the rest of Queensland region. Thus the rest of New South Wales and the rest
of Victoria have stronger growth and the rest of Queensland loses out from the tourism stimulus in Tropical
North Queensland. In a similar fashion, as the Blue Mountains and the rest of New South Wales are closely tied
together by large trade flows (five times larger than that between Tropical North Queensland and the rest of
Queensland) the stimulus from Tropical North Queensland on the rest of New South Wales flows on to the Blue
Mountains to over offset the reduction in a small tourism sector in the Blue Mountains. The rest of Australia is
affected mainly by the crowding out effects.

In the 2005 — 2020 case, the combined effect of tourism shocks at the national level is an increase in
domestic demand, for both domestic consumption and overseas demand. Consequently, the overall real wage
rate increases slightly compared to the base tourism projection. This effect at the national level is generated by
the Tropical North Queensland region, thus the same pattern of a higher wage rate is similar to the result of
Tropical North Queensland. In contrast, the wage rate in the Alpine region is lower than the wage rate in the base
tourism projection, as a result of the overall decrease in demand in the Alpine region. The changes in capital
stock are smaller than the changes in GDP/GSP/GRP in absolute magnitude, because the tourism shocks affect
the labour intensive sectors in the economy: a positive shock requires more labour than capital, while the
negative shock reduces labour more than capital, and GDP is a weighted average of both labour and capital.

In the other two cases (2005 — 2050 and 2005 — 2070), the total effect is a reduction in the tourism sector,
which will reduce the requirement for both labour and capital, but impact relatively more heavily on labour. For
tourism regions, the reduction in tourism expenditure will result in a smaller decrease in capital growth, as the
tourism sector is a labour intensive. However, for non-tourism regions, the reduction in the tourism sectors in
tourism regions has the effect of stimulating growth of all sectors to grow relatively more strongly, especially in
the mining and manufacturing sectors with greater capital intensity. Thus, the capital growth rates in these non-
tourism regions are moving toward more capital intensive, the opposite direction to the tourism regions, and
often the capital growth rates in the non-tourism regions are higher than GDP/GSP/GRP growth rates. Note that
in the climate change simulations, particularly for 2005 — 2050 and 2005 — 2070, all regions experience a fall in
growth of their capital stock. When the tourism expenditure reduction is incorporated, non-tourism regions still
suffer a decline in the growth of capital stock, but to a lesser extent than in the base case. Thus, it appears in
Table 67 as a relative increase in capital stock. At the national level, as the reduction of tourism activity is
stronger than the new growth in mining and manufacturing, GDP declines slightly.

The reduction in overseas tourism expenditure allows exports of all sectors in all regions to grow more
strongly. This explains the stronger growth in exports for all non-tourism regions. But in the tourism regions, the
tourism shocks are larger than the increases in exports of other sectors; thus, overall total exports are reduced
relative to the base tourism project case.

A lower GDP growth results in less demand for resources in general, which makes domestic goods relatively
cheaper than imported goods. Domestic consumers substitute toward domestically produced goods and cut down
on imports. Therefore, import volume (row 5) increases only marginally compared to GRP growth for non-
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tourism regions (growing regions) and reduces more than GRP in tourism regions (declining regions). In the
tourism regions, the additional driver lowering the level of imports is a lower level of demand from the region
generally.

In both the 2005 — 2050 and 2005 — 2070 periods, the rest of Queensland actually does better than the rest of
New South Wales and the rest of Victoria, for the same reason that gave the rest of Queensland slower growth
rates when Tropical North Queensland has a large increase in tourism. First of all, the reduction in tourism
stimulates growth in the rest of New South Wales, the rest of Victoria and the rest of Queensland
simultaneously. Furthermore, the reduction in demand from Tropical North Queensland for the rest of New
South Wales and the rest of Victoria is greater than the reduction in demand for the rest of Queensland. Thus, in
this case, the rest of Queensland suffers less than the other two regions from the slow-down of the Tropical
North Queensland economy.

Overall, the most severe scenario for tourism reduction lowers GDP by 0.0006 percentage point deviation
from the base case of tourism projection in the climate change effect. Again, although it is not strictly applicable,
a simple calculation of the compound effect of the climate change induced tourism impact by 2070 is portrayed
in Figure 65. The impact is measured by the net change in GSP between the climate change induced tourism
impact economy and the climate change effect economy.
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Figure 65: Long-term (2005-2070) impact of reduced tourism demand effect (accumulated) by region—
net GSP growth rates (per cent)

Among those tourism regions or destinations that we examine in this report, the Alpine region is the most
affected region in the long-term by 2070. The net impact for Alpine GRP would be nearly 23% below its GRP
level under the climate change base case. Tropical North of Queensland will be the second hardest hit by a
climate change induced tourism impact, about 13% below its GRP level in the climate change base case.

Conclusion

This report constitutes a first step toward analysing tourism impacts in the context of climate change induced
effects at the tourism destination level. It is understood that this is also the first set of results from analysis of this
kind at a regional destination level. While this is a highly interesting area for an analysis, it has proven to be very
demanding and difficult. Estimating the climate change effects alone, over a period of decades into the future,
requires a wide range of multi-disciplinary research skills, and is subject to significant uncertainty. Although
there is a degree of agreement among researchers on the broad ways in which climate change will affect human
life, there is considerable uncertainty about how to predict the precise extent of these effects.

The research team responsible for the Garnaut Review (including the associated commissioned papers) has
taken a large step to link the science of climate change to the long-term evolving transformation of the economy.
Industry growth is closely linked to environmental conditions and, in turn, economic development affects the
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environment. The approach was scientifically well-grounded in observable data. But the analysis remains a work
in progress.

The use of a comparative static CGE model for this study has raised some difficult issues in attempting to
deal with long-term compositional change of an economy in a single timeframe. This would normally warrant
the use of a dynamic CGE model. An alternative to using a dynamic model for this task is to create a database
with appropriate sectoral shares for manufacturing and agriculture, to reflect their future industry structure prior
to simulations.

This project represents a scoping study for examining how the effects on the economy of tourism destinations
from the impacts of climate change on tourism activity can be analysed. It faces the problem of a relative lack of
historical data correlating climate change effects and tourism activity. The assumptions adopted to analyse
tourism impacts from climate change have thus by necessity been somewhat arbitrary. Nevertheless, the project
has identified some practical steps for carrying out such an analysis and identified some interesting issues for
further study.

Although, in the short-term, it is possible that tourism activity might increase for some climate change
vulnerable destinations as a result of traveller curiosity, in the long-term climate change seems more likely to
induce further adverse impacts through tourism as an inevitable add-on effect on regional tourism economies.
Tourism effects induced by climate change are likely to represent an endogenous factor in the whole process,
and the induced impact should be analysed explicitly as an additional climate change cost in any climate change
analysis.

Although the net GDP impact at the national level in this report is marginal, at only some 0.04% of GDP
lower than the base case of the climate change effect only, the total economic impact when all tourism
destinations are taken into account will be much more significant. But the impact at the national level is not all
that should be considered. A point indicated clearly in this study is that tourism impacts are not evenly
distributed. First of all, the economic impact of tourism will further exacerbate the adverse effect of climate
change on income earners: as tourism is relatively labour intensive, a reduction in tourism demand will result in
job losses and lower wage incomes. Although the model does not differentiate between skilled and unskilled
labour, in general terms, the tourism sector will normally have a larger share of unskilled or relatively less
skilled labour, e.g. hotel services staff and wait staff in restaurants. This is an area that government should be
concerned about, as social impacts and increasing inequality might cause further costs to society.

Secondly, the climate change induced tourism impacts are not evenly distributed across regions in the
economy. The induced effect could change the level of economic impact of climate change on regions
significantly. For example, Kakadu is the most affected region under the climate change effect alone in terms of
net GRP measurement (Figure 64), but when the inevitable flow-on climate change induced effect of tourism is
incorporated, the Alpine region jumps from fourth ranked to become the most affected region (Figure 65). This
change is attributable to the structure of the regional economy, and particularly its level of dependence on
tourism for its economic viability. Domestic tourism is a key industry in the Alpine region’s economy, thus the
tourism impact on the regional economy is severe. And unfortunately, most tourism-reliant regions at the
destination level, as examined in this report, do not have obvious alternative sources of economic activity which
might enable them to diversify their economies in response to climate change induced impacts. Governments
will need to be aware of the vulnerability of these regions so that appropriate policies can be put in place to
facilitate the transition. And certainly, social impacts, inequality and vulnerability of tourism destinations are
areas of potential emphasis in future tourism-related research on climate change.

Finally, the findings set out in this report provide additional support for the case for further steps being taken
to preserve the environment. Among all currently proposed measures to deal with environmental changes,
tourism adaptation is certainly an immediate step that the tourism industry can explore in order to soften the
impact of climate change to achieve sustainable tourism and economic development in the longer-term.
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Chapter 9

INTEGRATION: COMMON THEMES AND ADAPTATION
STRATEGIES ACROSS DESTINATIONS

By Wade Hadwen, Stephen Turton, Bradley Jorgensen, Tien Duc Pham and Robyn Wilson

Across all five case study destinations, it is clear, both from the science and from the stakeholders engaged in
this project, that the anticipated climate change will have both economic and non-economic consequences.
Whilst not all of these changes are necessarily negative, many are and represent significant adaptive challenges.
Although the detailed impacts and adaptation strategies are presented in the case study chapters, it is pertinent to
also investigate, across all of the case study destinations, the general applicability of adaptation strategies and
common limitations or avenues through which adaptation may occur. In this chapter, four of the case study
destinations (Kakadu, Cairns, Blue Mountains and the Barossa Valley) are integrated in an attempt to identify
common themes and issues that may have national relevance. For these issues and strategies, a national
implementation might be more successful, and realistic, than would a destination/region-focused approach.

The Victorian Alps destination was not included in this component of the report because that work was
conducted using a different process, which did not generate the number or breadth of adaptation strategies that
came out of the standardised approach taken in the semi-structured interviews and workshops for the other four
destinations. To this end, including the Victorian Alps destination here would be inappropriate.

By cutting across the remaining four case study destinations and their nominated adaptation strategies and
limitations to implementation, the project specifically sought to learn more about the following:

1. Common themes or groups of adaptation strategies (this chapter).

2. Challenges and avenues for adoption and implementation of adaptation strategies (this chapter).
3. A ‘toolkit’ for tourism destination climate change adaptation assessments (Chapter 10).

4. Knowledge gaps and research needs (Chapter 10).

Common Adaptation Themes across All Destinations

To examine the degree to which adaptation strategies were broadly applicable to all destinations examined in this
study, all of the strategies nominated were categorised as high priority for each destination to come up with some
general themes. Table 68 presents all of the ‘high priority’ adaptation strategies from the four destinations,
organised by the seven theme areas identified. These theme areas are listed below.

Theme 1: Green

The Green theme represents adaptation strategies that were nominated along the ‘green and clean’ and
‘sustainability’ lines, including many water and energy saving initiatives that represent best practice for small
(and large) businesses. Although many of these strategies are most often thought of as mitigation strategies,
many of them were put forward in the context of how the destination could be marketed as a ‘green’ destination,
which represents an adaptation to growing tourist concerns about the tourism footprint.

Theme 2: Data and knowledge

Adaptation strategies listed under the data and knowledge theme include those that touched on some aspects of
data inadequacies, both in terms of businesses and climate change data, and also those which captured the widely
held view that there is a real need for increased data collection and improved storage and sharing of data.

Theme 3: Risk and Disaster management

Strategies which sought to improve how disasters are managed fell into this category. They not only included
aspects of resource requirements, but also captured concerns about how media treats natural disasters and how
media-fuelled hysteria, which can damage a destination’s image, needs to be better managed by the tourism
sector.
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Theme 4: Marketing

Strategies which sought to highlight particular aspects of the destination in brand recognition and marketing
initiatives were listed in this theme.

Theme 5: Planning

Many adaptation strategies revolved around the need for improved and better informed planning of both built
and natural environments. These strategies fell into the planning theme.

Theme 6: Community

Community themed adaptation strategies revolved around the idea of local identity, the need to produce food
locally (and support it), and the need for strong community-government relationships. Only two of the
destinations (Cairns and Barossa Valley) had community-themed adaptation strategies, which not only highlights
the local residents’ attachment to these destinations, but also the feeling that they would be willing to fight for
the businesses and tourism market in these regions.

Theme 7: Resources

As for planning, many adaptation strategies were nominated that focused on the management of resources, both
built and natural, and the need for additional resources (in both of these areas) to support the implementation of
adaptation strategies.

Table 68: High priority adaptation strategies, as nominated across the four case study destinations

Theme Kakadu Cairns Blue Mountains Barossa Valley
Green Ensure that the region Low foot print tourism— Marketing the region so it Encourage water
increases its offset and design; adapt  can be visited in a conservation throughout
environmental / green attitudes; change sustainable way. the region.
credentials (operating advocacy.

standard, accreditation
schemes, efficient and
appropriate energy
sources, waste
management, pollution
control, recycling, etc.).

Capitalise on green International ‘families’ Grey water systems, solar Ensure the installation of
credentials and promote  and domestic tourism—  heating, energy efficient energy saving devices and
travel to the region as market as ‘energy light globes, wheelie bins. water re-use systems are
environmentally sound conservative’ broadly adopted.
and worth visiting. accommodation and
ground travel; promote
planet safe partnership.
Implement offsets or more Water restrictions in place Establish nationally
efficient ways of and maintaining this accredited environmental
travelling to reduce their  (increase in importance  standards for tourism, and
contribution to over time). provide a toolkit for
Greenhouse Gas wineries and tourism
Emissions. operators to enable them

to take effective action.

Position ourselves as Accreditation to be able to
‘green and clean’; use Blue Mountains
marketing positive Business Advantage

changes as they arise. (BMBA) logo.
Rainforest visitation is for
the aesthetics, greenery.

Using climate change as a
trigger to promote
sustainable activities.

Modes of transportation—
use more rail, bike tracks,
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Theme

Data and
knowledge

Disaster
management

Marketing

228

Kakadu

Monitor and obtain data
about impacts.

Undertake broad tourism
plan to monitor and deal
with climate change.

Ensure we manage public
perceptions and avoid
hysteria about the nature
and/or extent of the
damage anticipated.

Change the way tourism
(to Kakadu / Top End) is
marketed, and the nature
of the product
emphasised—as well as

Cairns

walking, and public
transport; new, more
efficient boat designs;
provide incentives (tax) to
replace engines with more
efficient technology.

Research alternative
energy technologies and
identify what can be done
to retrofit or if new what
is needed that is not in
current design.

Transport—alternative
fuels; buses and boats
move from diesel to
biofuels.

Standardised system of
calculating carbon and
ETS (emissions
calculator; Green Gobe
auditing) and rigorous
annual energy audit
(federal assessment).

Fund research and have
long-term monitoring—
have operators involved;
smarter operators.

Good information from
reputable scientists that
give key points, e.g.
research on wind, more on
storms, hybrid transport,
solar power. Not obvious
what we need to plan for.

Data storage and
dissemination—system
where information is
stored and is readily
available to everyone, not
restricted to departments.

Emergency evacuation
policy—risk assessment
and plan for emergency
events, and well-informed
staff and community.

Combat negative publicity
promptly and effectively.

Diversify product, offer
complementary
experiences to pristine
reef and rainforest in
cultural, business,

the landscapes that feature education and research;

Blue Mountains Barossa Valley

Breach gaps and skill
deficiencies within the
industry about climate
change.

Obtain more information
about the expected climate
change impacts in the
Barossa.

Undertake research on
expected climate impacts
on vine growth and wine
production.

Gather local data and
develop benchmarks.

Improved resources and
rapid response to fire.

Media management,
media education; educate
tourism industry about
media management.

Far greater education to
the public.
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Theme

Planning

Kakadu

in tourism promotion.

Cairns

focus tourists in different
areas which take up
different economic
activities; more island-
based activities and
interpretation.

Identify why region is
unique and how it adapts
to climate change—build
resilience and brand.

A marketing strategy
where travellers are
attracted to the area
because of its approach to
energy efficiency and
reducing carbon
emissions; changing
marketing strategies that
match tourist expectations
with what is available on
the reef and in the
rainforest.

Build infrastructure that
has low carbon emissions
and use this in marketing.
Tax people if they do not
choose to use low
emission infrastructure.

Tourism workforce needs
to be trained and valued in
a way that ensures they
can offer tourists a
rewarding experience and
where the region is known
as a place where
exceptional service is
provided.

Zoning—Great Barrier
Reef and rainforest to
protect environment.

No development or sale of Access: working on train,
land in flood-prone areas. invest in technology and
promote accordingly.

Implement a building

Category 5 cyclones.

Inventory of open spaces
in rainforest of areas
previously disturbed
which will become the
only places where
buildings can be
constructed in the future.

Town planning needs to
rethink / respond to where

Blue Mountains

Integrated management
plans across regions.

Businesses involved in
code for all infrastructure / sustainability—Ilegislative
accommodation design to measures to implement,
cope with extreme winds, Set national regulation for
tourism businesses.

Barossa Valley

Shifts in wine grape
varieties—would need to
be well underway by
2050. Palates may change
by 2070.

Promote carbon neutral
forms of transport —
railway service from
Adelaide to the Barossa.

Seek financial assistance
with the protection of
heritage sites.

229



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS

Theme

Community

Resources

230

Kakadu

Promote small tourism
operations involving
indigenous land
management activities in
remote areas and support
them with proper training,
infrastructure and
resources.

Review (modify, replace,
displace, redesign)
tourism infrastructure and
basic tourism facilities in
park (accommodation,
visitor services, cruises,
campgrounds, boat
ramps).

Address fire management
(which is both mitigation
and adaptation).

Address other, more
immediate threats first
(invasive species, fire
management, etc.).

Develop new-alternative-
appropriate
accommodation projects
(locations, types, designs).

Plan for more
comprehensive safety,
health and heat stress
services and strategies /
training to support
tourism.

Cairns

building approvals are
given; building designs
and siting guidelines
which are appropriate for
the environment and built
into building codes for the
area.

Social mapping exercise
to see how climate change
impacts community.

Purchase local produce—
hotels and restaurants
required to purchase
locally or pay surcharge /
levy on items sourced
elsewhere.

Deal with water quality on
the land and corals will be
healthier, more resilient
and better able to adapt to
climate change.

Build resilience of
ecosystems by reducing or
controlling other
pressures, e.g. control
weeds and feral animals.

Applying best practice in
plant husbandry to reduce
loss of habitat and land
degradation, and control
exotic pests and diseases.

Applying best practice in
bio-sequestration
technologies and carbon
accounting practices.
Implement C0,
sequestration programs—
tree-planting and
community revegetation
programs.

Plant coral gardens and
translocate corals from
areas adapted to higher
temperatures.

Wildlife corridors inside
and outside rainforest—
improve connectivity
especially along riparian
areas, use of elevated
platforms. Use statutory
and non-statutory
approaches.

Blue Mountains

Barossa Valley

Develop a collaborative
action strategy; create
opportunities for
information exchange
between wine and tourism
groups.

Establishment of sectoral
agreements between
operators and government
on how to proceed in a
strategic and tactical
manner.
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Theme Kakadu Cairns Blue Mountains Barossa Valley

Act now to manage risk  Research and build
and reduce impact rather infrastructure to cope with

than wait for detailed climate change—roads,

scientific information. pipes, sewage, sewage
treatment plants, water
storage.

Lobby government to Resource sharing among

provide structures and operators to reduce carbon

resources to adapt to off sets, higher fuel costs

climate change. and reduce carbon
emissions.

Despite being generally applicable across all destinations, few of the themes were nominated by stakeholders
from all four destinations. Indeed, only the green theme had adaptation strategies nominated from all four
destinations. Adaptation strategies were nominated by three of the destinations in four other themes, namely data
and knowledge, disaster management, marketing and planning. Community themes were only picked up by
stakeholders in the Cairns and Barossa Valley destinations, and adaptation strategies relating to the management
of (and access to) resources were only nominated in the Cairns and Kakadu destinations. Some of these trends in
theme area membership, across destinations, are likely to be driven by similarities and differences among the
destinations and the nature of the tourism sector within these regions, as discussed in more detail below.

The appeal of green strategies was highlighted by the fact that all four destinations had at least three
adaptation strategies relating specifically to the sustainable use of energy and water (Table 68). Although these
strategies often represent operational best practice and are also mitigation measures, there is also an obvious link
between improved performance and the desire, shared across all destinations, to be marketed and perceived as
being a ‘green’ destination. This latter point is reflected in the fact that all destinations highlighted this green
marketing as one approach that might enhance the tourism industry’s capacity to better position itself in a
climate change affected marketplace.

For strategies relating to media, it was interesting to note that only the Barossa Valley destination was not
represented. Specifically, stakeholders in the Kakadu, Cairns and the Blue Mountains destinations all felt that
negative publicity surrounding disasters needed to be managed much better to protect the destination brand.
Although drought and heat waves have affected the Barossa Valley in recent years, perhaps the absence of
devastating short-term catastrophic events, like bushfires, floods and cyclones, explains the absence of strategies
relating to media treatment of issues in the region. Alternatively, perhaps the media is already well-managed in
the Barossa Valley. That, coupled with the fact that this destination is an agriculture-tourism region and not a
destination based around natural ecosystems, might also explain the lack of strategies nominated by Barossa
Valley stakeholders to target media and disaster management. One possible alternative explanation might be that
stakeholders (and the media) in the Barossa Valley view droughts and heat waves as aspects of climate
variability rather than climate change. Until a link has been demonstrated between these long-term chronic
events and climate change, the media may not need ‘managing’ to the degree that it apparently does at the other
three destinations.

Capacity for Adaptation Strategy Adoption and Implementation

In all destinations, the stakeholder workshops revealed considerable institutional, legal, community and resource
limitations that inhibit, or are at least perceived to inhibit, the timely implementation of adaptation strategies.
Interestingly, this is despite the fact that all destinations nominated sustainable use of resources, especially water
and energy, as an adaptation strategy which clearly represents best practice and has been shown to save
businesses lots of money. Nevertheless, there were numerous and often-articulated barriers to implementing the
suggested adaptation strategies, including:

5. The scale and uncertainty surrounding climate change projections.
6. Communication within and between regional and National bodies.
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7. Concerns regarding the capacity of small and medium enterprises to adapt, relative to governments and
larger operators.

The following sections will address each of these areas.

Uncertainty and scepticism surrounding climate change projections

Numerous stakeholders indicated a) that they were sceptical about the perceived role that human activities have
had in stimulating climate change, and/or b) that the geographical scale (super-regional at best) and uncertainty
in climate change projection modelling resulted in considerable uncertainty on their part in terms of how much
they were willing to invest (intellectually and economically) in climate change adaptation. Although scepticism
within the workshop groups was generally quite low, workshop participants commented that there was enough
scepticism in the community to prohibit rapid and significant adaptation. Not all stakeholders were concerned
about the scale of climate change projections and many recognised the fact that as a global phenomenon there
will be no escaping from climate change. Nevertheless, in terms of evaluating priority actions within their
destination, many participants felt that it would be necessary for regional-scale projections to be created to assist
with the planning and response process.

Despite uncertainty and concern regarding the science of climate change and how it is likely to impact
regional communities and industries, all stakeholders recognised the threat that climate change (or even media
relating to climate change) poses to the regional communities that give tourism in the case study destinations its
particular character. In this context, tourism demand could be significantly reduced simply by perceived
changes; hence the above call for more regionally relevant and up-to-date information. Coupled with
stakeholders’ concerns about media coverage of climate change and natural disasters, it seems that climate
change is, and will continue to be, a major issue confronting tourism in regional Australia.

Communication and community involvement

Although not all destinations examined in this study had tight-knit communities, there was an overwhelming
view that local communities and stakeholders are required to be heavily involved in the planning and
implementation of adaptation strategies. Whilst resources frequently came up as a limiting factor in this local
‘grass roots’ approach, few participants felt that a top-down national approach would work for all destinations.
Clearly, there was a consistent view that locals know their destinations best and they, therefore, should be the
ones coordinating and implementing adaptation. As one respondent commented, ‘Local communities are...
central to the adaptation of the region as they provide the raw materials from which the tourist experience is
packed, marketed and sold.” Adding to this view was the sentiment that a national approach would not
adequately consider the importance of the local community in creating, influencing and contributing to the sense
of place and, indeed, making tourism possible.

Communication and inclusion also appear to be important features of how a successful adaptation plan could
be implemented. Many respondents expressed their concern about the number and overlap between climate
change research projects, initiatives and granting schemes. Specifically, some stakeholders had been involved in
multiple climate change workshops and felt that more coordination and communication among (and within)
sectors like the government (at all levels), the tourism industry, local community groups and researchers was
required.

Adaptive capacity of tourism—an industry built around small and medium
enterprises

One of the major perceived limitations to adaptation within the tourism sector is the high proportion of small and
medium enterprises (SMEs) that characterise regional tourism. Specifically, a lot of concern revolved around the
fact that these smaller enterprises are operating on small overheads with little or no capital or capacity to
implement major adaptation strategies. Furthermore, very few SMEs are able to plan on timeframes longer than
a couple of years, and as a result, making changes now, which will cost something, with a view to threats that
may or may not eventuate in 10, 20 or 50 years time, is not something that many of these smaller operators are
willing (or able) to do.

In contrast, the overwhelming view across destinations was that bigger operators were more likely to be
planning and implementing adaptation strategies now, as they have more resources and may have a
responsibility to their stakeholders to manage the risks of climate change impacts on business operations and
bottom lines.
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Adaptation strategy adoption
The adoption of adaptation strategies will require some, if not all, of the following:

e Confidence that the climate is really changing and that increased variability in climate is part of the
process.

Motivation to avoid risk or take up opportunities.

Demonstration of new technologies.

Transitional and legislative support from government.

Resources from government and private stakeholders.

Effective monitoring and evaluation—climate change is a moving target.

Economic Impacts of Climate Change across the Regions

This project is the first that examines the likely flow-on effects of climate change on tourism activity (in other
words, climate change induced tourism impacts) on the regional tourism economies of Australia in the modelling
framework of a fully bottom-up Computable General Equilibrium (CGE) Model. The project was developed in
two stages, first to estimate the impacts of climate change alone, and then from that basis the impacts of tourism
changes were measured against the base case. The inputs in the first stage of the climate change effects were
taken from the Garnaut Review.

Results indicate that the economy will be adversely affected, and more so in the second half of the century
than in the next decade. Overall, the economy declines steadily over time due to (a) the climate change effect on
productivity losses of labour, capital and intermediate inputs, (b) loss of export demands from overseas as
tougher international competition against young developing countries increases. The loss of capital productivity
on capital makes the economy relatively more capital intensive, thus investment becomes an important driver of
growth. Coupled with the lower level of productivity, the loss of overseas exports results in a reduction in
domestic production, which subsequently reduces labour income and household consumption. In a comparison,
the adverse impact of climate change falls more on the wage earners than on owners of capital.

Tourism impact in the context of this project is an extension of climate change analysis, which explicitly
attempts to measure the flow-on effect of climate change on tourism activity by applying guesstimates of
tourists’ responses to losses of tourist attraction. In the longer-term, it is almost a case that losses of tourist
attraction imply losses of tourism demand.

Lower demand for tourism has the effect of stimulating mining and manufacturing to expand their outputs
and exports further. Given that the tourism sector is labour intensive, while mining and manufacturing are
relatively more capital intensive, this diversion of resources actually shifts the structure of the economy toward
being more capital intensive. The negative impact on wage earners is exacerbated.

At the national level, the total of climate change induced tourism impacts given in this report is insignificant,
as this project examines only five out of many tourism destinations in Australia, and only the Tropical North
Queensland (Cairns) is a relatively well-known destination. If all destinations across Australia are taken into
account, the national impact would be very likely significant.

At the regional level, tourism impacts are not distributed evenly across tourism destinations, as it largely
depends on how tourism-reliant a destination is. The Victorian Alps region is the hardest hit region because its
tourism output shares 25% of the total output produced in the region; the second hardest hit region is the
Tropical North Queensland with 13% tourism share.

It is important to note that the flow-on effects of climate change on tourism activity in fact are an endogenous
factor in the climate change process. And it is these climate change induced tourism impacts that can change the
actual impact level of climate change as a whole on a region. Results in Chapter 8 demonstrate that Kakadu is
the most affected region under the climate change effect alone; the rest of Northern Territory and the rest of
Australia are the next two regions after Kakadu. However, when the climate change induced tourism impacts are
considered, Alpine and Tropical North Queensland (Cairns) are the most affected regions. As a result, climate
change analysis, without further consideration of its induced tourism impact, will very likely underestimate the
total economic costs to a region under climate change effects.
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Future Actions Applicable to All Regions

Despite the concerns and limitations outlined above, climate change adaptation is necessary, as a precautionary
principle, in all five case study destinations. Whilst many of the adaptation strategies outlined in this report
represent excellent business and community opportunities (best practice) and can also serve as mitigating
strategies, there are still many additional strategies that require further investigation, both in terms of their
adaptive potential and their capacity to be implemented. Furthermore, significant science and other knowledge
gaps represent risks in the adaptation approach, so more funding is required to examine other components of the
tourism-climate change space. In addition to further research on areas already touched on in this project, there
are substantial additional areas of research and policy effort that require attention in light of the findings, or
limitations, of this project.

In addition to further research on areas already touched on in this project, there are substantial additional
areas of research and policy effort that require attention in light of the findings, or limitations, of this project.

Adaptation is an on-going process and Australians have proven resilient over time to significant
natural variation in climate. Enhancement of this adaptive capacity in the face of increasing climate variability as
described in this report must, in the first instance, build on this inherent capability.

The strategies required to address both the overarching adaptive capacity and the range of individual climate
change impacts need to be tailored for each type of business and within each region. The majority of tourism
businesses are SME’s, made up of many different types of products, and the long term impacts of climate change
may be quite different from one product to another. Some businesses have built infrastructure which may be
very costly or difficult to upgrade or alter, some are mobile operators that have the capacity (over time) to amend
tour programs in response to destinational changes, and some have no physical assets (e.g. cultural walks and
talks) that could more easily transition what is being interpreted and where the product might be situated,
possibly at little or no cost.

Because tourism is one of a number of activities that occurs within communities—all of which draw on
natural resource capacities and local infrastructure—workshop participants recognised that adaptation for
tourism destinations should be part of the general community management processes. It is State and Local
Authorities that hold statutory risk management responsibilities—and need to accommodate the ongoing
integration of tourism activities within their broader mandate. Climate change adaptation (and to a lesser extent
mitigation {which might better be applied to the industry as a whole}) must be incorporated as part of the
ongoing processes of ‘destination management’ and (community /resource) ‘risk management’. To develop and
advocatea tourism focus local lead tourism agencies (STOs STICs, RTOs, LTOs) need to be proactive in
integrating destination management into Local Government statutory planning processes. The VICE framework
has provided a simple framework for integrating stakeholder views into such processes.

Government actions

e Conduct risk assessments of natural assets under climate change, develop strategies to minimise risk
around these strategies such as emergency evacuation policies.

e Promote integrated regional planning approaches across the areas of tourism, climate, agriculture, natural
resources, energy, water, infrastructure and health. Better resource local government so that it can
coordinate regional development adequately.

e Support research to improve the accuracy of the climate models; reduce the uncertainties in climate
projection at the local level, fund research and develop long term monitoring.

e Plan for and implement the high priority adaptation strategies identified from the workshops.

e Develop and implement policy for land planning, building codes and infrastructure development informed
by good research. Actions, timelines and targets need to be clear in the plans and need to be monitored
and reported on to the community.

e Provide appropriate funding for low carbon emission infrastructure development—roads,
telecommunications, wharves, airports that support the tourism industry—and use this in marketing.

e Involve the tourism industry in the development of ‘water policy’.

e Develop appropriate conflict resolution processes in anticipation of conflicts between competing users of
water resources within the region.

e Make a concerted effort to plan for water use for 2020, 2050 and 2070—this does not mean more dams
but better and more appropriate use of water that is ‘fit for purpose’ ( water recycling, changed irrigation
techniques).

e Provide information about a new carbon economy to the tourism industry so they can assess the impact
upon their business; standardised system of calculating Emissions Trading System (ETS) and ‘Carbon’
audit for the tourism industry.
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Provide incentives for best practice management to assist operators to reduce their environmental impact,
through rebates, tax benefits etc.

Develop incentive schemes to support innovation and promote ‘model’ tourism businesses and
organisations who want to succeed in adapting to climate change.

Reduce carbon footprint—hotels and restaurants required to purchase locally or pay surcharge on
products sourced elsewhere.

Adaptation strategies need to be simple, cheap, effective, and the need and the benefit clearly identified.

Operator actions

Keep-up-to-date with the latest research and adapt accordingly.

Consider how the new carbon market could impact business practices.

Reduce their environmental impact by moving to more efficient means of transport, taking up renewable
energy sources, reducing their energy consumption, improving their waste management practices and
informing themselves of future climate projections for their region.

Obtain environmental accreditation — assistance needs to be provided to operators to achieve this through
auditing, education and certification.

Diversify products to cope with future environmental and market changes.

Develop resource sharing among operators.

Build accommodation and transport needs for visitors in the next 10, 40, 60 years.

Industry group actions

Provide a tourism ‘voice’ for governments planning and resourcing the region’s future.

Develop climate change stakeholder networks across the region through which threats and opportunities
can be identified, ideas can be generated and disseminated, resources can be pooled, and priority actions
can be implemented, monitored, evaluated and communicated back to stakeholders.

Lobby governments to provide better incentives for operators to shift to ‘greener’ business practices.
Community need to continue to lobby the government for support in tackling climate change.
Communicate relevant policy changes to operators.

Produce information guides to assist small tourism operators and organisations to develop and undertake
adaptation strategies as a means of supporting regional economy.

Develop low footprint tourism—offset systems, design and adapt attitudes; change advocacy.

Develop and implement offsets or more efficient means of travel.

Develop and then market Australian destinations as ‘clean-green’—particularly targeted at international
markets sensitive to the carbon costs of travel, such as Europe.

Work with marketers, agencies and tourism operators to coordinate the region’s response to climate
change.

Undertake research into the actual and expected behaviour change of tourists (e.g. visitation behaviour
and intentions) in key markets and in response to changing weather conditions and proposed adaptation
plans.

Inform visitors about how a region is tackling climate change and promote the region’s and operators’
good business practice.

Explore opportunities where operators can work with the local community on specific adaptation projects
as a means of building relationships and support for the tourism sector.

Price product so it is competitive and affordable to attract visitors.

Tourist and community actions

Continue to monitor environmental changes, disseminate findings and encourage further research.
Understanding of the beliefs and values of local residents with the view of building support for adaptation
in the tourism sector.

Increase efficiency in the way communities and tourists live—reduce energy use, water use and carbon
footprint.

Greater education of, and communication with, the public and the tourism industry.

Understand the impact of adaptive responses on the social, economic and biophysical processes.

Social mapping exercise to see how climate change impacts the community.

Workshops and seminars to update the industry on likely impacts of climate changes and strategies to
lessen them. Use these forums to demonstrate new technologies for adaptation.
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e Continue to build resilience through strategic management of weeds, pests and fire.
e Provide training for the tourism workforce and recognise (value) the training so it is retained in the
community.
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Chapter 10

FUTURE DESTINATIONS—RECOMMENDATIONS FOR
TAKING THE APPROACH TO NEW AREAS

By Stephen Turton, Wade Hadwen, Bradley Jorgensen David Simmons and Tien Duc Pham

In addition to generating adaptation strategies and identifying capacity to respond to climate change in the case
study destinations, this scoping study also sought to identify a process through which additional destinations
might be able to proceed with their own interest in identifying and developing adaptive approaches to climate
change. To this end, the methodology adopted in this project was evaluated with a view to examine its general
applicability beyond the current set of destinations. Furthermore, and with an eye to future investigations, a
Margaret River (Western Australia) tourism and climate change adaptation project, which builds on this scoping
project, is now underway. It is anticipated that refinements of the methodological approach outlined in this report
will streamline the process for that and any other future destinations.

Taking a broader view, the methodology outlined in this report represents a defendable, sensible and timely
approach to considering adaptation strategies to climate change, with a focus on the multiple industries involved
in and influencing (and influenced by) tourism. It is felt that the approach worked, both in terms of bringing
together different interest groups across the VICE grid and in generating long wish lists of adaptation strategies
in each destination. The project team also feel that the commonality of limitations and resource needs for
adaptation strategy implementation across all destinations reflects the commonality of problems facing tourism
and allied industries in regional Australia.

The standardised approach taken to the interviews and workshops also facilitated integration at the national
scale, something that is not necessarily likely to happen when single, regionally-focused destinations are to take
up this methodology. To this end, this scoping project has revealed some strong common ground across all
destinations, even those as different and distinct as Kakadu and the Barossa Valley.

In considering the idea of whether a destination ‘toolkit’ could be developed for climate change impacts and
adaptation, the following questions were posed:

1. Can this exercise be repeated at the destination level without climatic and other scientific technical
assistance?

2. Can this exercise be repeated at the destination level without economic modelling technical assistance?

3. Can this exercise be repeated at the destination level without an independent facilitator?

Recommendations for Application of the Methodology to Additional
Destinations—A Climate Change Destination ‘Toolkit’

The experiences in applying the methodology provided in this report would obviously be interesting and relevant
to any individuals or groups hoping to undertake a similar analysis of climate change impacts and adaptation in
their regions. To this end, it is thought that other interested parties, from tourism and other destinations, will
benefit considerably from simply reading this report. Indeed, the high level of overlap in nominated adaptation
strategies, at least across the similar destinations in this study, will serve as a good pointer for new destinations,
as interested parties will no doubt be able to identify lots of relevant adaptation strategies just by reading through
those that are listed in this report.

Although the approach outlined in this report is relatively simple and easy to follow, local experts can
provide significant and highly relevant additional information. To this end, it is recommended that regional
authorities hoping to apply the methodology seek out appropriate expert advice and support, whether it be in the
form of climate science and regional projections, tourism statistics, economic data collation and modelling,
and/or assessment of relevant stakeholders that need to be engaged in the interviews and workshops.
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An additional consideration in the context of whether a toolkit could be generically applied across a wide
variety of destinations is that conflict may arise when topics covered in this project are presented, or challenged.
This will be dependent upon the stakeholder mix, the quality of the information provided and the degree of
scepticism or cynicism among the participants. While none of these problems were experienced to any great
degree in this project, it may be that a regional tourism organisation may not be the best facilitator of the
approach in light of the views held by stakeholders regarding the purpose or scope of such entities. In these
instances, an independent and potential national-in-scope facilitator, or lead team, may be required to provide a
less locally biased approach (or at least one perceived to be unbiased) to the generation of adaptation strategies.

Finally, it is evident that the approach outlined in this report is also likely to be highly relevant and applicable
to interest groups outside of the tourism sector, particularly those where multiple and sometimes competing
stakeholders are concerned. Certainly, regions with complex and significant mining, agriculture, tourism and/or
cultural identities may find the VICE grid approach to be a useful framework to identify and engage all relevant
parties in discussions of adaptation strategies and capacities within the region.

Economic modelling component

The economic modelling component of this project was obviously quite detailed and required a considerable
level of skill, experience and expertise with the TERM model. Future efforts to model the economic impacts of
climate change, including factoring in the costs and return on investment for different adaptation strategies,
would similarly require expert technical assistance and involvement. Furthermore, the economic modelling
process identified alternative models that might, in the future, be more suitable to this kind of work, although not
without considerable investment, so the relevant expertise would of course need to be sourced for this
component of the study to be implemented in new destinations.

Given the considerable level of investment and expertise required to model the economic impacts of climate
change, it is suggested that a modified and much simpler approach could perhaps be applied to new destinations,
which focuses only on the regional economy and does not relate it to national level economics. This approach
could potentially be done regionally, with relatively little technical expertise, but it still does not get around the
problems of assuming future tourism activity / volume. Furthermore, scaling up the impacts beyond the regional
scale would not be possible using this approach. To examine the applicability of this regionally focused
economic modelling, there is scope to explore a less sophisticated economic model in the forthcoming Margaret
River case study.

Whilst the economic bottom line is an important component of climate change adaptation and impacts and a
powerful political tool, regional stakeholders and interest groups are probably able to engage in the non-
economic component of this study without too much external assistance. The absence of an economic modelling
component may detract from the study in the eyes of some parts of the community and political circles, but it is
felt that the process of including all relevant parties and discussing adaptation strategies and their
implementation is a necessary first step in responding to the challenge of climate change. Furthermore, since
climate change is likely to have adverse economic outcomes throughout Australia (either due to local or national
schemes and responses, like the Emission Trading Scheme), identifying adaptation strategies and implementing
them as soon as possible will almost certainly result in a net gain in resilience and profitability for any given
destination. To this end, the non-economic component of the study would certainly be a worthwhile exercise in
any destination, across any sector, as it currently stands.

Who can run this process at new destinations?

The approach taken in this project is logical, straightforward and relatively easy to apply. As a result, the
approach is likely to be generically applicable to sectors beyond the tourism sector. Local agencies or individuals
wishing to implement this approach may do so as the methodology currently stands (at least for the non-
economic component of the study), but who that group or individual is will likely be different for each new
destination. One suggestion has been for substantial local government involvement, since they invest heavily in
tourism at the regional scale and, increasingly, also have climate change and/or sustainability officers. However,
depending on the size of the region/destination and the sectors involved in the interviews and their relationships
to the local council, these local government bodies may not be the best drivers of this process. Indeed, the project
team’s experience has been that implementation of the approach used in this study will ultimately be dependent
on the will of all of the relevant parties (across the VICE grid). It is suggested that the level of scepticism and
engagement of these parties is best assessed during the semi-structured interview phase of the project, whereby
the lead individual or organisation can determine the need, or otherwise, for an independent body or facilitator to
become involved in the process. From the project team’s experience, some destinations have good links across
VICE grid groups and the trust that already exists in these relationships will likely enable a single agency to run
the process. However, in destinations where vested interests or high levels of scepticism exist, it may be in the
best interests of the project goals to engage with an independent facilitator and/or research team to ensure that all
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stakeholders feel equally engaged and are willing to contribute to the process without fear of misrepresentation
or distrust.

At this point it should be highlighted that decisions on who should lead the process in new destinations do
not need to be made before the process starts. Indeed, one of the purposes of the semi-structured interview phase
is to identify whether engagement, across all VICE grid groups, is sufficient to get the right individuals, with the
right attitudes, engaged in the project and its intended outcomes. The person or persons conducting these
interviews should therefore be able to determine whether independent facilitation will be required at this early
stage of the process. For this to be achieved, it may be necessary for the interviewer to be trained up to a level at
which informed and objective conclusions about this matter can be made. In cases where it is deemed that
independence is required, it may be that a national body (and certainly not a parochial regional), like the STCRC,
may provide one option for outsourcing these activities.

How might the methodology be improved?

Although the methodology developed and implemented in this study worked quite well, there are some areas that
could be improved, both to link various aspects of the study together more and to streamline the process.
Specifically, there are four aspects that could be immediately improved to yield tighter and more rigorous
conclusions, as follows:

1. The semi-structured interviews and the workshops could be more closely aligned. The experience here
was that the interviews yielded a lot of very useful and interesting information that did not end up feeding
into the design and discussion at the workshops, or make it into this report. Some of this information
would likely be highly relevant to climate change adaptation strategy implementation and adoption, so
efforts could also be made, post project completion, to ensure the delivery of all relevant information to
all of the parties involved.

2. The link between the economic and non-economic components of the project was not well described or
articulated. Although this ensures that these components can run independently of one another (and the
non-economic component can certainly be a useful exercise without the economic activity being
undertaken at all), one way that the link may be strengthened would be to generate the shock information
for the time-steps of interest at the workshops. Specifically, this would require stakeholder engagement
and response to the climate change threats and would also no doubt generate interesting discussion across
all VICE grid groups as to how they each see climate change influencing their own and the collective
economic scene.

3. In this study, the Victorian Alps case study destination adopted a different methodological approach,
which not only made comparisons with the other destinations impossible, but also lead to a restricted
identification of adaptation strategies (which was the key focus of activities in the other destinations).
This lack of comparability and absence of adaptation strategy suggestions strongly supports this project’s
call for the adoption, across all future studies, of the methodology outlined in this report for the other four
destinations.

4. The project team notes the difficulties in getting their collective heads (and the heads of workshop
participants) around the long time lines (i.e. most, if not all, will be deceased by 2070). On the basis of
these difficulties, the suggestion for the Margaret River case study is to present three scenarios without
timeline labels, along the lines of the Scott et al. (2007) approach. Taking time out of the consideration
should make responses easier, even if the workshop attendees are able to easily determine that the more
extreme scenarios represent impacts that are anticipated over longer periods.

Knowledge Gaps and Future Research

The findings and the limitations of this project have identified a number of areas that require further research
effort to enhance the development and discussion of climate change adaptation in regional Australia. Some of the
research needs revolve around the desire, among interview and workshop participants, for improved regional
projections and predicted impacts on biophysical components of the landscape. Others are more socioeconomic
in nature and include aspects of tourism demand, including how visitors (tourists), communities and economies
are likely to respond to climate change. Although not exhaustive, some obvious topics for further investigation in
the realm of destination-based adaptive strategies include:

e Creating better, more regionally specific climate projections (tourists are generally mobile within a
regional destination and broad effects mapping may not take account of local variations and tourist
behaviour, e.g. coastal cooling breezes vs. inshore heating).
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More specific timeframes for climate change impacts.

Determining how landscape is likely to change.

Ecological impacts of climate change upon wildlife.

What visitors want out of the regional experience and how climate change will impact upon their
experiences.

Technologies to help mitigate and adapt to climate change.

Information about available incentive schemes.

Investigate overseas examples of best practice management.

How to become green and clean.

Better current economic data about the value of tourism to the region.

More information about health impacts.

More information about human and tourist comfort indices (HCIs / TCIs) and how these might predict
behaviour (residents, staff, tourists).

Explore opportunities for product development that ‘weather proof” core tourist experiences.

Analysis of the economic impact of Emissions Trading System / Carbon Pollution Reduction Scheme,
trends, costs of adapting.

How to improve resource efficiencies in tourism—and how to demonstrate such (clean and green) brands.
Technologies to help mitigate and adapt to climate change.

Information about available incentive schemes.

Investigate overseas examples of best practice management.

Better interpretive information.

Better current economic data about the value of tourism to the region.

Adoption of new practices will require:
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Confidence that the climate is really changing and that increased variability in climate is part of the
process.

Motivation to avoid risk or take up opportunities.

Demonstration of new technologies.

Transitional support from government.

Effective monitoring and evaluation.
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APPENDIX A: SHOCKS TO DRY-LAND GRAINS PRODUCTION

Table 17:  Shocks to MMRF for dry-land grains production in the MMRF industry Grains
Direct impact in MMRF: Change in all primary factor usage

Year NSW VIC QLD SA WA TAS NT ACT
2020 -5.7 -10.1 -1.0 -0.5 -9.8 - - -
2050 -11.3 -11.5 -1.2 3.7 -14.2 - - -
2100 -0.4 20.0 24 20.2 1.1 - - -

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

241



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS

APPENDIX B: DATA USED IN THE UNMITIGATED SCENARIO
FOR CRITICAL INFRASTRUCTURE

Table B1: The effect of weather condition on capital usage by private coastal dwellings
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.126 0.106 0.126 0.126 0.133 0.104

2050 0.090 0.071 0.092 0.092 0.097 0.075

2070 0.074 0.066 0.077 0.087 0.080 0.069

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B2: The effect of weather condition on capital by commercial coastal dwellings
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.076 0.055 0.085 0.075 0.085 0.065

2050 0.054 0.036 0.062 0.055 0.062 0.046

2070 0.045 0.034 0.052 0.051 0.052 0.043

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B3: Changes to Construction Services used by private dwellings
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.326 0.326 0.326 0.217 0.145 0.123

2050 0.202 0.192 0.299 0.171 0.130 0.109

2070 0.138 0.129 0.235 0.138 0.129 0.106

Source: Derived from Table 22, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B4: Changes to Construction Services used by commercial property
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.149 0.123 0.179 0.107 0.082 0.056

2050 0.092 0.072 0.164 0.085 0.073 0.049

2070 0.063 0.048 0.129 0.068 0.073 0.048

Source: Derived from Table 22, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
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Table BS: Changes to capital expenditure in Electricity industry

Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent
2020 0.048 0.028 0.069 0.046 0.015 0.022
2050 0.056 0.031 0.092 0.054 0.039 0.039
2070 0.052 0.027 0.091 0.047 0.040 0.044
Source: Derived from Table 23, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
Table B6: Changes to intermediate usage of Matal Products by Electricity industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.041 0.019 0.054 0.024 0.007 0.011
2050 0.025 0.010 0.037 0.015 0.007 0.009
2070 0.018 0.008 0.037 0.011 0.008 0.012
Source: Derived from Table 24, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
Table B7: Changes to intermediate usage of Equipment by Electricity industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.113 0.080 0.142 0.159 0.062 0.069
2050 0.067 0.045 0.097 0.095 0.064 0.055
2070 0.051 0.036 0.099 0.071 0.074 0.071
Source: Derived from Table 24, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
Table B8: Changes to intermediate usage of Construction Services by Electricity industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.099 0.056 0.122 0.098 0.035 0.043
2050 0.059 0.031 0.083 0.059 0.037 0.034
2070 0.044 0.025 0.085 0.044 0.043 0.044

Source: Derived from Table 24, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
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Table B9:  Changes to capital expenditure in water supply infrastructure
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.117 0.185 0.104 0.356 0.026 0.296

2050 0.084 0.133 0.075 0.247 0.063 0.210

2070 0.049 0.089 0.043 0.156 0.090 0.141

Source: Derived from Tables 25 and 26, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B10: Changes to intermediate usage of Matal Products by Water Supply industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.089 0.151 0.081 0.191 0.049 0.165

2050 0.040 0.075 0.041 0.094 0.029 0.085

2070 0.017 0.033 0.019 0.042 0.014 0.039

Source: Derived from Table 27, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B11: Changes to intermediate usage of Equipment by Water Supply industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.021 0.055 0.018 0.104 0.035 0.081
2050 0.009 0.027 0.009 0.051 0.021 0.042
2070 0.004 0.012 0.004 0.023 0.010 0.019

Source: Derived from Table 27, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B12:  Changes to intermediate usage of Construction Services by Water Supply industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020 0.024 0.051 0.021 0.088 0.027 0.069

2050 0.011 0.025 0.010 0.043 0.017 0.036

2070 0.005 0.011 0.005 0.019 0.008 0.016

Source: Derived from Table 27, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
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Table B13: Changes to intermediate usage of Electricity Industry by Water Supply Industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.005 0.016 0.006 0.037 -0.002 0.038
2050 0.006 0.020 0.008 0.043 -0.004 0.041
2070 0.006 0.017 0.008 0.035 -0.005 0.031
Source: Derived from Table 28, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
Table B14: Lower Productivity in Water Transportation - Port Downtime
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020  0.00047 0.00048 0.00074 0.00030 0.00186 0.00092
2050  0.00039 0.00040 0.00082 0.00025 0.00185 0.00089
2070  0.00033  0.00034 0.00073  0.00021  0.00233 0.00082

Source: Derived from Table 29, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B15: Higher capital expenditure in Water Transportation
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.00058 0.00063 0.00056 0.00018 0.00101 0.00069

2050 0.00077 0.00073
2070 0.00059 0.00054

0.00084 0.00024
0.00074 0.00020

0.00135 0.00092
0.00159 0.00081

Source: Derived from Table 30, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B16: Higher Input usage of Matal Products in Water Transportation
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent
2020 0.00075 0.00078 0.00065 0.00028 0.00142 0.00092
2050 0.00058 0.00061 0.00057 0.00023 0.00119 0.00072
2070 0.00031 0.00033 0.00037 0.00013 0.00101 0.00047

Source: Derived from Table 31, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
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Table B17: Higher Input usage of Equipment in Water Transportation
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent

2020  0.00218  0.00214  0.00220  0.00091 0.00439  0.00265
2050  0.00169  0.00166  0.00195  0.00076  0.00366  0.00209
2070  0.00092  0.00090  0.00127  0.00043  0.00311 0.00136

Source: Derived from Table 31, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B18: Higher Input usage of Construction Services in Water Transportation
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent

2020 0.00012 0.00013 0.00010 0.00004 0.00023 0.00016
2050 0.00010 0.00010 0.00009 0.00004 0.00020 0.00012
2070 0.00005 0.00006 0.00006 0.00002 0.00017 0.00008

Source: Derived from Table 31, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B19: Heat Impact on Labour Productivity in Construction Industry
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent

2020 0.00073 0.00148 0.00039 0.00326 0.01782 0.00372
2050 0.00134 0.00271 0.00157 0.00422 0.05204 0.00600
2070 0.00385 0.00419 0.00861 0.00632 0.05807 0.00957

Source: Derived from Table 38, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B20: Heat Impact on Labour Productivity in Mining
Annual average growth rates
Year NSW VIC QLD SA NT ROA
per cent

2020 0.00000 0.00067 0.00000 0.00067 0.00400 0.00094
2050 0.00044 0.00067 0.00044 0.00111 0.01241 0.00126
2070 0.00105 0.00105 0.00210 0.00168 0.01422 0.00189

Source: Derived from Table 39, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008
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Table B21: Heat Impact on Labour Productivity in Agriculture

Annual average growth rates
Year NSW VIC QLD SA

NT

ROA

per cent
2020  0.00067 0.00133  0.00067  0.00333
2050 0.00133  0.00289 0.00156 0.00444
2070  0.00399 0.00431 0.00839 0.00672

0.01665  0.00458
0.04946  0.00676
0.05578 0.01040

Source: Derived from Table 40, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

Table B22: Heat Impact on Labour Productivity in Manufacturing

Annual average growth rates

Year NSW VIC QLD SA NT ROA
per cent

2020  0.00067  0.00067  0.00000  0.00200  0.00866  0.00165

2050  0.00200  0.00400  0.00200  0.00666  0.07494  0.00824

2070 0.01266 0.01399 0.02662 0.02130 0.17907 0.02818

Source: Derived from Table 41, Economic Modelling Paper 4,
Garnaut Climate Change Review, 2008

247



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS

APPENDIX C: SHOCKS CALCULATIONS

We take TNQ domestic visitor for example to explain how shocks are calculated. Given the annual average
growth rate of 1.84%, by 2020 the number of visitor nights would increase to 1.3145 from the base of 1 initially.

(1+0.0184)"°=1.3145
Assuming 10% in crease above the reference case would give us an index of 1.446
1.3145%1.1 = 1.446

Given the index of 1.446 by 2020, the implied annual average growth in for 15 years by 2020 would be

J1.446 —1=0.0249 or 2.49%
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