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ABSTRACT

This study investigates the economic impact todfisds and associated sectors if wild fisheriesinastoperating to
2030 without considering the effects of climatera Estimates of climate change impacts in Auamdisheries
and their associated probability distributions wdegived from the literature and expert consultaioAn Input-

Output model of the Australian economy was usedet@rmine the flow-on effects of these impacts. tddbarlo

simulations were undertaken on the basis of thecit®d uncertainties to climate change predictidie results
present a baseline for evaluating the benefitsinfré climate change adaptations. The results,dbagen the best
available biological projections, indicate most &Kaban fisheries considered may in fact see econdenefit as a
result of climate change by 2030. Adaptation sgjigte should consider minimising losses and maximngizhe

benefits that could be brought by climate change.
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INTRODUCTION

Climate change has already modified the atmosplagridcoceanographic conditions on the planet (IPZDOY). In
turn, these physical changes have resulted in &sog biology, including distribution, abundancleempology and
physiology (IPCC, 2007; Parmesan and Yohe, 2003seRoweiget al., 2008). These changes have been
documented for land and sea, for exploited and exgueited species in many countries and oceans. An
understanding of the implications of these chanigesdependent economic systems is critical in [i@ng
resource allocation to facilitate adaptation resesn

Preliminary prediction of climate change impactstib@ abundance of exploited species in Australicate both
positive and negative production benefits for freb®e (Hobdayet al., 2008). For example, in the north, banana
prawn catches could increase with the predictealinssea level and increase in rainfall, while tiggawn catches
are expected to decline due to a likely increagbeénfrequency and intensity of cyclones (Rothlighat al., 1988).
The rock lobster fishery in Western Australia lely to benefit from warmer water temperature, ttt influence
on recruitment from a weaker Leeuwin current is lesrtain (Caputi, 2008). However, despite a nunolbstudies
attempting to assess the likely consequences wiatdi change for major fisheries in Australia, nopasider the
follow-on effects these impacts will ultimately lawen fishers, fish farmers, the industries supglyimputs to the
fishery (i.e., equipment), those industries demagdish products (i.e., processors) and consuntargher, the
existing studies focus on a particular area orefighso an overall picture of the impacts of cliemahange needs to
be presented.

Australia specializes in high-value, low-tonnagehéiries such as; lobsters, salmon, abalone, ard Tigtalling
over AU$2 billion in 2006-07 (including aquacultif@BARE, 2008) and primarily located in coastatéas outside
major metropolitan centres, Australia’s fisherige a significant local primary industry. Changesfigheries
production will impact the profitability of the figries and fishers’ wages. This in turn will hauesequent flow on
effects to the rest of the economy since fishend’ adjust their demand for other products accogtiinto their
income. Similarly, wild and farmed fishing indussiwill adjust their supply of fisheries productelalemand for
other products to and from suppliers respectivelgathding on their level of production. This willMeasubsequent
flow on effects in terms of production, incomes @maployment to these other industries.

Despite the complexity and uncertainty associatétth wdentifying the impact of climate change onhfisies
(Brander, 2009), two things are certain: (1) a needuantify what these changes might mean in eoanterms
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should fishers and fish farmers carry on with besgas usual; and (2) the necessity to considategies for
adaptation to mitigate any potential losses, andti@tegies to maximise benefits.

The purpose of this paper is to address the firthese questions, and to do so, the analysis sdnuthree steps.
The first step is to consider available biologipabduction predictions, and their associated uaadies, of the
impact of climate change on Australian fisheries2080. The changes expected in the global clima0B0 are
largely independent of the particular climate clesgenario, as the future climate is “locked insdxh on the
release of greenhouse gases to date (IPCC 200&)sddond step is to link the productivity predicticand their
uncertainties to an Input-Output model of the Aaigin economy in order to determine the broademnewctc

impact of these changes. The final step is to camtyMonte Carlo simulations on impacts of climatltange on
fisheries in terms of fishers’ wages, the fishergfipability and the flow on effects to other sewtdn the economy.
Our results will quantify and illustrate the ecoriomecessity (or otherwise) for adaption at thédry level, and
will also provide a ‘baseline’ scenario against ethcosts and benefits of strategies for adaptiorbeacompared.

Australian fisheries and predicted climate change effects

The Australian fishing zone is one of the largesthie world, covering an area of over 8 million agukilometres.
It is also extremely diverse, including tropica&imperate and cold water marine systems. The lasgecavered by
Australia and the different systems allow a widage of wild and farmed fisheries that are valuatolethe
economy. This study has grouped all Australia’sdwihdustries into 10 groups based on similarityweetn
fisheries, geographic spread, availability of dated economic value (Figure 1, Figure 2).

Figure 1. Value of production, Australian fisheries 2006sbirce: (ABARE, 2008)
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The wild fisheries include the rock lobster fishewhich is geographically spread throughout Augrahd is the
most valuable, accounting for 20% of total fishenievenue in 2006-07. The tuna fishery includeset&tern and
western tuna and billfish fisheries, southern biluédna and the skipjack tuna fishery. Of this, g@stern tuna and
billfish fishery (ETBF), which has the highest taige of catch (Hohneet al., 2008), is considered as a separate
group to the other tuna. Another fishery (sharksjude the large pelagics (mainly sharks) caughtheygilinet,
hook and trap sector. The range of inshore demspgaies and other mid-trophic level finfish hasrbgrouped as
“other finfish”. The prawn fisheries have been dedl into tropical and temperate (Figure 2). Thelat®m and
sardine fisheries are mainly fished in the souttregions and in smaller numbers in the West (Fig)re=inally,
“other mollusc and crustacean” fisheries aroundtralia have been grouped into a single group.
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Figure 2. Approximate location of wild fisheries
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All wild and farmed fish are physiologically adagtéo particular environmental characteristics. Thiigh in

Australia’s northern regions are adapted to warih @msistent tropical conditions, whilst fish frahe southern
regions exist in a cold temperate climate with redreasonality. Whilst fish can adjust to climaaeiation over
time, current physical trends predict conditionssale the bounds of previous experience due toaténchange
(Brander, 2007). These changes are expected to $ewere impacts on fisheries in Australia and efszes
(Hobday et al 2008; Allison et al 2009). We brieflgscribe the predicted physical changes for differegions
around Australia, as context for the expected chaimya number of Australian fisheries.

There is little difference in the predictions oblghl warming between mid-range and high-range (A$Eé&narios
for 2030 (IPCC, 2007), since the warming over titae scale is largely predetermined due to gasesdy in the
atmosphere. Hence, we describe general changestedpender emission scenario A1B in the Austratiegion
based on the CSIRO Mk 3.5 climate model (Hobeasi., 2008). This model, the only Intergovernmental é?ari
Climate Change (IPCC) model constructed in the ISmuat Hemisphere, suggests that by 2030 waters @roun
Australia will warm by 1-2C with the greatest warming off south-east Ausiradicidity (pH) will decline around
Australia by around 0.1 units. Rainfall will, onexage, decrease by 0 to 5% over most of Australibpugh the
frequency of storms throughout the country andayes$ in the north is expected to increase. Sediepeojected
to rise by 0.3-0.5 m around Australia (Hobdaal., 2008). The strength of the East Australia Curreill also
increase, however, the behaviour of the west dasstiwin current is less certain. Overall, Australisouth eastern
fisheries are expected to be most affected by dmitgwater temperature; northern fisheries by ghairin rainfall;
and western fisheries by changes to the LeeuwirestufHobdayet al., 2008). Further, fisheries, for higher trophic
level species (e.g. tunas), will also be indireattypacted by climate change through flow on effémisn primary
producers (Browret al., 2010).

The specific impact that climate change will hawediferent fisheries is difficult to quantify due several reasons.
First, the uncertainties surrounding global warmimgdictions and in particular those for specificdtions,
especially for variables other than temperatur€@P2007). Second, the difference in resilience telance of
different species to the physical variables (g#l, currents, temperature) that are expected tp wath climate
change (Brander, 2009). Third, the potential coxipfeof changes to species interactions and ecesygirocesses
(Brander, 2009). Fourth, the impact of other pressusuch as fishing mortality, pollution etc, tie sensitivity of
marine systems to climate variability (Brander, 20@erryet al., 2010; Planquet al., 2010). By focusing on
shorter-time frames, however, predictions of thgspdal and biological change and hence economiaatgpare
possible. Such estimates, however approximateneeded to allow managers, fishers and policy makeggin to
plan for a changed future.
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METHODS

Evaluating the impact of climate changeto wild fisheries production

In order to estimate the economic impacts of clenadtange, we assume the management of Austratiaeries
operate in 2030 in the same way as they do toda&yth&h carry out the economic analysis in thregsst€he first
step requires estimates of the impacts of climh#ge on Australian fisheries production, and 8soeiated
uncertainties. Then, we develop an input-outpute@htalestimate how the climate change impactssteefies will
affect other sectors in the economy given the ebgoechanges in the fishing industry. Finally, wa Monte Carlo
simulations using the input-output model to consttie effects of the uncertainties associated thighclimate
change predictions and their impacts.

The set of existing studies investigating changesustralian fisheries production due to climatamge generally
focus on one or several key physical variablegémh fishery. The physical variables considered witsn are
temperature, winds and currents, rainfall, acidiiicn, sea level changes and extreme weather gomsliBoth
direct and indirect impacts from these variabledisimeries production are considered, the lattisiray from the
flow on effects from primary producers (e.g. phyamixton) to fisheries, which are located at higinephic levels.
The key assumptions used in the analysis and @ssociated uncertainties based on the availaldéestare

presented in the Appendix, Tables A1-A3

Input-Output model and data used to generate the Input-Output Table

The impacts on the broader economy were derivatyusput-output (I-O) analysis, which is based & general
concept of economic multipliers. For example, thptare of fish by fishers requires inputs such as food, ice,

fuel, boats, insurance, etc. In turn, the manufaectuof these other goods will need to buy goodsnfitheir

suppliers and so on, thereby creating a so-callgitiptier effect. The flow of goods and services Yalue) between
all the individual sectors of an economy over aestgoeriod of time (usually a year) is summarisedan 1-O

transaction Table. This table is the base of tBenhodel and it is defined in terms of a seriesqpfagions, given as:

Zs‘mj +Y =X (i=12..9) (1)

wherex; is the proportion of total production of indusirghat is sold to industry as an intermediate input into
industryj, Y; the sales from industriyto final demandy; the total sales of industiy ands the number of industry
sectors. In matrix form, this can be expressgd a®y) X =Y . The level of production in each sector can thoreef

be determined by =(I - A)Y, wherez = (| - o) is the Leontief inverse. The income multiplig) {s defined as

the total income generated in all industries ind¢henomy as a result of one extra dollar of incamtihe industry
being studied. This multiplier is given by:
S
2w

= @
Wherebij is the elements in the Leontief inverse matrix akhshows the direct, indirect and induced effect in
industryi of a one-unit change in final demand from indu$t® is the initial (direct) effect antl, is the wage
coefficient, which is the ratio of total wages industryi to total sales in the same industry.

The 1-O model was derived from the latest natiok@l table available (2004-05), produced by the Aalgn
Bureau of Statistics (ABS). The 109 sectors inABS national I-O table were aggregated into 10@s¢iand the
fishing sector (one of the 10) was disaggregatemi6 sectors (10 capture fisheries and 6 aquaedltwe focus in
the 10 wild capture fisheries in this paper. Theadgregation of the different fisheries sectors bhased on the
values of production, potential differences in iisadue to climate change, cost structure inforonadnd the
distribution of production to other intermediatetees and final consumers.

ANALYSISAPPROACH

We use Monte Carlo simulations to incorporate uadeties surrounding the predicted climate chanffects to
fisheries production by 2030 into the Input-Outpuddel. Each simulation is run 1000 times to allaw fandom
changes to fisheries production caused by likeisnatic changes to physical variables (e.g., temtpega The
impacts of changes to physical variables on figlseproduction are uncertain, but can be constramedprobable
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range of values (See Appendix, Tables A1-A3). Tees for each simulation run we drew a value framniform
distribution spanning the possible range around“dest estimate” for each physical variable. Thase then
aggregated across the set of key variables to rolatai estimate of the overall impact for each fighérhe
production changes for each fishery are then fed the input-output model to obtain for each of @00
repetitions along with the fishers’ wages, the pability of the fishery and the economic multiplief every
fishery. In addition, these parameters were caledlfor the base year (2004-05).

RESULTS

Income multipliers of Australian fisheries

The estimation of the income multiplier from thepit-Output table has allowed quantifying for thestfitime, the
impact that changes to fisheries income, due toatk change, will have to the Australian econontye ihcome
multiplier for the 10 wild fishing sectors for thase year (i.e. 2004-05) and the climate changeasice(average of
the 1000 repetitions) are given in Table 1. From llhse model, for each Australian dollar spent ages by the
ETBF there will be a total of $4.67 respectivelyimcome generated by other sectors in Australiath@3famount,
$1.00 is solely the result of a direct change icome for the ETBF; the rest ($3.67) represent thdit@nal

production induced and consumption induced effecttether sectors of the economy. A value greatan ttwo

implies that the induced effects (both productiod aonsumption) of a change in income (dependingvioat the

multiplier measures) are greater than the dirdete.

Table 1. (Type 2)Income multipliers in the scenario analysis

Fisheries Base year (2004-05) Average Climate Change effects
Sharks 2.12(a) 2.04
ETBF 3.23(a) 281
Tropical prawns 3.24(a) 2.94
Other finfish 3.34(a) 3.39
Abalone 231 2.70
Rock lobster 2.61 2.54
Other Tuna 2.76 2.61
Sardine 2.09 1.97
Temperate prawns 2.45 2.30
OtherC& M 2.98 2.89

(a) The capacity of the fishery has been reduced tooxppate the reduction achieved after (2004-05)

Income effects of climate change to wild fisheries, other sectorsand the overall economy

In Table 2, the average income effects to fishefwemges and profits), other sectors (induced ingothe whole
economy (total for all sectors) and the net incainenges between our base year (2004-05) and thatelichange
scenario are presented. The production and congumiptuced income effects to the economy werevegid by
multiplying the wages obtained in fisheries (fromible 2) by the appropriate income multiplier (frdable 1), after
the direct impact had been subtracted (value dfdih the multiplier. The values in the climate charscenario
represent the average from the 1000 repetitionthénMonte Carlo simulation. Furthermore, the cagdfit of

variation has been included in Table 2 to indi¢htedispersion between the simulation results.

Table 2. Economic benefits to wild fishers and other sefoithe different scenarios

Base year Average Climate  Coefficient of

Wild Fisheries Income effects (2004-05) Change effects  variation (CV)
Fisheries Wages 14.9(a) 18.0 13%
Fisheries Profits 24.2(a) 30.4 16%

Sharks Induced Income 16.7(a) 18.7 8%
Total 55.9(a) 67.1 13%

Net Income 121

ETBF Fisheries Wages 7.5(@) 10.2 11%
Fisheries Profits 18.0(a) 28.8 16%
Induced Income 16.7(a) 18.5 4%
Total 42.2(a) 57.5 11%
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Net Income 16.1
Fisheries Wages 55.2(a) 67.9 4%
Fisheries Profits 32.6(a) 66.5 10%
Tropical prawns Induced Income 123.6(a) 131.9 1%
Total 211.4(a) 266.3 4%
Net Income 58.6
Fisheries Wages 80.4(a) 78.0 28%
Fisheries Profits 46.7(a) 36.3 157%
Other finfish Induced Income 187.9(a) 186.3 8%
Total 315.0(a) 300.7 32%
Net Income -12.2
Fisheries Wages 49.8 31.0 5%
Fisheries Profits 153.7 78.1 9%
Abalone Induced Income 65.0 52.8 2%
Total 268.5 161.9 6%
Net Income -106.6
Fisheries Wages 143.4 154.8 10%
Fisheries Profits 124.5 144.1 19%
Rock lobster Induced Income 230.9 238.3 4%
Total 498.8 537.1 9%
Net Income 38.3
Fisheries Wages 10.2 11.9 13%
Fisheries Profits 4.4 7.4 35%
Other Tuna Induced Income 18.0 19.2 5%
Total 32.7 38.6 13%
Net Income 5.9
Fisheries Wages 8.1 11.0 11%
Fisheries Profits 15.2 20.9 11%
Sardine Induced Income 8.8 10.7 7%
Total 32.1 42.6 10%
Net Income 10.5
Fisheries Wages 10.9 135 3%
Fisheries Profits 16.1 21.6 4%
Temperate prawns Induced Income 15.8 175 1%
Total 42.7 52.6 3%
Net Income 9.9
Fisheries Wages 32.2 34.4 1%
Fisheries Profits 52.4 58.7 1%
OtherC & M Induced Income 63.7 65.1 0%
Total 148.3 158.2 1%
Net Income 9.9

(a) The capacity of the fishery has been reduced tooxppate the reduction achieved after (2004-05)

For all fisheries (Table 2), direct income effesteges and profits) and production and inducedrreeffects have
increased when assumed climatic changes increaskeriés production and vice versa. In particufahers
(wages) and induced income have increased theimts sardine fishery, with an increase of 36%r(fr8.1 to 11
million) and 22% (from 8.8 to 10.7 million) resprelly (Table 2). Fisheries profits have grown thestnin tropical
prawns, where profits more than doubled compardbadase year. Wages and induced income havénaleased
but not nearly as much as profits. This is likelybe due to the recent reduction in capacity thatreduced inputs
into the fishery to maximise profits.

The average net income effects (Table 2) and tbecéted variations for the wild fisheries are préed in Figure
3. The variation arising from the Monte Carlo siatidns in our climate change scenarios highlightuhcertainty
surrounding the climate change predictions. In ganelimatic changes to wild fisheries could béntife overall
economy with the exception of abalone and finfishparticular, the abalone fishery could experiette largest
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loss (-A$106million; range -$A89 to 131 m). Whitsbpical prawns could achieve the largest gain @\ range
A$22-87 m).

Figure 3. Average, net economic effect to wild (in white Haasd farmed (in grey bars) fisheries from climate
change (minimum and maximum presented in error)bars
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Figure 4. Average % change to wild (in white bars) and farnfedgrey bars) fisheries from climate change
(minimum and maximum presented in error bars)
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The percentage change between the average totabmeo gain (fishers’ wages, fisheries profits anduced
income) in the base year and the climate changeasceand the associated variations between th@mam and
maximum values are presented in Figure 4. The tiamicoetween the 1000 repetitions in our climatande
scenarios highlight the uncertainty surrounding thimate change predictions. The largest economiavth in
percentage terms are observed in the ETBF andngafidheries. In particular, the ETBF followed Ihetsardine
fishery could experience the largest percentagavitrd39% and 34% respectively). However, uncerianbn
climatic effects could vary growth between 21% &28&6 in the ETBF and 6% and 60% in the sardine fishe

DISCUSSION

Here we have investigated the net economic imgeatdlimate change may have on Australian wilddigs in
2030, if current management strategies in thedeifiiss continue and fishing capacity is held coristh current or
MEY levels. The results are important to fishemeanagers and policy makers since they highlightpibtential
benefits and losses to fisheries and other sedtothe economy if future climate change adaptatiars not
considered. This study provides a reference paintfiiture studies assessing economic benefits asts of
adaptations to climate change.

The uncertainties surrounding physical predictitlasye motivated this study to concentrate in 203@®esithe
changes to physical variables (e.g., temperaturigitya etc) for this time period are expected to the same
independently of the greenhouse gas emission sogil@CC, 2007). However, there are further undetiss as to
the impact that changes to physical variables kalle on individual species’ growth, reproductiomgriality and
behaviour as well as different species interactioth ecosystem responses (Brander, 2009).

This study used scenarios based on available pi@uctogether with their associated uncertairtitesstimate the
impact that changes to physical variables will hameAustralian fisheries production. These predittiwere then
incorporated into an input-output model of the Aakan economy and the associated uncertainties sietulated
on the basis of that model. This has allowed usottsider the direct impacts that climate changddcbave on
fisheries, the flow on effects to other sectorshef economy and the overall gain or loss to theeety overall (net
economic impact).

The specific impacts that climate change could dotia individual sectors would vary between wildhisies

depending on whether the sum of the physical ingpéaxtindividual species increases biomass growth\ace

versa. Overall, climatic changes to the sardinieefig could bring the largest growth to fishers’ wa@nd induced
income whilst profits could grow the most in trogligprawns. Bringing all the sectors together, irrage, the
ETBF, followed by the sardine and tropical prawshéry will grow the most while the abalone fisheiilf decline

the most. Nevertheless, high uncertainty levelsha predictions could vary the results. With resgecthe net
income value to the economy, climatic changes tiol fisheries could bring benefits with the exceptiof the

abalone and other finfish fisheries. In particuthe abalone fishery could bring the biggest nehemic loss to the
economy. This loss almost doubles the net econgaiit from the tropical prawn fishery which is thgdest gain,
in absolute terms, to all wild and farmed fisheries

The results from this study can be used as a Inasfdi evaluating the benefit of adaptation optidwevertheless,
decisions should be made carefully, as the uncaigai for many fisheries are large due to the dcmrable
uncertainties associated with the climate changgeptions. As a general rule of thumb, adaptatimndisheries
experiencing losses should be considered a pridrigy, wild abalone). Furthermore, those fishettiest could
experience large gains or losses due to substamiiglrtainty levels (i.e., rock lobster, otherish should also be a
priority. Finally, the design of measures to ad@ptlimate change should also consider fisheriggeting gains
(i.e. wild tunas). This is because adaptations mall only allow minimising losses but also maximgsihe benefits
obtained from climate change.
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APPENDI X
A.l. Assumptions and data sour ces used in the analysis
Fisheries Errl)r(]jqﬁct Uncert. Specific spp Temp. Uncert. Winds/ Currents Uncert. Acidification  Uncert.
2 +1% -40 (£5%) 0 (-3%,0%)

Predictions fronBrown
et al.(2010). The stud'

80% mortality ofH. tuberculata due to L . s ¢ th
virus V. harveyi at 18°C or higher No estimates identified OWer Impacts In crustaceans than

H. rubra
Abalone does not provide (Traverset al., 2009). If similar impac ?:quI(I:Lijfisé:asti(ociloicr)]I%y ;2?323“%/(’)22009)'
uncertainty values sa in Australia, all locations affected exc level= 450p0m isy3°/ (Gafeaﬂal
assumed + or - 25% Tasmania (which represents 50% ¢ 2007; PP 0 "
from predictions production) '
10 (£3%) -12 (£12%) 0 (-3%,0%)
. . . Assumed the weakening of the LC will lead
Average increase in catches foIIowmgto catches between vrs with weak LC
P.cygnus  an extra 1C in WA has been calculate N y i _
. . o (pessimistic) and average LC (optimistic). Same explanation as above
from 8 locations and their deviations h diff hs obtained
from Lestang et al(2007) Catches at. ifferent LC strengths obtaine
' from Caputi (2008)
4 1%
9 (-44%, +59%) Also included in Pecl et al (2009) 0 (-3%,0%)
Rock lobster J. edwardsii Average Tasmanian East Coast Rock Lobster catiiiwiolg CC (A1B1) to EAC, .
temperature, competition with sea urchin, and rétdnén recruitment by 203dRecl Same explanation as above
et al., 2009). The estimates assumed equivalent to catnhéA and SA
0 0 0 0 0 (-3%,0%)
Tropical  Apundance likely to be influence by environmentiiables like temperature, wind
Same explanation as  Panulirus  strength and direction and oceanographic conditiPesnis et al, 2006). However, Same explanation as above
above based in personal communications, it is assumeditioms at 2030 are unlikely to P

have big impacts on production

In grey physical impacts could not be identifiedhr literature
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A 2. Assumptions and data sour ces used in the analysis (continuation)

Fisheries P:g:&_ Uncert. Specificspp Temp. Uncert Acidification Uncert. Sea level Uncert. Cyclone Uncert. Rainfall Uncert.
17% sa% M 8% 3% 0% -3%, 0%
atisulcatus
Temp. Predictions from Growth is related t?lﬁ?;é;n;)nascif]; molluscs : : :
Brown et al (2009). to temperature as No estimates No estimates No estimates
prawns . (Cooley and Doney, 2009). f i i £ f i
Assumed +/- 25% in P. monodon Calcification in oystérs ot identified identified identified
uncertainty from (Jackson and pCO2 level= 450ppm is -
predictions Wang, 1998) 3% (Gazeat al., 2007)
P. 8% +3% 0% -3%, 0% 6% +4% 4% +12%
merguiensis
Assumed 1t05%
increase in mangrove A 40% increase in
area (400- 2000 ha) rainfall will increase
(Dowling and f catch by 45%
Same explanation Same explanation as aboveMaCDonald’ 1982). N%:ﬁgmﬁes (Rothlisberget al.,
Tropical 11% +2 75% as above Higher catches due tc 1988). Asumed
prawns - inundation of linear relationship
mangrove swamps between rainfall &
(Loneragaret al., catch
2005)
P.
Semgsj'cat“ 8% 3% 0% (-3%,0%) 1%  +0.03%
P.esculentus
Cyclone wind
speeds could
increase 10% by
No estimates 2030 (Henessgt No estimates
. . identified al., 2006). identified
Same explanation as Same explanation . -
above as above Same explanation as abov Pre_llmlnary
estimates from
unpublished model
(Sean Pascoe
CSIRO pers. comm,
July 2009)
Sltgecr 6% +1.5% 0% (-3%,0%)

Same explanation as
above

No estimates
identified

No estimates

identified Same explanation as abov

No estimates
identified

No estimates
identified
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A.3. Assumptions and data sour ces used in the analysis (continuation)

Fisheries Primary productivity Uncertainty Direct physical impacts Uncertainty
28% +2.8% 0% (-10%+40%)
ETBE Predictions from Brwn et al (2010). The StudyPrellmlnary estimates relating to large pelagics

derived from unpublished ecosystem modelling

does not provide uncertainty values so work, (Beth Fulton, CSIRO, pers. comm, July

assumed + or - 25% from predictions

2009).
10% +1% 0% (-10%+40%)
Other tuna ) .
Same explanation as above Same explanation as above
13% +1.3% 0% (-10%+40%)
Sharks , .
Same explanation as above Same explanation as above
36% +3.6% 0% +20%
. Preliminary estimates relating to small pelagics
Sardines Same explanation as above derived from unpublished ecosystem modelling
P work, (Beth Fulton, CSIRO, pers. comm, July
2009).
8% +0.8% 0% (-80%,30%)
For mid-trophic level carnivors (-50%,+30%)
Other finfish and inshore habitat dependent demersals (-
Same explanation as above 80%,0%) Preliminary estimates derived from
unpublished ecosystem modelling work, (Beth
Fulton, CSIRO, pers. comm, July 2009).
ENDNOTES

' The ten aggregated industries were agriculturefamstry; fishing; mining; processed food and Ksintextile and
wood products; fuel, chemicals and metal produmists, machinery and equipment; construction, nztufe and
repairs; and government and services.
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