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1 Summary

The winegrape and wine industry provides a set of forward indicators for all Australian agricultural
industries as they confront climate change. This is because winegrapes are particularly challenged
not only by the expected increased incidence of extreme weather-related events (heat, drought, frost,
wind, hail, bushfires) but also by the expected higher temperatures in the growing season that will
bring forward the harvest date to a hotter month. The temperature rise in the critical harvest month for
winegrapes may therefore be two or three times greater than the expected temperature rise in the
current harvest month.

While the industry is highly sensitive to the effects of climate change, it also has a track record of a
high level of adaptability to shocks. There is scope for further adaptation, in terms of both the
relocation of its activities and within existing locations. Options for adaptation at the vine, vineyard,
winery and consumer levels need to be explored, and choosing the best ones will take time and
require significant research and development expenditures.

The industry operates in a global market and the rest of the world will also be responding to climate
change. It is important for the Australian industry to move quickly in that context, because shortening
the time lags to adoption of its adaptive R&D findings boosts the returns to that investment. Some
competitor supplier responses, in the EU in particular, are likely to be constrained by their regulatory
environment while others (e.g., in the US, New Zealand and Chile) have the capacity and flexibility to
be as rapid as Australia’s.

The efficiency of the adaptation depends also on national cross-sectoral policy. The industry has
strong interests, in terms of designing its own responses and reaching efficient results, in the structure
of national carbon trading arrangements, the design of national water policy, and the Australian
approach to the use of GM material.

The national policy settings in which businesses in the industry plan their adaptations is very
significant for another reason. The industry will be tested on its approach to mitigation through the
market. By its location it will be associated with the national policy and that policy and its own
responses will be assessed by international standards. Failure to meet expectations of wine
consumers abroad could lead to a negative consumer response and new impediments to exports.
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2 Introduction

The wine and viticulture sectors capture a wide range of impacts of climate change that will matter for
all of the agricultural industries. On the supply side, for instance, the vine is extremely sensitive to the
various shifts associated with climate change. The first aim of this paper is to illustrate the significance
of these effects. The effects operate via a number of channels. Not all can be described here in detalil,
but a sufficient number are presented to demonstrate the complexity of the systems within which the
industry operates, including the extent of its integration across stages of production, and their
sensitivities.

The complexities of the grape-growing and wine-making system, and the stages of production
involved, also open up a wide range of options for adaptation. The second aim of the paper is to
illustrate some of these. It is not yet clear which of those options are the most efficient, partly because
choices will be affected not only by policies applied in the Australian wine industry but also by
responses in other sectors of the economy. The costs of various solutions in the wine industry depend
on getting a wide range of national policy settings right.

With two-thirds of its production exported, the Australian wine industry operates in a global market.
That context complicates the industry’s responses to climate change. The third aim of the paper is to
identify these links and the associated risks involved. Competitors to the Australian industry will also
be responding to climate change, so the conditions in world markets will depend on the nature and
extent of their responses. Likely scenarios in this respect are topics for further research, but some
elements of the analysis are discussed here.

Consumers in Australia and the rest of the world will also be concerned about the nature of not only
the Australian industry responses to climate change but also the national policy settings within which
they take place. Anticipating this consumer interest, global retailers are already requesting details and
reporting of industry strategy with respect to climate change. In this respect, too, wine is a forward
indicator among Australian agricultural exporters.
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3 The wine and grape sector—structural change

In 2006-07 the value of domestic wine sales reached $1.9 billion and the value of export sales $3.0B.
Export volumes have increased five fold over the past decade, reaching 787m litres in 2006—-07, while
the export value has almost quadrupled. Meanwhile, domestic sales of Australian wine have grown
35% by volume over the same period (Figure 1).

In 2006-07, 1.4m tonnes of grapes were crushed in Australia, a reduction of 26.5% on the previous
year. The Australian Wine and Brandy Corporation in February released a harvest update reporting
that at ‘just under half complete, the 2008 Australian winegrape harvest is expected to be in the range
of 1.55 to 1.65 million tonnes. This is below the record 2005 harvest of 1.925 million tonnes but higher
than the drought and frost affected 2007 harvest of 1.397 million tonnes. While yields per hectare in
2008 were below the long run average, the current higher production base of the Australian wine
industry means this assessment will place 2008 in the top five harvests on record.”* The AWBC refers
to the contribution of access to water through trading arrangements to this result.

Wine production in 2006-07 fell to less than 1m litres. ABS Census data indicate that direct
employment in the grape growing and wine making industries exceeded 30,000 in 2001.

South Australia accounted for 43% of winegrape production in 2007, NSW for 29%, Victoria for 22%
and WA for 5%.

Three varieties accounted for 54% of all production in Australia in the drought- and frost-affected
2006-07 season: Chardonnay (367,000 tonnes), Shiraz (284,000 tonnes) and Cabernet Sauvignon
(183,000 tonnes) (ABS, 2008). Figure 2 shows the mix of output by variety over a longer period of
time. AWBC reports a total vineyard area of 170,000 hectares.? Red grape varieties accounted for
58% of the total area of vines and 59% of the total bearing area (ABS, 2008).

The industry has experienced significant structural changes throughout its history. Since 1990-91 its
size has increased by a factor of nearly five in terms of winegrape crush. The number of wineries has
more than doubled in 10 years, to exceed 2100 in 2007: 70% have an annual crush of less than 100

tonnes.

Wine tourism has reported healthy growth. Between 2000 and 2006, the number of domestic
overnight wine visitors increased at annual rate of 6% while domestic and international day visitors
increased 5% and 8% respectively.

More recently, the industry has been adapting to changes in the availability and price of water
supplies and to higher degrees of salinity in water. In the past year or so it has also had to deal with
shocks such as frosts and bushfire smoke taint in wine.

On the demand side, it is responding to changes in distribution systems in its traditional markets, such
as the rising role of the retailers, and to opportunities for growth in new markets at home and abroad.
It is confronting a variety of regulatory issues in selling its products in all markets.

The unit value of exports was $3.66 per litre in 2006—-07. While that is lower than the $3.82 achieved
in the previous year, it follows a decade of steady rise. An industry target is to raise that value by
moving to more premium and super-premium wines.

The industry has demonstrated its ability to learn and its adaptability in the past, a capacity that will
need to be called upon yet again in response to climate change.

One piece of evidence of adaptability is the dramatic move away from sultana grapes and into popular
winegrapes production (Figure 2 shows the data since 1990). Evidence of the ability to learn is the
increasing specialisation of Australia’s various wine regions since 2001 in growing the winegrape
varieties most suited to the climate of their region (Figure 3).

! https:/www.awbc.com.au/winefacts/data/free.asp?subcatid=235
2 http://ww.wineaustralia.com/australia/
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4 Impacts of climate change

The following discussion of the impact of climate are based on work which assumes ‘business as
usual’, that is no new national policy or other coordinated effort in Australia or the rest of the world to
reduce emissions and ameliorate likely changes in climate.

4.1  Background?®

The grapevine (Vitis vinifera L.) used for wine production in Australia is a woody deciduous perennial.
In Australia there are approximately 94 varieties of Vitis vinifera and several clones of each variety.
Out of this only 16 varieties have plantings greater than 1000 ha each (Dry, 2004).*

Grapevine phenology, quality and yield are very dependent on climate at a regional scale, a local
scale (mesoclimate: altitude, slope aspect and nearness to water, wind) and a microclimate scale
(influenced by vine spacing, reflectance of radiation from soil, and canopy management) (Gladstones,
2004). Regional climate has been the focus of assessments of climate change impacts. At the local
level, the impact of site selection and management are increased, and these are important for
potential adaptations to climate change.

Temperature has the most influence on grapevines. The sensitivity occurs through three interrelated
effects of temperature on the vegetative and reproductive growth:

e timing of key events in the annual cycle of growth and reproduction (phenology)
e other reproductive effects

e photosynthesis, respiration and transport of assimilated carbon

e hiochemistry and transport of flavour molecules and precursors in the berry.

The physiological and morphological differences between varieties (genotypes) enable wine grape
production over a relatively large range of climates than otherwise would occur with a more restricted
range of genotypes. However, there are many obstacles to establishing a new variety and obtaining
consumer acceptance (Rose, 2008). For each variety it is possible to define climates for premium
wine production (Jones, 2008). Each grape variety grows in a range of temperature ranges and for
some the range is large, eg Riesling compared to Pinot Noir (Fig 4A). Figure 4B illustrates how wine
quality might vary with changes in climate and illustrates the inverted U and optimum frequently
observed in more detailed analysis (Webb 2006; Jones et al. 2005). Warming may increase quality or
decrease quality depending on the variety and the region. Plasticity depends on variety and
production techniques.

Viticulture regions tend to lie in the 12—22°C isotherm (Jones, 2007). Grapes can be grown outside
this range, at some cost in terms of other valuable characteristics foregone. Chardonnay for example,
classified by Jones as an ‘intermediate group’ grape between cool and warm (Fig. 4A), has 38% of
total area cultivated in Australia in hot climates with a mean January temperature MJT >23 C (1998
data, Paterson, 2004). Profitability ultimately drives the selection of location and particular grapes may
be grown in areas which are ‘too warm’ according to the analysis in Figure 4.

The difference between varieties is not stable over different regions and some varieties can show
plasticity in their phenology, a feature of great interest in the context of climate change. Riesling can
ripen earlier than Shiraz in warm regions, but later than Shiraz in cool regions (Dry 1984).

4.2 Direct impacts of climate change

Summarised in this section are the direct effects of climate change, including:

® For definitions of technical terms in what follows, please refer to the Glossary at the end of the paper.
* There are approximately 5000 varieties worldwide, most of which have arisen in Europe and central Asia.
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e the earlier budburst, the earlier harvest and the shorter season (with variations by region and
variety)

e the significance of harvesting in a warmer climate

e the compression of harvest dates among varieties

e the links between higher temperature and lower quality

e the links between higher temperature and higher yield

e the general reduction in gross returns and the degree of relocation required to maintain them
e the higher levels of aridity and the rising demand for irrigation water

e the negative effects of weather extremes

e the uncertain effects of higher levels of CO,.

Webb et al. (2007) examined the effect of climate change in six regions with two varieties;
Chardonnay (early season) and Cabernet Sauvignon (late season).Three climate models were used
in order to capture the range in uncertainty in global warming using different climate sensitivities and
different GHG emissions scenarios. VineLOGIC (Godwin et al. 2002) was used to determine the
changes in the annual cycle of growth and reproduction (phenology) after confirming the model’s
predictive performance with past records. Budburst was predicted to be earlier in 5 regions with the
range in uncertainty of timing overlapping for both varieties and regions. For Margaret River, budburst
was predicted to be later due to insufficient chilling during winter, which would also cause erratic
timing. Excluding Margaret River the other 5 regions had lower and upper bound average changes
between 2030 and 2050 of: -3 to -10 days for budburst, -8 to -27 days for harvest, and -4 and

-20 days for season duration.

Two important sets of findings from this work are worth emphasising. One is the ‘dual warming
impact’, whereby the earlier harvest induced by the warming effects on phenology means that
harvests will occur earlier, in a month that has a higher average temperature today. The temperature
rise in the critical harvest month for winegrapes may therefore be two or three times greater than the
expected temperature rise in the current harvest month. This could potentially reduce berry quality
through greater loss of volatiles and greater water loss.

The second important finding is that differences in harvest dates between early and late-harvesting
varieties will be compressed due to late varieties being more sensitive to warming than early varieties.
This will put greater strain on the logistics of winery intake, and that impact will be compounded by
increased volatility in future weather patterns.

The hot, dry conditions leading up to the 2008 vintage provided a natural experiment in dealing with
both of these effects: the higher March temperatures in the cooler parts of South Australia brought
forward harvest dates and compressed the difference across varieties in their optimal harvest date. As
a result, harvesting labour and machines were in excess demand and wineries had difficulty
sequencing their intakes optimally, so quality suffered.

Webb et al. (2008a) used the historical statistical (negatively sloped or inverted u-shaped)
relationships between temperature and prices paid for grapes by variety to estimate the effects of
climate change. Allowing for the mix of outputs in different regions and assuming that mix remained
constant, the predicted percentage change in prices paid for wine grapes are large for most regions
and particularly those with a high proportion of national production, eg Riverland (2030, -5 to -32%;
2050, -9 to -87%) and Riverina (2030, -9% to -73%; 2050, -16 to -100%). Even cooler climates were
predicted to show significant reductions in prices, again because of lower quality (eg Tasmania: 2030,
-2 to -8%; 2050, -3 to -19%). Amongst the predicted least affected (percentage cost less than -18%
(2050)), but with relatively high national production, were the Coonawarra, McLaren Vale and
Langhorne Creek. Taking into account the uncertainties in both climate predictions and temperature
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sensitivities, the national impact was predicted to be between -7 and -39% (2030) and -9 to -76% by
2050.

At the same time, yield tends to increase with increased temperature, assuming no effect on water
supply. Webb (2006) estimated changes in gross returns (change in yield times change in price). Most
of the large producing regions show significant reductions in gross return, but there are notable
exceptions including McLaren Vale, and Langhorne Creek. The national impact for both 2030 and
2050 were negative.

The previous results assume locations of grape growing remain the same. Webb'’s (2006) estimates
of the maxima in gross return at a particular temperature for each variety allowed a spatial projection
on to future climate maps of Australia. A southward shift of 40 km by 2030 and 65 to 115 km by 2050
would maintain gross returns. Shifts to higher altitude can have the same effect. This shift could affect
areas currently listed as nature reserves, and there may be impact from fire (smoke taint) when
vineyards are closer to forested areas. Fire frequency may increase with increased warming and
aridity (Hennessy et al. 2005).

Webb (2006) also defined ‘suitability bands’ for high quality wine production using temperature ranges
for different varieties, based on the historical relationships between temperature and price which were
then superimposed on to maps of Australia, taking into account projected changes in MJT in to the
future. Webb concluded that by 2030 there may be additional areas for growing some varieties.
However, overall there will be a reduction in suitable areas by 2050 (between 27%, mid warming and
44%, high warming) (Webb et al., 2008c). Shiraz showed a reduction in suitable area of between
about 15-25% and Chardonnay showed a reduction in suitable area of between about 40% and 60%.
Note that this scenario assumes that the wines produced are aimed at above commercial grade. It is
possible, given no constraints on water supply, to have varieties grown outside the optimum
temperature range if the desired end point is commercial grade wine. The production of Chardonnay
in hot regions in Australia is a case in point (Paterson, 2004).

CSIRO climate models have predicted that despite changes in rainfall patterns there will be an
increase in potential evaporation by up to 30% increase by 2070. Webb (2006) investigated the
impact of GHG induced changes in hydrological balance on viticulture over different regions. Vineyard
water demand was estimated using the McCarthy et al. (1992) aridity index. Impact on water storage
from winter rainfall was not assessed. The same three climate models as used in the above analyses
were used.

Growing season rainfall was predicted to decrease or increase depending upon region. Areas of large
current production such as the Riverina, Murray Valley, and Coonawarra have predicted declines in
rainfall. Margaret River which is already often experiencing water shortages is predicted to have a
large reduction in growing season rainfall by 2050. The aridity index is predicted to increase in all
regions in 2030 and 2050. The Hunter Valley is the only region where the range in uncertainty
encompasses the possibility of less aridity. Generally these predictions require that water demand be
reduced through increased water use efficiency, or that supply is increased. Webb uses projected
changes in aridity index as a preliminary indication of greater water demand for viticulture. Riverina
and Murray Valley demand for water for irrigation increases by between 2 and 33%. The occurrence
of extreme events and more frequent droughts will add further pressure and in this respect it is difficult
to predict when the industry will approach any catastrophic or dangerous conditions, especially since
it has already coped with some quite extreme variations from season to season over the last 50 years
(Hayman et al. 2008).

Another important channel of effect could be via weather extremes. Extreme heat days could be
significant. From a study relevant to the USA, White et al (2006) showed that predictions based on
average increase alone are likely to considerably underestimate the impact of climate change on
viticulture. The differences in reduction in suitable area between using average temperature increase
and increased frequency of extreme heat days are very substantial (60% versus 81% reduction in
area). The studies by Webb reviewed above did not take into account the impact of increasing
frequency of extreme heat days. This is currently being researched via GWRDC funding by South
Australian Research and Development Institute and collaborators (Soar et al., 2008).
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Rising carbon dioxide will have a significant stimulatory effect on vegetative and fruit yield of
grapevines (Bindi et al., 2001) through its influence as the source of carbon for photosynthesis. The
predicted changes in carbon dioxide and temperature have only once been factored in to models to
predict vine performance, relevant to Italy (Bindi et al. 2001). The CO, effect strongly interacts with
temperature (Morison and Lawlor, 1999) and nutrition (McKee and Woodward, 1994). For example for
yield in soybean the negative effects of rising temperature are largely offset by the fertiliser effect of
high carbon dioxide (Long et al. 2006). Higher carbon dioxide also increases transpiration efficiency, a
component of crop water use efficiency (Kimball et al. 2002). There are also species-dependent
secondary affects of high carbon dioxide for which we have no knowledge of for grapevines. These
can include effects on phenology and growth patterns. It is unlikely that high CO, will have major
effects on the phenology of grapevines because of the dominant effect of temperature, but based on
effects observed in other woody deciduous plants it is likely that shoot branching and leaf morphology
may be altered (Hattenschwiler et al. 1997) and this has implications for vine management and
adaptation to climate change.®

To summarise the key direct effects:

e higher temperatures across the growing season will bring forward the winegrape harvest date to a
hotter month, so the warming effect of climate change will have a double impact in lowering the
quality of winegrapes

o differences in harvest dates between early and late-harvesting varieties will be compressed due
to late varieties being more sensitive to warming than early varieties, which will strain the logistics
of harvesting and winery intake

e that impact on the logistics of harvesting and winery intake will be compounded by greater
volatility in future weather patterns

e quality of grapes will suffer as a consequence and, despite higher potential yields, gross margins
in most areas are expected to fall

e re-locating vineyards to cooler locations (to lower latitudes and higher altitudes) could help but
overall there will be a reduction in suitable areas for growing quality winegrapes in Australia

e anincreased frequency of extreme heat days and greater constraints on water supplies in the
wake of more-frequent droughts will exacerbate the above trends.

4.3 Indirect effects

Soil also influences yield and quality and in some cases can largely define a region, such as the
Coonawarra. The water and nutrients derived from the soil by the vine, combined with the climate, can
strongly influence the ratio of vegetative to reproductive growth (vine balance), and it is this that the
viticulturist is largely trying to manage to achieve the optimum for fruit quality and yield (Dry et al.
2005). Most Australian viticulture requires irrigation and nutrient additions, and these can be used
through judicious timing of application to attain optima in yield and quality, as well as achieve high
crop water use efficiency. There will be non-linear effects of climate change caused by interactions
between soil, climate and nutrition, in part dependent on adaptation in vine management.

With increased aridity often comes decline in soil structure and increased salinity (Clarke et al. 2002;
Richards et al., 2008). Soil structure decline and increased sodicity can occur when saline water is
used for summer irrigation and then subsequently the soil receives high quality rainwater during winter
(Clarke et al., 2002). Decreased flows in the Murray Darling system will result in increased salinity of
the irrigation water in many viticulture regions. Increased pressure to restrict irrigation can result in
increasing rootzone salinity to the detriment of wine quality. This may not be mitigated by winter

® There can also be surprising effects of other gasses linked to industrialisation. Ozone has a severe growth depressing effect
on plants and ozone clouds can extend many hundreds of kilometres from industrial areas to affect plant productivity (Reich,
1987). Ozone distribution has been investigated in Australia and it is possible for some important wine regions to be affected by
this gas.
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rainfall flushing, since winter rainfall is predicted to decline (Mclnnes et al. 2003). Salinity and soil
degradation is likely to be a major indirect effect of climate change on viticulture.

Pest and disease pressure is likely to increase and also shift to new areas further south with warmer
winters and warmer night temperatures. This is suggested by international experience. For example,
Pierce’s disease is predicted to move to Oregon and Washington wine regions where it is currently
not present due to lower winter temperatures (Tate, 2001). In Italy, Downey mildew is predicted to
increase disease pressure due to increasing temperatures (Salinari et al. 2006). Virus-vector
nematodes are also predicted to spread at a rate of 160—-200 km per 1°C in Great Britain aided by
man (Neilson and Boag, 1996)

There is an increased risk of phylloxera spread based on the increased rate of emergence of the
insect from the soil with warming, and making the spread of the insect more probable (Dr Kevin
Powell, DPI Victoria, Pers. Com.). Also after a drought event or when water allocation to vines is
reduced this results in more obvious phylloxera (visually) stress on the vine, more rapid decline and
increased population abundance (ibid). This presents a high risk for Australian grapevine zones, since
guarantine is the main management option currently used (National Vine Health Steering Committee,
2003).

High CO, may increase vine canopy size and density, resulting in higher biomass, nutritional quality
and favourable microclimate for disease proliferation (Manning and Vontiedemann, 1995).

4.4 Winery level impacts

The major impact to wine quality and production with change in climate will be largely the result of
impacts on the grapevine. Winemaking in theory may be undertaken in a variety of climates without a
significant impact on the resulting wine, though costs may differ across climates related to
refrigeration and requirements. Carbon offsets will be larger for wineries in warmer climates, though
there are ways of increasing efficiency of wine production by reducing refrigeration costs (Pearce,
2008).

There are also adjustments required in the wine making process that result from the particular climate
from which grapes are sourced. One notable example of this is the addition of tartaric acid to address
the imbalance of acidity caused by warm/hot climates that decrease acidity in grape berries. The
current cost of tartaric acid addition to wine in Australia is substantial at current output, and this
demand would increase with increasing warming. DeBolt et al. 2006 discovered one of the key
enzymes controlling the synthesis of tartaric acid in the berry. It would be possible through genetic
modification to alter the expression of the gene in order to increase tartaric content of berries in
warming climates, thereby maintaining optimal acid/sugar balance.

Another aspect is the difficulty of fermentation to dryness with high sugar concentrations. In
association with warming trends during the last 20 years, the maturity (21.8 °Brix) of
Chardonnay, Cabernet Sauvignon and Shiraz from commercial crops across Australia has advanced
at a rate between 0.5 and 3 days per year (Petrie and Sadras 2007). Faster maturity has been fully
compensated by early harvest in Chardonnay, but not in Cabernet Sauvignon and Shiraz, which are
therefore being harvested with higher sugar concentrations. This is consistent with the time trends in
the composition of Australian wines reported by Godden and Gishen (2005). For red wine, they
showed an increase in alcohol content at approximately 1% per decade. Also in red wines, there has
been a trend for an increasing concentration of residual sugars. Remediation of high alcohol in the
winery will require new yeasts that can ferment sugar but without creating alcohol, this could be done
relatively easily by genetic modification of the yeast or by using adaptive evolution to rapidly select
strains of yeast that have the desired characteristics (Thornton, 1985; McBryde et al. 2006). The
alternative engineering solution is reverse osmosis procedures to de-alcoholise wine, but this can also
take out flavour compounds.
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5 Adaptation

The previous section shows a wide range of potential impacts of climate change at the vine, vineyard
and winery levels. In this section we note some options for adaptation to these changes.

5.1 Allow yield to go up to compensate for reduced quality

Higher yield would also require an increase in water supply for irrigation (not accounting for increased
water use efficiency afforded by high CO, concentration which would tend to reduce demand for
water). This is a scenario that does not complement the predictions of greater aridity and lower
irrigation supplies with poorer water quality.

5.2 Shift viticultural areas further south combined with changes in varieties

This option requires that the new areas, eg south-western Victoria and south eastern SA have
suitable soils and do not have increased frost risk or disease pressure. However there is a predicted
total loss in area suitable for quality wine production. The Australian industry could increase the
proportion of quality wines produced compared to current proportions of quality/commercial wines.
This could enable increased income from wine exports, despite reduced volume of export. This
scenario also would be complemented by greater water use efficiency. This scenario would depend
on changes in global markets (most of the largest wine companies in Australia are global companies).
It is possible that the shift from unsuitable regions could occur across national boundaries.

5.3 Application of genetically modified materials

Adaptation in viticulture using new technology and potentially genetically modified vines and yeast will
allow for some compensation for higher sugar (high alcohol) and reduced acid in grapes. Also
reduced quality of water and salinity may be partially offset by genetically modifying rootstocks,
possibly without the need to modify the scion.

54 New varieties

Trials could be undertaken of new varieties for Australia with higher MJT requirement or growing
season temperature range. The time for building up expertise and market, based on the experience
with Chardonnay (Paterson, 2004) and Viognier (Rose, 2008), is likely to be of the order of 20-30
years. So this adaptation requires concerted action now.

5.5 Phylloxera strategies

In response, to concern about pests and diseases, new plantings should occur on phylloxera resistant
rootstocks. However, there have been reports of potential breakdown in rootstock resistance to
phylloxera in Europe (Porten and Huber, 2003) and USA (Granett et al. 2001). Therefore, alternative
management options are required to be investigated (Powell et al. 2007).

Uncertainties about the nature of climate change impacts remain and in a later section we note some
research priorities.
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6 Policy implications

There are several linkages between the likely success of wine industry adaptation and national
policies beyond wine. Several examples illustrate this point.

e Water policy: Securing water property rights and allowing market forces to influence water prices
would go a long way towards improving the efficiency of water use not only nationally but also
within the wine industry.

e GMO policy: State as well as federal government action is required to allow more freedom for
producers to use genetic engineering in R&D. Doing so could reduce consumers’ negative
impression of that technology and open up more avenues and faster means of adaptive research
in agriculture generally, including in the wine industry.

e Greenhouse emission policy: The more globally responsible is Australia’s greenhouse emission
policy, the less likely are governments and consumers abroad likely to turn against Australian
products via nontariff import barriers and consumer boycotts.

e Carbon footprint reporting; Generating better and more-comprehensive data on the carbon
footprint of each rural industry, including that for wine, would help meet market expectations,
provide opportunities for winemakers to adjust production to vary their footprint and provide
comparisons with the rest of the world. A tool has been developed for this purpose by Adelaide-
based Provisor Pty Ltd and Yalumba Wines and it can be further refined.®

® http://mww.wfa.org.au/PDF/GHG_Users_Guide_(15%20pages).pdf
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7

Research agenda

The research agenda includes the following items:

modelling changes in frost risk and finding ways of better predicting events and designing
ameliorative management options

modelling impacts of high temperature extremes

development of GM yeasts and root stocks

further investigation of soil degradation under reduced irrigation and low quality water.
work on impacts of CO, alongside changes in temperature

trialling new varieties

impact of climate change on pests and diseases, particularly of those already established in
Australia (eg Phylloxera)

modelling regional impacts, including climate change impact on other crops that compete for land
and water that grapegrowers might otherwise use

modelling of impact on adaptation in Australia and in the rest of the world, including, the impact of
spillovers of new technologies to help adapt/mitigate (from or to Australia).

These investments in R&D have to be prioritised and that in itself is a research project of interest. Also
work in some of these areas is in progress (eg soil degradation and modelling regional impacts). The
research projects will have a higher payoff the sooner they are undertaken, given the long lead times
involved and the likely similar but possibly slower responses abroad (first-mover advantage). Arguably
this is a time when government co-funding of rural R&D could be increased, either by providing more
than one dollar per dollar of producer levy funds and/or by raising the ceiling above 0.5% of the gross
value of production (which has been a low amount in recent years because of drought).
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8 Conclusions

Grape production is highly sensitive to climate change. The key channels of influence in wine and
viticulture are through temperature, water, weather extremes and possibly CO, itself. The range of
effects in this sector helps identify a portfolio of topics for attention for all Australian agriculture.

The adaptability of the vine and the stages to the final product offer several options for adaptation, at
the levels of the vine, the vineyard and the winery, including within existing regions and including
relocation between regions. It is not yet clear which of those will be taken but from a national point of
view it will be important to provide the industry with the right signals that lead to efficient choices,
especially with respect to carbon emissions and water use.

Several options for adaptation can already be identified but the detail and extent of others can only be
clarified by further research. That investment is a priority for the industry. Examples are work on new
varieties, work on the impact of CO,, options for the application of genetically modified materials
(yeasts and rootstocks) and the determination of the key decision-making parameters—through
modelling of world markets for the impacts of climate change and of the policy and commercial
responses to it.

The effects of climate change are particularly acute in relation to new targets set by the industry for its
own development. It has for instance set itself the target of ‘new levels of expectation and awareness
for Australia’s regionally distinct and fine wines.’ Climate change in the absence of any other action
will make it more difficult to maintain attributes of grapes that contribute to quality. Another challenge
for the industry in this new environment will be remediation of high alcohol in the winery.

It will be important to allay concerns of consumers and meet retailer expectations of its response to
climate change. Without this success there are real risks not simply of loss of sales but of
discriminatory trade-related measures taken against Australian exports. The degree of sensitivity of
this industry’s sales to these concerns is higher than that of any other agricultural exporter.
Consumer/retailer assessments will be based on international standards and will take into account the
national policy within which the industry is operating. The industry has a strong interest in national
policy for this reason as well, not just because of the signals it will receive concerning carbon and
water pricing for example but also because national policy can demonstrate Australia’s commitments
to responding to climate change.
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9 Glossary

Adaptive evolution: a non-recombinant (non genetic modification) means of strain improvement. The
technique involves the organism being subjected to serial or continuous cultivation for many
generations under conditions to which it is not optimally adapted. An increase in fitter variants occurs
because of natural selection.

Aridity index: measure of the irrigation requirement of a vineyard taking into account the evaporation
and rainfall. Calculated as monthly totals of rainfall (mm) minus 50% of the evaporation (mm) from a
Class A Pan, summed over the growing season (October to March).

Assimilated carbon: carbon processed by photosynthesis whereby the energy available in the
resultant molecules has been increased.

Brix: a measurement of the mass ratio of dissolved sugar to water in a liquid.
Budburst: when 50% of the buds have the leaf tips visible.

Clone: a vine that has been vegetatively propagated from a parent plant such that it has the identical
genotype of the parent vine. There are difference clones within a variety, for example Shiraz clone
BVCR12, Chardonnay clone 110V1.

Crop water use efficiency: A measure of how well crop/horticultural plants produce yield relative to
the amount of water used. This takes into account the harvest index (amount of crop yield produced
per unit mass of plant), the transpiration efficiency, and the amount of water applied that is used in
transpiration (water flow through plants to the atmosphere).

Deciduous perennial: A plant that has a life cycle greater than three years and which looses its
leaves and goes into a dormant phase during the winter.

Downey mildew: Fungal infection of leaves or fruit caused by Plasmopara viticola.

Genetic modification: The direct manipulation of an organism’s genes using recombinant DNA
technology.

Genotype: the genetic code (the genome) of an organism as distinct from the phenotype, which is the
physical and physiological manifestation of the genotype.

GHG: green house gas.

Isotherm: geographical locations that can be drawn as lines on a map of the same temperature. The
temperature could be an average for a particular month or growing season etc.

Mesoclimate: local distance scale of climate influenced by location, altitude and topography. Scale
can be tens of metres to kilometres.

Microclimate: smallest distance scale of climate, eg local conditions between vines on in a vine
canopy.

MJT: Mean January temperature (Southern Hemisphere), in the Northern Hemisphere the mean July
temperature is used.

Phenology, description of timing of events in an a organism’s development, ie for grapevines it would
describe the time of budburst, flowering, berry softening etc.

Photosynthesis: The process by which carbohydrates are formed from water and carbon dioxide in
the chlorophyll-containing tissues of plants using light energy. Results in the consumption of carbon
dioxide and water and the release of oxygen.
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Phylloxera: ‘a yellow aphid (type of insect), which feeds on vine roots and leaves. The feeding
causes galls to form on the developing leaves or roots. The aphids live on the surface of root galls
and inside the leaf galls.” Phylloxera and Grape Industry Board of South Australia (PGIBSA)
http://www.phylloxera.com.au/phylloxera/about/

Pierces’s disease: Disease of grapevines caused by the bacterium Xylella fastidiosa, that is spread
by xylem feeding leafthoppers known as sharpshooters.

Plasticity: ability to change; thus plasticity in phenology means that cardinal dates for budburst and
flowering may change depending upon environmental conditions. Some varieties show more plasticity
than others, thus it can be a feature of a variety.

Residual sugars: sugars in wine that remain after fermentation has stopped.

Respiration: oxidation of assimilated carbon (carbohydrate) coupled with the production of energy.
Results in the consumption of oxygen and the release of carbon dioxide and water.

Scion: shoot part containing buds that is grafted on to the root system of a related plant to form a
whole plant.

Sodicity: degree of sodium absorption in a soil, defined as the amount that is exchangeable
(measured as sodium absorption ratio, SAR, relative to calcium and magnesium). Friability and
permeability of soil is influenced by sodium content. If high, clay will disperse and block water flow
through soil pores.

Transpiration efficiency: A measure of how well plants use available water in photosynthesis at the
physiological scale. Measured as net photosynthetic rate (moles of CO, taken up) divided by the
transpiration rate (moles of water lost) in a unit of time times 100%.

Variety: vine that has distinct characteristics and is uniform and stable in its characteristics when
clonally propagated. Synonymous with cultivar. Article 2.1 of the International Code of Nomenclature
for Cultivated Plants: ‘an assemblage of plants that has been selected for a particular attribute or
combination of attributes, and that is clearly distinct, uniform and stable in its characteristics and that,
when propagated by appropriate means, retains those characteristics’

Virus-vector nematodes: nematodes (roundworms) usually confined to the soil that carry viral
diseases of plants.
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Figure 1

Domestic sales of Australian wine and wine exports
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Figure 3 Varietal share of winegrape production in a region relative to the national average share of that variety, Australia,
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Figure 4 Grapevines and climate
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