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Abstract 

 

The IPCC Third Assessment report (IPCC 2001a) concludes that Australia has significant 

vulnerability to the changes in temperature and rainfall projected over the next decades to 

100 years. Agriculture and natural resources were two of the key sectors identified as 

likely to be strongly affected. Climate change will add to the existing, substantial 

pressures on Australia's grape and wine industry sector. Vineyards have a life of thirty 

plus years so right now, when selecting vineyard sites, or when managing existing 

vineyards, consideration of the changing climate is prudent. 

 

Temperature increases could impact on grape production in positive and negative ways 

depending on the present climate of the region. As the global wine industry becomes 

increasingly competitive grape and wine quality will be paramount. Therefore 

maintaining consistency of quality will be the biggest challenge to the Australian wine 

industry under global change scenarios.  

 
Expected shifts in annual average temperature between present day and the year 2030 

will be in the order 0.2 to 1.1°C in many of the Australian viticulture areas. By 2050 the 

projected increase in annual average temperature in viticultural areas is 0.4 to 2.6°C. 

Projections uncertainty is covered in this impact study by including a range of 

greenhouse gas emission scenarios, climate sensitivity levels and global and regional 

climate models. 

 

Projected impacts on grape vine phenology have been modelled for six representative 

wine growing regions. Impacts to budburst day vary from region to region. Cabernet 

Sauvignon budburst in Coonawarra is earlier by 4 to 8 days in the year 2030, and 6 to 11 

days by 2050. Some regions may be adversely affected by the chilling requirement not 

being met in future warmer climates. For instance, in Margaret River the budburst is later 

due to the chilling requirement not being met in projected climates.  Season duration 

(from budburst to harvest) is compressed in all regions studied and harvest is earlier in 



  

most cases. Given the highest warming scenario, harvest could be 45 days earlier in the 

Coonawarra by 2050.  

 

Not only is the harvest earlier in the season and therefore in a warmer period, but it is in a 

warmer projected climate. There is a ‘double’ warming impact due to the earlier harvest. 

Earlier harvest can affect the wine industry in that harvesting in warmer temperatures can 

negatively impact grape quality. Quantifying the impact on grape quality resultant from 

the earlier harvest was the next step in this impact study. 

 

Temperature increases will impact grape production and grape quality within a region. 

Some premium varieties are more sensitive to temperature than others. Varieties that 

ripen in the cooler climates tend to have a more linear relationship between quality and 

temperature. A model is created that determines the impact of climate change on the 

quality of grapes in a particular region. This model includes many of the variables that 

will affect the regional cost to quality of a projected greenhouse gas induced climate 

change. These regional impacts can be scaled to the national level by summing the 

production-weighted cost to quality across each region. Overall, projected greenhouse gas 

induced climate change will negatively impact grape quality for the Australian wine 

industry.  Grape quality will be reduced nationally by 7 to 23 percent by 2030 and 12 to 

57 percent by 2050. This result assumes that no adaptive strategies are implemented. 

 

The relationship between gross returns and temperature for all premium varieties is also 

explored in this thesis. Impact on gross returns identifies some regions being winners and 

some being losers. The regions producing the bulk of Australian wine tend to have 

reductions in production value ($/ha), as well as quality, with projected warming. This 

means that the overall result is a negative impact nationally on the gross returns of the 

Australian wine industry. In 2030 the impact range is between 4.5% to 16% decreased 

gross returns (nationally). By 2050 the impact is between 9.5 to 52% decrease in gross 

returns (assuming other no adaptive strategies are implemented). Regions that may 

become winners need to be able to sell their larger crops and/or access water to increase 



  

yield. Direction of current trends for wine style and modelled water availability do not 

support increasing yield as a strategy for adaptation. 

 

A method for adaptation to reduction in quality is to shift geographically to cooler 

regions. Climate change projections are used to produce ‘viticulture-suitability’ maps 

showing where the most suitable regions might be (in $/hectare terms) now and in future 

modelled climate projections. In the southern region of Australia, a ‘coastward’ shifting 

of suitable regions is seen. In the eastern regions some of the shifting may be to higher 

altitude sites. 

 

Varietal suitability may change in future. Overall a southward and altitudinal shifting of 

suitability will result from projected greenhouse gas induced climate change. The area 

available in Australia for cool variety grape growing could be severely reduced. In fact, if 

the overall quality of grapes is to remain equivalent to that of the present day, the area 

suitable for viticultural production may reduce by 40% by the year 2050. 

 

Climate model variation reduces certainty of rainfall projections, but it is likely we are 

heading for a higher degree of aridity in future climates. Preliminary results of rainfall 

and evaporation projections indicate future increased irrigation requirements for all but 

one region. 
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Chapter 1  Introduction 
 
1.1 The Australian wine industry 
 
Wine grapes are grown in all states and territories of Australia with the major production 

occurring in South Australia, New South Wales and Victoria. Historically, expansion 

occurred as a result of natural population growth in these states. Initially Victoria had as 

much production as South Australia until around the late 1800’s when the outbreak of 

phylloxera and severe economic depression hindered development of viticulture in 

Victoria (Iland 2004). Government sponsored soldier settlement schemes resulted in 

increased plantings along the Murray Valley and Murrumbidgee (Blackmore 1995). 

Nowadays, most production comes from the regions irrigated from major state irrigation 

schemes (Iland 2004). 

 

Many grape varieties are grown in Australia. In 1831 James Busby collected cuttings of 

what he found cultivated in Spain and France, and also a nursery collection of two 

cuttings each of 550 varieties (Iland 2004). They were originally planted in Sydney’s 

Royal Botanic Gardens, and eventually distributed throughout Southern Australia. 

Grapevines are planted in the climates to which they are best suited to produce the styles 

of wine demanded by the market (Garrett 1994; Possingham 1998). This distribution 

would have evolved over the years to reflect changes in consumer preference for different 

wine styles (Iland 2004), and this distribution results in the range of styles of wine 

available today.  

 
The Australian wine industry is becoming an increasingly important contributor to the 

Australian economy with wine exports being the fifth largest valued agricultural export 

commodity behind wheat, beef, wool and dairy products (Spencer 2003). 

 

The grapevine-based industry is a rapidly expanding high value activity that currently 

occupies 157,000ha (ABS 2004). Grape production has increased markedly in the past 10 

years (ABARE 2004) as can be seen in Figure 1. 
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Figure 1: Australian wine grape production (kt) from 1960 to 2007 (yellow bars are projections) 
(Gordon 2005). 

 

Assuming average yields in 2005-06 and 2006-07 (11.8 tonnes per hectare) total 

winegrape production is projected to increase to 1.93 million tonnes by 2006-07 (Figure 

1). This projected increase to 2006-07 is driven by expected higher production of white 

varieties (Gordon 2005). Plantings of vineyards will continue, though at a more subdued 

rate than the rapid expansion between 1994 and 1998. The Australian Bureau of 

Agriculture and Resource Economics outlook (Spencer 2003) states projected plantings 

will increase from 131,000ha in 2000-01, to 180,000ha in 2007-08. 

 

The main growth of the industry is export driven with projected growth by around 75 

percent to 921 million litres in the 5 years to 2007-8. In year 2003-4 export earnings had 

grown to $2.6 billion (ABARE 2004) (Figure 2). The Australian wine industry is now the 

second largest exporter of wine to Great Britain and the United States of America. This 

pre-eminent position in the global wine industry has been achieved by producing 

consistently high quality fruit-driven wine at an affordable cost. 
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Figure 2: Australian export earnings from wine ($m) from 1997 to 2004 (ABARE 2004). 

 
1.2 Wine Regions 
 

Winegrapes are predominantly grown in the south-west and south-eastern parts of 

Australia (Figure 3) in areas known as wine regions or Geographical Indications (AWBC 

2002). A Geographical Indication (GI) 1 is an official description of an Australian wine 

zone, region or sub-region. Its main purpose is to protect the use of the regional name 

under international law, limiting its use to describe wines produced from winegrapes 

grown within that GI. A Geographic Indication can be likened to the Appellation naming 

system used in Europe (e.g. Bordeaux, Burgundy) but is much less restrictive in terms of 

viticultural and winemaking practices (Rasmussen and Lockshin 1999).  

 

The grape growing regions of Australia can be classified on the basis of climate. The 

climatic variables of significance to grape production in Australia are temperature, the 

rainfall evaporation difference (aridity), humidity and solar radiation. These variables 

explain differences in yield, quality, disease incidence, irrigation requirements and 

variety suitability between regions (Dry et al. 2004). 

                                                 
1 The definition of GI regions has been taken from the following website: 
(http://www.awbc.com.au/winelaw/gi/gi_information.asp). A map of the Australian Wine Geographical 
regions and zones was found at the web address http://www.awbc.com.au/GIMapList.aspx?p=31.  
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Figure 3 Wine Regions of Australia. 
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1.3 Grapevines are affected by climate 
 
Wine grapevines are of the family Vitis vinifera L. and are a perennial deciduous plant 

that is cultivated best in temperate climates (Prescott 1965). Grape vine physiology 

responds to climate directly as temperature influences the speed with which the 

phenological2 stages are progressed in the annual cycle.  

 
A literature review was conducted to identify climate indicators that were likely to be 

associated with grapevine growth and/or grape quality. These are: 

growing degree-days (GDD) (Amerine and Winkler 1944); annual rainfall (Gladstones 

2004); growing season rainfall (October to March); mean January temperature (Dry and 

Smart 1988); winter minimum temperature (June to August); harvest maximum 

temperature (average of December to March) (Happ 1999b); rainfall (Average of 

December to March) (Nicholas et al. 1994); diurnal range (January maximum 

temperature minus January minimum temperature); continentality (January mean minus 

July mean) (Gladstones 1992), and Class A Pan Evaporation (McCarthy et al. 

1992).(Regional average data for the climate variables are given in Appendix 10.1.1). 

 

Temperature at, and leading up to harvest, does impact grape quality and the anthocyanin 

and phenol components of the berry. The level of anthocyanin in red grapes is one 

indicator of berry quality. High temperatures during ripening can result in lower berry 

colour (Bergqvist et al. 2001; Spayd et al. 2002). The best quality grapes tend to come 

from vines grown where ripening temperatures are not so high that colour and flavour are 

negatively impacted, but where ripening can progress at a reasonable rate. Sufficient 

sugar accumulation in the berry is also necessary to achieve ripeness.  

 

Different winegrape varieties have different genetically determined ripening profiles 

(Kerridge and Antcliff 1996). Some varieties ripen earlier in the season than others. As 

the timing of the vine stages are driven by temperature then matching suitability of a 

                                                 
2 Phenology describes the stages of the annual growth cycle of the vine from dormancy through 

budburst, flowering, fruit setting, veraison, ripening and harvest. 
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particular variety to the climate of a particular region is paramount. This matching of 

varieties to a particular region so that ripening occurs at the most ideal time to ensure the 

most favourable ripening temperatures is one challenge fundamental to successful grape 

growing (McIntyre et al. 1982).  

 

Yield potential responds to temperature as well. Yield responds directly to photosynthesis 

and photosynthesis is driven by temperature, light intensity and duration (Smart and 

Robinson 1991). Other growth processes that affect yield such as assimilate transport; 

metabolism and cell division are not driven by light but are affected by temperature. 

Vines in hot climates typically enjoy optimum temperatures for assimilation through 

early growth to flowering and setting (Gladstones 2004). In low temperatures yields can 

be limited by lower flowering or fruit set rates (Ebadi et al. 1996), or simply lower 

photosynthetic potential (Howell 2001). 

 

Water is another aspect of climate that affects grapevines. Rainfall will affect a 

grapevines supply of water directly by falling on the vineyard, and indirectly through 

irrigation water availability from rivers, dams and underground sources. The difference 

between rainfall and evaporation (aridity) will impact the vines demand for water 

(McCarthy et al. 1992). Rainfall and humidity also affect growth of many fungal disease 

pathogens that affect grapevines (Magarey et al. 1994a). 

 

Vines also respond to changes in levels of CO2 in the atmosphere. Elevated 

concentrations of CO2 can lead to increases in vine growth (Kriedemann et al. 1976). 

Stomatal aperture decreases in leaves exposed to elevated CO2 leading to possible 

increases in water use efficiency (Boag et al. 1988). 

 

1.4 Climate change 
 

Increasing emissions of carbon dioxide and other greenhouse gases are altering the 

composition of the atmosphere, leading to global climate change. Regardless of the 
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actions that we take today, some degree of climate change is inevitable and there is 

evidence that some of this change is already with us.  

 

The Earth has warmed by an average of 0.6 ± 0.2°C since 1900 with the 1990s the 

warmest decade ever recorded and the last 100 years the warmest of the millennium (Kerr 

2005; Mann and Jones 2003). Australia’s continental-average temperature has risen by 

about 0.7°C from 1910–2001. Most of this increase occurred after 1950. The year 2005 

was the hottest ever recorded in Australia because both daytime and night-time 

temperatures were high with the annual mean maximum temperature 1.21°C above 

average, and the mean minimum temperature 0.97°C above average. Autumn 2005 was 

particularly warm with the April monthly anomaly of +2.58°C the largest Australian 

mean monthly temperature anomaly ever recorded (Bureau of Meteorology 2006). 

Changes in rainfall patterns, sea levels, rates of glacial retreat and biological responses 

consistent with expectations of GHG-induced climate change have also been detected. 

 

The Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 

2001) concluded that there is now strong evidence for a human influence on global 

climate and that these trends will continue for the foreseeable future due to continued 

emissions of carbon dioxide and other greenhouse gases from fossil fuels and other 

sources. Recent developments suggest that the IPCC (2001) view might underestimate 

the upper end of the range of possibilities that shift the probabilities toward an increasing 

risk of greater warming and sea level rises by 2100 (Pittock 2006; Steffen 2006). 

 

1.4.1 Temperature change 

The IPCC (2001) projections for increases in global average temperature would have the 

potential to have significant implications for Australia's grape and wine industry. By 

2030, annual average temperatures are projected to be 0.4 to 2.0°C higher over most of 

Australia, with slightly less warming (0.3 to 1.7°C) in southern coastal areas, including 

many of the viticulture areas. By 2070, annual average temperatures are projected to 

increase by 1.0 to 6.0°C over most of Australia with spatial variation across the continent 



  8

similar to those for 2030 (CSIRO 2001). The range of warming is greatest in spring and 

least in winter. The range of temperatures expressed here represents uncertainty due to 

intermodel differences and due to differences in possible future emission scenarios.  

(IPCC 2001) 

Expected shifts in annual average temperature between present day and the year 2030 

will be in the order 0.2 to 1.7°C in many of the Australian viticulture areas. By 2070 the 

projected increase in annual average temperature in viticultural areas is 1.0-5.8°C 

(CSIRO 2001).  

 

Temperature change is not likely to be uniform across the continent of Australia. Most 

model results show that there will be more warming in the central regions of Australia 

and less warming in the coastal regions. An example of the spatial variability of projected 

warming is shown for the year 2050 (Figure 4). 

 

 

Figure 4: Projected annual average temperature change (°C) by the year 2050. Australian wine 
regions are superimposed on the map (black boundaries) (Projections were calculated using the A1B 
GHG emission scenario, mid climate sensitivity, and CSIRO Mk 3 climate model). 
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1.4.2 Rainfall change 

In addition to these projected temperature increases there may be changes in mean 

rainfall with the prospect of substantial rainfall declines across the southern half of 

Australia in particular, and increases in rainfall intensity (CSIRO 2001). Some inland and 

eastern coastal areas may become wetter in summer, and some inland areas may become 

wetter in autumn. Extreme rainfall and tropical cyclones may become more intense 

(CSIRO 2001). More frequent high-rainfall events would enhance groundwater recharge 

and dam-filling events but also would increase the impacts of flooding, landslides, and 

erosion. 

 

1.4.3 Point potential evaporation change 

Climate models are simulating an increase in point potential evaporation under enhanced 

GHG conditions over most of Australia (CSIRO 2001). For this analysis estimates of Pan 

Evaporation are used to estimate impacts to water demand for grapevines (See Section 

1.3). There has been no general tendency for increases in Pan Evaporation in the 

observed record (Roderick and Farquhar 2004) which suggests a possible inconsistency 

in the point potential evaporation projections. Gifford et al. (2004) have shown that the 

downward trend reversed after 1996 and that historical pan evaporation variations are 

partly related to rainfall variability. A deficiency of the CGM’s models is the poor level 

of understanding and treatment of ocean evaporation, and of clouds and their effects on 

short-wave as well as long-wave radiation at ground level as influenced by greenhouse 

gases and aerosols. The observations strengthen the need for more careful theoretical 

assessments of (i) whether or not Australia (and other places) will get drier as 

temperature increases, and (ii) whether cloud feedback will strengthen or diminish global 

warming (Gifford et al. 2004). Factors that have caused recent changes in Pan 

Evaporation trends are being investigated and are as yet unresolved. 

 

Nevertheless, while some doubt has been raised over the projections of point potential 

evaporation, projections of point potential evaporation are still used as a part of this 

climate change analysis 
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1.5 Climate change impact on grape vines 
 
With varieties presumably adapted well to the climate of the region in which they are 

now growing the potential impact of climate change needs to be assessed. Increasing 

temperatures may change the timing of ripening and this will have consequences on 

grape quality. As yield potential is affected by climate there may be an impact of climate 

change on this important viticultural parameter. Water demand and availability due to 

GHG-induced rainfall and evaporation change may be altered as well. 

 
For this assessment it was necessary to identify the most important viticultural parameters 

that are affected by climate, from the perspective of the Australian wine industry, and 

then assess these systematically as they are exposed to future climate change, knowing 

that this will also vary across the nation.  

 

To date, two broad methods have been utilized in the estimation of climate change 

impacts to agriculture. The first is dynamic process-based crop models, such the 

Agricultural Production Systems Simulator (APSIM), Crop Environment Resource 

Synthesis (CERES). Such crop models perform bottom-up simulations of biophysical 

responses, primarily growth, of crop plants to various drivers. Growth and development 

of crops are simulated at high (i.e., daily time-step) temporal resolution in response to 

weather data, soil and nutrient balances, genetic characteristics, and management 

strategies such as planting and harvesting dates. Impacts of climate change are 

incorporated by adjusting weather time series for different scenarios of climate change 

and including the effects of enhanced ambient carbon dioxide (CO2) on plant water 

balance. 

 
A number of studies have applied crop models, particularly APSIM (Asseng et al. 2004; 

Keating et al. 2003; McCown et al. 1996), to the assessment of climate change impacts 

on Australian agriculture. However, the majority of these studies have focused on wheat 

production (Howden et al. 1999a; Howden et al. 1999b; Luo et al. 2005a; Luo et al. 

2005b; Reyenga et al. 1999a; Reyenga et al. 1999b). An example of this process based 

crop modelling was explored by (Bindi et al. 1996a) who used a vine growth model to 
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determine the impact of increased CO2 and temperature change on yield and yield 

variability of grapevines in a study conducted in Italy. Their study did not attempt to 

examine the impact of future warming on grape quality, nor was their aim to assess any 

impacts at an industry/national scale. 

 

Process-based phenology models have been developed using grape harvest dates to 

explore past climate patterns (Chuine et al. 2004; Jones and Davis 2000; Le Roy Ladrie 

1988), and model some projected phenology changes for Europe (Rochard et al. 2006). A 

vine growth model, VineLOGIC, recently developed in Australia simulates vine growth, 

yield and also phenology as an aid to vineyard management (Godwin et al. 2002), and 

was used for part of the assessment of climate change impact in this study. Though this 

model was useful in allowing impacts to phenology to be determined, the impact of 

climate change to winegrape quality could not be assessed as VineLOGIC does not 

attempt to address any measures of grape quality. 

 

This analysis was to address the impact of GHG-induced climate change to the wine 

industry at a national level. National assessments have been explored with regard to 

wheat production, (Howden et al. 1999a) where results from a process model, APSIM, 

were extrapolated up to the larger scale. They concluded that climate change is likely to 

have benefits to Australia over the 21st century, despite significant regional differences in 

wheat responses. For wine grapes while one model has been used to model vine growth 

for Thompson Seedless grapes (Williams et al. 1985), the variation in quality and vine 

growth from one variety to another means that this model may not be useful for other 

varieties. 

 

Consideration of climate change impact in the on the wine industry at a national scale 

was conducted qualitatively in some early studies. Dry (1988) investigated the impact of 

an increase in mean January temperature (MJT) and showed the changes for a range of 

grape growing regions. In the Dry (1988) analysis a uniform warming of 2°C was 

assessed. It was concluded that conditions at the Riverland would be similar to those at 

Broken Hill, those in the Barossa similar to the Riverland, and those at Coonawarra 
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similar to the Barossa. Other studies in New Zealand (Smart 1989) looked at general 

impacts to grapes and grape growing regions. (McInnes et al. 2003; Schultz 2000; Tate 

2001) have also discussed climate change impacts on viticulture in a more general sense. 

Again, these studies were qualitative and did not incorporate regional detail of the wine 

industry, nor of climate change projections.  

(Mendelsohn et al. 1994) (Dry 1988) 

The approach decided upon here was to attempt to analyse a regional scale assessment of 

some viticultural parameters, reducing the complexity of viticultural production to a few 

key variables. These variables would then be manipulated in order to estimate future 

sensitivity in response to climate change. This is an alternative approach to the process 

based modelling described previously. Mendelsohn (1994) pioneered one such approach 

of this top-down modelling, applying cross-sectional or Ricardian methods to the 

estimation of the economic implications of climate change for crop agriculture. 

Mendelsohn et al. (1994) prefer the top-down modelling approach because they believe 

farmers will autonomously adapt to optimize productivity and financial return, where 

processed based crop models do not account for this. This assumption is also 

incorporated into this analysis as inter-regional ‘climate’ and vineyard comparisons are 

used, rather than intra-regional or interannual ‘one-site’ variation analysis. The simplicity 

of cross-sectional modelling makes it a useful tool for rapid assessment of potential 

climate change impacts over large geographic areas. 

 

Some of the more recent climate change impact studies use a more top-down approach to 

investigate the impact on viticulture from warmer climates from the point of view of 

observed trends (Jones and Davis 2000; Nemani et al. 2001). The Nemani et al. (2001) 

and Jones and Davis (2000) studies both explored the impact of observed climatic 

changes on wine quality (in California and France respectively) and found earlier 

flowering, and improved wine quality coming from the warmer climates. Both studies 

used vintage quality ratings from wine show judging to determine past wine quality.  

 

Jones et al. (2005) uses a global climate model (GCM) and a mid range emission scenario 

to investigate the impact of warming for different wine regions of the world out to the 
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year 2049. It was suggested that some wine quality may be reduced with climate change 

if the grapes are being produced at upper temperature limits in the present day climate. 

Jones et al. (2005) also commented that the suitability of varieties for certain regions may 

change, or that a shifting of regional suitability may occur. This is in agreement with 

(Kenny and Harrison 1992) who looked at shifting regional suitability for viticulture in 

Europe due to projected future warming. 

 

The experimental approach in this thesis applies a cross-sectional GIS-based assessment 

incorporating top-down modelling of viticultural processes in a quantitative assessment 

of the impacts of climate change. Regional and national implications of climate change 

from this model are explored. 

 
1.6 Objectives of this Thesis  
 
The research objective of this thesis is to determine the impact of climate change on the 

yield and quality of winegrapes grown in Australia. Wine grapes (Vitis vinifera) are 

traditionally grown in unique ‘Terroirs’ to produce a range of wines with unique and 

varying characters. Climate is a critical component of these terroirs and therefore, 

climate change poses an immediate and significant risk to wine companies that have large 

investments in high quality vineyards and associated winery infrastructure. Grapevines 

have an expected productive life of more than fifty years and consequently the potential 

for adaptation of vineyards to impending climate change is an important scientific and 

commercial question to be addressed by the wine industry in Australia and globally.  

 

In addressing this objective the thesis aims to utilise the most recent climate change 

projections based on climate models of increased spatial resolution to undertake a 

regional analysis of impacts of climate change to Australian viticulture. This is the first 

quantitative spatially-explicit study of projected climate change impacts on the wine 

industry for Australia. 

 

To achieve this objective the following steps are addressed in this thesis: 

 



  14

Climate data for Australian wine regions and projected future climates 

Projections of climate change are developed for Australian wine regions using a range of 

global and regional climate models and also a range of GHG emission scenarios. 

Justification of the choice of these was made to encompass an assessment that includes 

the range of climate projection uncertainties. The method for extraction of these data, 

wine region by wine region, enabling regional differentiation of climate projections, is 

shown. Baseline climate data to be used in this thesis are also described. 

 

Relationship between temperature and phenology and the impact of projected 

GHG-induced climate change on phenology. 

The relationship between temperature and phenological duration is examined using an 

existing vine growth model. The effect of projected temperature perturbations on the 

timing of phenological stages is investigated for different regions, climate change 

projections, varieties and outlook periods. 

 

Relationship between temperature and grape quality 

Identification of a grape quality indicator and the determination of a relationship between 

this quality measure and temperature are made in this section of the thesis. For the first 

time, interregional comparison of grape quality was made for the purpose of creating 

temperature sensitivity models. The regression equations developed were used to explore 

the impact of projected GHG-induced climate change on these wine industry parameters. 

Quantification of these relationships and subsequent climate change impact analysis had 

not been undertaken previously. 

 

Impact of projected GHG-induced climate change on grape quality 

Using the results from the model linking temperature and grape quality the impact of 

GHG-induced climate change on grape quality is quantified for all varieties and scaled up 

to a regional impact study. 

 

Impact of projected GHG-induced climate change on yield and value 
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Yield (Tonnes/hectare) is also climate linked. Multiplying regional average price ($ per 

tonne) and regional average yield (Tonnes per hectare) enables an estimate of regional 

average gross returns (tonnes per hectare) to be made for each variety of winegrapes. 

Impact of GHG-induced climate change on the gross return per hectare for a given region 

is calculated. A zone of temperature where this value is maximised is identified. The 

adaptive potential of the wine industry by regional shifting can thus be visualised and the 

extent of the shift can be measured. 

 

Impact of projected GHG-induced climate change on variety 

An assessment of the distribution of varieties in each winegrowing region of Australia is 

made. Determination of the relationships between this distribution and the climate of the 

region is explored and a profile of varieties most suited to each climate is created. The 

impact of climate change on possible variety distribution in projected future climates is 

presented. 

 

Impact of projected GHG-induced climate change on water demand 

Rainfall and point potential evaporation projections are used to determine the impact of 

GHG-induced climate change on the water balance in some representative wine regions. 

Possible vulnerabilities due to water sources are addressed.  

 
 
This is the first quantitative study of projected climate change impact on the wine 

industry for Australia. A comprehensive examination of the impact of climate change on 

various aspects of grape growing in Australia has not been undertaken before. Here, up to 

date climate change projections and increased spatial resolution of climate models are 

employed allowing regional analysis of impacts of climate change to the Australian wine 

industry to be made for the first time. 

 

Determination of projected climate change was performed using different climate 

projection models and different scenarios to ensure projection uncertainties were 

addressed. This analysis uses a range of global and regional climate models to account 

for the different levels of climate change impacts projected for the various wine regions. 
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The impact of an increase in the concentration of carbon dioxide in the atmosphere as it 

affects the physiology of plants was not addressed in this thesis in any detail. While a 

study involving physiological responses to increases in CO2 may have a large bearing on 

the results presented here, this work has not yet been undertaken for grapevines, to the 

extent that this information could be translated into more than general comments 

throughout this thesis.  
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Chapter 2  Climate data for Australian wine regions and 

projected future climate change 
 
2.1 Climate data 
 
To assess the impact of climate change on the Australian wine industry a realistic high 

resolution baseline climate data set for the Australian continent is needed. In this chapter 

the method for the development of a climate dataset for Australian wine regions is 

described. This baseline climate dataset is used so that the relationship between various 

vine growth parameters and climate can be quantified.  

 

To perform the impact analysis in this thesis, the baseline climate is subsequently 

adjusted to reflect climate changes given different levels of greenhouse gasses in the 

environment and the simulation of different climate models. For this assessment, it was 

necessary to represent uncertainties inherent in attempting to make any future projections 

by employing a range of projection scenarios. These uncertainties can be broken down by 

scale. Uncertainties at the global level are those due to variations in GHG emission 

projections and climate sensitivity. Uncertainties at the regional scale exist because of 

climate model3 variation. The method used to assess these uncertainties and produce 

realistic impact results are explained in this chapter. 

 

Projected climate change is not uniform across the continent (CSIRO 2001). Each region 

will be affected differently and should be treated as such. The approach taken to obtain 

this regional information is described in this chapter.  

 

                                                 
3 “A climate model is a mathematical representation of the climate system based on the physical, chemical, 
and biological properties of its components, their interactions and feedback processes, and accounting for 
all or some of its known properties. The climate system can be represented by models of varying 
complexity (i.e., for any one component or combination of components a hierarchy of models can be 
identified, differing in such aspects as the number of spatial dimensions; the extent to which physical, 
chemical, or biological processes are explicitly represented; or the level at which empirical 
parameterisations are involved. Coupled atmosphere/ocean/ sea-ice General Circulation Models 
(AOGCMs) provide a comprehensive representation of the climate.”  
Pittock, B. (2003). "Climate Change: An Australian Guide to the Science and Potential Impacts." 
Australian Greenhouse Office, Canberra, 239.. 
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This chapter describes the approach used for preparing quantitative ranges of change of 

mean climatic conditions from a set of climate model simulations. Changes to climatic 

variability and extremes are also potentially very important to regional climate impacts, 

but have not in general been subject to the projection methods described here. 

2.1.1 Baseline climate 
 
OzClim is an Australian climate and climate change scenario generation software 

package available for use in this project. OzClim (2005)has been developed at CSIRO 

Atmospheric Research by the Climate Impact Group in collaboration with the 

International Global Change Institute (IGCI), New Zealand. OzClim’s observed base 

climatology is spatially interpolated from station data of the Bureau of Meteorology 

(1961-1990). Using this software the Australian baseline climate is available in a gridded 

format. This baseline climate in the OzClim package is the data used for the regional 

assessment of climate in this analysis. (OzClim 2005) 

 

The definition of ‘baseline climate’ needs due consideration especially, given that this is 

a climate change impact assessment, the implication is that climate is not stable through 

time. For this analysis, ‘baseline’ is defined as the time period from which the viticultural 

assessment parameters are measured. The viticultural data was available from different 

time periods depending on the parameter. The weather data upon which the phenology 

data was modeled was from the years 1976 to 1990 (see later for a description of the 

VineLOGIC vineyard performance simulator used for the phenology modelling). For this 

reason, in the chapter exploring phenological impacts of climate change, the baseline 

climate data used was 1961-1990 (the OzClim baseline) (referred to as BASELINE1990). 

The viticultural, quality, quantity and water usage data were centered on the year 2000, 

therefore the climatology centered on the year 2000 time period was used (referred to as 

BASELINE2000) (see later for explanation of the slight adjustments necessary to 

produce a year 2000 centered climate from the OzClim package). 
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2.1.2 Climate data extraction technique 
 
Climate data were extracted by ‘intersecting’ the particular climate map from the OzClim 

database with the map of the Australian wine regions using overlay techniques4. The 

steps involved in the extraction of climate data using ArcGIS 9.0 software are illustrated 

in Figure 5. This climate extraction method is used for all of the climate variables, and 

projected climate change data (see later) in this thesis.  

 

Because the grid resolution in OzClim is 25km x 25km and wine region map layers do 

not align exactly over the grid, when the climate maps are dissected by the wine region 

maps, not all grid sections are intersected completely. To account for this, an area 

weighted average of the climate variable is calculated from the grid (See Appendix 

1.1.1). 

 

In extracting the regional climate data it was necessary to assumes that the average 

regional climate represents the parts of the region in which the grapes are grown. When 

the altitude of a region is variable, it follows that temperature will also vary significantly 

across a region. If the grapes are grown in either the cooler or warmer parts of that 

region, then the average regional climate is probably not representative of the grape 

growing environment. The King Valley region was omitted from this analysis because 

the average climate of the region was not representative of the area within the region 

where the majority of the grapes are grown. A detailed argument for the omission of this 

region from the analysis is given in Appendix 10.1.3. 

                                                 
4 The same geographic co-ordinate system is used for all of the maps in this project and they have been 
projected to the same reference system. The Geographic Reference System maps locations on a globe using 
latitude and longitude. This system treats the globe as if it were a sphere or spheroid. This project used DD 
– Decimal degrees as units. The GEOCENTRIC DATUM OF AUSTRALIA 1994 is the system of 
measurement used in this project. 
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Figure 5: Extraction of climate data in South-eastern Australian grape growing regions. (a) Climate 
map generated by OzClim software, (b) map of the Australian geographical indication wine regions 
(see introduction chapter) and (c) ArcGIS extraction of climate data wine region by wine region.  
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2.2 Climate change projections 
 
This climate change impact study is based on the climate change projections presented in 

the most recent report by the Intergovernmental Panel on Climate Change (IPCC 2001). 

Here, global and regional climate projection uncertainty, and the method by which this 

was addressed for this impact study, is discussed. 

 

2.2.1 Global uncertainty: Emissions uncertainty 
 

Increased concentrations of carbon dioxide and other greenhouse gasses in the 

atmosphere will result in an enhanced greenhouse effect that has led to the projection of 

human influenced warming. Just how much and how quickly the greenhouse gasses will 

increase, and exactly how this increase will affect the climate is not known. Projections 

must be made and uncertainties considered.  

 

For this impact study the Special Report on Emissions Scenarios (SRES) are used to 

account for GHG emission uncertainties (IPCC 2000). The SRES scenarios are called 

‘business as usual’ scenarios that are defined by some storylines to describe the 

relationships between the forces driving emissions and their evolution (Table 2). 

 

Different storylines will affect the level of GHG emissions and subsequently the 

concentration of CO2 into the future. The amount of CO2 in the atmosphere is positively 

correlated with the projected temperature increases (IPCC 2000). Just how the 

concentration of CO2 in the atmosphere affects the climate is also subject to a range of 

uncertainty and this is defined by the term ‘climate sensitivity’. 
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Table 2: The main characteristics of the four SRES storylines and scenario families (IPCC 2000). 

SRES STORYLINES 
 

 

A1 storyline and scenario family describes a future world where globalisation is 

dominant. Economic growth is rapid and population growth is low with the rapid 

development and deployment of more efficient technologies. Major underlying themes 

are economic and cultural convergence and capacity building, with a substantial 

reduction in regional differences in per capita income. In this world, people pursue 

personal wealth rather than environmental quality. There are three marker scenarios A1, 

A1F (maximum fossil fuel use) and A1T (minimum fossil fuel use).  

 

A2 storyline and scenario family is a very heterogeneous world where regionalisation is 

dominant. The underlying theme is that of strengthening regional cultural identities, with 

an emphasis on family values and local traditions, high population growth, and less 

concern for rapid economic development.  

 

B1 storyline and scenario family describes a convergent world with rapid change in 

economic structures, "dematerialization" and introduction of clean technologies. The 

emphasis is on global solutions to environmental and social sustainability, including 

concerted efforts for rapid technology development, dematerialization of the economy, 

and improving equity.  

 

B2 storyline and scenario family is a world in which the emphasis is on local solutions to 

economic, social, and environmental sustainability. Like A1, B2 is a heterogeneous world 

with less rapid, and more diverse technological change but with a strong emphasis on 

community initiative and social innovation to find local, rather than global solutions.  
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Climate sensitivity is defined as the amount of warming produced by a climate model 

given a doubling of atmospheric CO2 (Cubasch and Meehl 2001). The climate sensitivity 

varies with each climate model. It is a measure of the range of warming projected as a 

result of running all the climate models under the particular scenario. When GCM’s are 

run through a simulation to determine projected climates, ranges of climate change are 

generated (for each emission scenario).  

 

The warming range for an emission scenario indicates range in climate sensitivity shown 

by various models, defined as ‘low ‘(1.5°C), ‘mid’ (2.5°C) and ‘high’ (4.5°C). The range 

of results projected when GCM’s are run using an A1B GHG emission scenario is shown 

in Figure 6. In year 2070, for instance, the range falls between 1.68°C to 2.87°C global 

warming. 
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Figure 6: Projected global mean temperature change ranges (using emissions scenario A1B) due to 
model variability output from MAGICC5. This is a simple one-dimensional atmosphere-ocean model 
used by the IPCC to estimate projected global warming from various emissions scenarios at low, 
mid-range and high climate sensitivity (http://www.cru.uea.ac.uk/~mikeh/software/magicc.htm). 

 
Climate projections for Australia can be made using various emission scenarios and 

climate sensitivities. OzClim is a climate scenario generator capable of performing this 

task and generating the results in a gridded format. 

                                                 
5 MAGICC is a set of coupled gas-cycle, climate and ice-melt models that allows one to determine the 

global-mean temperature and sea-level consequences of user-specified emissions scenarios. 
http://sedac.ciesin.columbia.edu/mva/MAGICCUM/MAGICCUM.html. 
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2.2.2 Climate change projections: OzClim 
 

OzClim is also a climate change scenario generator that includes representation of a 

comprehensive range of possible future climates. OzClim can be used to produce climate 

data for a range of climate parameters, emission scenarios, climate models, and outlook 

periods. The way that OzClim generates projected climates is illustrated in Figure 7. 

Different regional patterns from the various GCM’s can be selected, this pattern is then 

multiplied by a global warming factor, and the resultant grid is added to the base 

climatology (or multiplied for percent changes).  

X 2.3X 2.3

 
Figure 7: An example of how OzClim models climate change. To calculate projected climate change 
OzClim starts with a base climatology and patterns from different climate models, multiplied by a 
climate forcing factor, are added to this. The global warming factor of 2.3 is the factor by which the 
gridded GCM is multiplied, in this case, using ‘mid’ climate sensitivity and the SRES A1B GHG 
emission scenario for the year 2070 (Figure 6). 

 
Climate change patterns are often prepared by simply taking the difference of two thirty year 

periods such as 2070 to 2100 and 1960 to 1990. The difference at each grid point is then divided 

by the difference in global temperature to obtain a pattern of change per degree of global 

warming.  

 

A disadvantage with this approach is that large portions of the simulation are not used in 

preparing the pattern of change, and this is of particular concern if the chosen intervals are 

strongly affected by a particular phase of higher frequency variability. An alternative that avoids 

this disadvantage is to linearly regress the local seasonal mean temperature (or rainfall) against 

global average temperature, then take the gradient of the relationship at each grid point as the 

change per degree of global warming. The grid point values can then be mapped to obtain a 

pattern of model response. For some variables, the response is expressed as a percentage change 

per degree of global warming with reference to the model climate of 1961-1990.  
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The regression approach has been used by CSIRO in all recent projections and was first used by 

(Whetton et al. 2000). The approach has seen limited use elsewhere, but has recently been 

assessed by Mitchell (2003) where it was found to be a desirable and robust method. The 

approach, however, will not capture any systematic model responses which are not varying 

linearly with global temperature. (Mitchell 2003) 

 

The range of warming given in Table 3 indicates the amount of warming calculated by 

various model runs for each given emission scenario. Calculations of global warming can 

be made for each scenario at low (1.5°C), mid (2.5°C) and high (4.5°C) climate 

sensitivity (e.g. low climate sensitivity defined as ‘low (1.5°C)’, means that the average 

global temperature will increase by 1.5°C at equilibrium for a doubling of CO2).  

 

Table 3: Estimates of increases in global mean surface temperature (°C) for the full range of SRES 
scenario projections all relative to 1990. The SRES scenarios do not extend beyond 2100 (IPCC 2001). 

CO2 SCENARIO WARMING AT 2100 
SRES B1 1.4-2.6
SRES B2 1.9-3.5
SRES A1T 1.8-3.3
SRES A1B 2.1-3.8
SRES A2 2.8-4.8
SRES A1FI 3.2-5.8

 

Figure 8 depicts projected CO2 emissions from the different SRES scenarios, the resultant 

CO2 concentrations, and range of projected temperature change as described by the 

Intergovernmental Panel on Climate Change (IPCC 2000; IPCC 2001). 

 

The range of uncertainty, at a global level is captured in this impact study by analysing 

projections using the following emission scenarios combined with the range of climate 

sensitivity projections: 

• High GHG emissions combined with high temperature sensitivity: A1FI High. 

• Mid GHG emissions combined with a mid temperature sensitivity: A1B Mid. 

• Low GHG emissions combined with low temperature sensitivity: B1 Low. 
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Figure 8: (a) Six emission scenarios for carbon dioxide (CO2), and the IS92a mid-case scenario used 
by the IPCC in 1996, (b) corresponding atmospheric CO2 concentrations and (c) projected global-
average warming relative to 1990 (IPCC 2000). The A1FI emission profile is represented by the black 
line in (a) and this will result in corresponding atmospheric concentrations of CO2, the black line in 
(b) resulting in a projected global warming (c) The pink envelope represents the range of warming 
due to emissions uncertainty. The blue envelope (c) also incorporates uncertainty due to variations in 
climate response. SRES scenarios used in this study are A1FI (black line), A1B (green line), and B1 
(pink line). 

 
 
To address all of the realistic outcomes of global warming impact on the Australian wine 

industry it was necessary to assess the entire range of future projections. The SRES group 

of scenarios were used for this impact study, though other potential future scenarios could 

have been used where some GHG emission mitigation strategies are incorporated 

(Wigley et al. 1996), or even where more extreme climate impacts may occur (Pittock 

2006; Steffen 2006).  
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2.2.3 Regional climate change projection uncertainties 
 

For this climate change impact analysis regional detail is added to the global projections. 

This detail comes from the regional output of GCM’s. Many GCM’s have been 

developed by different research centres around the world. Each model uses the same 

basic equations which describe the laws of physics. The models do not (and cannot) take 

into account all processes (natural and anthropogenic) which affect climate variability 

and change. Some processes are not well understood and others must be represented in a 

simplified way in order to ensure computational efficiency. While continental-scale 

climatic features are well simulated for present conditions, regional features are captured 

with less accuracy.  

 

Using various GCM’s in a climate change impact study allows for an estimation of 

uncertainty due to climate model variability (Whetton et al. 2005). Variation in accuracy 

with GCM’s occurs spatially, with some models performing well in some regions but not 

well in others. Variation in accuracy is also found across the seasons. Statistical methods 

are employed to objectively and efficiently test the performance of the model’s present 

day climate. The simulation of average climate for selected variables has been validated 

against observed average climatic data as part of standard model testing procedures. 

Simulations described in this thesis are from models which have passed global and 

Australian climate validation, so that some confidence may be placed in output from 

enhanced greenhouse simulations, taking the following caveats into account. 

 

It was not necessary to analyse all of the results from all of the models to conduct this 

impact assessment. The models available for use in this impact study are listed in Table 

4. The selection of suitable models for use in this climate change impact study was done 

according to the following criteria: Firstly models were not considered if they did not 

perform well in a region (Whetton et al. 2005). Secondly, selection of the more recent 

models from a centre was used if they were available. And thirdly, models were 

compared with the aim of capturing the range of uncertainty in projected future climate 

change for the regions of interest.  
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Table 4: Climate model simulations that were available for impact assessment. Further information 
about the simulations may be found at the IPCC Data Distribution Centre (http://ipcc-
ddc.cru.uea.ac.uk/). Note that Darlam is a Regional Climate Model (Whetton et al. 2005). 

Centre Model Emissions Scenarios 
post-1990 (historical 

forcing prior to 
1990) 

Years Horizontal 
resolution 

(km) 

Abbreviations 
used 

in the Thesis 

 
Canadian CC 

 
CCCM1 

 
1% increase in CO2 

p.a. 

 
1900–

2100 

 
~400 

 
CGCM1 

Canadian CC CCCM2 IS92a 1961-2100 ~400 CGCM2 
CSIRO, Aust Mark2 IS92a 1881–

2100 
~400 CSIROMk2 

CSIRO, Aust Mark2 SRES A2 (four 
simulations), SRES 

B2 

1881–
2100 

~400 CSIROMK2S 

CSIRO, Aust DARLAM IS92a 1961-2100 125 DARLAM 
CSIRO, Aust Mark3 SRES A2 1961-2100 ~200 CSIROMk3 
DKRZ, 
Germany 

ECHAM3/ 
LSG 

IS92a 1880-2085 ~600 ECHAM3 

DKRZ, 
Germany 

ECHAM4/ 
OPYC3 

IS92a 1860–
2099 

~300 ECHAM4 

DKRZ 
Germany 

ECHAM4/ 
OPYC3 

CO2+O3  + aerosol,  
SRES A2, B2 

1990-2100 ~300 ECHAM4S 

GFDL GFDL 1% increase in CO2 
p.a. 

1958–
2057 

~500 GFDL 

GFDL GFDL Varying insolation + 
aerosol,  SRES A2, B2 

1961-2100 ~500 GFDLS 

Hadley 
Centre, UK 

HadCM2 1% increase in CO2 
p.a. (four simulations) 

1861–
2100 

~400 HADCM2 

Hadley 
Centre, UK 

HadCM3 IS92a 1861-2099 ~400 HADCM3 

Hadley 
Centre, UK 

HadCM3 CO2+O3  + aerosol, 
SRES,  A2, B2 

1950-2099 ~400 HADCM3S 

NCAR –
CSM 

NCARCSM SRES A2 2000-2099 ~300 NCARCS 

NCAR-PSM NCARPSM CO2+ aerosol SRES, 
A1B, A2, B2 

1980-2099 ~300 NCARPS 

 
 
 

An example of how the climate model validation is carried out is shown here for one 

study that described climate change projections for South Australia (McInnes et al. 

2002). In this study, observed and simulated patterns for 1961-1990 were compared by 

calculating the pattern correlation coefficient, which measures pattern similarity, and root 

mean square error (RMS), which measures magnitude differences. A pattern correlation 
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coefficient of 1.0 indicates a perfect match between observed and simulated spatial 

pattern and RMS error of 0.0 indicates a perfect match between observed and simulated 

magnitudes. Here patterns of modeled rainfall and temperature for South Australia are 

compared with observed patterns (Figure 9). The models representing the region the best 

are found in the upper left hand side of the charts (McInnes et al. 2002). 

 

This method for exclusion of models by reliability assessment analysis has been 

described in various climate change reports focusing on the different states of Australia 

(Hennessy et al. 2004; McInnes et al. 2002; Suppiah et al. 2004). Models not included in 

each state in these studies, were also not included in this impact study (Table 5). 

 

Table 5: Climate Models rejected as less reliable with regard to rainfall or temperature validation studies. 
The models that are rejected vary from state to state. 

Region/state South 
Australia 

New South Wales Victoria Western 
Australia 

Models to be 
excluded from 
the analysis 

ECHAM3 
GFDL 

ECHAM3
GFDL

NCARCS
CSIROMk2

NONE 
OMITTED

ECHAM3 
ECHAM4 

GFDL 
GFDLS 

NCARCS 
 
After rejecting those models listed in Table 5, further analysis of the patterns of change is 

made. Those models considered for further analysis are CGCM1, CGCM2, CSIRO Mk3, 

HADCM2, HADCM3, and DARLAM 125km. Of these the more recently developed 

models (HADCM3, CSIROMk3, DARLAM, and CGCM2) were tested so that the ranges 

of possibilities of change for the Australian wine regions could be explored. 
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CCM1

CC50*

CCM2

Darlam125km

NCEP*
NCAR

CSIRO Mk3

ECHAM4

ECHAM3

GFDL
HADCM3

HADCM2

CSIRO Mk2

SRESALL

*Model not available 
for wine industry analysis

CCM1

CC50*

CCM2

Darlam125km

NCEP*
NCAR

CSIRO Mk3

ECHAM4

ECHAM3

GFDL
HADCM3

HADCM2

CSIRO Mk2

SRESALL

CCM1

CC50*

CCM2

Darlam125km

NCEP*
NCAR

CSIRO Mk3

ECHAM4

ECHAM3

GFDL
HADCM3

HADCM2

CSIRO Mk2

SRESALL

CCM1

CC50*

CCM2

Darlam125km

NCEP*
NCAR

CSIRO Mk3

ECHAM4

ECHAM3

GFDL
HADCM3

HADCM2

CSIRO Mk2

SRESALL

*Model not available 
for wine industry analysis

 

Figure 9: Pattern correlation and root mean squared (RMS) error for a group of climate models 
tested for temperature and rainfall modelling accuracy in South Australia (McInnes et al. 2002)). 

 
Projections of rainfall (October to May, the growing season for Southern Hemisphere 

grape production), and MJT using a high GHG emission scenario and high temperature 

sensitivity for the year 2100 were compared for eleven climate models (Figure 10 to 

Figure 15). This combination of projections for the year 2100 was used so as to see the 

maximum possible climate perturbation and hence model differentiation. Previously 

rejected models are still included in the diagrams so that a visual assessment can be made 

as to whether the elimination of these models could have an effect on the range of 

projection results. 
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Figure 10: Projected changes in rainfall (mm) (October to March) from eleven GCM’s using the A1FI GHG emission scenario combined with high 
climate sensitivity, for 2100 (output from OzClim).
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Figure 11: Projected changes in rainfall (mm) (October to March) shown for South-eastern Australia from eleven GCM’s, using the A1FI GHG 
emission scenario combined with high climate sensitivity, for 2100 (output from OzClim). 
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Figure 12: Projected changes in rainfall (mm) (October to March) shown for Western Australia from eleven GCM’s, using the A1FI GHG emission 
scenario combined with high climate sensitivity, for 2100 (output from OzClim). 

 



  34

 

 
Figure 13: Projected changes in MJT (°C) from eleven GCM’s, using the A1FI GHG emission scenario combined with high climate sensitivity, for 2100 
(output from OzClim). 
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Figure 14: Projected changes in MJT (°C) for South-eastern Australia from eleven GCM’s, using the A1FI GHG emission scenario combined with high 
climate sensitivity, for 2100 (output from OzClim). 
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Figure 15: Projected changes in MJT (°C) for Western Australia from eleven GCM’s, using the A1FI GHG emission scenario combined with high 
climate sensitivity, for 2100 (output from OzClim). 
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The rainfall projection data for Australia (Figure 10) show that the HADCM3 model 

simulates the greatest reduction in rainfall across the continent, CSIRO Mk3 simulates 

the greatest increase in rainfall for the NSW region, CGCM2 simulates some rainfall 

reduction in NSW, while the DARLAM model is projecting the greatest increase in 

rainfall overall. Focusing on the wine regions (Figure 11 and Figure 12), the same pattern 

follows for the south-eastern regions (in general), but in Western Australia CSIRO Mk3 

is projecting the greatest reduction in rainfall while the CGCM2 model is simulating the 

least reduction in rainfall for this region. 

 

For the temperature analysis all models simulate an increase across the country, and all 

but one model (ECHAM3) shows more warming inland and less warming in coastal 

areas. Overall (of the remaining models from which to select) the HADCM3 model 

simulates the greatest warming and the DARLAM model the least. In the east the greatest 

increases in temperature are simulates the HADCM3 model, while the lowest temperature 

increase is simulated by the CSIRO Mk3 model (of the non-rejected models). In the west 

the DARLAM model simulates the least warming, and CGCM2 model simulation 

projects for temperature to increase somewhere between that of the CSIRO Mk3 and the 

HADCM3 climate model. The models that represent the extremes in most cases are the 

CSIRO Mk3 and the HADCM3 and DARLAM and for this reason these were GCM’s 

that were chosen. Both the DARLAM and the CGCM2 model show higher rainfall. The 

DARLAM model was chosen to represent the wetter projection for rainfall, but CGCM2 

could also have been chosen. Climate models that will be used in this impact study are 

shown in Table 6. 

 

Table 6: Climate models selected for use in studying the impact of projected climate change on the 
Australian wine industry. 

GCM Rainfall Temperature 

CSIRO Mark 3  Driest in WA 
Mid range in SE states 

Less warming 

DARLAM125km Wet in WA 
Wet in south-east 

Mid range 

HADCM3 Driest in Southern States 
Mid in WA 

Warmest 
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2.2.4 Time period for projection results 
 
After selection of the climate model, GHG emission scenarios, and climate sensitivity 

factors, the results can be presented for dedicated times in the future. Scenarios of local 

climate change for 5 yearly intervals from 1995–2100 can be produced by OzClim. The 

years of 2030 and 2070 have been commonly chosen in Australian climate projection 

studies since they represent short and longer term planning horizons. Determination of 

the climate change impact on an agricultural industry such as the wine industry has 

practical and planning implications that require immediate assessment. Bringing forward 

the ‘longer term’ assessment seemed appropriate here. For this wine industry assessment 

the years of 2030 and 2050 are selected as being relevant to vineyard planning horizons. 

2.2.5 Summary of variables used to capture projection uncertainties 
 
All of the combinations of projected climates used in this climate change impact 

assessment are listed in Table 7. The Baseline data (BASELINE1990) from the Bureau of 

Meteorology is used in the Phenology chapter, along with the year 2030 and 2050 

projections. For all of the other impact analyses in this thesis BASELINE2000, 2030 and 

2050 are the years used. Projections of mean monthly temperature, growing season 

rainfall, and growing season point potential evaporation for these years, and the 

combination of emission scenarios and climate models are used in this impact study. 
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Table 7: Climate models, GHG emission scenarios and years for which the projections will be 
assessed for use in this climate change impact on the Australian wine industry. 

Number Year Emission Scenario Climate model 
1 BASELINE1990 NONE Bureau of Meteorology 
2 BASELINE20006 A1FI High CSIRO Mk3 
3 BASELINE2000 A1FI High HADCM3 
4 BASELINE2000 A1FI High DARLAM125KM 
5 2030 A1FI High CSIRO Mk3 
6 2030 A1FI High HADCM3 
7 2030 A1FI High DARLAM125KM 
8 2050 A1FI High CSIRO Mk3 
9 2050 A1FI High HADCM3 
10 2050 A1FI High DARLAM125KM 
11 BASELINE2000 A1B mid CSIRO Mk3 
12 BASELINE2000 A1B mid HADCM3 
13 BASELINE2000 A1B mid DARLAM125KM 
14 2030 A1B mid CSIRO Mk3 
15 2030 A1B mid HADCM3 
16 2030 A1B mid DARLAM125KM 
17 2050 A1B mid CSIRO Mk3 
18 2050 A1B mid HADCM3 
19 2050 A1B mid DARLAM125KM 
20 BASELINE2000 B1 low CSIRO Mk3 
21 BASELINE2000 B1 low HADCM3 
22 BASELINE2000 B1 low DARLAM125KM 
23 2030 B1 low CSIRO Mk3 
24 2030 B1 low HADCM3 
25 2030 B1 low DARLAM125KM 
26 2050 B1 low CSIRO Mk3 
27 2050 B1 low HADCM3 
28 2050 B1 low DARLAM125KM 
 

 
                                                 
6 The baseline climate for OzClim, the tool used to obtain climate data, is centered on the year 1990. 
Baseline climate for climate change impact analysis for the quality, yield and variety distribution analysis 
was centred on the year 2000. This is because the grapevine quality parameters used in the analysis were 
taken from the years 1999 to 2003. To obtain the climate data that is centred on the year 2000 from the 
OzClim package, climate change scenarios have to be applied. Bureau of Meteorology records (1961-1990) 
(OzClim baseline climate) were adjusted with greenhouse gas forcing levels appropriate to the year 2000. 
Because the analysis in this impact study is done using relative climate, i.e. projected climate compared to 
baseline, the methodology that was chosen was to select a projection, and then within that projection, 
compare the climate across the time span chosen for the study. Various representations for the year 2000 
climate are therefore used as each of the nine scenario and model combinations are represented for this 
time. Variation in climate projections by the year 2000 is negligible (see Figure 6). 
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Chapter 3  The impact of GHG-induced temperature 

change on phenology of wine grapes in 
Australia 

 
3.1 Introduction 
 
Vitis vinifera L. vines undergo several developmental stages separated by the events of: 

dormancy, budburst, flowering, fruit set, veraison (colour change and berry softening), 

harvest (grape maturity), and leaf fall (Lorenz et al. 1995). These stages and events are 

described by the general term ‘grapevine phenology’.  

 

Matching the critical developmental phases to a suitable climate is a fundamental factor 

in the planning of any vineyard development where optimising quality is a priority. A 

report by Dean Hilgard, written in 1886, first described a classification of grapevine 

varieties according to the district from which the vines originated (Amerine and Winkler 

1944). More recently McIntyre et al. (1982) describe the timing of phenology of many 

varieties of grapevines and the possibility of a ‘best fit’ variety for a particular climate. In 

Chapter 7 of this thesis this ‘best fit’ concept is explored in the context of projected 

climate change and possible adaptation strategies. 

 

The impact of temperature change on the timing of phenological stages is investigated in 

this chapter. In past studies the impact of climate change on grapevine phenology has 

been described qualitatively, but here a quantitative approach has been taken. The 

relationship between temperature and phenological duration is quantified using an 

existing vine growth model; VineLOGIC (Godwin et al. 2002).  

 

A quantification of the actual shift in timing of the phenological stages and the projected 

temperatures at which phenological stages, particularly ripening and berry maturation, 

will occur is of great interest to the wine industry. The impact that projected shifts in 

phenological timing will have on the grape and wine industry could be positive or 

negative depending on the present climate of the region (Dry 1988). In cooler climates 

(Tasmania, Mornington Peninsula) future warming may allow varieties that are marginal 
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now, to be grown and ripened more fully (Smart 1989). The harvest window will become 

increasingly narrow in regions already classified as ‘Hot’ and ‘Very hot’(Smart and Dry 

1980). Higher ripening temperatures impose a narrower window from which to determine 

the optimum harvest time, this can result in reduced wine quality (Coombe 1987b). 

Implications for quality of grapes given different harvest temperatures in future climates 

are explored in Chapter 4 and Chapter 5 of this thesis. 

 

Timing of the phenological events throughout the year can have a bearing on the 

viticultural processes and management and ultimately on the quality of grapes produced 

for wine making. The phenology of the winegrape crop in France has advanced 

significantly in the past 50 years with harvest now almost a month earlier (Rochard et al. 

2006; Seguin and de Cortazar 2005). These shifts have been verified in other European 

locations with eleven of the twelve locations studied experiencing earlier harvests (17 

days earlier on average) (Jones et al. 2005a). These advances in harvest date have 

significant implications for the quality of the grapes with increasing sugar and decreasing 

acid levels (Seguin and de Cortazar 2005) and reduced anthocyanins and flavonoids 

(Haselgrove et al. 2000). Also, there is anecdotal evidence that higher temperatures 

during the growing season may be leading to a general compression of vintage (first to 

last harvest event) with large implications for the management of harvest intake. Harvest 

logistics such as truck and harvester availability, workforce management, the number of 

crusher/ de-stemmers and the size of the intake vats will all be affected if the grapes 

arrive at the winery at a faster rate. 

 

Different grapevine cultivars have different phenological profiles (McIntyre et al. 1982) 

and in this chapter we investigate two of the major Vitis vinifera L. cultivars grown in 

Australia, namely Cabernet Sauvignon (late ripening) and Chardonnay (early ripening). 

Choice of an early ripening variety in a warm climate may have the variety ripening in 

the hottest part of the temperature cycle. A late ripening variety would be better suited in 

a warm climate (Happ 1999b). In cooler climates, where temperatures during the final 

stages of ripening can fall rapidly, the same cultivar can ripen as much as three to four 

weeks earlier or later depending on the season. Therefore, choice of varieties that will 
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ripen where the weather is less variable, not so late in the season as to limit ripening 

potential, and not so early as to have ripening at the hottest time and attendant deleterious 

affects on fruit composition and subsequent wine quality, is important when matching 

cultivars to climates. 

 

Several methods have been used in this study that set it apart from other impact studies 

and, together, address the issue of impact on phenology more thoroughly than has 

previously been attempted. These are: 

1. This study investigates how impacts of warming on grapevine phenology will 

vary from region to region across the Australian continent. Exploring the impact 

for each region separately is important, not only because current climate varies 

considerably from one region to another and, therefore, any effects of changing 

climate will vary depending on the current climate of the region (Gladstones 

1992), but also because the projected climate change will vary between regions, 

with some regions warming at a faster rate than others (CSIRO 2001).  

2. Climate change projections for the entire year have been modeled, month by 

month, and these monthly perturbations are used to adjust the drivers of the 

phenology model, VineLOGIC. The progression of grapevines through the 

phenological stages has been shown to respond to temperature with varying 

sensitivity throughout the annual growth cycle (Jones and Davis 2000). This 

temporal downscaling of climate change data, compared with the approach often 

taken of assuming an average annual increase, will allow any annual variation of 

physiological sensitivity to temperature to be accounted for. In some earlier 

climate change impact studies the continuum of plant responses are ignored, 

where only one part of the climate cycle is considered, or average annual 

temperature increases are used (Dry 1984). 

3. Exploration of the effect of climate change projection uncertainties on the results 

are achieved by employing several GHG emissions scenarios, combined with 

varying climate sensitivity levels, and also a range of climate models. Justification 

for the choice of these is given in Chapter 2 of this thesis. 
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The objective of this chapter is to quantify the impact of projected climate change on 

some important phenological events pertinent to wine grape production. 

3.2 Methodology 

3.2.1 Modeling plant responses 
 
The vineyard simulation model VineLOGIC (developed by the Cooperative Research 

Centre for Viticulture (CRCV)) was used to determine the impact of projected climate 

change, namely increased temperature, on grapevine phenology. A description of the 

driving variables of the model is presented in the report ‘Optimisation of quality wine 

grape production through modeling vine phenology, canopy architecture, light 

interception, water use and yield’(Sommer and Goodwin 2000). A general description of 

model simulations, as grapevines pass through their annual lifecycle from bud dormancy 

through to budburst is provided by Godwin et al. (2002).  

 

The model was validated using historical data from vines grown at Mildura and Griffith 

over five growing seasons from 1966 to 1970 (Zhang et al. 2002). Generally, 

VineLOGIC simulated phenology accurately with the exception of some harvest dates, 

which occurred later than predicted. This could be explained by timing of the decision of 

when to harvest wine grapes which is often based on a subjective assessment of fruit 

quality or subject to vagaries associated with intake scheduling during vintage. 

 

As the timing of phenological stages is mainly determined by temperature (Pearce and 

Coombe 2004), other climate variables (e.g. rainfall or humidity) were not used in the 

analysis presented here. Average budburst dates and harvest dates and the duration of the 

season (number of days from budburst to harvest) (from the fifteen years of results 

generated)7 were presented using the existing baseline weather dataset. This highlights 

regional and varietal differences using weather data for each region (sourced from the 

Bureau of Meteorology weather stations) for the years 1976 to 1990.  

 

                                                 
7 A different approach could have the phenology data presented as a range and the warming scenario 

impacts could have been assessed in terms of the change to the historical range. 
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Six sites were chosen to represent the range of climates in which the majority of wine 

grapes are grown in Australia. Regions represented by these sites include hot and cool as 

well as maritime and continental climates (Table 8). 

 

Table 8: Details of the sites selected to assess in the determination of the impact of climate change on 
grapevine phenology. 

Site Region State 
MJT °C 

(BASELINE 
1990) 

Latitude 
(°) 

Longitude 
(°) 

Elevation 
(m) 

Clare Valley Clare Valley SA 22.9°C -33.5 138.4 395 
Coonawarra Coonawarra SA 19.2°C -37.2 140.5 59 
Griffith Riverina NSW 24.53°C -34.2 146.4 126 
Loxton Riverland SA 23.5°C -34.3 140.4 66 
Margaret 
River 

Margaret 
River 

WA 20.6°C -33.6 115.5 88 

Mildura Vic/NSW 
Murray 
Valley 

Vic 24.3°C -34.1 142.5 50 

 

Once the baseline phenology was determined, weather data used to ‘drive’ the phenology 

model was then perturbed with regional temperature change projections. Projected 

average temperature increases (calculated regional monthly temperature increments from 

BASELINE1990 to the projected year) were added to the daily weather data for the 

corresponding month for all the fifteen years of weather data contained in the 

VineLOGIC model (1976-1990). This was done so that the same regional temperature 

variability was retained for subsequent predictions. Projected weather data was used to 

re-run the phenology model and projected change in phenology presented. In this way the 

phenology data from the model using baseline climate data was then compared with the 

phenology data from using projected higher temperatures (Figure 16). 
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Figure 16: Riverina harvest day (Julian day) for BASELINE1990 and in 2030 and 2050. Weather 
data sets are symbolised by the maps on the bars. Average harvest day for the BASELINE1990 is 
shown on the bar chart (green bar). The yellow bar indicates the average harvest date for the 
Riverina when warming projections for the year 2030 are used. Another climate projection (2050) 
results in the even earlier harvest result (red bar). These harvest results are produced from running 
the VineLOGIC vineyard simulation model with the different climate data sets (CSIRO 
Mk3/A1Bmid projections). 

 
Budburst date and harvest date were chosen as important phenological stages for which 

climate change impact could be assessed in this analysis. A complete description of the 

major phenological stages is outlined in Appendix 10.2.1. Although other phenological 

stages such as flowering and veraison are important, and the timing of these events is 

impacted by temperature changes as well, presentation of the data for budburst, harvest 

and season duration captures and illustrates the most important impacts for this initial 

assessment. Further development of this investigation would include assessments of these 

stages. 

 
An early season ripening variety (Chardonnay) and a later season ripening variety 

(Cabernet Sauvignon) were selected for this analysis. These two varieties are grown in 
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the majority of Australian wine grape regions and make up a significant proportion of the 

Australian grape harvest (making up 18% and 16% of the total crush for Chardonnay and 

Cabernet Sauvignon respectively) (AWBC 1999-2003). 

 

Although phenology is known to be influenced by a number of management options that 

influence crop load, for example vine training systems (Smart and Robinson 1991) and 

irrigation regime (Pearce and Coombe 2004), an investigation of the interaction of 

vineyard management factors with projected climate change is expected to have a minor 

impact compared with the impact of temperature change and it was considered acceptable 

to ignore these. Therefore the standard setting of pruning level and irrigation provided by 

the VineLOGIC software were used for simulations (See Appendix 10.2.2). 

 

3.2.2 Harvest temperature8 
 
Mean monthly temperature and projected temperature data for the months January, 

February, March, April and May for the baseline climate as well as projections for 2030 

and 2050 were extracted for the six regions of interest (Table 8). The possible future 

scenario combinations;  

• A1B GHG emission scenario, mid climate sensitivity, with the CSIRO Mk3 

climate model,  

• and A1FI GHG emission scenario, high climate sensitivity, with the HADCM3 

climate model,  

were used to illustrate the impact of future warming on harvest temperature incorporating 

the changed timing of harvest. Not all of the GHG emission scenario and climate model 

combinations were used here as the intention to illustrate the concept of the shifting 

harvest temperature regime could be done adequately by using these two examples of 

future warming. 

 

                                                 
8Harvest temperature should be regarded as the minimum temperature to which the grapes are exposed 
throughout the period of ripening (from veraison onwards). This temperature point is chosen, however, as 
an indication of the ripening to harvest temperature for simplicity.  
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3.2.3 Changing the temporal resolution of climate perturbation 
 
The phenology model used in VineLOGIC simulates the timing of growth stages of the 

grapevine in the annual cycle. Because different stages of vine growth respond to 

temperature with varying sensitivity coupled with the knowledge that climate change is 

not predicted to be uniform across the annual cycle a more sophisticated analysis was 

warranted. The temporal resolution of climate change perturbation on a monthly rather 

than annual scale has been used to examine the impact this could have on the accuracy of 

this study. Results generated from using monthly temperature perturbation data are 

compared with results from annual perturbations using HADCM3 model and high GHG 

emissions scenario results for the year 2050. 

 

Of course if the resolution could feasibly be increased to hourly or daily time-steps then 

the accuracy of the analysis would be expected to be even better. Access to daily climate 

projection data was more difficult and not available in a gridded format so this level of 

resolution was not explored in this analysis. 
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3.3 Results: Baseline analysis 

 
Initially results will be presented as budburst date, harvest date and season duration as a 

temperature sensitivity study using a baseline climate (year 1990). 

3.3.1 Monthly average temperature of the chosen sites  
 
The average monthly temperatures for the baseline climate (extracted from OzClim) for 

the six regions of interest are presented in Figure 17. In terms of the yearly temperature 

distribution, the more maritime climate of Margaret River is apparent when compared 

with the continental climate of Riverina. Overall, the coolest overall climate is that of 

Coonawarra. 
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Figure 17: Comparison of average monthly temperature (°C) (BASELINE1990) for the six regions used in 
the study.  
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3.3.2 Regional and varietal effects on phenology 
 
As expected, phenological differences between regions reflect climatic differences. The 

number of days between budburst and harvest (length of season) was not significantly 

affected (P > 0.05) by variety (Figure 18). However, there were significant (P < 0.01) 

differences between regions (Figure 18), with the cooler Margaret River and Coonawarra 

exhibiting longer seasons compared with the other, warmer regions (See Appendix 10.2.3 

for ANOVA table). 

 
Figure 18: Comparison of season duration (in days) for the two Vitis vinifera cultivars, Cabernet 
Sauvignon and Chardonnay, under baseline climate conditions in six Australian wine grape growing 
regions. Error bars represent 95.0% confidence interval for mean. 

 
There are significant regional and varietal effects on budburst date. Budburst day varied 

significantly for different regions and also the different varieties (P<0.01). Harvest date 

also varies from region to region and variety to variety (P<0.01). The interaction of 

region and variety was not significant (P>0.05), suggesting that the temporal pattern of 

budburst and harvest with respect to variety was the same for each region. So irrespective 

of climate, Cabernet Sauvignon went through budburst later and was harvested later than 

Chardonnay (Figure 19).  
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Figure 19: Comparison of budburst day and harvest day (Julian day) for the two Vitis vinifera 
cultivars, Cabernet Sauvignon and Chardonnay, under baseline climate conditions in six Australian 
wine grape growing regions. Error bars represent 95.0% confidence interval for mean. 
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3.4 Results: Projected climate change impact  
 
With the baseline phenology established, an assessment of the impact of temperature 

change on phenology was undertaken. Projected monthly mean temperatures were 

extracted from OzClim for each region from three climate models and three GHG 

emission scenario and climate sensitivity combinations.  

 

Projected temperature was compared with the baseline temperature (BASELINE1990) 

and the perturbation (or warming) was calculated for each projection, region and month 

of the year (Figure 20 and Figure 21). Temperature perturbations projected for the 

different winegrowing regions responded differently to the climate model, GHG emission 

scenario and the year of the projection (P<0.01). Different climate model outputs are 

represented horizontally across the array of charts. The HADCM3 climate model results 

in the greatest warming projection for all of the regions except for the Margaret River. In 

the case of the Margaret River, the CSIRO Mk3 climate model produced the greatest 

warming. As expected the lower the future GHG emissions the smaller the temperature 

perturbation. The projected temperature differences from BASELINE1990 for all of the 

months of the year, regions in the phenology study, emission scenario and climate model 

combinations are listed in Appendix 10.2.4. 
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Figure 20: Projected temperature increases (°C) (from BASELINE1990) for each month for the 
Clare Valley, Coonawarra and Riverland winegrowing regions. Results from separate model runs 
are given in columns (CSIRO Mk3, Darlam 125km, and HADCM3). Emission scenario and climate 
sensitivities are represented by the differently weighted lines. The purple lines show warming 
amounts to the year 2030, and the red lines indicate projected warmings up to the year 2050. 
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Figure 21: Projected temperature increases (°C) (from BASELINE1990) for each month for Riverina and 
Margaret River and Vic/NSW Murray valley winegrowing regions. Results from separate model runs are 
given in columns (CSIRO Mk3, Darlam 125km, and HADCM3). Emission scenario and climate 
sensitivities are represented by the differently weighted lines. The purple lines show warming amounts to 
the year 2030, and the red lines indicate projected warmings up to the year 2050. 
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3.4.1 Impact of temperature change on grapevine phenology 
 
In this section phenology projections for all of the regions were developed by adding the 

monthly warming projections to the regional baseline (BASELINE1990) weather data for 

incorporation into VineLOGIC simulations. The model was then run to generate budburst 

dates and harvest dates. Appendix 10.2.5 shows the mechanics of how this is done.  

 

The effect of warming on the dates for the phenological stages was examined for two 

outlook periods. It was found that for each warming projection the results were 

significantly affected for all growth stages tested (P<0.01). Furthermore, the effect of 

year, choice of climate model and GHG emission scenario resulted in significantly 

different phenological timings (P<0.01). 

 

The impact of projected temperature change for the years 2030 and 2050 on each of the 

regions and varieties, Cabernet Sauvignon and Chardonnay, is presented for budburst 

date, harvest date and season duration (See Appendix 1.1.1). The potential range of 

projected impacts on the various phenological descriptors when considering the climate 

models and GHG emission scenarios is summarised in Table 9.  

 

Projected GHG-induced temperature change will have substantial effects on budburst, 

harvest dates and season duration, with a variation in the magnitude of these effects for 

the different regions and varieties. With the exception of Margaret River, budburst day is 

expected to be earlier, harvest day is expected to be earlier, and the season will be 

compressed into a shorter time span. For example, in 2030 budburst will be advanced by 

between 2 and 9 days with larger differences being exhibited at Clare Valley compared 

with say the Riverland. An exception to the general advancement of budburst is for the 

Margaret River region where budburst is predicted to occur 4 to 11 days later for 2030 

and 6 to 29 days later by 2050, respectively. These differences in budburst persist until 

harvest in the Margaret River with some climate treatments. For all of the other regions 

harvest is considerably earlier in warmer climates and the time between budburst and 

harvest is shorter. 
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Table 9: Impacts of climate change on the different phenological events for two outlook periods, two 
varieties and six grape growing regions, using the three models and three emission scenarios. Climate 
model and emissions scenario selection is described in Chapter 2. Each impact is presented as a range 
(in days). Negative figures indicate earlier events and positive figures later events. 

Budburst day Harvest day Season Duration  
2030 2050 2030 2050 2030 2050 

Region Impact range (days) for the 3 scenarios, 3 models 

Cabernet Sauvignon 
 
Clare Valley 

- 4 to -9 -6 to -18 -8 to -15 -12 to -30 - 4 to -8 -5 to -15 

Coonawarra - 4 to -8 -6 to -11 -15 to -
23 

-21 to -45 -10 to -21 -15 to -37 

 
Riverland 

-2 to -5 -3 to -7 -6 to -13 -8 to -24 - 4 to -9 -6 to -18 

 
Riverina 

-4 to -7 -5 to -12 -6 to -12 -7 to -14 -2 to -5 - 4 to -15 

Margaret 
River 

+10 to +4 +6 to +26 -10 to+4 0 to -14 -1 to -20 -13 to -31 

Vic/NSW 
Murray Valley 

-3 to -5 -3 to -7 -6 to -10 -7 to -22 -3 to -7 - 4 to -13 

Chardonnay 
 
Clare Valley 

-4 to -9 -6 to -15 -7 to -14 -11 to -27 -3 to –6 -3 to -14 

 
Coonawarra 

-4 to -7 -5 to -10 -12 to -
22 

-17 to -39 -8 to -17 -13 to -31 

 
Riverland 

-2 to - 4 -1 to -5 -7 to -12 -8 to -22 -4 to -9 -6 to -20 

 
Riverina 

-3 to -6 -4 to -10 -6 to -13 -8 to -24 -2 to -7 -4 to -16 

Margaret 
River 

+11 to +4 +9 to +29 - 4 to -8 -12 to +5 -8 to –20 -12 to -40 

Vic/NSW 
Murray Valley 

-2 to - 4 -2 to -5 -5 to -11 -8 to -21 -3 to -6 -5 to -18 

 

3.4.2 Projected harvest temperature 

Modeled harvest dates for Chardonnay and Cabernet Sauvignon are presented for 1990, 

2030 and 2050. These harvest dates are superimposed onto graphs depicting the 

BASELINE1990 climate and projected climate (Figure 22 to Figure 27). For each region, 

the earlier and warmer harvest for the two outlook periods is indicated where the arrows 

meet the average temperature lines for the relevant year on the charts. 



  57

January February March April May
13

14

15

16

17

18

19

20

21

22

23

24
A

ve
ra

ge
 m

on
th

ly
 te

m
pe

ra
tu

re
Clare Valley

2050
2030
1990

Year

January February March April May
13

14

15

16

17

18

19

20

21

22

23

24
A

ve
ra

ge
 m

on
th

ly
 te

m
pe

ra
tu

re
Clare Valley

2050
2030
1990

Year(°
C

)

January February March April May
13

14

15

16

17

18

19

20

21

22

23

24
A

ve
ra

ge
 m

on
th

ly
 te

m
pe

ra
tu

re
Clare Valley

2050
2030
1990

Year

January February March April May
13

14

15

16

17

18

19

20

21

22

23

24
A

ve
ra

ge
 m

on
th

ly
 te

m
pe

ra
tu

re
Clare Valley

2050
2030
1990

Year(°
C

)

 

Figure 22: The projected harvest dates and temperatures (°C) for the Clare Valley for the baseline 
year 1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG emission 
scenario and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay harvest dates 
and the purple arrows indicate the Cabernet Sauvignon harvest dates.  
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Figure 23: The projected harvest dates and temperatures (°C) for the Riverland for the baseline year 
1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG emission scenario 
and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay harvest dates and the 
purple arrows indicate the Cabernet Sauvignon harvest dates. 
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Figure 24: The projected harvest dates and temperatures (°C) for the Coonawarra for the baseline 
year 1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG emission 
scenario and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay harvest dates 
and the purple arrows indicate the Cabernet Sauvignon harvest dates. 
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Figure 25: The projected harvest dates and temperatures (°C) for the Vic/NSW Murray Valley for 
the baseline year 1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG 
emission scenario and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay 
harvest dates and the purple arrows indicate the Cabernet Sauvignon harvest dates. 
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Figure 26: The projected harvest dates and temperatures (°C) for the Riverina for the baseline year 
1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG emission scenario 
and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay harvest dates and the 
purple arrows indicate the Cabernet Sauvignon harvest dates. 
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Figure 27: The projected harvest dates and temperatures (°C) for the Margaret River for the 
baseline year 1990 (green line), and years 2030 (gold line) and 2050 (red line) for the A1B GHG 
emission scenario and the CSIRO Mk 3 climate model. The yellow arrows indicate Chardonnay 
harvest dates and the purple arrows indicate the Cabernet Sauvignon harvest dates. 
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The harvest dates and temperature at harvest (results from running the CSIRO Mk3 

model with A1B emission scenario and mid climate sensitivity) for the two varieties, six 

regions and years 1990, 2030 and 2050 are presented in Table 10.  

 

Table 10: Projected changes in harvest dates and harvest temperatures (°C) for Cabernet Sauvignon 
and Chardonnay in six winegrowing regions for the years 1990, 2030 and 2050 using the mid GHG 
emission scenario. The increase in the harvest temperature for the projected periods is shown in the 
‘Warming to 20X0 (cf. 1990)’ column on the right hand side. 

CSIRO Mk3 
A1B 

Harvest 
date 
1990 

Temp at 
harvest 

1990(°C) 

Harvest 
date 2030 

Harvest 
date 
2050 

Warming 
to 2030 

(cf.1990) 
(°C) 

Warming 
to 2050 

(cf.1990) 
(°C) 

Cabernet Sauvignon 

Clare Valley  24-Mar 19.8 9-Mar 2-Mar 1.5 2.7

Coonawarra 3-May 13 13-Apr 31-Mar 2.5 4.2

Riverland 1-Mar 21.8 19-Feb 12-Feb 1.6 2.8

Riverina 22-Feb 23.7 12-Feb 4-Feb 1.7 2.4

Margaret 
River  

24-Mar 19.4 15-Mar 10-Mar 1.3 2.2

Vic/NSW 
Murray 
Valley 

18-Feb 23.8 9-Feb 3-Feb 1.2 1.8

Chardonnay 

Clare Valley  11-Mar 20.4 27-Feb 20-Feb 1.8 3.2

Coonawarra 12-Apr 15.2 27-Mar 17-Mar 1.6 3.2

Riverland 18-Feb 22.8 9-Feb 3-Feb 1.2 1.8

Riverina 13-Feb 24.5 3-Feb 27-Jan 0.9 1.6

Margaret 
River  

12-Mar 20 4-Mar 28-Feb 1 1.9

Vic/NSW 
Murray 
Valley 

9-Feb 24.2 31-Jan 25-Jan 0.7 1.4

 

The harvest dates and temperature at harvest (from running the HADCM3 model with 

A1FI emission scenario and high climate sensitivity) for the two varieties, six regions and 

years 1990, 2030 and 2050 are presented (Table 11). 
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Table 11: Projected changes in harvest dates and harvest temperatures for Cabernet Sauvignon and 
Chardonnay in six winegrowing regions for the years 1990, 2030 and 2050 using the high GHG 
emission scenario. The increase in the harvest temperature for the projected periods is shown in the 
‘Warming to 20X0 (cf. 1990)’ column on the right hand side. 

HADCM3  
A1FI 

Harvest 
date 
1990 

Temp at 
harvest 

1990  
(°C) 

Harvest 
date 
2030 

Harvest 
date 
2050 

Warming 
to 2030 

(cf.1990) 
(°C) 

Warming 
to 2050 

(cf.1990) 
(°C) 

Cabernet Sauvignon 

Clare Valley  24-Mar 19.6 8-Mar 21-Feb 2.4 4.7

Coonawarra 3-May 13.2 7-Apr 19-Mar 3.1 6.1

Riverland 1-Mar 22.1 16-Feb 5-Feb 2.1 3.5

Riverina 22-Feb 23.9 8-Feb 27-Jan 2 2.6

Margaret River  24-Mar 19.5 16-Mar 12-Mar 1.2 2.4

Vic/NSW 

Murray Valley 

18-Feb 23.7 6-Feb 27-Jan 1.7 3.1

Chardonnay 

Clare Valley  11-Mar 20.4 26-Feb 12-Feb 2.5 4.3

Coonawarra 12-Apr 14.8 23-Mar 7-Mar 3.2 5.4

Riverland 18-Feb 23.1 7-Feb 27-Jan 1.3 2.6

Riverina 13-Feb 24.5 31-Jan 19-Jan 1.4 3.1

Margaret River  12-Mar 20.1 6-Mar 2-Mar 1 2.1

Vic/NSW 

Murray Valley 

9-Feb 24.2 28-Jan 18-Jan 1.2 2.7

 

The impact of the earlier harvest on potential berry quality can be estimated by 

comparing the temperature increase with and without the earlier harvest date included. 

Comparing the projected monthly warming without earlier harvest incorporated with 

actual harvest month projected warming for a region gives an indication of the difference 

that the earlier harvest can make to estimating future harvest temperatures (Table 12 and 

Table 13). In one case (e.g. Coonawarra) there is a 4.4°C increase in the temperature at 

harvest when the additive effects of phenology changes and climate change are 

considered  
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Table 12: Projected increase in mean temperature (°C) at harvest, when the phenological shift to a 
earlier time of harvest (Cabernet Sauvignon) is considered in addition to the climate change increase 
(Mid GHG emission scenario, CSIRO Mk 3 climate model). 

 
2030 

 
2050 

CSIRO MK3 
A1B 

Warming + phenology 
change 

Warming Warming + phenology 
change 

Warming 

 Increase in harvest temperature (°C) 
Clare Valley 1.5 0.5 2.7 1.0 
Coonawarra 2.5 0.4 4.2 0.9 
Margaret River 1.6 0.6 2.8 1.3 
Riverina 1.7 0.7 2.4 1.5 
Riverland 1.3 0.6 2.2 1.3 
Vic/NSW Murray 
Valley 

1.2 0.7 1.8 1.4 

 
Table 13: Projected increase in mean temperature (°C) at harvest, when the phenological shift to a 
earlier time of harvest (Cabernet Sauvignon) is considered in addition to the climate change increase 
(High GHG emission scenario, HADCM 3 climate model). 

 
2030 

 
2050 

HADCM3 
A1FI 

Warming + phenology 
change 

Warming Warming + phenology 
change 

Warming 

 Increase in harvest temperature (°C) 
Clare Valley 2.4 1.0 4.7 1.7 
Coonawarra 3.1 0.7 6.1 1.7 
Margaret River 2.1 0.7 3.5 1.7 
Riverina 2.0 1.1 2.6 2.6 
Riverland 1.2 0.8 2.4 2.0 
Vic/NSW Murray 
Valley 

1.7 0.9 3.1 2.3 

 
Cabernet Sauvignon harvest temperatures may increase by 2.5°C in Coonawarra by 2030, 

and 4.2°C by 2050. This a much larger temperature increase than that if projected climate 

change is considered alone (0.4°C and 0.9°C respectively) (CSIRO Mk3 A1B mid 

projection). For the variety Chardonnay harvest temperatures are projected to be 1.6°C 

hotter in 2030 and 3.2°C hotter in 2050 in the Coonawarra. This compares to 0.5°C 

warming in 2030, to 1.0°C warming in 2050 (CSIRO Mk3 A1B mid) if earlier harvest 

dates are not factored into the warming amount. 

 

In the Riverina, Cabernet Sauvignon harvest temperatures may increase by 1.7°C in 2030 

and 2.4°C by 2050 when the earlier harvest is factored into the temperature increase. This 
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can be compared to the projected warming (CSIRO Mk3 A1B mid) of 0.7°C and 1.5°C 

for the same scenario climate model combination but assuming the same harvest date in 

the future.  

3.4.3 Effect of temporal disaggregation on impact result 
 
To compare the influence of using monthly versus yearly climate change projection data 

the phenology results produced using projected annual perturbations are compared with 

those produced using projected monthly perturbations (presented previously).  

 

To explore the effect of annual rather than monthly adjustment of climate results from the 

HADCM3 climate model and high GHG emission scenario were used to develop 

phenological profiles for comparison. With the greatest temperature perturbation result 

there is also greatest seasonal variation in temperature producing the greatest possible 

interaction of impacts. Temperature data from monthly modeling compared to 

temperature data using annual temperature perturbation data are presented in Table 14.  

 

Table 14: Projected monthly and annual temperature change (°C) projections for the Australian 
winegrowing regions analysed for impacts of projected climate change on grapevine phenology 
(HADCM3 and A1FI GHG emission scenario with high temperature sensitivity). 

Region 

Clare 
Valley 

 
Coonawarra 

 

Margaret 
River 

 
Riverina 

 
Riverland 

 

Vic NSW 
Murray 
Valley 

 
Projection 
year 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 
January 1.01 2.17 0.90 1.93 0.72 1.54 1.52 3.28 1.14 2.45 1.32 2.83 
February 0.88 1.90 0.78 1.67 0.76 1.65 1.31 2.83 0.99 2.12 1.15 2.47 
March 1.26 2.71 1.02 2.19 0.85 1.83 1.45 3.13 1.32 2.85 1.41 3.04 
April 1.00 2.15 0.87 1.88 0.78 1.67 1.10 2.37 1.04 2.23 1.08 2.33 
May 1.07 2.30 0.93 2.00 0.81 1.74 1.14 2.46 1.11 2.38 1.14 2.46 
June 0.93 2.01 0.84 1.80 0.73 1.56 1.04 2.25 0.97 2.09 1.01 2.18 
July 0.87 1.88 0.81 1.74 0.68 1.47 0.95 2.04 0.91 1.96 0.94 2.02 
August 0.91 1.95 0.79 1.69 0.71 1.53 0.93 2.01 0.93 2.01 0.95 2.04 
September 0.96 2.08 0.71 1.52 0.73 1.58 1.07 2.31 1.00 2.15 1.04 2.24 
October 1.09 2.35 0.77 1.65 0.77 1.67 1.41 3.04 1.16 2.50 1.27 2.74 
November 1.25 2.68 1.01 2.18 0.79 1.71 1.74 3.75 1.35 2.91 1.52 3.28 
December 1.11 2.39 0.96 2.08 0.74 1.60 1.64 3.54 1.23 2.64 1.41 3.03 
Annual 1.03 2.21 0.86 1.86 0.76 1.63 1.28 2.75 1.10 2.36 1.19 2.56 
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The increased resolution had no significant impact on the projected budburst day or 

projected harvest day for any of the regions. There are only slight changes to the budburst 

day or harvest day if monthly temperature change perturbations are used compared to 

annual temperature change perturbations. Regarding the season duration two regions 

(Riverland and Victorian and NSW Murray Valley) showed a significant reduction in the 

season duration of four days if the monthly perturbations were used rather than the annual 

perturbations (P<0.05) (Table 15). 

Table 15: Comparison of impact of temperature change on budburst day, harvest day and season 
duration of Cabernet Sauvignon for the years 2030 and 2050 using monthly or annual climate change 
perturbation data (HADCM3/A1FI high). The Diff column indicates the difference between the 
timing of events resulting from using the more temporally resolved temperature perturbations. 

HADCM3 Year 2030 2050 

A1FI high Region Monthly Annual Diff Monthly Annual Diff 

Clare Valley 267 266 -1 259 257 -3 

Coonawarra 260 257 -2 255 252 -3 

Riverland 251 250 -1 250 248 -1 

Riverina 255 253 -2 251 248 -3 

Margaret River 263 263 0 274 275 1 

Budburst day 

 

 

 

 

 Vic/NSW Murray Valley 251 250 -1 250 249 -1 

Clare Valley 66 66 0 52 52 0 

Coonawarra 96 95 -2 77 75 -2 

Riverland 46 46 0 35 35 0 

Riverina 38 39 1 27 27 0 

Margaret River 75 74 -1 70 71 1 

Harvest day 

 

 

 

 

 Vic/NSW Murray Valley 37 37 0 26 29 3 

Clare Valley 164 166 2 158 161 3 

Coonawarra 202 203 1 187 188 1 

Riverland 161 162 1 151 152 2 

Riverina 149 151 2 141 145 4* 

Margaret River 177 176 -1 161 161 0 

Season duration 

 

 

 

 

 Vic/NSW Murray Valley 151 152 1 141 145 4* 

* = significant (P<0.05). 
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3.5 Discussion 
 

Previous studies have reported vine phenology to vary from region to region and variety 

to variety (Pearce and Coombe 2004; Smart et al. 1980), and this has been confirmed in 

this modeling study. Projected GHG-induced temperature change will have an impact on 

grapevine phenology. The choice of GHG emission scenario, climate sensitivity level and 

climate model all had a significant impact on the date of budburst and harvest, and also 

on the season duration (P<0.01) considering each event separately. 

3.5.1 Budburst 
 
Given the chilling requirement is fulfilled, higher temperatures will hasten budburst date 

during the latter part of winter (Pearce and Coombe 2004; Tesic et al. 2001). The results 

show that for all but one site, budburst is likely to be earlier. In projected future climates 

the extent of this shift is affected significantly by the emission scenario, and also the year 

of the projection. The response of budburst to temperature also varies from region to 

region. Cabernet Sauvignon budburst in the Clare Valley is projected to be earlier by 4 to 

9 days by the year 2030, and 6 to 18 days by 2050. Similar impacts to budburst were 

modeled for the Riverland. This can be compared with one American study where in the 

Napa and Sonoma Valleys warmer winter and spring temperatures have advanced the 

growing season by 18 days to 24 days (Nemani et al. 2001). Here a 1.13°C warming was 

experienced over a 47 year period. The impact on budburst date is comparable between 

this study where modeled phenology is used and the American study where historical 

datasets are used. 

 

It could be expected that with a warmer climate frost damage could be reduced. Whether 

there is a reduction in the risk of frost to grapevines in projected future climates remains 

uncertain Even though climate change projections indicate fewer frost days (Hennessy 

and Clayton-Greene 1995) because with earlier budburst the risk of frost may remain the 

same (Nemani et al. 2001; Smart 1989). Modeling the change in frost frequency at 

certain time periods needs to be overlaid with the budburst modeling to answer this 

question. This aspect of risk assessment could be undertaken in future studies. 
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Dormant grapevine buds have a chilling requirement that is satisfied by exposure to low 

minimum temperatures (Dokoozlian et al. 1995; Gardea et al. 1994). Grapevines 

suffering from inadequate winter chilling exhibit delayed and erratic budbreak, decreased 

shoot and cluster counts per vine and poor uniformity of fruit development (Lavee and 

May 1997). 

 

In the Margaret River budburst is projected to be later given future warming. The results 

for the Margaret River region can be explained by the chilling requirement not being 

achieved until later in the season. The VineLOGIC model determines the date of budburst 

by using the chilling requirement for grapevines (Moncur et al. 1989) together with daily 

weather data to determine when the period of bud ecodormancy ends. If the temperatures 

do not reach low enough levels for chilling to be accumulated, budburst is delayed. The 

mean July temperature in the Margaret River, WA, (13.2°C) is already known to be 

associated with problems of lack of dormancy (Dry 1988). Other parts of the world like 

the Coachella Valley in California experience the same phenomena (Wicks et al. 1984) 

 

Reduced chilling may necessitate attention to grapevine management to ensure that the 

optimum cropping potential is reached. For example, bloom-time application of 

fungicides becomes less effective and more expensive than would be possible in 

situations of more uniform budbreak (Wicks et al. 1984). Use of chemical dormancy 

breakers (Shulman et al. 1983) or other management treatments (e.g. evaporative cooling 

treatment (Nir et al. 1988), early pruning (Dunn and Martin 2000)) have been discussed 

in the literature and may offer some adaptive measures in regions like the Margaret 

River. 

 

The impact of projected climate change on fulfilling chilling requirement for stone and 

pome fruits has been examined in Australia (Hennessy and Clayton-Greene 1995) and it 

was found that in some regions chilling requirements may not be attained in the future. 

The chilling requirements of grapevines are generally thought to be less than that of most 

deciduous fruit species. Identifying regions where projected climate change will affect 

grapevine dormancy breaking could be addressed in more detail in future studies.  
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3.5.2 Harvest 
 
Long term trends in phenology in Australia are difficult to access, or unknown and may 

have been varied as viticultural management techniques have changed. From short term 

data sets it can be concluded that budburst, flowering and veraison dates can vary 

between years by up to 2.5 weeks. In contrast, harvest date between years displays 

considerable variation of up to 8 weeks (Pearce and Coombe 2004). Wine harvest dates 

from the Burgundy region of France have been used in some studies of climate as an 

indication of past climate. Interpretation of harvest information from 1493 to present day 

has resulted in a regression fit of temperature and harvest (Le Roy Ladrie 1988). This has 

been used to determine harvest dates in France as a method of interpreting past climatic 

trends (Chuine et al. 2004) with regressions then used to explore harvest dates in future 

projected climates (Rochard et al. 2006). 

 
At warmer sites harvesting generally occurs earlier (Pearce and Coombe 2004). A study 

exploring the effect of different environmental factors on the performance of Sauvignon 

Blanc vines in South Africa found that where maximum February temperatures differed 

by 3.1°C between sites harvest was up to three weeks earlier (Conradie et al. 2002). 

Results from this study indicate a higher sensitivity to temperature than was found in 

South Africa. 

 

Perturbation of the phenology model with projected GHG-induced climate change 

resulted in earlier harvest dates forecast in the future in all but one case. In Coonawarra 

harvest could be fifteen to twenty three days earlier by 2030. Given the high GHG 

emission scenario, harvest could be 45 days earlier in the Coonawarra by 2050. The result 

for the impact to harvest date is much greater for Coonawarra than for any of the other 

regions due to the current limitation to development being temperature. In the warmer 

sites temperature is less limiting. Results from this modeling study are in agreement with 

findings from other studies. A study assessing the trends in phenology in Bordeaux 

(1952-1997) showed harvest was 13 days earlier in 1997 than 1950 and suggested 
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warming trends may be causative (Jones and Davis 2000). Smart (1989) claims harvest 

dates will be advanced by up to 30 days with a warmer climate, depending on variety.  

 

It was found in this study that harvest could be between ten days earlier to four days later 

in the Margaret River by 2030. The later harvest day may be a function of the later 

budburst time impacting on harvest date. This argument is supported by Jones and Davis 

(2000) where each phenological event was highly correlated with the event preceding it. 

A later budburst may force a later harvest, even if the season duration is compressed. 

 
Crops in temperate climatic zones mature more quickly at higher temperatures. In this 

way temperature defines the length of the growing season and the probability of crop 

maturation (Salinger, 1987). Salinger (1987) calculated thermal time totals for different 

sites in New Zealand. He states that a 1°C rise in temperature would decrease the crop 

maturation time by two to four weeks. Dry (1984) found that for an increase in 

temperature of 2°C vintage dates will be advanced by 12 to 30 days, depending on 

variety. The changes in phenological timings produced in this modeling study are of the 

same order as those found in the earlier studies.  

 

Determination of the potential change in temperature at harvest given earlier harvest is a 

very interesting aspect of this impact study. It is interesting for two reasons. The first 

reason is that as was just explained, harvest will be carried out in an earlier part of the 

season, and secondly, that with projected climates, the season will be warmer in itself. A 

high GHG emission scenario results in the temperature difference for harvest in the 

Coonawarra could be 6.1°C by 2050. In terms of regional harvest temperature 

(BASELINE1990), the harvest temperature of Coonawarra (now 13°C) will be 

approaching that of the Clare Valley (now 19°C) by 2050. 

 

There is a ‘double’ warming impact due to the earlier harvest in the warmer year. Earlier 

harvest can affect the wine industry in that harvesting in warmer temperatures can 

negatively impact grape quality. As discussed in the Introduction heat in the ripening 

cycle (temperatures greater than 25°C) is a negative factor in the production of quality 
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wines in that the low molecular weight flavour and aroma compounds are lost at a greater 

rate with high temperatures (Happ 1999b; Marais 2001).  

 

In the warmer viticulture regions like the Swan Valley (WA), Sunraysia, Riverina and 

Hunter Valley, higher ripening temperatures will result in an even shorter window from 

which to determine the optimum harvest time. Volatilization of aroma compounds in 

warmer temperatures (Coombe 1987b; Marais 2001), or changes in the relative 

concentration of these compounds, may affect wine styles (Jackson and Lombard 1993). 

If the climate is warmer than ideal at harvest earlier sugar ripeness is achieved while 

acids are lost through respiration resulting in unbalanced wines (Jones et al. 2005b). The 

impact of GHG-induced temperature change on grape quality is considered in the 

following chapter. 

 
High berry temperature post veraison has been linked with lower anthocyanin levels in 

Cabernet Sauvignon grapes, given the same level of sunlight exposure (Bergqvist et al. 

2001). Similar results showing high temperatures are not conducive to anthocyanin levels 

in Shiraz berries have been found (Haselgrove et al. 2000). Happ (1999) emphasises the 

need for matching the variety with the climate so as to avoid excessive heat in the 

ripening phase of the berry. The quantitative impact of higher temperatures, brought 

about by earlier harvest and a warmer environment on berry quality will be explored in 

the next chapter of the thesis. 

 

3.5.3 Season duration 
 
The results of this study predict earlier phenological events in most cases, with the 

growing season compressed due to projected GHG-induced temperature change. Results 

vary depending on the region and the chosen GHG emission scenario and climate model 

combination.  

 

It was found in this modeling study that the season duration decreased by from two to 

five days by 2030 in the Riverina. In Coonawarra by 2030 the impact was greater with 
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the season duration reduced by up to between ten to twenty-one days. The season 

compression is increased to between fifteen to thirty seven days in the Coonawarra by 

2050. 

 

A study in Italy where the impact of future climate scenarios on yield and yield 

variability examined the effect on season duration (budburst to maturity) on Sangiovese 

and Cabernet Sauvignon grapes and found here the higher the temperature change, the 

larger the impact on the season duration (Bindi et al. 1996a). Bindi et al. (1996) found 

that the season duration was decreased by up to twenty one percent for one of their 

scenarios. The greatest impact on season duration for Cabernet Sauvignon found in this 

modeling study was sixteen percent (31 days shorter over a baseline growing season 

duration of 192 days). Projection results from the CSIRO Mk3 model and the highest 

GHG emission scenario for the year 2050 in the Margaret River region impacted on the 

phenology to this extent. 

 

Results from this study agree with those of Jones and Davis (2000) who explored past 

phenological events in Bordeaux. Jones and Davis (2000) described some research with 

the goal of developing long-term daily phenological interval climatology to study 

climates effect on grapevines (1952 to 1997). When examining the phenological 

intervals: budburst; floraison; veraison; and harvest; it was found three of the intervals 

showed significant decreasing trends over time indicating earlier grapevine phenology in 

the region. They concluded that over the last two decades, the phenology of grapevines in 

Bordeaux has tended towards earlier phenological events and a shortening of 

phenological intervals. 

3.5.4 Temporal resolution of analysis 
 

Comparison of the results of the impact of temperature change on phenology was made 

when monthly temperature change projections were used, and when annual temperature 

change projections were used. For most of the regions, there was no difference in the 

phenology that resulted from using the different representations of temperature change 

(P>0.05) (Table 15). The increased temporal resolution had minimum impact even when 
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using perturbation results from the climate change projection with the greatest annual 

variation. The use of a higher temporal resolution significantly affected the results in the 

Riverina (P=0.011) and the Victorian and NSW Murray Valley (P=0.016) with regard to 

season duration. If the seasonal warming increments across the year are examined it can 

be seen that these two regions have the greatest relative difference in warming between 

winter and summer. Therefore future analysis can use the annual climate perturbations 

without significant concern that this will bias the results 

 

The largest perturbations occur in the summer months when the vines are growing, and 

the smallest in the winter months. By using monthly data the larger summer increases are 

captured to their full extent as they affect vines development having a greater impact on 

phenology. Where the temperature change is more even across the year using annual data 

is sufficient. 

 

3.6 Conclusion 
 
Phenology is driven by temperature. Average projected temperature changes for six 

important wine regions in Australia using climate model and GHG emission scenarios 

that encompass possible projection uncertainties have been used to perturb an existing 

phenological model in order to estimate the impact of projected climate change on timing 

of some important phenological events in the annual growth cycle of grapevines.  

 

When the phenology model is perturbed with a range of projected warming there is a 

significant impact on budburst, harvest and season duration. Different emission scenarios 

create a significantly different impact, as does the length of time into the future the 

analysis is made. Changes to budburst and harvest dates vary from region to region, and 

the phenology of the varieties studied also varies. The phenology of the varieties does not 

interact with region but shows the same pattern for all the regions studied.  

 

This study has shown that if sufficient chilling requirement is met that budburst will be 

brought forward into an earlier part of the season. Where the chilling requirement may 

not be reached in projected warmer climates, budburst may be delayed. 
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The duration of the season (the period from budburst to harvest) is compressed in all 

regions studied. In all of the regions studied harvest is brought forward. The climate 

change impact is exacerbated by harvest being brought forward into a warmer part of the 

season.  

 

To maintain consistency of quality wine styles, the industry can adapt by changing the 

varieties of grapes growing in different areas to match the likely future growing season 

profiles, ripening and harvest can then coincide with the best possible climate conditions 

(Schultz 2000; Smart et al. 1980). In regions where the current climate is already 

considered warm to hot, however, later ripening wine grape varieties that have market 

acceptance may provide new options to growers and winemakers. How this might impact 

on quality of wine grapes, given no change to plantings occur in a future climate is 

investigated in the following chapter. 
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Chapter 4  Grape quality and climate 
 
4.1 Introduction 
 

The objective of this chapter is to develop a relationship between climate averages and 

grape quality indicators. In the previous chapter it was demonstrated that climate change 

will affect the timing of phenology of grapevines. Budburst will, for most regions, occur 

earlier in the year and harvest will also be brought forward. With shifts in timing of the 

phenology wine grapes will go through the ripening and harvest process at an earlier time 

of the year in a warmer and changed climate.  

 

If a relationship between climate and quality can be quantified, the possibility of 

quantifying the impact of climate change on grape quality exists. The climatic driver(s) of 

grapevine quality are not as well defined as are those that drive phenology. For this 

reason a range of climate drivers was explored here in a multivariate analysis to identify 

which may be the most important. 

 

(Jackson and Lombard 1993) found that, having surveyed the world viticultural areas, a 

relationship between climate and quality was evident. Providing that a climate is 

sufficiently warm enough to ripen a specific grape cultivar, they say quality will be 

inversely related to warmth and length of summer. In hot areas optimum conditions may 

exist in a crop for only a few days compared with more protracted ripening in cool areas. 

In hot areas grapes are more likely to be crushed at higher temperatures, increasing the 

likelihood of oxidation faults (Coombe 1987b). 

(Becker 1977) 
Becker (1977) describes wine from cool regions as being fresher, more acidic and of finer 

bouquet and aroma than wines from warmer zones. He says that wines from warmer 

zones forfeit their freshness and the wines often lack balance. Rankine, et al. (1971) 

assessed the Barossa, Eden Valley and Loxton. They found the average quality of white 

wines (Riesling) made from grapes grown under warm conditions (irrigated vines) was 
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lower (measured in tasting trials) than that from cooler areas (non-irrigated vines). 

Results of red wine trials were inconclusive. 

 

Some parameters that could be used to quantitatively measure grape quality across all 

Australian wine regions also had to be defined. This was not necessarily straightforward. 

Exploration of biophysical indicators of grape quality and how they related to each other 

and to the climate was explored in the first instance. Potential links between the 

biophysical quality indicators and some economic quality indicators (assigned measures 

of quality) were also explored. All possible quality indicators were considered with a 

view to selecting, from these, a wine grape quality surrogate that links with a climate 

measure. 

 

4.1.1 Climate parameters 
 
Grape quality is strongly influenced by climate particularly during the development of the 

grape berry. Within the development phase the period from veraison to harvest is seen as 

critical to the quality outcome. Climate descriptors focusing on this part of the growing 

season are often used for research. From the climate data a number of indices have been 

developed in an attempt to describe the impact of climate on grape quality. These 

potential climate indicators are considered below. 

 

Growing degree-days (GDD). 
 
Temperature summation represents an accumulation of temperature over a developmental 

period. Amerine and Winkler (1944) have formulated the most successful adaptation of 

this method. The temperature predictor is a heat factor that represents the biologically 

effective heat accumulated throughout the growing season and is termed temperature sum 

(GDD10). Calculation of the GDD10 heat sum is given in the following equation.  
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Mean January Temperature 
 
Smart and Dry (1980) use the MJT rather than GDD to classify regions. They believe that 

for regions with the same continentality (see below), the indices of MJT and GDD are 

closely related anyway, and MJT is the easiest to determine. 

 
Latitude Temperature Index (LTI). 
 

LTI = Mean Temperature of the Warmest Month (MTWM) (60 – latitude) 

This index enables separation of cool climate districts more effectively than the growing 

degree-days index. It incorporates the effect of longer daylength found at higher latitude 

(Jackson, 2001). This, for the Southern Hemisphere is essentially MJT adjusted for 

latitude so that day-length differences between sites are captured. 

 
Continentality 
 
Smart and Dry, (1980) define continentality (for the Southern Hemisphere) as: 

 

Continentality (°C) = January Mean Temp (°C) – July Mean Temp (°C) 

 

Smart and Dry (1980) found that Australian regions generally have lower continentality 

than the French regions i.e. French winters are relatively much colder than their summers 

compared to Australia. Mean January (or July in the Northern Hemisphere) temperatures 

were closely related to GDD in both countries although due to differences in 

continentality two separate relationships were evident. In climates with greater 

continentality later maturing vines will ripen at cooler temperatures (Smart and Dry, 

1980). 
 

Rainfall and potential evaporation 
 
Annual rainfall and summer rainfall (December to February) are included as climate 

parameters that may impact on the quality of the grapes. Rainfall may affect disease 

pressure, especially fungal diseases (Magarey et al. 1994a) and water content of the grape 

berry. 
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Minimum January/ February Temperature 
 
Cool nights have been suggested to positively affect quality of winegrapes (Kliewer and 

Torres 1972; Tonietto and Carbonneau 2004). Night temperature affects anthocyanin 

synthesis, with cooler conditions resulting in better colour development in red wines. 

 

Harvest Maximum temperature 
 
High temperatures at harvest have been found to have a negative impact on grape quality 

(Happ 1999a; Marais et al. 2001). Coombe (1987) believes that in warmer zones, 

ripening is faster so increase in sugar and decrease in malate is more rapid, therefore it is 

easier to miss the correct picking date in warmer temperatures and this is the reason for 

lower perceived quality. It is suggested by Coombe (1987) that high temperatures at the 

winery, during crushing and fermentation, may increase the liability to oxidation faults.  

4.1.2 Biophysical quality indicators 
 

The influences of environmental factors on grape quality have been reviewed by Jackson 

and Lombard (1993). They identified the following biophysical indicators of grape 

quality: Total soluble solids, pH, titratable acidity, colour and G-G.  

 

Total soluble Solids (TSS) 

Total soluble solids is measured as °Brix, °Balling, °Oechsle or °Baume and can be 

measured by several methods (Iland 2000). At or close to maturity TSS levels are within 

1% of actual sugar content (glucose and fructose) (Jackson and Lombard, 1993). Warm 

temperatures allow for development of TSS in grapes which is converted to alcohol 

through the fermentation process (Jackson 2001). The sugar level at which harvest occurs 

is elected by the winemaker, in that the winemaker will choose a particular harvest date, 

and this will vary depending on the wine style required. Sugar levels usually increase 

through the ripening process (Christensen et al. 1995).  
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In some cool regions where photosynthetic activity may be limited late in the season, 

minimum sugar levels for winemaking may not be obtained. In this instance only sugar 

levels can be a good indicator of quality. In most regions in Australia where the climate is 

warm to hot optimum sugar levels are attained with no problem so sugar level does not 

give an indication of quality. For this reason sugar level was not considered as a realistic 

quality indicator for the purpose of this study. 

 

Acid 

Increasing pH usually parallels the increasing sugar and is used as an indicator of correct 

maturity date (Jackson and Lombard, 1993). Balance between sugar and acid is important 

to wine quality. In cool climates reduction in acid to suboptimal levels is rare, but this can 

happen in warmer climates (Kliewer 1973). In Australia, though not in Europe, it is legal 

to add tartaric acid during the wine making process (Giaccio and Del Signore 2004; 

Rankine 1989). Grapes in warm climates often ripen with low acid levels that may need 

to be supplemented in the winery (Jackson, 2001). Therefore acid levels per se are very 

important to wine balance but not a direct indicator of quality. 

 
Colour 
 
Anthocyanins are the major component of colour of red wine (Jackson and Lombard, 

1993). There is an assumption largely untested in the published literature, that for certain 

red wine styles, grape colour is a good indicator of red wine flavour and that deeply 

coloured grapes will result in strongly flavoured wines (Francis et al. 1999). This may be 

due to a correlation between anthocyanin production by the grape berry and flavour 

compound synthesis. Anthocyanin levels in grape skins are therefore one of the 

parameters available for evaluating grape quality in red grapes (Kliewer 1977). For white 

wine this method of quality assessment is not relevant. 

 
Glycosyl glucose (G-G) 
 

In 1996 and 1997 a nationwide grape sampling survey was conducted to assess the 

potential quality indicator of a flavour and aroma precursor compound, glycosyl glucose 

(G-G). It was found that samples from regions such as Coonawarra, McLaren Vale and 
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King Valley were mostly at the upper range of G-G values, while some samples from the 

warmer inland regions such as the Riverina and the SA Riverland, had particularly low 

G-G values (Francis et al. 1998a; Francis et al. 1998b). They found that extremes in 

quality levels may be reflected in the G-G, but it was not clear that finer gradations in 

wine quality, such as that may exist within a region, can be distinguished by the assay. 

From knowledge of the commercial value placed on grapes from some vineyards, they 

say that a number of samples with the lowest G-G concentration were from vineyards 

producing wines with a lower commercial value, while those grapes sampled from 

vineyards with a higher G-G were destined for bottled wines commanding a higher retail 

price (Francis et al. 1999). 

 
The G-G assay measures total glycosides, including flavourless compounds (Iland et al. 

1996). The grape glycoside pool acts as flavour precursors (Francis et al. 1999). Neither 

the G-G assay, nor colour analysis, directly and exclusively measures the critical flavour 

components in grapes, but it is likely that there is a sufficiently close correlation between 

the concentrations of glycosylated secondary metabolites in grape berries and the level of 

those important individual compounds that result in wine flavour (Francis et al. 1999). 

Recent studies have evaluated the G-G assay to assess its usefulness as an objective 

measure of grape quality (Francis et al. 1998b). The G-G and colour levels when tested 

against wine flavour show a positive linear relationship. G-G measurements are attractive 

as they are applicable to pre-harvest fruit, all varieties, and all wine styles. Colour 

measure is easier and cheaper to perform but limited to red grapes (Francis et al. 1999). 

4.1.3 Assigned indicators of grape quality 
 

Wine show data 
 
Wine quality is readily assessed and much comparative data is available in the form of 

wine show results and wine guides. Some recent studies have linked climate with vintage 

ratings in the context of climate change (Jones et al. 2005b; Nemani et al. 2001). As a 

method for assessing wine grape quality wine show ratings here have been questioned 

because they do not provide data designed for scientific analysis (Coombe and Iland 

2004). Assessment of some ratings data from a well regarded wine guide “The Penguin 



  79

good Australian wine guide 2003/2004” (Hooke and Kyte-Powell 2003) has been 

explored here, however, as a possible way to estimate quality. 

 
Wine grape price 
 
Comparative price paid per tonne of grapes produced is one way to quantify quality 

(Blair and Burley 1998). Until the mid 1980’s the pricing of wine grapes related poorly to 

their real value; instead, prices were influenced by such factors as legislated minimum 

price designed to help cover costs of production (Coombe 1987a). In 1985, a change in 

wine grape pricing in Australia meant that ‘quality’ would be rewarded. This highlighted 

the longstanding problem of how to quantify the quality of wine grapes before 

vinification (Gray et al. 1994). Currently quality is recognised as being an important 

component of pricing (Mugford et al. 2001). 

 

Every winery has its own specifications with regard to grape variety, desired wine style, 

and fault tolerances. An overview outlining methods of assessment of wine grapes is 

produced by the Winemakers Federation of Australia (Allen 2003). This report describes 

grape purchasing agreements as being documents which specify tolerances of maturity, 

flavour, colour, and purity. Most transactions between a grape grower and a winery will 

involve the understanding of a level of quality, yield and purity of product that is 

expected. Given these set criteria are met, an agreed price will be paid for the grapes. 

 

The objective of this chapter is to develop quantitative relationships between regional 

climate parameters and wine grape quality through: 

1. Exploring the quantitative relationships between the climate indices and the 

biophysical quality indicators, colour and G-G. 

2.  Consider the potential data limitations of using these biophysical indicators. 

3. Explore the use of the assigned quality estimators, where such data limitations do 

not exist to define a grape quality temperature sensitivity relationship. 
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4.2 Methodology 

4.2.1 Selecting a quality surrogate from the list of quality indicators 
 

Biophysical indicators of grape quality that were investigated from the point of view of 

selecting a quality surrogate for climate sensitivity analysis were: ‘total G-G’ and colour. 

The data came from a survey conducted 1997-2003 (Francis et al. 1998a). Data were 

from grapes of ripeness between a TSS of 20°Brix and 24° Brix. Colour was measured as 

a concentration ‘total anthocyanins (mg/g)’. G-G was extracted as described in (Francis 

et al., 1998). Both colour and G-G data analysed in this thesis are from the red grape 

varieties Cabernet Sauvignon and Shiraz. The survey data was provided by the Australian 

Wine Research Institute. 

(AWBC 1999-2003) 

Assigned indicators of grape quality were also considered. One of these was ‘Weighted 

average price paid per tonne of grapes at the weighbridge’ data. This was obtained from 

the AWBC (1999-2003). Definition of the price parameters is given in Table 16. 

Weighted average weighbridge price was considered to be the best indicator of a regions 

average grape crop. Maximum price paid for grapes in a region could have been analysed 

and compared with the climate parameters but there was the possibility of one excellent 

producer or site skewing the data. Pricing data from the years 1999-2003 inclusive were 

used. 

 

Data sources are given in Appendix 10.3.1. Not all data was separated into the various 

regions in every year. The data has become more refined more recently. Average price 

paid per tonne for all varieties (1999-2003), separated regionally and by year is now 

available as illustrated in Appendix 1.1.1. As average climate is used in this analysis, 

rather than yearly weather data, the decision to look at the average price over a five year 

period was taken. Average regional price over a longer period may better represent the 

regional ‘value’ and avoid yearly fluctuations. 

 



  81

Table 16 Price descriptors (Taken from (AWBC 1999-2003)) 

------------------------------------------------------------------------------------------------------------ 
Total purchase value 

The total purchase value is defined as the total amount paid for fruit of a particular variety at the 

weighbridge – NOT including any amount added for freight. It includes any penalties or a bonus (e.g. 

baumé) paid at the weighbridge, but DOES NOT INCLUDE other bonuses or adjustments such as end use 

quality bonuses, which are not available at the time the survey is conducted. 

 

The weighted average weighbridge price is calculated as the total amount paid for all grapes purchased of 

a particular variety (summed across all wineries) divided by the total tonnes purchased of that variety for 

which pricing data has been supplied. Winery grown grapes are not included in the calculation of weighted 

average weighbridge price. Note: in small varieties there may sometimes be only one winery contributing 

towards a weighted average weighbridge price. 

 

Reliability of price reporting 

Not all wineries report pricing data. There is also considerable variation in the pricing arrangements made 

by different wineries. For example, some wineries make adjustment payments based on the weighted 

average price reported in this survey, and some pay quality bonuses based on the end use of the product. 

These additional payments are not included in the reported figures. 

Therefore the reported weighted average weighbridge price should not be interpreted as 

a total district average price. 

 

Highest and lowest price 

Wineries are asked to report the highest and lowest prices paid for any parcel of fruit of a particular variety, 

of any size. The highest of all highest prices, and the lowest of all lowest prices are reported – provided that 

at least three wineries have provided this information for any particular variety. Note: the highest or lowest 

price may be for a very small parcel of fruit - and/or reflect an unusual pricing arrangement - eg payment 

by the hectare. 

 

The other assigned indicator of grape quality that was considered as a potential quality 

indicator was wine ratings. Wine ratings were taken from a review (Hooke and Kyte-

Powell 2003) where all the data in the review for unblended Cabernet Sauvignon grapes 

were analysed. 
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4.2.2 Comparison of climate data and the grape quality indicators 

 
Climate data were obtained in gridded format from OzClim climate change generator 

software. The method used for this climate extraction is explained in Chapter 2 of this 

thesis. To determine a baseline quality climate relationship and as quality and pricing 

data are centered on the year 2000, climate data centered on the year 2000 

(BASELINE2000) for all Australian wine regions were used in this chapter.  

 
Initially, multivariate analysis of the relationship between the climate variables and 

quality indicators was undertaken to investigate possible relationships with the intention 

of identifying an appropriate quality surrogate. Statistical analysis of the regionally 

averaged quality surrogate and climate datasets was then undertaken. Multivariate 

analysis9 followed by regression analysis of the data sets was carried out using SPSS 11.0 

(SPSS 2001).  

 
4.3 Results  
 

The relationship of grape quality indicators, colour and G-G, and climate parameters was 

examined by comparing regional average quality with the comparative regional average 

climate using multivariate analysis. 

4.3.1 Analysis of grape quality data 

 

The results of the principal component analysis are given in Table 17. There are three 

main components describing the variance in the data. The first component explains nearly 

69% of the variance, the second component explains a further 17%, and the third 

component explains just over 9%. The first component is the main component that 

accounts for the variation in the quality indicators.  
                                                 
9 Principal Component Analysis (PCA) is primarily used in this case for data reduction. The purpose of 
data reduction is to remove redundant (highly correlated) variables from the data file, perhaps replacing the 
entire data file with a smaller number of uncorrelated variables. For this analysis a correlation matrix was 
used and all factors whose eigenvalues exceed the number 1 were retained. The solution was kept as 
unrotated in this case. There were a maximum of 25 iterations for convergence taken to estimate the 
solution. 
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There is a negative correlation between the quality indicators and the temperature factors, 

and a positive correlation between the quality indicators and rainfall. The average 

regional MJT was inversely correlated to the biophysical quality indicators. MJT was 

selected to represent climate because it exhibited the highest correlation with quality 

parameters and, with regard to the biophysical indicators, the climate indices are all 

describing the same trend so one alone could be chosen. Several other climate parameters 

related to seasonal temperatures and evaporation were also highly correlated and could 

also be suitable. These are illustrated in yellow backgrounds in Table 17. 

Table 17: Principal Component Analysis comparing the biophysical grape quality indicators with 
climate indices. The orange shading shows the component score (Component 1) for the biophysical 
indicators and the yellow shading shows the same for the climate indicators where a strong 
relationship to component 1 is displayed. A high component score indicates a high correlation. 

Component Matrix Component 
 1 2 3 

% of Total Variance Explained 68.90% 17.57% 9.37%
Colour (mg/g) -0.88 0.25 -0.15
G-G -0.82 0.17 -0.29
Average Regional MJT 0.99 0.09 -0.02
GDD 0.99 -0.07 -0.07
Mean February temperature 0.97 0.16 -0.12
Latitude temperature index 0.98 0.09 0.07
Harvest Temperature 0.93 0.28 -0.23
Winter minimum temperature 0.16 -0.97 -0.14
Minimum February temperature 0.90 -0.27 0.27
Min Jan temperature 0.90 -0.27 0.32
Annual Rainfall -0.87 0.09 0.42
Summer rainfall -0.35 0.66 0.65
Potential Evaporation summer (DJF) 0.96 0.03 0.16
Continentality 0.73 0.65 0.20
Diurnal range 0.39 0.69 -0.60

 

The relationship between the quality indicators and MJT was explored through further 

analysis. The relationship between colour and G-G against MJT was explored for the 

varieties Cabernet Sauvignon and Shiraz. In all cases there is a significant negative 

relationship was found between the quality indicator and the climate variable (P<0.01). 

This means that in the hotter climates colour or G-G is expected to be lower (Note: there 

are no very cool climate data available for the G-G and colour data). There is a 
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significant inverse relationship between both regionally averaged colour data and 

regionally averaged G-G data (P<0.05) (Table 18). 

Table 18: Relationship of the regionally averaged biophysical quality estimators, colour and G-G 
concentrations and Average Regional MJT (°C) for two grape varieties, Cabernet Sauvignon and 
Shiraz shown in a Pearson correlation matrix. 

Pearson correlation 
matrix 

 Av 
Regional 
MJT (°C) 

Colour 
(mg/g) 

G-G 
(mg/g) 

Av Regional MJT(°C) 1 -0.79** -0.79* 
Colour(mg/g)  1 0.86** 

Cabernet Sauvignon  

G-G (mg/g)   1 
Av Regional MJT (°C) 1 -0.81** -0.77* 
Colour(mg/g)  1 0.71** 

Shiraz  

G-G (mg/g)   1 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
 

The limitations for using this biophysical data in the analysis of an impact of climatic 

change on the grape and wine industry is that, firstly, the colour data is only available for 

red grape varieties, and secondly, that the amount of data available for the G-G measure 

is limited. The method for identifying a quality indicator not limited in these ways, 

though still linked to these biophysical measures is described next. 

 

The two assigned measures of grape quality are wine ratings and also price paid for 

grapes ($/tonne) (AWBC 1999-2003). Wine show results and vintage ratings have been 

used in some studies exploring climatic effects on wine (Jones et al. 2005b; Nemani et al. 

2001). One possible data source that was available was analysed for this study. “The 

Penguin Good Australian Wine Guide”(Hooke and Kyte-Powell 2003) had a list of 

ratings of wine, and was focused on Australia.. Data for all unblended Cabernet 

Sauvignon wines (not blended) was analysed. What was notable was that there was a 

large the variation in the number of samples representing each region. For example, 

Coonawarra was strongly represented with fourteen wines described while ten out of the 

twenty three regions had only one wine described. Whether each wine mentioned in the 

guide is representative of the region is not known, nor is it the responsibility of the 
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publishers to attempt to do this. Reliability of using wine show or review data has been 

brought into question by some other reviewers (Coombe and Iland 2004). 

 
The other assigned measure for grape quality available for analysis was price paid for 

grapes. As explained before, colour data and G-G data were not available for white 

varieties, or for many red winegrape varieties. Pricing data was available for many 

different varieties, both white and red. The amount of pricing data compared to that of the 

biophysical data would have a bearing on the strength of the relationship that could be 

quantified between climate and quality. There was much more pricing data available to 

use in the analysis than any of the other quality indicators (Table 19). The pricing data 

represented more regions and more varieties (including white wine varieties) than the 

other biophysical data. 

Table 19: Observations available for analysis of quality for each type of quality indicator for all 
regions and all varieties (average of 1999-2003). 

Quality estimator Source of data Total number of data points 

$/tonne AWBC 981 

Colour(mg/g)* AWRI 71 

G-G AWRI 27 

*Colour data was provided as regional averages of colour data so represents more samples than indicated 
here. The number of samples that make up this group of 71 are given in Appendix 10.3.3. 
 

Pricing data from 1999-2003 was available and ‘average price paid per tonne at the 

weighbridge’ was averaged over the spread of years. Data for different varieties and 

regions were treated separately in this analysis. Taking an average price rather than from 

just one year was thought to reduce any anomalies in prices paid in a particular year. An 

analysis of price sensitivities to climate, across the years from which data was collected 

was undertaken to expose any error in the technique used (Appendix 10.3.4). 

 

The regional spread of data is indicated in the following series of maps (Figure 28). The 

availability of price data is spread more uniformly across the range of wine regions and 

consequently a broad range of climate types within which grapes are grown in Australia. 
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Australian Wine Regions
Data availability

Glycosyl Glucose data

No Data

Australian Wine Regions
Data availability

Colour Data

No Data

Australian Wine Regions
Data availability

Price Data

No Data
 

Figure 28: Data availability depending on the quality indicator for Australian wine regions (a) G-G 
(cream) (b) Colour (purple) and (c) grape price ($/tonne) (pink). 
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Because the grape price data is readily available and can be accessed from a broad spread 

of regions representing a wide range of viticultural climates, it would be a preferred 

quality surrogate to be compared with the climate indices. As this is an assigned measure 

for quality and would be one step removed from any climate influence, the relationship 

between this measure and the biophysical indicators of grape quality needed to be 

checked. This was done for the varieties Cabernet Sauvignon and Shiraz using a Pearson 

Correlation (Table 20).  

 

Table 20: Relationship of the price data ($/tonne) (regionally averaged), regionally averaged 
biophysical quality estimators, colour and G-G concentrations and Average Regional MJT (°C) for 
two grape varieties, Cabernet Sauvignon and Shiraz shown in a Pearson correlation matrix.  

Pearson correlation matrix  Winegrape 
price 

($/tonne) 

Colour 
(mg/g)

G-G 
(mg/g) 

Winegrape price ($/tonne) 1 0.56** 0.67* 
Colour(mg/g)  1 0.86** 

Cabernet Sauvignon 

G-G (mg/g)   1 
Winegrape price ($/tonne) 1 0.57* 0.47 
Colour(mg/g)  1 0.71** 

Shiraz  

G-G (mg/g)   1 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
 
There is a positive correlation of colour with grape price. This is statistically significant 

for the varieties Cabernet Sauvignon (P<0.01) and Shiraz (P<0.05). Regionally averaged 

G-G concentration (mg/g) and price paid per tonne are positively correlated for Cabernet 

Sauvignon (P<0.05) but not Shiraz (P>0.05). Comparison of the two biophysical quality 

indicators show that regionally averaged colour and G-G data are positively correlated 

(P<0.01). 

 

Multivariate analysis was performed on the entire climate and quality dataset so as to 

determine whether the biophysical indicators of grape quality and the assigned indicator 

of grape quality share a similar relationship with climate. Three components describing 

the variance in the data were detected (Table 21). The first component has the ‘heat’ 

indices of climate with each of the quality indicators having high component scores. The 



  88

second component shows that winter minimum temperature is inversely linked to colour, 

and G-G and price. The third component indicates that diurnal range and summer rainfall 

are linked with the biophysical quality indicators, but not the pricing indicator. Rainfall is 

inversely linked, so higher summer rain gives lower colour and glycosyl concentrations. 

The third component is indicating that diurnal temperature range is positively linked (for 

a given MJT) to higher quality regardless of grape price. 

 

Table 21: Principal Component Analysis comparing all quality and climate variables. The orange 
shading shows the component score (Component 1) for the biophysical indicators and the yellow 
shading shows the same for the climate indicators where a strong relationship to component 1 is 
displayed. A high component score indicates a high correlation. 

 Component 
 1 2 3 

% of Total Variance Explained 68.90% 17.05% 8.80%
$/tonne -0.84 -0.30 -0.06
Colour(mg/g) -0.88 0.27 -0.15
G-G -0.83 0.18 -0.30
Average Regional MJT 0.99 0.06 -0.03
GDD 0.99 -0.10 -0.07
Mean February temperature 0.98 0.13 -0.13
Latitude temperature index 0.98 0.05 0.06
Harvest Temperature 0.94 0.25 -0.24
Winter minimum temperature 0.13 -0.97 -0.13
Minimum February temperature 0.90 -0.29 0.27
Minimum January temperature 0.89 -0.30 0.32
Annual Rainfall -0.87 0.12 0.43
Summer rainfall -0.33 0.68 0.64
Potential Evaporation summer (DJF) 0.96 -0.01 0.15
Continentality 0.75 0.62 0.19
Diurnal range 0.41 0.67 -0.61

 

The factor analysis indicates that price and the biophysical quality indicators are most 

highly represented within the same component. This means that the biophysical and 

assigned indicators of quality are all similarly affected by climate.  

 

The PCA analysis was conducted with the broader price dataset alone compared to the 

climate variables and MJT was the most highly correlated to the pricing variable (Table 

22). 
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Table 22: Principal Component Analysis comparing the pricing variable with all the climate 
variables. The orange shading shows the component score (Component 1) for price and the yellow 
shading shows the same for the climate indicators where the strongest relationship to component 1 is 
displayed. A high component score indicates a high correlation. 

 Component 
 1 2 3 

% of Total Variance Explained 57.30% 21.20% 11.70%
$/tonne -0.70 0.05 0.14
Average Regional MJT 0.99 0.00 0.07
GDD 0.95 0.25 0.09
Mean February temperature 0.98 0.04 -0.02
Latitude temperature index 0.86 0.10 0.38
Harvest Temperature 0.95 -0.27 -0.06
Winter minimum temperature 0.01 0.97 -0.20
Minimum February temperature 0.74 0.59 0.28
Minimum January temperature 0.77 0.54 0.29
Annual Rainfall -0.62 0.19 0.53
Summer rainfall -0.14 -0.43 0.86
Potential Evaporation summer (DJF) 0.89 -0.06 -0.31
Continentality 0.65 -0.69 0.24
Diurnal range 0.53 -0.74 -0.28

 

Assessment of grape quality using biophysical estimators had its limitations. The 

assessment of the quality of white wine grapes using the colour quality indicator was not 

possible. Colour is not measured quantitatively for white grapes as an indicator of 

quality. With regard to G-G, fewer regions were surveyed so producing a meaningful 

temperature sensitivity model from this limited data would be difficult and unreliable. 

 

Price (weighted average weighbridge price per tonne) is selected from the quality 

indicators as the quality surrogate for use in determining the impact of projected climate 

change on wine grape quality. This is because there is a broader spread of the pricing data 

across regions, across varieties, and also because this assigned measure of quality is 

affected in the same manner by climate as the biophysical measures of grape quality.  

 

One climate descriptor average regional MJT can be used to represent climate in the 

following analysis as using this alone (as a strong representative of the first component) 

is accounting for a high proportion of variation in the quality data. 
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4.3.2 Analysis of the climate-quality relationship 

 

Regression analysis investigating grape price as it relates to MJT will be explored in this 

part of the chapter. Determination of the type of relationship between grape price and 

MJT was explored variety by variety (Table 23). Because grape ripening profiles vary 

from variety to variety, and in cooler climates some varieties do not ripen, a linear 

relationship between quality and climate was not expected for all of the varieties. Testing 

both linear and quadratic relationships showed this to be true. For most of the varieties, a 

quadratic relationship represented the best fit of data (highest R squared value).  

 

Table 23: Curve estimation for the relationship between price ($/tonne) and MJT (°C) for premium 
wine grape varieties: comparison of linear and quadratic relationships.  

 Relationship R2 d.f. F Sigf constant b1 b2 
LINEAR 0.65 34 64.15 0.000 4641.67 -152.71   Cabernet 

Sauvignon 
  

QUADRATIC 0.70 33 38.23 0.000 -6988.20 936.83 -25.35 

LINEAR 0.74 35 98.42 0.000 4508.88 -150.27   Chardonnay 
  QUADRATIC 0.76 34 53.23 0.000 8490.58 -535.07 9.22 

LINEAR 0.72 33 86.56 0.000 4819.44 -160.73   Merlot 
  QUADRATIC 0.75 32 48.37 0.000 -4179.10 682.00 -19.60 

LINEAR 0.75 32 95.24 0.000 5164.69 -182.44   Pinot Noir 
  QUADRATIC 0.75 31 46.49 0.000 6407.13 -302.99 2.90 

LINEAR 0.58 31 42.13 0.000 4341.10 -158.84   Riesling 
  QUADRATIC 0.60 30 22.61 0.000 9233.21 -636.08 11.55 

LINEAR 0.69 33 73.08 0.000 4924.77 -178.86   Sauvignon 
Blanc QUADRATIC 0.69 32 35.64 0.000 6096.65 -292.48 2.73 

LINEAR 0.57 34 44.27 0.000 4667.10 -152.48   Shiraz 
  QUADRATIC 0.63 33 28.03 0.000 -10216.00 1241.83 -32.44 
 

The average regional value for MJT is plotted against the corresponding average regional 

price paid per tonne (average of 1999-2003) for a particular variety in a region (Figure 29 

to Figure 30). In some cases the relationship is more linear than others. The slope of the 

regression line indicates the sensitivity of the price figure ($/tonne) to temperature, a 

steeper slope implying higher sensitivity. The 95% confidence interval of the relationship 

is represented on all of the graphs. 
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Figure 29: Relationship between wine grape price ($/tonne) and regional average MJT (°C) for 
premium red grape varieties. The curved line represents the quadratic regression of the relationship 
Table 24. 95% confidence interval is shown for all varieties. 
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Figure 30: Relationship between wine grape price ($/tonne) and regional average MJT (°C) for 
premium white grape varieties. The curved line represents the quadratic regression of the 
relationship Table 24. 95% confidence interval is shown for all varieties. 
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Less confidence is displayed for the cooler climate and warmer climate results than that 

of the mid climate range. This would be an indication of the lesser representation of 

results from these climate types. Regression analysis investigating grape price as it relates 

to MJT is explored as it varies from one variety to the next (Table 24). When conducting 

the climate change impact as it affects quality (as will be done in the next chapter) these 

equations can be used to measure the sensitivity of price to temperature for each variety.  

Results are shown for premium varieties10 only.  

 

In this table the coding is given for the quadratic equation parameters as follows: 
2210/$ MJTbMJTbbtonne ++= , 

where $/tonne,  the quality surrogate, is the dependent variable, and MJT, average 

regional MJT, is the independent variable. The equations describe the sensitivity to 

changes in temperature of grape quality for different varieties of grapes. 

Table 24: The quality temperature model for premium grape varieties in Australia (b1 is the linear 
component and b2 is the quadratic component of the regression equation). 

Variety R2 d.f. F Signifiance b0 b1 b2 

Cabernet Franc 0.64 23 20.18 0.00 1995.80 109.74 -6.77 
Cabernet 
Sauvignon 

0.70 33 38.23 0.00 -6988 936.83 -25.35 

Chardonnay 0.76 34 53.23 0.00 8490.60 -535.07 9.22 
Chenin Blanc 0.20 15 1.87 0.19 -7406 794.52 -19.39 
Colombard 0.37 7 2.09 0.20 -20489 1968.96 -45.75 
Grenache 0.32 17 3.96 0.04 -5002 707.73 -19.50 
Malbec 0.53 16 8.97 0.00 -22378 2357.74 -58.19 
Merlot 0.75 32 48.37 0.00 -4179 682.00 -19.60 
Pinot Noir 0.75 31 46.49 0.00 6407.1 -302.99 2.90 
Riesling 0.60 30 22.61 0.00 9233.2 -636.08 11.55 
Ruby Cabernet 0.83 6 15.08 0.01 -26824 2599.90 -60.53 
Sauvignon Blanc 0.69 32 35.64 0.00 6096.70 -292.48 2.73 
Semillon 0.29 32 6.64 0.00 -5950 741.98 -19.45 
Shiraz 0.63 33 28.03 0.00 -10216 1241.83 -32.44 
Traminer 0.59 14 10.19 0.00 12112 -885.09 16.84 

                                                 
10 Premium varieties were defined in an economic analysis on the Australian Wine Industry. These varieties 
will be the focus of this analysis. (See:  
Osmond, R., and K. Anderson. (1998). "Trends and cycles in the Australian Wine Industry, 1850-2000." 
Centre for International Economic Studies, Adelaide, 87.  
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Verdelho 0.60 22 16.24 0.00 -22993 2348.05 -56.75 
 
Actual values for the regional average MJT, and average price paid per tonne of 

winegrapes are found in Appendix 10.1.1 and Appendix 1.1.1. 
 
4.4 Discussion 
 

4.4.1 Quality indicators 
 

Sugar and acid levels are of paramount importance in the determination of berry ripeness. 

However, consideration of these factors alone disregards the main reason for growing 

wine grapes, namely their aroma and flavour (Coombe and Iland 2004). Grape colour and 

G-G are measures of grape quality that respond directly to the environment in which they 

are grown (Haselgrove et al. 2000; Kliewer and Torres 1972; Spayd et al. 2002). It was 

found here that both colour and G-G concentrations decrease with increasing 

temperature. The link between high colour and higher quality is well supported (Coombe 

and Iland 2004). The same is true for G-G and quality (Francis et al. 1999). 

 

For the most part, wine quality, governed by grape quality, is rewarded by the price point 

that is able to be achieved by the finished product. One of the major considerations in 

wine pricing is the cost of production, and the major cost involved in wine production is 

the cost of grapes (Edwards and Spawton 1990). A winery would not pay high prices for 

grapes if it could not achieve the corresponding high price for the resulting wine. Certain 

varieties, regions, vineyards, vintages, winery, and wines can command significantly 

different prices for their wine grapes (Allen 2003). This price differential has been linked 

to wine and grape quality in some studies (Golan and Shalit 1993; Oczkowski 1994; 

Unwin 1999). Therefore, exploration of the economic quality indicator; weighted average 

weighbridge price paid per tonne of grapes, where regional survey data for many 

premium and non-premium varieties was available across the continent, provided a 

possible solution to estimating quality of grapes. Higher colour and glycosyl (per region) 

was found to be correlated with higher prices paid for grapes (red varieties) for that 

region. The economic quality indicator did reflect the regional grape quality as described 
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by the biophysical quality indicators and this increased confidence in use of this quality 

estimator. The amount of pricing data available from many of the winegrowing regions of 

Australia, and representative of the complete range of climates from which the grapes are 

taken further supported use of this quality indicator in this analysis. For this reason price 

was selected from the group of quality indicators as the quality surrogate for this climate 

change impact study. 

 

It should be noted that price is used as a quality surrogate only, not as an economic 

indicator. Factors such as ‘Cost of Production’ can vary hugely from region to region. In 

one report survey results show the average ‘Cost of Production’ in the Sunraysia (warm 

climate) sample during 1999/2000 was $9663/ha or $524/t. In the ‘cooler’ regions of the 

‘Rest of Victoria’ the average ‘Cost of Production’ was $12893/ha or $1688/t (Thompson 

2001). To link price paid for grapes with vineyard profitability is not possible as it only 

deals with the revenue side of the equation. 

 

4.4.2 Climate analysis 
 

One key climate driver for quality was found from the climate variables tested. Sixty nine 

percent of the variance in pricing (and linked to the biophysical quality indicators) is 

described by the ‘heat effects’ including MJT and continentality (these climate indices 

represent the same component and are therefore describing the same structural 

relationship). No other component (of the three) had a great influence on price. The 

results allow further analysis to focus on the ‘heat’ effects and so a simple relationship 

can be used in the climate sensitivity studies. 

 

When regional average climate variables were compared with regional average price 

($/tonne) a relationship between average regional temperature (described by various 

indices) and regional ‘quality’ was discovered. All of the temperature indices that 

indicated warmth in the ripening season were significantly negatively correlated with 

price ($/tonne). 
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The relationship between price and MJT (and all of the ‘heat’ indices) that has been 

identified is crucial to any further work that explores the impact of projected GHG-

induced climate change on the Australian Wine industry. Other climate variables may 

have impacted quality separately so it was necessary to eliminate or expose these factors. 

Principal component analysis was employed to do this and there were no secondary 

climate influences found.  

 

When examining the initial assessment of all the variables it was found that other climate 

variables correlated well with the quality indices. For example, continentality is a 

measure of the difference between summer temperature and winter temperature. 

Continentality correlates negatively with price. This implies that when the continentality 

is high, price is low. Results from the multivariate analysis show that the effect may be 

tied to one of the other climate variables so what we may be seeing is more likely still a 

heat effect, rather than a continentality effect. 

 

The diurnal temperature range is positively related to the biophysical quality indicators 

while rainfall has a negative influence. In the case of diurnal range, this means that for a 

given temperature, a greater range of temperatures throughout the day has a positive 

impact on quality. One study supports this theory in that a ‘cool night index’ is used as a 

climate variable shown to have a positive influence on quality given daytime 

temperatures are warm enough to ripen grapes (Tonietto and Carbonneau 2004). If nights 

are cool and days are warm then there is an implied large diurnal range. It is interesting to 

note that this positive biophysical quality effect is not picked up in the pricing variable 

though component three only accounts for about 9 percent of the variation in the data. 

 

4.4.3 Links between climate and quality 
 

MJT was one climate indicator that correlated significantly with price and was chosen to 

represent climate for the winegrowing regions in further analysis of the relationship. This 

climate indicator is one that is used extensively as a climate indicator in the Australian 

wine industry (Smart and Dry 1980) 
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Deconstruction of pricing data by climate exposes some very interesting relationships. 

This relationship varies from one grape variety to another. The type of regression best 

describing the relationship between regional average price paid for grapes and regional 

average MJT for Cabernet Sauvignon and Shiraz, Merlot, Ruby Cabernet, Chenin Blanc, 

Verdelho, Colombard, and Semillon is quadratic. When temperatures are too cool grapes 

may not fully ripen and this can result in high concentrations of methoxypyrazines or 

other compounds producing unripe flavours that affect quality in a negative way 

(Coombe and Iland 2004) and suppressing prices paid for the grapes. A peak price is 

achieved in the ideal climate; this varies from one variety to another. Peak price would be 

achieved when the climate is most suited to the development of the best balance of 

flavour compounds. As the climate warms, past this peak point, price declines. This could 

be explained by high temperatures leading to excessive berry exposure to heat and 

resultant reduced anthocyanin levels (Haselgrove et al. 2000) and this is seen as negative. 

Jones et al. (2005) have also found that a quadratic relationship existed between vintage 

quality ratings and regional climate data globally. 

 

Varieties such as Pinot Noir, Cabernet Franc, Chardonnay, Riesling, Sauvignon Blanc 

and Traminer have a more linear relationship with temperature than Cabernet Sauvignon, 

for instance. These varieties can ripen in cooler climates and produce wines that 

command a high price (Wade 1999). Pinot Noir and Chardonnay are versatile varieties 

and are used in sparkling wine production and the fruit for this style of wine is generally 

grown in very cool climates (Johnson 1989).  

 

Anthocyanin levels of the skin of berries are reduced when the berries are exposed to 

high temperatures (Haselgrove et al. 2000; Spayd et al. 2002). (Kliewer and Torres 1972) 

associated day grape ripening day temperatures of 35°C to reduced fruit colouration 

whereas cool day temperatures of 15°C during ripening were beneficial to colouration. 

(Kliewer 1977) in a later study showed that a prolonged period of 37/32°C under high 

light apparently permanently blocked or inactivated the enzyme systems from forming 

anthocyanin and sugars in berries. (Kliewer 1968; Kliewer 1973) and (Buttrose et al. 
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1971) found that temperatures of 15°C - 20°C increased levels of anthocyanins, total 

titratable acidity and malic acid and decreased pH, arginine, proline, and total nitrogen 

relative to fruits ripened at 30°C to 35°C. 

 

4.5 Conclusion 
 
Vineyards in Australia are sited across a wide range of climates, from ‘cool climate’ 

through to ‘hot climate’ regions. A study of inter-regional differences in climate and the 

comparative variation in quality has been chosen as a method of estimating potential 

climate effects on grape quality.  

 

Exploration of the relationships between the extracted regionally averaged climate 

variables and the regional wine grape quality data revealed a significant quantitative 

relationship between climate and grape quality. The relationship is quadratic or curved 

for grapes that do not ripen well in cool climates. Prices are lower where the grapes may 

not ripen to their full potential in the coolest climates. The curve peaks where the highest 

prices are paid, presumably the most suitable climate for production of that variety of 

grape. Grapes that are grown in warmer regions past this peak price have lower prices 

paid for them.  

 

For grapes that ripen well in cool climates like Pinot Noir and Chardonnay the 

relationship between quality and temperature is almost linear, and the warmer it gets, the 

lower the price paid for the grapes.  

 

Determination of interregional quality differences and their possible link to the climate of 

the region led to the development of temperature sensitivity models for use in exploration 

of GHG-induced climate change impacts assessment. In the next chapter, we will employ 

the temperature sensitivity model developed here to explore the impact of projected 

climate change on wine grape quality. 
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Chapter 5  The impact of projected climate change on wine 

grape quality 
 
5.1 Introduction 
 
The objective of this chapter is to use the sensitivity relationship between grape quality, 

defined by the quality surrogate price ($/tonne) and MJT, developed in the previous 

chapter, to explore the impact of projected climate change on wine grape quality. 

Quantification of cost to grape quality is determined for all premium grape varieties in 

each winegrowing region of Australia. 

 

Previous climate change impact modeling studies have looked at impact on wine quality 

rather than grape quality (Jones et al. 2005b; Nemani et al. 2001), the impact on grape 

yield (Bindi et al. 1996a), or regional suitability for viticulture (Kenny and Harrison 

1992). Alternatively, Hayhoe et al. (2004) modeled the impact climate change may have 

on phenology, and in doing so commented on the probable impact on grape quality, but 

only in a qualitative sense. (Hayhoe et al. 2004) 

 

In a study of the impact of climate change on global wine quality Jones et al. (2005) used 

Wine Enthusiast Magazine vintage ratings (Mazur 2002) to quantify quality. They report 

that the majority of the regions have experienced growing season warming that is related 

to better overall vintages with lower year-to-year variation. Future climate change has 

them postulating that in the next 50 years regions could either become more or less viable 

depending on the present climate of the region. Nemani et al. (2001) report an increase in 

the quality of wines produced in California as a result of climate warming based on 

quality as measured by wine ratings reported in the Wine Spectator (Laube 1996) 

(http://www.winespectator.com). (Nemani et al. 2001) 

 

Hayhoe et al. (2004) reported that for simulations using the B1 and A1FI emissions 

scenarios and two climate models: Hadley Centre and Parallel Climate model, ripening 

would occur earlier and at higher temperatures. They suggested that the excessively high 
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temperatures during ripening would adversely affect quality, a major determinant of 

market value. (Hayhoe et al. 2004) 

 

Other studies have discussed the impact of climate change on the wine industry without 

any detailed spatial modeling of projected impacts, or projection uncertainties (Dry 1988; 

Pincus 2003; Schultz 2000; Smart 1989).In a study comparing some aspects of climate in 

France’s Alsace, and Germany’s Mosel regions over two twenty year time periods (1980-

1999 and 2015-2034), Pincus (2003) concludes that the style of wine will be affected but 

does not relate this specifically to wine or grape quality. In conclusion he discusses 

adaptation by planting later ripening varieties. (Pincus 2003) 

 

In an early study of impact of climate change to the Australian wine industry Smart 

(1989) claimed that the majority of vineyards in Australia will be disadvantaged as a 3°C 

increase makes Coonawarra as hot as the Hunter Valley and the Barossa hotter than the 

Riverland. In order to produce a ‘Coonawarra style’ red wine (based on 1980 standards) 

the fruit will have to come from a vineyard located near the southern coast of Victoria or 

at high elevation (700m or higher) in the Great Dividing Range (Dry, 1988). It will be 

increasingly difficult to find suitable sites to produce “Champagne” style must from 

grapes produced in Australia (Dry, 1988). Smart (1989) also discusses the impact of 

climate change on the New Zealand wine industry. In this early study he states that the 

majority of New Zealand regions currently fit into the classification of ‘cool’ (Smart and 

Dry, 1980). An increase of 2°C would move them into relatively ‘warm’ climate 

categories viz. Bordeaux, Coonawarra, Burgundy with the capacity to produce fuller 

bodied wines. 

 

The objective of this chapter is to produce a comprehensive variety and regionally 

specific study of the impact of climate change on wine grape quality leading to 

quantitative regional and national cost estimates to winegrape quality. The study 

incorporates spatial variability in projected climate change, variation in varietal 

sensitivity to projected climate change and up-scaling techniques to predict regional and 

national projected climate change impact. 
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As illustrated in Chapter 2, projected climate change is not anticipated to be uniform 

across the continent of Australia. There is expected to be more warming in the central 

regions of the continent and less warming in the coastal areas. To address this spatial 

variation in projected climate the impacts will be calculated for each grape growing 

region. 

 

The impact of climate change on wine grape quality is also variety dependent. Grape 

quality of some varieties is more sensitive to temperature shifts than others. For this 

reason the temperature sensitivity relationships developed separately for each variety will 

be used in this impact assessment. An increase in temperature can have a positive impact, 

zero impact, or a negative impact because of the quadratic nature of the relationship 

between temperature and quality for many varieties. The impact of temperature change 

on grape quality within a region, relative to present day quality, is different depending on 

the present day climate of the region.  

 

The impact of regional climate change to grape quality on premium varieties of grapes 

will be determined here. Also of interest to the Australian grape and wine industry is an 

estimate of the likely impact of projected climate change on the overall quality of grapes 

produced in a region. If the varietal quality impact, for a given region, is scaled up by the 

proportion of the different varieties grown in a given region, a regional cost to quality of 

projected climate change can be estimated. Regions that may have a higher proportion of 

a variety which is very sensitive to temperature shifts would be expected to bear a greater 

impact for a given temperature change than regions planted with varieties less sensitive to 

temperature variations.  

 

One further step introduced in this chapter is to take the regional cost to quality and to 

scale this up to reflect a national cost to grape quality of projected climate change. This is 

done by weighting the regional costs to quality by the actual proportion (by weight) of 

grapes crushed in each region. 
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As with the climate change impact analysis in all chapters of this thesis, climate 

projection uncertainties is addressed here by incorporating a range of GHG emission 

scenarios and a range of climate models as described in Chapter 2. 

 

5.2 Methodology 
 
A temperature sensitivity model describes the relationship between temperature and 

quality. The temperature sensitivity varies from one variety to another, and within each 

region the proportion of each variety varies, so this proportional variation is used to 

weight the varietal impact. Variation in climate change projections regionally, and also 

with a range of potential GHG emission scenarios and future time slices, is incorporated 

into the model. All of these components of the model are factored in to produce a 

regional cost to quality.  
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Figure 31: A schematic representing the inputs into the model to determine the regional cost to grape 
quality (middle circle) of GHG-induced climate change. 
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Impacts are presented as regional cost to quality, expressed as a percentage (relative to 

present day quality). A range of results are produced that account for projection 

uncertainties. These are presented on maps of Australia. Interregional variation of the 

impacts can be visually compared and contrasted. 

 
Temperature sensitivity models defining the relationship between temperature and grape 

quality have been created for the different varieties of wine grapes (Chapter 4). Using this 

model, projected increases in temperature are used to explore possible impacts on wine 

grape quality. As sensitivity models have been created for each premium grape variety 

separately, the analysis is conducted variety by variety. Projected temperature increases 

are calculated separately for each region 

 

The impact of temperature change on grape quality is regionally specific (per variety). 

Quality already varies from one region to another so present day quality is used as the 

‘starting point’ for each region. Impact to grape quality is determined by quantifying the 

shifting quality, calculated using present day average regional MJT (BASELINE2000 

adjusted as explained in Chapter 2), to projected quality, using projected climate data 

(2030, 2050) and calculating the relative differences.  

 

The proportion of the reported tonnage of each grape variety currently grown in each 

region is known, as is the impact of a temperature change on each variety. This impact is 

weighted by the proportion of that variety grown in the region so a regional impact can be 

calculated. Average tonnage data for all varieties in all regions for the period 1999-2003 

(AWBC 1999-2003) was placed into a database and regional proportions of grape crush 

(by weight) calculated. 

 

The impacts can again be up-scaled to a national level. The proportion each region 

contributes to the annual national grape crush is used to weight the regional impact result. 

These national impact results are also presented. 
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The assumptions that have been made in determining the impact of projected temperature 

change to grape quality and are as follows: 

 

• Average MJT of a region represents the average MJT for vineyard plantings. 

• Impacts are calculated using present day production (tonnes), and this production 

is assumed to remain static. 

• There will be no adaptive strategies implemented within the projection timeframe 

(to 2050) to counter negative impacts e.g. variety substitution. 
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5.3 Results 
 

5.3.1 The relationship between climate and grape quality. 

The relationship between regionally averaged MJT and regionally averaged price 

($/tonne) for Cabernet Sauvignon is shown and the method for calculating the impact of 

projected warming on winegrape quality is described (Figure 32).  
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Figure 32: The relationships between Cabernet Sauvignon winegrape price (1999-2003) and the 
regional MJT (°C) for Australia Each point (red dot) represents a region. Price sensitivity (2) to 
temperature change (1) is illustrated on this diagram. The red arrow (1) depicts one possible 
projected GHG-induced temperature increase. This will vary depending on the region, climate model 
and GHG emission scenario used to calculate the projected temperature change. The green arrow (2) 
represents the projected impact of the temperature increase on the quality surrogate price. Note that 
if the temperature for a region was different to start with (blue line) the impact of the same 
temperature increment would be different. 
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Regression curves as depicted for Cabernet Sauvignon (Figure 32) are modeled and have 

been quantified for all premium grape varieties (Table 24) (See Chapter 4).  

For each variety, the regression equation is calculated with each individual regional 

average MJT and temperature projections, so as to determine the projected grape price 

($/tonne) for each given climate model and GHG emission scenario combination. 

 

A worked example of the determination of the cost to quality to Cabernet Sauvignon of 

an increase in temperature for the Barossa Valley is outlined below (Example 1). The 

example outlines the first step in the process of modeling the impact of projected GHG 

induced temperature change on grape quality. Further calculations enable regional cost to 

quality to be quantified. 

 

All of the regional average MJT data projections and the range of projected changes to 

MJT are listed in Appendix 10.4. 

 

The calculation in Example 1 was performed for all premium varieties in all regions. 

Results for the years 2030 and 2050 of the cost to quality for all regions and the three 

GHG emissions scenarios and three climate models are presented in the following tables 

(Table 25 and Table 26). 

 

Results of the modeling of climate change impact on quality are presented in the 

following tables. Impact by the year 2030 is presented in Table 25, by the year 2050 in 

Table 26 and a summary of the range of impacts is presented in Table 27. Two regions, 

Riverina and Swan Valley, have costs to quality exceeding 100% for some model 

scenario combinations. It is reasonable to expect that above 100% would mean that 

production would not continue so any number greater that this is not sensible. For this 

reason cost to quality is capped at 100%. 
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Example 1: Worked example showing calculations of costing of Cabernet Sauvignon quality in the 
Barossa Valley region. This example uses results from the CSIRO Mk3 climate model. 

 
Projected MJT for the Barossa Valley (Step 1) are listed for the years BASELINE2000, 

2030 and 2050.  

Step 1: Average Regional MJT (°C) and temperature projections for the Barossa Valley. 

Region GHG emission 
Scenario 

MJT 
BASELINE 2000 (°C) 11 

MJT 2030(°C) MJT 2050(°C) 

Barossa Valley A1B mid 21.7 22.1 22.6 
Barossa Valley A1FI high 21.8 22.3 23.0 

Equation 1 Relationship of temperature and price for Cabernet Sauvignon (from Table 24) 

235.2583.9366988).(/$ xxSauvCabtonne −+−=                 where x is average regional MJT. 

Applying the MJT data (Step 1) into Equation 1 for Cabernet Sauvignon, modeled prices 

are produced (Step 2). 

Step 2: Modeled prices for Cabernet Sauvignon in the Barossa Valley using the regression equation. 

Modeled Grape Price ($/tonne ) Region GHG emission Scenario 
2000 2030 2050 

Barossa Valley A1B mid $1397 $1326 $1240 
Barossa Valley A1FI high $1394 $1305 $1156 

The percentage cost to quality for this variety can therefore be calculated (Step 3). 

Step 3: Percent cost to quality for Cabernet Sauvignon in the Barossa Valley due to projected GHG-
induced temperature change. 

Region GHG emission 
Scenario 

Percent Cost 
to Quality 

2030 

12Percent Cost 
to Quality 

2050 
Barossa Valley A1B mid -5% -11% 
Barossa Valley A1FI high -6% -17% 

 
 

                                                 
11 Slight differences exist between A1B and A1FI year 2000 temperatures because the OzClim baseline 
climate is 1990. A small forcing is apparent by the year 2000 (see Chapter 2) 
12 The value is an indication of the cost to quality and though an economic indicator is being used as a 
quality surrogate no assessment can be made to the impact on vineyard profitability due to climate change. 
Many factors, other than price, need to be considered when looking at projected profitability  
Zilberman, D., X. Liu, D. Roland-Holst, and D. Sunding. (2004). The economics of climate change in 
agriculture. Mitigation and adaptation strategies for global change   9: 365-382.. 
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Table 25: Regional cost to premium winegrape quality due to projected temperature change: 2030. 
The cost varies with the climate model and the GHG emission scenario/ climate sensitivity. 

 CSIRO Mk3 Darlam 125km HADCM3 
2030 B1 Low A1B 

Mid 
A1FI  
High 

B1 
Low 

A1B 
Mid 

A1FI  
High 

B1 
Low 

A1B 
Mid 

A1FI  
High 

Adelaide Hills -2.4% -3.7% -4.6% -3.8% -5.9% -7.3% -3.5% -5.4% -6.7% 
Clare Valley -5.0% -7.8% -9.8% -8.2% -12.9% -16.3% -7.3% -11.6% -14.6% 

Adelaide Plains -4.7% -7.4% -9.2% -7.6% -12.0% -15.1% -6.9% -10.8% -13.6% 

McLaren Vale -1.8% -2.9% -3.6% -2.8% -4.6% -5.8% -2.6% -4.2% -5.3% 

Langhorne Creek -1.8% -2.8% -3.6% -2.8% -4.5% -5.8% -2.6% -4.2% -5.4% 
Coonawarra -1.2% -2.0% -2.6% -1.6% -2.7% -3.5% -1.8% -3.1% -4.0% 

Wrattonbully -1.6% -2.7% -3.4% -2.2% -3.6% -4.6% -2.5% -4.2% -5.4% 

Padthaway -2.6% -4.0% -5.1% -3.4% -5.3% -6.7% -3.9% -6.1% -7.7% 

Riverland -7.1% -11.2% -14.1% -11.7% -18.6% -23.6% -10.9% -17.3% -21.9% 
Barossa Valley -3.2% -5.1% -6.4% -5.4% -8.6% -10.9% -4.9% -7.8% -9.9% 

Eden Valley -2.5% -3.9% -4.9% -4.1% -6.5% -8.1% -3.8% -5.9% -7.4% 

Riverina -17.7% -28.3% -35.9% -25.0% -40.6% -52.1% -15.9% -25.3% -32.0% 

Hunter Valley -7.1% -11.3% -14.2% -8.3% -13.1% -16.6% -4.7% -7.4% -9.3% 
Cowra -8.4% -13.3% -16.7% -11.8% -18.8% -23.8% -6.6% -10.3% -12.9% 
Mudgee -6.3% -10.2% -12.9% -8.3% -13.4% -17.1% -4.5% -7.1% -8.9% 

Orange -4.1% -6.7% -8.5% -5.7% -9.4% -12.1% -3.1% -4.9% -6.2% 
Canberra district -3.3% -5.2% -6.6% -4.8% -7.7% -9.7% -2.3% -3.6% -4.6% 

Bendigo -3.4% -5.7% -7.3% -4.5% -7.5% -9.7% -3.2% -5.3% -6.8% 
Goulburn Valley -6.4% -10.2% -12.8% -8.6% -13.7% -17.3% -5.6% -8.8% -11.1% 

Rutherglen, 
Glenrowan 

-8.2% -13.1% -16.7% -11.6% -19.0% -24.4% -7.0% -11.3% -14.3% 

Yarra Valley -4.0% -6.1% -7.6% -5.0% -7.7% -9.6% -3.5% -5.5% -6.8% 

Mornington 
Peninsula 

-4.6% -7.0% -8.7% -5.3% -8.1% -10.0% -4.0% -6.1% -7.5% 

Henty -1.2% -1.9% -2.5% -1.4% -2.4% -3.1% -1.5% -2.5% -3.3% 

Blackwood Valley -4.1% -6.6% -8.3% -3.1% -4.9% -6.2% -3.7% -5.8% -7.3% 

Geographe -5.6% -9.0% -11.3% -4.5% -7.2% -9.1% -4.8% -7.7% -9.7% 

Great Southern -2.7% -4.3% -5.4% -2.1% -3.3% -4.1% -2.7% -4.3% -5.4% 
Manjimup -3.3% -5.2% -6.5% -2.3% -3.6% -4.5% -2.8% -4.5% -5.6% 

Pemberton -2.8% -4.5% -5.7% -1.9% -3.0% -3.8% -2.3% -3.7% -4.7% 

Margaret River -3.3% -5.3% -6.7% -2.6% -4.1% -5.2% -2.7% -4.3% -5.4% 

Swan Valley -18.7% -30.0% -38.1% -17.9% -28.7% -36.5% -15.7% -25.0% -31.7% 
Vic/NSW Murray 
Valley 

-10.5% -16.5% -20.7% -15.7% -25.0% -31.6% -12.9% -20.5% -25.8% 

Granite Belt -5.5% -8.8% -11.1% -6.0% -9.7% -12.4% -3.9% -6.1% -7.7% 

South Burnett -13.5% -21.5% -27.2% -14.9% -23.9% -30.3% -11.2% -17.7% -22.4% 

Tasmania -4.5% -6.9% -8.5% -4.5% -6.9% -8.5% -3.1% -4.7% -5.8% 
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Table 26: Regional cost to premium winegrape quality due to projected temperature change: 2050. 
The cost varies with the climate model and the GHG emission scenario/ climate sensitivity. 

 CSIRO Mk3 Darlam 125km HADCM3 
2050 B1 Low A1B 

Mid 
A1FI  
High 

B1 Low A1B 
Mid 

A1FI  
High 

B1 Low A1B 
Mid 

A1FI  
High 

Adelaide Hills -4.1% -7.8% -11.4% -6.5% -12.5% -18.4% -5.9% -11.5% -16.8% 
Clare Valley -8.6% -16.8% -24.9% -14.1% -28.3% -42.7% -12.7% -25.3% -38.0% 
Adelaide Plains -8.1% -15.8% -23.4% -13.1% -26.1% -39.3% -11.8% -23.5% -35.2% 
McLaren Vale -3.2% -6.4% -9.8% -5.0% -10.5% -16.4% -4.6% -9.5% -14.8% 
Langhorne Creek -3.1% -6.4% -9.9% -4.9% -10.6% -16.8% -4.7% -9.9% -15.7% 
Coonawarra -2.2% -4.8% -7.7% -3.0% -6.6% -10.7% -3.4% -7.6% -12.4% 
Wrattonbully -2.9% -6.3% -10.1% -3.9% -8.7% -14.1% -4.6% -10.3% -16.9% 
Padthaway -4.4% -8.8% -13.1% -5.9% -11.7% -17.7% -6.7% -13.6% -20.6% 
Riverland -12.3% -24.3% -36.3% -20.3% -41.3% -63.2% -18.9% -38.2% -58.2% 
Barossa Valley -5.6% -11.1% -16.6% -9.4% -19.3% -29.7% -8.6% -17.5% -26.8% 
Eden Valley -4.3% -8.3% -12.3% -7.1% -13.9% -20.8% -6.5% -12.8% -19.0% 
Riverina -30.7% -62.2% -94.9% -43.7% -90.9% -141.4% -27.4% -55.2% -83.8% 
Hunter Valley -12.4% -24.9% -37.7% -14.4% -29.1% -44.4% -8.2% -16.1% -24.0% 
Cowra -14.5% -28.9% -43.4% -20.5% -41.5% -63.4% -11.3% -22.2% -33.1% 
Mudgee -11.1% -22.9% -35.4% -14.6% -30.7% -48.2% -7.7% -15.6% -23.7% 
Orange -7.3% -15.4% -24.3% -10.3% -22.3% -35.7% -5.4% -11.1% -17.1% 
Canberra district -5.7% -11.6% -17.6% -8.4% -17.4% -27.0% -4.0% -7.9% -11.9% 
Bendigo -6.2% -13.6% -22.0% -8.2% -18.4% -30.3% -5.8% -12.5% -20.2% 
Goulburn Valley -11.1% -22.3% -33.9% -14.9% -30.6% -47.0% -9.7% -19.3% -29.1% 
Rutherglen, 
Glenrowan  

-14.3% -29.7% -46.0% -20.7% -44.0% -69.7% -12.3% -25.2% -38.8% 

Yarra Valley -6.7% -13.0% -19.0% -8.5% -16.4% -24.1% -6.0% -11.6% -16.9% 
Mornington 
Peninsula 

-7.7% -14.4% -20.5% -8.9% -16.6% -23.6% -6.7% -12.5% -17.8% 

Henty -2.1% -4.6% -7.4% -2.6% -5.8% -9.5% -2.7% -6.2% -10.1% 
Blackwood 
Valley 

-7.2% -14.7% -22.6% -5.4% -10.8% -16.4% -6.4% -12.9% -19.7% 

Geographe -9.8% -20.0% -30.7% -7.9% -15.9% -24.1% -8.4% -17.0% -25.9% 
Great Southern -4.7% -9.6% -14.6% -3.6% -7.2% -10.9% -4.7% -9.6% -14.6% 
Manjimup -5.7% -11.4% -17.3% -3.9% -7.8% -11.7% -4.9% -9.8% -14.8% 
Pemberton -4.9% -10.1% -15.5% -3.3% -6.7% -10.1% -4.1% -8.2% -12.6% 
Margaret River -5.8% -11.9% -18.2% -4.5% -9.1% -13.9% -4.7% -9.4% -14.3% 
Swan Valley -32.4% -66.3% -

101.8% 
-31.1% -63.3% -97.0% -27.2% -54.8% -83.5% 

Vic/NSW Murray 
Valley 

-18.0% -35.6% -53.3% -27.1% -54.8% -83.4% -22.3% -44.5% -67.2% 

Granite Belt -9.6% -19.8% -30.6% -10.6% -22.1% -34.3% -6.7% -13.5% -20.5% 
South Burnett -23.4% -47.3% -72.3% -25.9% -52.9% -81.2% -19.3% -38.8% -58.7% 
Tasmania -7.6% -14.1% -19.9% -7.6% -14.1% -20.0% -5.2% -9.7% -13.8% 
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Table 27: Range of cost to premium winegrape quality when taking into account the three GHG 
emissions scenarios and the three climate models for the outlook period 2030 and 2050. 

 
Impact range 

Region 2030 2050 
Adelaide Hills -2.4% to -7.3% -4.1% to 18.4%
Clare Valley -5.0% to -16.3% -8.6% to -42.7%
Adelaide Plains -4.7% to -15.1% -8.1% to -39.3%
McLaren Vale -1.8% to -5.8% -3.2% to -16.4%
Langhorne Creek -1.8% to -5.8% -3.1% to -16.8%
Coonawarra -1.2% to -4.0% -2.2% to 12.4%
Wrattonbully -1.6% to -5.4% -2.9% to -16.9%
Padthaway -2.6% to -7.7% -4.4% to -20.6%
Riverland -7.1% to -23.6% -12.3% to -63.2%
Barossa Valley -3.2% to -10.9% -5.6% to -29.7%
Eden Valley -2.5% to -8.1% -4.3% to -20.8%
Riverina -15.9% to -52.1% -27.4% to -100%* 

(-141.4%)
Hunter Valley -4.7% to -16.6% -8.2% to -44.4%
Cowra -6.6% to -23.8% -11.3% to -63.4%
Mudgee -4.5% to  -17.1% -7.7% to -48.2%
Orange -3.1% to -12.1% -5.4% to -35.7%
Canberra district -2.3% to -9.7% -4.0% to -27.0%
Bendigo -3.2% to -9.7% -5.8% to -30.3%
Goulburn Valley -5.6% to -17.3% -9.7% to -47.0%
King Valley, Alpine Valley, 
Beechworth 

-2.7% to -9.1% -4.8% to -26.2%

Rutherglen, Glenrowan and remnants 
of NE Victoria 

-7.0% to -24.4% -12.3% to -69.7%

Yarra Valley -3.5% to -9.6% -6.0% to -24.1%
Mornington Peninsula -4.0% to -10% -6.7% to -23.6%
Henty -1.2% to -3.3% -2.1% to -10.1%
Blackwood Valley -3.1% to -8.3% -5.4% to -22.6%
Geographe -4.5% to -11.3% -7.9% to -30.7%
Great Southern -2.1% to -5.4% -3.6% to-14.6%
Manjimup -2.3% to -6.5% -3.9% to -17.3%
Pemberton -1.9% to -5.7% -3.3% to-15.5%
Margaret River -2.6% to -6.7% -4.5% to -18.2%
Swan Valley -15.7% to -38.1% -27.2% to -100%* 

(-101.8%)
Vic/NSW Murray Valley -10.5% to -31.6% -18.0% to -83.4%
Granite Belt -3.9% to -12.4% -6.7% to -34.3%
South Burnett -11.2% to -30.3% -19.3% to -81.2%
Tasmania -3.1% to -8.5% -5.2% to -20.0%

* Result capped at 100%. 
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The results shown in Example 1 for Cabernet Sauvignon (A1FI emission scenario) can be 

represented in a bar chart along with results for other varieties for that region (Figure 33). 
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Figure 33: Shift in wine grape quality (measured in $/tonne) of each grape variety in the Barossa Valley as 
a result of projected climate change (CSIRO Mk3 model and the A1FI emission scenario, high climate 
sensitivity). 

 

For some cool climate regions, and some varieties, a positive impact of warming can be 

seen. For example, the modeled value of grapes is shown for the years 2000, 2030 and 

2050 in Tasmania (Figure 34). For this cool climate region there will be an improvement 

in quality of varieties like Cabernet Sauvignon, Merlot, Malbec, Shiraz, Semillon, 

Verdelho and Ruby Cabernet. For other varieties - Pinot Noir, Chardonnay, Riesling, 

Sauvignon Blanc and Traminer - projected warming will have a negative impact on 

quality for the Tasmanian wine region. 
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Figure 34: Shift in wine grape quality (measured in $/tonne) of each grape variety in Tasmania as a result 
of projected climate change (CSIRO Mk3 model and the A1FI emission scenario, high climate sensitivity). 
Though there is some indication of a negative price this is unrealistic and would not occur in practice. 

 
The overall impact for the Tasmanian region calculated in this study is negative 

(discussed later) despite many of the varieties showing a positive impact of climate 

change. This is because most of the varieties for which the impact will be positive are not 

grown in Tasmania at present. The model is weighted by the proportion of grapes grown 

in a region, so if none are grown, the weighting is zero and the impacts are not counted. 

 

The climate for each region varies as does the projected climate change. For this reason 

the impact of projected warming on the quality of a particular variety will be different 

depending on the region (Figure 35). The impact can vary from positive in some regions 

(Tasmania), to minor impacts (Adelaide Hills, Coonawarra). In regions that are already 

hot (e.g. Riverina and Swan Valley), by the year 2050, quality is impacted greatly and 

negative results are predicted with some temperature projections. This would mean that 

this variety would probably be unsuited to planting in this region. 
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Figure 35: Shift in wine grape quality (measured in $/tonne) of Cabernet Sauvignon for selected regions as 
a result of projected climate change (CSIRO Mk3 model and the A1FI emission scenario, high climate 
sensitivity). Though there is some indication of a negative price this is unrealistic and would not occur in 
practice. 

 

5.3.2 Temperature change impact on quality: Regional scale 
 
Using the regional analysis above up-scaling this information to establish an estimate of a 

regional cost of climate change to the Australian wine industry is possible. To determine 

the regional cost to quality in a warmer climate the proportion of varieties grown in each 

region needs to be considered. Different proportions of varieties are grown in different 

regions. This factor has to be considered in the ‘cost’ calculation. 

 
The AWBC produce the ARWCS annually. The total tonnes crushed (tonnes purchased 

from within a region plus winery grown grapes) of each variety for each region is been 

collated from 1999-2003, and averaged, for the purposes of this analysis (AWBC 1999-

2003). Pie charts have been created to illustrate the differences in the mix of varieties 

grown in each region (Figure 36). For example, the proportion of Cabernet Sauvignon in 

Coonawarra is nearly 50 percent, compared to about five percent in Tasmania. This 
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percentage of variety (by tonnes crushed) in each grape growing region data is also 

shown in tabular form in Appendix 10.5.1. 

 

Coonawarra Riverland Barossa Valley

Gippsland Yarra Valley Margaret River

Vic/NSW Murray Valley Tasmania Hunter Valley

Riesling
Sauvignon Blanc
Semillon
Cabernet Franc
Meunier
Muscadelle (Tokay)
Traminer
Verdelho
Ruby Cabernet

Cabernet Sauvignon
Malbec
Merlot
Pinot Noir
Shiraz
Chardonnay
Chenin Blanc
Colombard
Pinot Gris

Coonawarra Riverland Barossa Valley

Gippsland Yarra Valley Margaret River

Vic/NSW Murray Valley Tasmania Hunter Valley

Riesling
Sauvignon Blanc
Semillon
Cabernet Franc
Meunier
Muscadelle (Tokay)
Traminer
Verdelho
Ruby Cabernet

Cabernet Sauvignon
Malbec
Merlot
Pinot Noir
Shiraz
Chardonnay
Chenin Blanc
Colombard
Pinot Gris
Riesling
Sauvignon Blanc
Semillon
Cabernet Franc
Meunier
Muscadelle (Tokay)
Traminer
Verdelho
Ruby Cabernet

Cabernet Sauvignon
Malbec
Merlot
Pinot Noir
Shiraz
Chardonnay
Chenin Blanc
Colombard
Pinot Gris

 

Figure 36: The proportion of each variety of wine grape in the annual regional crush for some grape 
growing regions of Australia (AWBC 1999-2003). 

 

The incorporation of the proportion of varieties grown in a region into the cost to quality 

model is illustrated in a flow chart (Figure 31). 

 
Maps of the Australian winegrowing regions (with Western Australia in the inset) 

showing the range of percent cost to quality of projected climate change (Table 27) are 

depicted (Figure 37 and Figure 38). In the first case the map is showing the lowest 

projected impact. The highest modeled percent impact to grape quality by the year 2030 

is shown in the second map. The next two maps in the sequence show the lowest and 

highest projected percent impact to grape quality by the year 2050. The colour coded 

legend indicates the percentage cost to grape quality.  
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Australian Wine Regions 
Percent Cost to Quality

Min Cost by 2030

Wine Region Map provided by AWBC
Climate data extracted from OzClim

Australian Wine Regions 
Percent Cost to Quality

Max Cost by 2030

Wine Region Map provided by AWBC
Climate data extracted from OzClim

no price data

costmax30
max30

0.0 - 5.0

5.1 - 10.0

10.1 - 15.0

15.1 - 20.0

20.1 - 25.0

25.1 - 30.0

30.1 - 35.0

35.1 - 40.0

40.1 - 45.0

45.1 - 50.0

50.1 - 55.0

55.1 - 60.0

60.1 - 65.0

65.1 - 70.0

70.1 - 75.0

75.1 - 80.0

80.1 - 85.0

85.1 - 90.0
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Figure 37: Range of projected regional cost to quality by the year 2030 under low-impact (top) and 
high impact (bottom) scenarios. The legend refers to both maps. 
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Figure 38: Range of projected regional cost to quality by the year 2030 under low-impact (top) and 
high impact (bottom) scenarios. The legend refers to both maps. 
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5.3.3 Temperature change impact on grape quality: National scale. 
 
Each grape growing region contributes to the national grape crop with varying weight. 

The percent of the national crush contributed by each region is shown (Table 28). 

Table 28: Regional percent (by weight) of Australian national grape crush (average of 1999-2003). 

Region % of national crush 
Riverland 24.3
Vic/NSW Murray Valley 24.2
Riverina 13.3
Barossa Valley  3.7
McLaren Vale 3.4
Langhorne Creek 2.9
Coonawarra 2.1
Padthaway 1.9
Hunter Valley  1.8
Clare Valley  1.5
Margaret River  1.4
Mudgee 1.2
Adelaide Hills 0.9
Wrattonbully 0.9
Cowra 0.9
Eden Valley  0.7
Yarra Valley  0.7
Great Southern 0.7
Orange  0.5
Adelaide Plains 0.4
Goulburn Valley  0.4
Rutherglen, Glenrowan 0.4
Manjimup 0.4
Swan Valley  0.4
Geographe 0.3
Pemberton 0.3
Bendigo  0.2
Henty 0.2
Tasmania  0.2
Mornington Peninsula  0.1
Blackwood Valley  0.1
South Burnett 0.1
Canberra district 0
Granite Belt 0
Other 8.2
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The regional cost to grape quality can be summarised down to a national cost if the 

percent regional cost is weighted by the proportion of grapes grown in each region (Table 

29). 

 

Table 29: The range of climate change impact on grape quality on a national scale derived from three 
GHG emission scenarios and the three climate models to assess the range of projection uncertainties 
(See Chapter 2). 

2030 2050 

National impact 
(Grape Quality) 

-7.3% to -23.4% -12.6% to -57.2% 

 
 

5.4 Discussion  
 

Given the range of projected warming across the grape growing regions of Australia a 

range of impacts will likely be observed. Regional cost impacts of projected GHG-

induced climate change on grape quality were determined here for the first time. The 

warming in McLaren Vale ranges from +0.3 to +0.7°C by 2030 or +0.4 to +1.7°C by 

2050, and in the Riverina projected warming ranges from +0.4 to +1.2°C by 2030, or 

+0.7 to +3.0°C by 2050. With these different warming amounts different impacts will be 

resultant. 

 

Earlier studies did not encompass this spatial resolution of climate change projections 

(Dry 1988; Smart 1989) so now as the Australian Wine industry is planning future 

infrastructure, picking winners and losers within and between regions can be attempted. 

Some regions, or even new regions, can be identified where potential exists, and other 

regions can be identified that may be avoided for future expansion. 

 

Impact on overall grape quality in Coonawarra ranged between one and four percent less 

by 2030, or two to twelve percent less by 2050. Grape quality in the Riverina may decline 
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from sixteen to fifty-two percent less by 2030 up to twenty seven percent to one hundred 

percent less by 2050. The concept of something being one hundred percent worse could 

be explained by stating that the quality would be impacted to a point that grapes might 

not be grown for wine production in this case. 

 

The impact on grape quality is presented here as an impact on price ($/tonne). One way 

to view this data could be to extrapolate this through to impact to vineyard profit. To do 

this would be erroneous. Many factors have been assumed to stay static in this impact 

assessment. One of these is demand and supply balance. World wide supply and demand 

balance may change with the warming projections for the Northern Hemisphere greater 

than for the Southern Hemisphere (IPCC 2001), so prices may actually increase for 

Australian wine. If quality is impacted in a negative way, demand may be reduced and 

price may be impacted even more than is estimated here. What must be emphasized is 

that the price information used in this analysis is to be used as a quality surrogate only. 

 

The direction of the impact agrees with the findings of (Jones et al. 2005b). They found 

that most wine regions were growing grapes at a temperature extremely close to their 

optimum, and some even too warm for their optimum. (Jones et al. 2005b) found that 

with the projected warming (A2 emission scenario and a HADCM3 climate model) 

varietal suitability may change and a region may become less suitable for those varieties 

being grown at present. Results here using the range of models and emission scenarios 

suggest the same. 

 

Results presented here indicate that projected warming will have a negative impact on 

grape quality if no adaptive strategies are implemented. Quality will be reduced at a 

national scale by between 7% to 23% by the year 2030, and 12% to 57% by the year 

2050. With this information now available to Australian wine industry actions to address 

and possibly minimise this impact can be considered. 
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For this analysis no adaptive strategies were included when calculating ‘cost to quality’. 

What is implied is the need to consider possible adaptive strategies. Three of the most 

obvious methods for addressing this negative impact of projected warming are: 

1. Yield compensation strategies: Increase grape vine yield for a given region to 

support the revenue side of the profitability equation. 

2. Shift the sites of vineyards to maintain, as far as possible, the same climate as 

currently utilized. 

3. Variety substitution could be seen as an adaptive strategy, especially in cooler 

climates, where a positive impact of climate change for some varieties could be 

realized. In cooler regions like Tasmania, for instance, the warming climate will 

enable some varieties to become more adapted. 

 

These strategies will be explored in the following two chapters as the thesis now 

addresses the adaptive capacity of the Australian wine industry to projected GHG-

induced climate change. 

 
5.5 Conclusion 
 
Grape quality is related to climate. Increased temperatures are likely to have a negative 

impact on grape quality in a given region, given that the grapes can ripen fully in a region 

in today’s climate. Flavour and aroma profiles in wine are influenced by the climate, 

particularly the ripening temperature of the grape. Consumers respond to preferences for 

different wines, and their characteristic and anticipated flavour profile, in a hedonic 

manner. Generally, higher quality wine is more expensive. Wine, made from grapes 

grown in a climate that encourages development of the desired flavour and aroma 

components, will be able to achieve high prices relative to wine made form grapes where 

this is not achieved. If the climate changes, the flavours and aromas detected in a 

particular wine will not be the same. This will be seen as a quality change and consumers 

will react by either rewarding or discounting the change by the price they are willing to 

pay for the ‘new’ product. 

 



  121

Addressing the impact of GHG-induced climate change on grape quality will allow the 

Australian wine industry to determine some of the adaptive strategies that could be useful 

for the planning of future vineyard development. With the huge infrastructure investment 

that goes into any vineyard and winery establishment, industry is engaging 

enthusiastically with this scientific study to incorporate the findings into their planning 

documents. 

 

The amount of effort that will be required to implement these adaptation strategies and 

their benefit to the wine industry remains to be seen. By highlighting the potential impact 

and risk to the wine industry of climate change, the current study highlights the urgency 

of considering such adaptive responses and these will be approached in some of the 

subsequent chapters of this thesis where yield compensation, geographical shifting of 

regions and variety substitution will be addressed. 
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Chapter 6  The potential impact of climate and climate 

change on yield and gross return of wine grape 
crops 

 
6.1 Introduction 
 

GHG-induced climate change is likely to impact negatively on grape quality relative to 

present day grape quality13. There are several adaptive strategies that could be 

implemented to compensate for this negative impact. Two of these strategies will be 

explored in this chapter of the thesis. 

 

If grape quality (measured by price ($/tonne)) is reduced, one way to compensate for the 

probable reduction in gross returns ($/ha) is to produce a greater yield (tonnes/ha) of 

grapes. A regional analysis of yield of grape crop is assessed here and determination of 

the link between climate and yield is made. The relationship is explored and quantified 

for the premium wine grape varieties of Australia in a present day context.  

 

The first adaptation strategy addressing the projected negative impact to grape quality 

that will be explored in this thesis will be that of compensating for the potential impact to 

vineyard gross returns by increasing the vineyard output, namely yield (t/ha). The ability 

to ripen a greater quantity of fruit on the vine, given there is an ample water supply, 

increases with increasing temperature (Howell 2001). Given current projections of a 

warmer climate the yield potential of a region is likely to increase. Higher yields are 

normally achieved in warmer (i.e. sunnier) climates because buds are more fruitful and 

because of the higher photosynthetic capacity (McCarthy et al. 1986). The vine in such 

climates has a greater capacity to ripen a larger crop as the ultimate source of sugars in 

grapes is photosynthesis in leaves (Caspari et al. 1998). 

 

Maintaining consistency of quality is one of the strengths of the Australian wine industry. 

If this consistency is to be achieved into the future, a change in the quality to yield ratio 

                                                 
13 This is given that the variety of grape will ripen in a given region in the present day climate. 
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to maintain gross margins may not be appropriate. To increase yield may not be 

achievable, or desirable. The interaction between yield, quality and price is of crucial 

importance for determining a vineyards profitability (Coombe and Iland 2004). The 

impact on vineyard profitability in a changing climate is a complex question that is 

outside the scope of this study. Factors such as cost of production, cost of water, local 

and global demand for grapes of varying quality would need to be assessed (Zilberman et 

al. 2004). Consideration of cost of production is not made here and can vary significantly 

from one region to another (Rendell and McGuckian 2002; Thompson 2001). However, it 

is possible to determine the impact on the vineyard output, or gross returns and this is 

explored in this section of the thesis. 

 

The second possible adaptive strategy to ameliorate the reduction in quality due to 

projected climate change is to consider a spatial shift in regions that would allow for 

maintenance of a similar climate profile, as is presently exploited, for growing grapes in 

future years. Climate ‘zones’ are identified where gross returns are maximised, then these 

‘zones’ can be highlighted in projected climate maps to exposes potential shifts. These 

maps compare zones in present day climates to these zones in projected climates. 

 

Past studies have investigated the impact of a range of climate change scenarios on yield 

and yield variability of the grapevine. In one study a model for simulating yield of the 

grapevine was used (Bindi et al. 1996a). They found that increasing temperature 

decreased the growing season length and consequently yield potential. In another study 

the impact of climate change on grape growing suitability has been investigated for 

Europe (Kenny and Harrison 1992; Kenny and Shao 1992). In these studies a latitude 

temperature index (LTI) (Jackson and Cherry 1988) which predicts the grape ripening 

capacity of a region. This index is similar to the MJT indices (Smart and Dry 1980) but 

also allows for day length variation due to latitude. The LTI produces suitability zones 

defined for cultivars of grapes and then projected shifts in these zones due to climate 

change are shown. The authors also discuss potential for adaptation of the European wine 

industry to increasing temperature is illustrated. In a study done in New Zealand, it was 

found that the geographic range could extend further southward and to a higher altitude. 
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A 2°C temperature range is equivalent to 4° of latitude, and 300-450m elevation (Smart 

1989). 

 

Yield is compared with climate indices for Australian winegrowing regions and premium 

wine grape varieties to produce a regression model. This model was used in combination 

with a model linking wine grape price with climate. Combining the model of grape yield 

(tonnes/hectare) and price ($/tonne) as they vary with climate enabled exploration of a 

gross return model ($/hectare) as that factor varies with temperature change projections. 

Regression models were created for use with the grape production measures and premium 

grape varieties described separately. Following from this analysis, the impact of projected 

GHG-induced temperature change could be quantified. This temperature change analysis 

assessed the range of projection uncertainties by using a range of emissions scenarios, 

climate sensitivity levels and global and regional climate models. Details of the selection 

of these are given in the Chapter 2. 
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6.2 Methodology and Results 
 

6.2.1 The relationship between climate, yield and crop gross return 
 
Yield for each variety in each region was calculated by dividing the total production of 

winegrapes for a region by the total number of bearing hectares. Gross return was 

calculated by multiplying the yield data with the price data. Unfortunately, data required 

to perform this analysis had to be obtained from two separate sources (Table 30).  

Table 30: Sources of the data sets for price data, tonnage data and area under vine data used in the 
assessment of projected climate change on average regional gross returns. 

Data source Price data Tonnage data Area under vine 

data 

(AWBC 2002) * *  
(ABS 2002)  * * 
 
The data set for yield analysis was obtained from the Australian Bureau of Statistics 

(ABS 2002). The actual number of hectares from which the grapes were produced was 

available in this dataset. The AWBC pricing data set did not have information regarding 

the grape production area. To determine yield (tonnes/ hectare) this information was 

necessary. Comparison of data from this survey to the data obtained from the AWBC 

grape-price survey was necessary. A paired sample t-test was performed on the data, for 

each premium variety. This test indicated there was no significant difference between the 

yield data from the two data sets (P>0.05) (See Appendix 10.5.2). 

 

The yield and tonnage data is sourced from a survey conducted in the year 2002 (ABS 

2002). To be consistent, the price data set was also limited to the year 2002 even though 

the data was available for the years 1999-2003.  
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In the first part of this assessment exploration of the relationship between yield and 

climate, whereby regionally averaged yield data, per variety, is compared with regionally 

averaged climate data. A Pearson correlation was initially undertaken to check for a 

linear relationship between the parameters (Table 31). Comparison of yield data with 

regionally averaged climate parameters shows that yield is related to temperature 

(P<0.01) and most strongly to MJT. 

Table 31: The relationships between wine grape yield (tonnes/ha) and a range of climate variables 
across Australian winegrowing regions determined by a Pearson two tailed correlation test. 

Yield 1 
Mean January Temperature 0.59**
Growing Degree-Days 0.56**
Mean February Temperature 0.56**
Maximum Temperature (Harvest) 0.56**
Winter Minimum Temperature 0.09
Minimum February Temperature 0.38**
Minimum January Temperature 0.43**
Summer Rainfall -0.30**
Point Potential Evaporation 0.58**
Diurnal Range 0.33**
Continentality 0.31**
**Correlation is significant at the 0.01 level 

 
 
Most of these variables correlate positively and significantly (except for summer rainfall) 

with yield for most of the premium wine grapes analysed. MJT has been the climate 

variable that is linked with viticultural parameters in the other chapters of this thesis 

(Chapter 4 and Chapter 5) and is therefore chosen to be used in this part of the modelling 

study. A plot of the data points (for each variety) indicates an increasing yield trend as 

the regional average MJT increases (Figure 39).  
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Figure 39: The relationships between wine grape yield (tonnes/ha) and MJT (°C) across Australian 
winegrowing regions. Each premium variety is treated separately. Data is from year 2002.  

 
Calculation of the gross return per hectare ($/ha) is made by multiplying price paid for 

grapes ($/tonne (2002)) with the average regional yield (t/ha (2002)) for each region and 

each variety within a region. The relationship between ‘average regional crop gross 

return’ and average regional MJT was then explored. This relationship does not appear 

linear. Before any further analysis was done curve estimation techniques were applied to 

determine the best relationship to use when modeling this data. Consideration of 

viticultural information whereby yield is limiting in cooler climates, and quality is 

limiting in warmer climates, an expectation of a peak of gross return somewhere in an 

intermediate climate is expected.  
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What was found was that the relationship is significant between gross returns and MJT 

for five of the premium grape varieties tested given a quadratic relationship is used, and 

for only two varieties if a linear relationship is tested. The number of regions represented 

(indicated in the degrees of freedom column ‘d.f’ ( Table 32)) may have an effect on the 

number of varieties showing a significant relationship between MJT and gross returns. 

Table 32: Curve estimation for the relationship between gross returns ($/ha) and MJT: Comparison 
of linear and quadratic relationships. The pink shaded boxes represent significant quadratic 
relationships and the yellow shaded boxes represent significant linear relationships. (LIN=linear, 
QUA=Quadratic). 

Variety  R2 d.f. F Sigf b0 b1 b2 
LIN 0.12 24 3.37 0.079 -6524.4 704.759   Cabernet 

Sauvignon QUA 0.45 23 9.47 0.001** -329878 30864 -698.53 
LIN 0.00 13 0.04 0.852 11729.9 -124.11  Cabernet Franc 

QUA 0.11 12 0.76 0.489 -325940 31053.1 -716.11 
LIN 0.19 24 5.74 0.025* -12029 1053.87   Chardonnay 

QUA 0.24 23 3.59 0.044* -154473 14339.7 -307.72 
LIN 0.14 9 1.51 0.25 -5575.9 631.278   Chenin Blanc 

QUA 0.15 8 0.68 0.535 -25325 2402.16 -39.512 
LIN 0.20 2 0.51 0.551 46224.3 -1444.9   Colombard 

QUA 0.20 2 0.51 0.551 46224.3 -1444.9   
LIN 0.13 22 3.39 0.079 -7435.3 760.677   Merlot 

QUA 0.41 21 7.21 0.004* -320510 29873.8 -672.29 
LIN 0.04 24 1.04 0.319 622.806 333.145   Pinot Noir 

QUA 0.21 23 3 0.07 -186434 17780 -404.09 
LIN 0.03 20 0.71 0.411 -1756.6 477.618   Riesling 

QUA 0.13 19 1.37 0.279 -209666 19929.8 -452.11 
LIN 0.01 20 0.09 0.766 7400 114.106   Sauvignon Blanc 

QUA 0.04 19 0.37 0.695 -92039 9321.11 -211.96 
LIN 0.10 23 2.51 0.127 -5039.3 679.629   Semillon 

QUA 0.30 22 4.78 0.019* -280311 26280.7 -591.43 
LIN 0.19 24 5.44 0.028* -10965 923.212   Shiraz 

QUA 0.39 23 7.41 0.003* -285783 26555.5 -593.68 
LIN 0.04 8 0.35 0.572 -2461.2 441.656   Traminer 

QUA 0.10 7 0.37 0.704 140606 -12770 303.32 
LIN 0.03 11 0.35 0.568 1389.3 269.845   Verdelho 

QUA 0.16 10 0.98 0.409 -196555 18354.4 -410.77 

*=significant (P<0.05) 

**=significant (P<0.01) 
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For Cabernet Sauvignon, Shiraz, Chardonnay, Semillon and Merlot there is a significant 

quadratic relationship (indicated by * or **) between the crop gross return ($/ha) and 

average regional MJT (Table 32). It is notable that even in the strongest relationship, that 

shown for the variety Cabernet Sauvignon, MJT is only explaining 45% of the variation 

in the data. The scatterplots of the relationship between gross return and MJT for the 

varieties for which a significant relationship existed are shown with the fitted quadratic 

regression line in Figure 40. 
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Figure 40: The relationships between wine grape gross return ($/ha) and MJT (°C) across Australian 
winegrowing regions. Each premium variety is treated separately. Data is from year 2002. 95% confidence 
intervals of the mean predicted responses for the regression line are displayed on the graphs (R2 values are 
displayed next to the graph title: **=significant (P<0.01) *=significant (P<0.05). 

 

 

For all of the other premium varieties no significant relationship between ‘gross return 

($/hectare) and average regional MJT was found (Table 32) though the turning point is in 

the same range for most of these varieties (described later). With these premium varieties 

the lack of significance for the “gross return=yield X price” relationship with MJT may 
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be due to the fact that we are multiplying the error in the data and the variation due to 

other factors e.g. viticulture practices, soil, site variables (the data came from two 

separate datasets). If the survey included collection of gross return information from each 

region, ‘cleaner’ data may have resulted.  

6.2.2 Temperature change impact on crop gross return: Regional scale. 
 
Using the regression model created to describe grape gross return as it varies with climate 

enables a GHG-induced climate change impact analysis to be made. Present and 

projected temperature MJT averages for different grape growing regions are used to drive 

the model to determine gross return ($/ha). Relative changes can then be calculated. Once 

the change in crop gross return ($/ha) is produced for each variety, this figure is scaled up 

to a regional value in dollars by multiplying back by the regional hectares of grape 

production (ABS 2002). The cost or benefit to gross return of grapes produced due to a 

change in climate can be determined (Table 33 to Table 34.) 

For this analysis all of the varieties have been used to create the results, not only the 

varieties for which a significant relationship was found  

 

 

. 
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Table 33 Change in crop gross return (%) resulting from different projections of GHG-induced temperature change by 2030. 

 CSIRO Mk3 HADCM3 Darlam 125km 
Region A1FI high A1B mid B1 Low A1FI high A1B mid B1 Low A1FI high A1B mid B1 Low 

Adelaide Hills 23.5% 18.3% 10.9% 28.1% 24.1% 15.5% 27.6% 23.1% 14.6%
Clare Valley -16.9% -9.8% -4.1% -36.2% -20.3% -7.9% -30.6% -17.3% -6.9%
Adelaide Plains -13.7% -8.0% -3.3% -28.8% -16.2% -6.3% -24.6% -13.9% -5.5%
McLaren Vale 19.4% 15.6% 9.5% 21.4% 19.4% 12.9% 21.3% 18.7% 12.2%
Langhorne Creek 19.5% 15.9% 9.8% 20.5% 19.3% 13.2% 20.7% 19.0% 12.8%
Padthaway 22.5% 18.6% 11.6% 23.4% 21.1% 14.0% 22.8% 22.0% 15.3%
Riverland -30.2% -18.1% -7.9% -61.6% -35.5% -14.5% -55.4% -32.1% -13.3%
Barossa Valley -0.7% 1.2% 1.7% -10.1% -2.5% 1.3% -7.5% -1.4% 1.5%
Eden Valley 19.7% 15.9% 9.7% 21.1% 20.1% 13.8% 21.5% 19.5% 13.1%
Riverina -98.9% -59.4% -25.9% -162.0% -93.8% -39.0% -85.0% -51.5% -22.8%
Hunter Valley -21.7% -10.3% -2.6% -28.9% -13.8% -3.6% -9.5% -4.3% -1.0%
Cowra -33.6% -18.5% -6.9% -58.7% -31.5% -11.3% -22.5% -12.6% -4.9%
Mudgee -16.0% -5.3% 0.6% -30.5% -11.9% -0.8% -5.6% -0.8% 1.3%
Orange 10.9% 14.0% 11.3% 0.1% 11.3% 12.7% 14.3% 13.8% 9.6%
Canberra district 52.5% 44.6% 28.6% 50.4% 50.3% 36.1% 46.6% 36.8% 22.2%
Rutherglen, Glenrowan and 
remnants of NE Victoria 

-31.1% -15.9% -5.1% -57.6% -29.3% -9.2% -24.0% -12.3% -3.9%

Yarra Valley 75.7% 62.3% 39.1% 78.9% 69.3% 45.8% 72.7% 58.5% 36.0%
Mornington Peninsula 65.3% 53.1% 32.9% 68.1% 57.4% 36.6% 61.3% 48.5% 29.4%
Henty 109.2% 84.5% 50.2% 119.3% 94.6% 57.6% 121.8% 97.3% 59.7%
Blackwood Valley 5.5% 8.7% 7.5% 8.7% 9.0% 6.5% 7.3% 9.0% 7.1%
Geographe -10.4% -2.9% 1.0% -5.3% -0.8% 1.3% -6.6% -1.3% 1.3%
Great Southern 31.0% 25.8% 16.2% 28.1% 22.2% 13.4% 31.0% 25.8% 16.2%
Margaret River 15.3% 14.7% 10.3% 15.6% 13.5% 8.8% 15.6% 13.7% 8.9%
Swan Valley -75.0% -45.5% -20.2% -71.0% -43.2% -19.3% -59.6% -36.7% -16.6%
Vic/NSW Murray Valley -60.2% -36.7% -16.4% -106.1% -62.3% -26.4% -80.5% -48.1% -20.9%
Percent Given hectare plantings 2002  
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Table 34 Change in crop gross return (%) resulting from different projections of GHG-induced temperature change by 2050. 

 CSIRO Mk3 HADCM3 Darlam 125km 
Region A1FI high A1B mid B1 Low A1FI high A1B mid B1 Low A1FI high A1B mid B1 Low 

Adelaide Hills 23.5% 18.3% 10.9% 28.1% 24.1% 15.5% 27.6% 23.1% 14.6%
Clare Valley -16.9% -9.8% -4.1% -36.2% -20.3% -7.9% -30.6% -17.3% -6.9%
Adelaide Plains -13.7% -8.0% -3.3% -28.8% -16.2% -6.3% -24.6% -13.9% -5.5%
McLaren Vale 19.4% 15.6% 9.5% 21.4% 19.4% 12.9% 21.3% 18.7% 12.2%
Langhorne Creek 19.5% 15.9% 9.8% 20.5% 19.3% 13.2% 20.7% 19.0% 12.8%
Padthaway 22.5% 18.6% 11.6% 23.4% 21.1% 14.0% 22.8% 22.0% 15.3%
Riverland -30.2% -18.1% -7.9% -61.6% -35.5% -14.5% -55.4% -32.1% -13.3%
Barossa Valley -0.7% 1.2% 1.7% -10.1% -2.5% 1.3% -7.5% -1.4% 1.5%
Eden Valley 19.7% 15.9% 9.7% 21.1% 20.1% 13.8% 21.5% 19.5% 13.1%
Riverina -98.9% -59.4% -25.9% -162.0% -93.8% -39.0% -85.0% -51.5% -22.8%
Hunter Valley -21.7% -10.3% -2.6% -28.9% -13.8% -3.6% -9.5% -4.3% -1.0%
Cowra -33.6% -18.5% -6.9% -58.7% -31.5% -11.3% -22.5% -12.6% -4.9%
Mudgee -16.0% -5.3% 0.6% -30.5% -11.9% -0.8% -5.6% -0.8% 1.3%
Orange 10.9% 14.0% 11.3% 0.1% 11.3% 12.7% 14.3% 13.8% 9.6%
Canberra district 52.5% 44.6% 28.6% 50.4% 50.3% 36.1% 46.6% 36.8% 22.2%
Rutherglen, Glenrowan and 
remnants of NE Victoria 

-31.1% -15.9% -5.1% -57.6% -29.3% -9.2% -24.0% -12.3% -3.9%

Yarra Valley 75.7% 62.3% 39.1% 78.9% 69.3% 45.8% 72.7% 58.5% 36.0%
Mornington Peninsula 65.3% 53.1% 32.9% 68.1% 57.4% 36.6% 61.3% 48.5% 29.4%
Henty 109.2% 84.5% 50.2% 119.3% 94.6% 57.6% 121.8% 97.3% 59.7%
Blackwood Valley 5.5% 8.7% 7.5% 8.7% 9.0% 6.5% 7.3% 9.0% 7.1%
Geographe -10.4% -2.9% 1.0% -5.3% -0.8% 1.3% -6.6% -1.3% 1.3%
Great Southern 31.0% 25.8% 16.2% 28.1% 22.2% 13.4% 31.0% 25.8% 16.2%
Margaret River 15.3% 14.7% 10.3% 15.6% 13.5% 8.8% 15.6% 13.7% 8.9%
Swan Valley -75.0% -45.5% -20.2% -71.0% -43.2% -19.3% -59.6% -36.7% -16.6%
Vic/NSW Murray Valley -60.2% -36.7% -16.4% -106.1% -62.3% -26.4% -80.5% -48.1% -20.9%
Percent Given hectare plantings 2002  

 
Data from the above tables can be summarised into projected ranges of changed value for 2030 and 2050 ( 
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Table 35: Impact range of change in regional crop gross return (%) resulting from projected 
temperature change (3 GHG emission scenarios and 3 climate models (see Chapter 2)). 

Region 2030 2050 

Adelaide Hills 6.7% to16.2% 10.9% to 28.1% 

Clare Valley -9.8% to -2.1% -36.2% to -4.1% 

Adelaide Plains -7.7% to -1.7% -28.8% to -3.3% 

McLaren Vale 5.9% to 13.4% 9.5% to 21.4% 

Langhorne Creek 6.1% to 13.6% 9.8% to 20.7% 

Padthaway 7.2% to 15.6% 11.6% to 23.4% 

Riverland -16.7% to -4.0% -61.6% to -7.9% 

Barossa Valley 0.6% to 1.5% -10.1% to 1.7% 

Eden Valley 6.0% to 14.2% 9.7% to 21.5% 

Riverina -46.3% to -11.8% -100%(-162.0%)* to -22.8% 

Hunter Valley -4.9% to -0.2% -28.9% to -1.0% 

Cowra -13.6% to -2.3% -58.7% to -4.9% 

Mudgee -2.8% to 1.2% -30.5% to 1.3% 

Orange 6.2% to 11.8% 0.1% to 14.3% 

Canberra district 13.7% to 35.8% 22.2% to 52.5% 

Rutherglen, Glenrowan and 

remnants of NE Victoria 

-12.3% to -1.7% -57.6% to -3.9% 

Yarra Valley 22.3% to 46.0% 36.0% to 78.9% 

Mornington Peninsula 18.1% to 37.6% 29.4% to 68.1% 

Henty 30.7% to 61.0% 50.2% to 121.8% 

Blackwood Valley 4.2% to 7.4% 5.5% to 9.0% 

Geographe 0.2% to 1.2% -10.4% to 1.3% 

Great Southern 8.2% to 16.9% 13.4% to 31.0% 

Margaret River 5.5% to 10.5% 8.8% to 15.6% 

Swan Valley -23.8% to -9.0% -75.0% to -16.6% 

Vic/NSW Murray Valley -30.7% to -8.5% -100% (-106.1%)* to -16.4% 

(% given planted hectares 2002) 

*Capped at 100% 

 

Some grape growing regions appear to benefit (as measured by percent change in gross 

returns) from projected climate change, while others appear to be disadvantaged. The 

worst affected regions are, in order, the Riverina, the Victorian and NSW Murray Valley, 
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Swan Valley, then the Riverland. These few regions account for sixty two percent of 

tonnes of grapes crushed in Australia (average from 1999-2003). Regions that in the 

present climate are considered cool have a higher projected gross return in the projected 

climate e.g. Canberra, Henty, and Margaret River. This is due to the increasing yield 

potential with projected regional warming.  

 

6.2.3 Impact of climate change to crop gross return: National scale 

The potential cost to gross return due to projected climate change, by weighting the 

regional cost by that regions contribution to the national crush, results in a negative 

overall impact (Table 36). 

Table 36: Projected range of impact of projected warming (see Chapter 2 for climate models and 
emission scenarios used to assess projection uncertainties) on gross return: National scale. 

2030 2050 
National impact  
(Gross Return) 

-4.5% to -16.0% -9.5% to -52%* 

*Negative impact capped at 100% 

 

If yield is increased to compensate for a decrease in quality the impact of a GHG-induced 

climate change remain negative overall for the Australian wine industry if no adaptive 

strategies are implemented. In the face of this challenge, either the industry could 

contract, or the industry could adapt to maintain gross returns. This method of adaptation 

could be to realize the climate within which the balance between quality and yield is at a 

maximum, and shift plantings to utilize this climate type, in future warmer climates. 
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6.2.4 Spatial analysis of the zone of maximum gross return. 
 

The second potential adaptive strategy to the predicted decrease in wine grape quality due 

to projected climate change is a change in geographical placement of wine grape growing 

regions within Australia. To examine this, a temperature zone where the maximum 

potential gross return can be achieved for each variety is identified. Determination of the 

‘turning point’ for the quadratic relationship can give an indication of the temperature 

where the peak gross return is found. The derivative of the regression relationship gives 

the slope of the curve and the point where this slope equals zero will be the temperature 

at which the gross return will be maximized (Table 37). 

 

Table 37: Regression modeling of the relationship between average regional gross return ($/ha) and 
Average regional MJT (°C). The derivative of the regression equation (indicating the temperature at 
which the regional gross return peaks for each variety) is shown in the shaded column (Varieties for 
which the relationship is significant are shaded in yellow). 

 Sigf Constant 
(B0) 

First 
order 
(B1) 

Second 
order 
(B2) 

Gross Return is 
maximum when 

MJT (°C) equals: 
Cabernet 
Sauvignon 

0.001** -329878 30864 -698.53 22.1 

Pinot Noir 0.07 -186434 17780 -404.09 22.0 
Shiraz 0.003* -285783 26555.5 -593.68 22.4 
Chardonnay 0.044* -154473 14339.7 -307.72 23.3 
Chenin Blanc 0.535 -25325 2402.16 -39.512 30.4 
Colombard 0.782 -249398 23345.9 -519.4 22.5 
Riesling 0.279 -209666 19929.8 -452.11 22.0 
Sauvignon 
Blanc 

0.695 -92039 9321.11 -211.96 22.0 

Semillon 0.019* -280311 26280.7 -591.43 22.2 
Cabernet 
Franc 

0.489 -325940 31053.1 -716.11 21.7 

Traminer 0.739 153163 -13603 313.995 21.7 
Verdelho 0.81 -74150 7109.96 -154.98 22.9 
Ruby 
Cabernet 

0.096 -577693 52960.5 -1187.2 22.3 

Malbec 0.93 -71014 7086.52 -156.67 22.6 
Merlot 0.004* -320510 29873.8 -672.29 22.2 
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**=Significant (P<0.01)*=Significant (P<0.05) 

The maximum gross margin values fall into a narrow range of between 22.1°C to 23.3°C 

(at least for the varieties showing a significant relationship between MJT and gross 

return). With increasing temperatures, a geographical shift in the area where this average 

temperature is located will occur. To determine what this means in the context of the 

Australian climate, the area where this temperature zone exists in the baseline climate can 

be selected and highlighted as is shown in Figure 41a. By the year 2030 this temperature 

zone is projected to shift towards the coast in Australia (Figure 41b), and by the year 2050 

this shift will be magnified (Figure 41c). If the projected climate is modeled using higher 

GHG emissions scenarios the shift by the year 2050 will be even more strongly towards 

the coast (Figure 41d).  

 

Figure 41: Map of Australia showing the zone of maximum gross return (MJT is 22.1°C to 
23.3°C) superimposed over the wine regions (grey). (a) year 2000 baseline (aqua) (b) year 
2000 baseline (aqua) and year 2030 (mid GHG emission scenario is used with the CSIRO 
Mk3 climate model) (yellow) (c) year 2000 baseline (aqua) and year 2050 (mid GHG 
emission scenario is used with the CSIRO Mk3 climate model) (red) and (d) as for (b) and 
(c) and also year 2050 high emission scenario and the HADCM3 climate model (purple). 
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A more focused interpretation of the impact of projected climate change on the zone of 

maximum gross returns can be seen for South-eastern Australia in (Figure 42). 

 

 
 

Figure 42: Map of south-eastern Australia showing the zone of maximum gross return (MJT 
is 22.1°C to 23.3°C) superimposed over the wine regions (grey). (a) year 2000 baseline 
(aqua) (b) year 2000 baseline (aqua) and year 2030 (mid GHG emission scenario is used 
with the CSIRO Mk3 climate model) (yellow) (c) year 2000 baseline (aqua) and year 2050 
(mid GHG emission scenario is used with the CSIRO Mk3 climate model) (red) and (d) as 
for (b) and (c) and also year 2050 high emission scenario and the HADCM3 climate model 
(purple). 

 
Spatially shifting growing regions is demonstrated as a method for adapting to climate 

change impact to quality. This shift is, in general towards more coastal regions. With this 

shifting, maintenance of a similar quality profile to that achieved in the current climate 

may be achievable. The magnitude of this shift will be affected by the extent of global 

warming resultant from different emission scenarios. 
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Analysis of the extent of the shift (in kilometers) was explored by placing a contour 

describing the mean temperature value for which gross returns is maximized, that is 

22.7°C in any given projected climate, onto a map showing the wine regions of Australia 

(Figure 43). Measurements of the southward shifting of the zone can be made but they 

will vary with the longitude. Estimates of the magnitude of the shift indicate that by the 

year 2030 a 40km southward shift in vineyard area will enable the maintenance of 

maximum gross returns, increasing to a 65km shift by 2050 if there is a mid range 

warming, this may increase to a 115km southward shift in the region of maximum gross 

return by 2050 if there is a greater warming (A1FIhigh HADCM3). 
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Figure 43: Contours indicating the median of the zone of maximum gross return for different climate 
projections, overlaying the wine region map for south-eastern Australia. The Green line indicates the 
present day contour, the yellow contour represents the contour by 2030 (CSIRO Mk3 A1Bmid), the 
red contour is for 2050 (CSIRO Mk3 A1Bmid), and the purple shows the contour for the year 2050 
but with a higher emission scenario and a different climate model (HADCM3 A1FI). 
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6.3 Discussion 
 
Comparison of yield from one region to another in this analysis has revealed that in the 

warmer regions the yields tend to be larger. Fruitfulness of grape vines is affected by the 

temperature at the time of bud initiation in the year prior to flowering (Baldwin 1964; 

Buttrose 1974; Dunn and Martin 2000) so potential for larger crops exists in warmer 

climates. Given adequate growing season length, water availability to ripen the crop 

(McCarthy et al. 1986) and photosynthetically active radiation (Howell 2001) these 

higher yields can be produced. Grapevine photosynthesis has a broad temperature 

optimum at 15°C to 30°C leaf temperature, with a peak at about 25°C (Smart 1989).  

 

In cooler regions where fruitfulness may be lower, ripening ability is also limited (Howell 

2001). There is a limit to yield in all climates beyond which grape quality will be 

impacted. This limit is lower in cooler climates (Howell 2001). Yields in cooler climates 

are usually lower and if high yields are obtained the vine may not be able to ripen them to 

a satisfactory level (Jackson, 2001). The tendency for lower yields in cooler climates is 

supported by the findings of the survey (ABS 2002) from which yield data was assessed. 

For example, in the Riverland the yield of Cabernet Sauvignon of nearly 18t/ha was 

reported, while in McLaren Vale, a cooler area the yield of this variety was only 7t/ha. 

For the Chardonnay variety, yields were reported to be 24t/ha in the Riverland, 10t/ha in 

McLaren Vale, while only 2.5t/ha was reported to be produced in the Mornington 

Peninsula, a very cool region. 

 

Viticulture in cool climates requires a non-prescriptive approach to yield management as 

in cooler years ripening of the crop may be limited. In cooler climates light intensity or 

photosynthetically active radiation may be limited, and the growing season may be 

shorter so a greater leaf area per unit crop weight is necessary (Howell 2001). To achieve 

higher profits, grape producers can run the risk of overcropping resulting in a lowering of 

quality. Overcropping occurs when the yield is such that the grape crop cannot be ripened 

to an appropriate composition for a targeted wine style. The tendency for high cropping is 

reduced when better grape quality is rewarded adequately by higher prices (Coombe and 

Iland 2004) 
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Comparing average yield from different climates in Australia shows that with increased 

temperature greater yields are produced. Generally, given that a particular grape variety 

can ripen in a region presently, warming is shown to have a negative impact on grape 

price. Combining the yield and price relationships for each variety enabled exploration of 

crop gross return as it varies with temperature. The climate influences on quality and 

yield are emphasised where, in cooler climates, lower potential yield impacts negatively 

on the gross return, and in warmer climates it is the lower quality potential of wine grapes 

that limits gross return.  

 

Grape-crop gross return in this instance is calculated by multiplying grape yield (tonnes 

per hectare) by the price paid for those grapes (dollars per tonne). The impacts of 

projected warming on the gross return for a vineyard are produced using the regression 

models for the premium varieties analysed. Many of the relationships were not significant 

but have been included. For this reason the regional impact results should be treated with 

caution.  

 

Regions, where now it is very cool for grape growing, could experience a positive impact 

on gross return with projected warming. For example, the Yarra Valley gross return 

increases by between twenty two to forty six percent by 2030 when temperature change 

projections are factored into the gross return regression model. McLaren Vale improves 

by six to thirteen percent. In general, cool regions show an improvement in crop gross 

returns.  

 

In hot regions (e.g. the Riverina) a negative impact on gross return of from twelve to 

forty six percent by 2030 and twenty three to one hundred percent by 2050 could be 

experienced. In the Riverland projected gross return decreases by four to seventeen 

percent by 2030, and eight percent to sixty two percent by 2050. The results imply that in 

the very warm areas quality decreases (from a low base) can not be compensated for by 

increasing the yield.  
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When the regional results for an impact on gross returns are scaled up to a national level, 

the higher production from the regions where the impact on gross returns is negative 

means that the overall impact is also negative. By 2030 this impacts to gross returns at 

the national scale range is between - 4.5% to - 16%. By 2050 this impacts increase to 

between - 9.5 to - 52% (assuming no adaptive strategies are implemented). 

 

Even in the cooler regions where there is potential to increase the gross returns, this 

impact study assumes that demand for grapes will be the same in projected climates even 

though more lower quality grapes are likely to be produced with yield compensation 

strategies. Recent trends in the Australian Wine industry show increasing demand for 

higher quality grapes. There is a +5% growth of premium red wine consumed 

domestically, and +2% annual growth of premium white wine consumed domestically, 

while there is a -1% annual growth in non-premium wine consumed domestically 

(Osmond and Anderson 1998). Increasing production to compensate for decreasing 

quality may not be an option if consumer demand does not increase accordingly. 

 

The other assumption is that there will be enough water to increase crop load. Yield 

potential is increased in warmer climates, and this potential can only be exploited if there 

is ample water supply to support the larger crop (McCarthy et al. 1983). In Chapter 8 of 

this thesis it is speculated that an increasing irrigation demand, due to increasing aridity, 

may impact on available water supply. Water supply may become a limiting factor to 

grape production in future climates. 

 

If the potential to increase gross return by increasing yield may not be achievable in a 

practical marketing sense, maintaining grape quality/yield balance by shifting 

geographically may be a more reasonable option. This strategy is already employed by 

the wine industry so that consistency in quality is maintained. Grapes from different 

regions can be blended to produce a certain wine type year after year. For example, 

Jacobs Creek is a wine that is made in this way so as to reduce year to year variation. An 

indication of the adaptive capacity of the wine industry due to possible spatial shifting of 

potential sites is presented here. Maintenance of gross returns to the wine industry by 
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employing adaptive strategies highlights new regional potential along with possible 

reduction in suitability of some present day grape growing regions. 

 

Maps showing shifting suitability for viticulture in projected climates highlight the 

potential that the industry has to adapt to climate change. An MJT of about 23°C seems 

to separate these two components of gross return. Below 23°C, quality can be exploited, 

and above 23°C, yield can be exploited. When this relationship is examined variety by 

variety, gross returns of about half of the premium varieties tested showed a significant 

relationship with temperature. Where a significant relationship was found the gross 

returns peaked between 22.1°C and 23.3°C.  

 

If this zone is adhered to by establishing more vineyards where the projected 22.1°C and 

23.3°C MJT zone may be in 2030 and 2050, quality and yield balance could be 

maintained at the level now experienced by the Australian grape and wine industry.  

 

Shifting zones to adapt of future climates will have significant infrastructure and 

investment implications. Consequently, this analysis is a guide to the probable magnitude 

of the shift in vineyard planting suitability. Consideration of access to water and other 

potential limitations to viticulture should be considered in analysing geographical shifts. 

Access to an irrigation source where rivers are presently used for supply may become 

more complicated. A case in point would be the Victorian and NSW Murray Valley 

region or the Riverland region where immediate access to irrigation supply is available 

now and potential for southward shifting will have obvious limitations. (Coakley et al. 

1999) raises the issue of limitations for shifting perennial crops. 

 

Other studies of potential adaptations of the national wine industries to climate change 

have suggested similar strategies. For example (Kenny and Shao 1992) explored the 

Latitude Temperature Index in its relevance to European grape growing suitability. In this 

study assessment of spatial limitations to viticulture are made given regional suitability in 

the present climate. They found a north-eastward shift in viticulture in Europe equivalent 

to the southward shift in Australia. In New Zealand the geographical range of the existing 



  144

horticultural, arable and pastoral farming would extend, both southward and to higher 

elevations (Salinger 1987; Salinger and Kenny 1995). 

 

Measurement of the movement of the zone of maximum gross returns (in kilometres) 

indicates that there will be a shift of about 40km southward in this zone by 2030, 65km 

by 2050 with a mid warming. By 2050 this equates to a shift from the northern part of the 

Goulburn Valley to the central part of the same region, or in South Australia, the Clare 

Valley to the Barossa Valley the or from the Peel region to the central part of the 

Geographe region of Western Australia. 

 

The speed with which the shifting will occur is dependent on the rate of projected climate 

change. If warming is greater, this shift may be as much as 115km southward by 2050. 

This is the equivalent of a shift from the northern Goulburn Valley region to the central 

Strathbogie region in Victoria, the Clare Valley to the Eden Valley region of South 

Australia or Peel to the Blackwood Valley region of Western Australia. The rate of 

change is dependent on the projected level of GHG emissions. The sensitivity of shifting 

can be seen when the high GHG emission scenario and warmer climate model projections 

are used to show the potential future favoured winegrowing regions. 

 

 

6.4 Conclusion 
 
Yield potential increases with increasing temperature. Grapevine fruitfulness improves 

and potential to ripen larger crops increases. 

 
Given the increased yield potential, the impact of projected GHG-induced temperature 

change on grape crop gross return is positive for most winegrowing regions in Australia. 

Temperature projections for the hot regions, like the Riverina and the Swan Valley, 

indicate these regions will suffer with lower gross return crops in the future as quality is 

impacted too greatly for yield increases to compensate. What is important to note is the 

proportion of the Australian production that comes from these regions. More than half the 

national production will experience a negative impact to gross returns if yield 
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compensation is used as an adaptive strategy. Another strategy will need to be addressed 

if a negative impact to gross return (overall) is to be avoided.  

 

Estimates of the magnitude of the shift indicate that by the year 2030 a 40km southward 

shift in vineyard area will enable the maintenance of maximum gross returns, increasing 

to a 65km shift by 2050 if there is a mid range warming, this may increase to a 115km 

southward shift in the region of maximum gross return by 2050 if there is a greater 

warming. This may impact land valuation as the potential to earn an income will change 

as the climate warms. 

 

Shifts in grape cropping potential to more coastal zones, or to higher altitude, in the 

Australian continent with projected climate change will result in the opening up of new 

areas that may previously have been too cool. In other regions the potential for viticulture 

will be reduced, maybe even to a point where the sustainability of the industry could be 

problematic. 
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Chapter 7  The impact of GHG-induced temperature 

change on varietal distribution 
 
7.1 Introduction 
 
In the previous chapter adaptation to the potential negative impact of GHG-induced 

climate change on grape quality was addressed. Maintaining the level of gross return by 

either increasing yield to account for lower quality, or shifting vineyard sites to maintain 

quality at present day levels are two possible adaptive strategies. In this chapter a third 

possible adaptive strategy is explored in detail. 

 

It has been established earlier in this thesis that different grape vine varieties have 

different phenological profiles. It was also stated that a matching of the phenology of the 

different varieties to ensure that ripening of the berries is achieved when the temperature 

regime is suitable for the development of desired flavours and aromas to produce a 

certain wine style is a fundamental aim for a vineyard manager (Jones and Davis 2000). 

In this chapter the suitability of varieties and their relative distribution in each 

winegrowing region of Australia is assessed in the context of projected climate change. 

 

In cool climates only early ripening varieties can be grown. Early maturing varieties can 

in general be expected to attain and conserve their best qualities under cool ripening, in 

fact, some varieties are entirely unsuitable for some regions as they will not ripen at all 

(Gladstones 1992). In warm climates there is the potential to grow early and late 

varieties, the late varieties can be grown for their hardiness and yield, and that they ripen 

once the hottest part of the summer has passed. The earlier varieties are grown more for 

quality and fruitiness though they might ripen in hot temperatures and risk heat damage. 

One advantage of growing both early and later maturing grapes in warmer climates is that 

the earlier and later maturing varieties can be blended. In addition, growing a range of 

varieties spreads the vintage load (Gladstones 1992) and also spreads the risk of adverse 

climatic events if grapevines are at varying stages of development when the adverse 

event occurs.  
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A number of past studies have investigated matching of varieties to climate. An early 

study that looked at classifying climate for wine style and varietal suitability was made 

by Amerine and Winkler (1944). They developed temperature summation categories 

developed in California to classify regions (Table 38). (Amerine and Winkler 1944) 

Table 38: Wine style suited to GDD summation. 

Region Range of GDD (day °C) Wine style 

Region I Less than 1390  Best quality dry table wines 
Region II 1391-1670  Good dry table wines 

Region III 1671-1940  Ordinary dry table wines 

Region IV 1941-2220  Sweet table wines  

Region V Greater than 2220  Fortified wines 

 

Gladstones (1992) classifies grape varieties into eight groups according to GDD ripening 

requirement between 10°C and 19°C (Table 39). 

 

Table 39: Grapevine Variety groups (premium varieties) as classified by Gladstones (1992). 
(Gladstones 1992). 

Group Grape Variety Gladstones 
GDD14 (10°C to 19°C) 

2 Pinot Meunier, Pinot Noir, Chenin Blanc, 
Sauvignon Blanc 

1100 to 1150 

3 Dolcetto, Pinot Noir, Chardonnay, 
Traminer, Trebbiano, Verdelho 

1150 

4 Durif, Malbec, Tempranillo, Zinfandel, 
Muscadelle, Semillon, Viognier 

1200 

5 Barbera, Cabernet Franc, 
Merlot,.Sangiovese, Shiraz, Touringa, 
Colombard, Crouchen, Marsanne 

1250 

6 Cabernet Sauvignon, Grenache, Nebbiolo, 
Muscat Gordo Blanco, Riesling 

1300 

7 Carignan, Mataro, Petit Verdot, Pinot gris 1350 
8 Tarrango, Doradillo, Palomino 1400 

                                                 
14 Gladstones calculates GDD with a temperature cap of 19°C. He calls this ‘biologically effective degree 
days’. 
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The methods of grapevine climate classification as given above have been used and 

redefined in many studies (Becker 1977). Taking the concept of matching varieties to 

climate has been explored for some European grape growing regions(Jackson and Cherry 

1988; Kenny and Shao 1992), and in Canada using GIS analysis (Jones et al. 2004). 

Taking the concept further to incorporate the impact climate change will have (Schultz 

2000) used the Huglin Index (an index that classifies grape varieties into climate 

categories by assessing at the grapes ripening profile(Huglin 1986)) to illustrate the 

impact of climate change on varietal suitability with a spatial assessment. Kenny and 

Harrison (1992) examine possible geographical movement of core viticultural sites. They 

suggest that cultivar groupings of grapes now grown in Bordeaux will be more suited to 

the Loire Valley. New grape growing regions in the UK and Northern Europe may be 

created. In a recent study (Jones et al. 2005b) comment on climates in different regions of 

the world being affected by climatic change and the impact this will have on suitability of 

some grape varieties. A study done in Australia also examines the shift spatial suitability 

of viticulture, among other agricultural sectors, for the Gippsland region of Victoria 

(Hood et al. 2002). (Kenny and Harrison 1992)  

 

The relationship between this varietal distribution in Australia and the climate of the 

region is investigated in this chapter. To assess the impact of climate change upon this 

distribution of varieties across regions it is first necessary to establish a profile of 

varieties most suited to each climate. Once this is done the impact of climate change on 

possible variety distribution in future climates can be estimated. 

 

A novel method for estimating varietal suitability in the present climate has been 

employed. Climate suitability ranges for grape varieties are given and shifts of climate 

and consequent shifts of suitability are indicated spatially. The sensitivity of the shift in 

suitability zones to projected temperature change is also explored by comparing the 

difference due between high and medium projected GHG emission scenarios. 
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7.2 Methodology and Results 

7.2.1 Present day varietal distribution 
 

The present day distribution of wine grapes is presented initially without reference to 

climate. This is done by comparing the average tonnes crushed of each variety in each 

region. The AWBC conduct an annual survey, the Australian Regional Winegrape Crush 

Survey (ARWCS). This survey reports on the grape harvest region by region. Actual 

regional crush results have been used in this analysis of the Australian grape distribution. 

Data averaged for each region and variety for the time period 1999-2003 is assessed 

Table 40.  

Table 40: Proportion of the major winegrape varieties crushed (AWBC 1999-2003). 

Variety Proportion of total crush 
(average for years 1999-2003) 

Shiraz 21.6
Chardonnay 18.0
Cabernet Sauvignon 15.7
Semillon 6.6
Merlot 5.5
Muscat Gordo Blanco 4.4
Colombard 3.7
Ruby Cabernet 2.5
Riesling 2.0
Sauvignon Blanc 1.8
Pinot Noir 1.7
Grenache 1.7
Chenin Blanc 1.0
Verdelho 1.0
Mataro 0.8
Other 11.9
Total 100.0

 
There are a few dominant varieties of grapes grown and crushed in Australia (See 

Appendix 10.6.1 for a description of the most important varieties). The highest quantity 

of grapes crushed is the variety Shiraz (21.6%) Chardonnay makes up about 18% of the 

crush. The other major contributors to the national grape crush are Cabernet Sauvignon 

(15.7%) and Semillon (6.6%) and Merlot (5.5%). These make up over 60% of the total 
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tonnes crushed for this period (1999-2003). This result can be broken down by state 

(Table 41). 

 

Table 41: Percent of national total tonnes of premium grape varieties crushed (State by State) in 
Australia (Average 1999-2003). 

Premium 
Varieties 

SA NSW Vic  WA VicNSW 
Murray 
Valley 

Qld Tas 

Cabernet 
Sauvignon 

23.5 10.5 19.6 19.5 18.2 19.3 5.3 

Malbec 0.4 0.1 0.5 0.3 0.0 0.4   
Merlot 5.7 5.9 8.6 7.1 9.6 7.9   
Pinot Noir 2.0 1.7 11.6 2.2 0.3 1.1 41.1 
Shiraz 31.5 24.2 23.0 18.7 18.8 32.2   
Chardonnay 17.9 21.1 25.1 16.3 31.9 17.3 37.1 
Chenin 
Blanc 

1.4 0.5 0.4 6.6 0.7 0.2   

Colombard 3.5 4.5 0.1 0.0 8.6 0.1   
Riesling 3.5 1.3 2.6 3.1 1.1 0.3 8.1 
Sauvignon 
Blanc 

1.8 2.2 5.5 10.1 1.1 1.9 6.8 

Semillon 4.6 19.9 1.0 10.9 4.8 12.2   
Cabernet 
Franc 

0.5 0.4 1.0 1.1 0.0 0.8   

Muscadelle 
(Tokay) 

0.2 0.0 0.5 0.2 0.0 0.2   

Traminer 0.3 1.4 0.3 0.1 0.0 0.1 0.2 
Verdelho 0.7 2.8 0.3 3.9 0.3 5.2   
Ruby 
Cabernet 

2.7 3.5 0.0 0.0 4.5 0.9   

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
(SA= South Australia, NSW= New South Wales, Vic= Victoria, WA= Western Australia, 
Qld= Queensland, Tas= Tasmania) 
 
The climate of the different states varies with some states having more warm grape 

growing regions and other states having mostly cooler regions (Gladstones 1992). For 

example, in Tasmania, which has a very cool climate, there is a high proportion of Pinot 

Noir crushed compared to the rest of the states. Chardonnay, a multi-purpose variety, is 

crushed at a consistently high level throughout all the states. This is true for Shiraz as 

well except for the very low percentage crushed in Tasmania. Chenin Blanc is only 

grown and crushed to any extent in Western Australia. 
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7.2.2 The relationship of variety distribution to climate 
 

To explore whether a link between climate and planting proportion exists, differentiation 

of the climate of different grape growing regions into climate categories is first done. 

Then the distribution of varieties within these climate categories is assessed. The 

viticultural climate estimator MJT is used as an indicator of a regions climate (Smart and 

Dry 1980). This climate measure has been used throughout this thesis. 

 

As a means of determination of the possible climate categories favouring growth of 

certain grapevine varieties, average regional MJT was changed from a continuous 

variable to a categorical variable. In this case the climate data in the data base was split 

into six categories. Data are categorized based on percentile groups, with each group 

containing approximately the same number of cases (Figure 44). 
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Figure 44: The regional average MJT (°C) of Australian grape growing regions split into six categories. A 
specification of 6 groups would assign a value of 1 to cases below the 16th percentile, 2 to cases 
between the 16th and 33rd percentile, 3 to cases between the 33rd and 48th percentile, 4 to cases 
between the 49th and 65th percentile, and 5 to cases between the 65th and 82nd percentile and category 
6 to cases above the 82nd percentile. 
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When temperature is split into categories, analysis can be made of the preference of 

varieties in each temperature range (Figure 45). This shows the percentage of each 

variety crushed in each climate category. 
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Figure 45: Distribution of total tonnes of wine grapes crushed (%) by variety split by six categories of 
MJT (°C).  
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It can be seen that varieties such as Cabernet Sauvignon, Chardonnay and Shiraz are 

fairly ubiquitously crushed, whereas varieties like Pinot Noir, Colombard, and Ruby 

Cabernet, for example, are crushed in some climate categories in preference to others. 

The six climate categories created show that some varieties are crushed with a higher 

percentage (proportional) in certain of the categories. Pinot Noir, for instance, is crushed 

at a higher percentage than normal, in the cooler climates. Ruby Cabernet is crushed in 

the highest proportion in the warmest climate category. Preferential planting of a variety 

in a climate category could be determined by analysing the anomaly from the average 

planting proportion overall (Table 42). Climate category 1 (MJT 15.8°C to 19.0°C) has 

tonnes crushed dominated by Chardonnay (31%), Pinot Noir (19.2%), Shiraz (18.6%) 

and Cabernet Sauvignon (14.5%). The warmest climate category, category 6 (MJT 

23.4°C-24.8°C) grows mostly Shiraz, Chardonnay, Cabernet Sauvignon and Semillon. 

Pinot Noir in climate category ‘1’ makes up 19.2% of the crush and this can be compared 

with Pinot Noir making up 2.0% of the national crush. 

Table 42: Percent of premium grape varieties crushed split into each climate category and compared 
to the national crush. The total average percentage of tonnes harvested of each variety for the whole 
of Australia is shown in the column with the heading ‘National’. 

 6 categories of MJT  
 1 2 3 4 5 6 National 

Cabernet Sauvignon 14.5% 34.0% 27.1% 17.8% 13.3% 16.6% 18.9% 
Malbec 0.2% 0.3% 0.5% 0.2% 0.5% 0.2% 0.2% 
Merlot 4.4% 8.7% 5.7% 4.9% 4.1% 7.2% 6.7% 
Pinot Noir 19.2% 6.8% 2.3% 1.9% 2.1% 0.7% 2.0% 
Shiraz 18.6% 20.4% 32.2% 36.2% 23.2% 25.4% 26.3% 
Chardonnay 31.4% 15.5% 16.2% 13.7% 27.7% 23.2% 21.6% 
Chenin Blanc 0.3% 0.0% 0.8% 1.3% 0.4% 1.6% 1.3% 
Colombard 0.1% 0.0% 0.0% 0.0% 0.7% 7.2% 4.7% 
Pinot Gris 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Riesling 3.0% 3.8% 4.5% 4.5% 5.5% 1.4% 2.5% 
Sauvignon Blanc 6.3% 5.8% 3.4% 2.9% 2.3% 1.3% 2.2% 
Semillon 1.0% 2.7% 5.1% 14.4% 13.2% 8.6% 8.3% 
Cabernet Franc 0.7% 1.1% 0.8% 1.0% 1.0% 0.1% 0.4% 
Meunier 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Muscadelle (Tokay) 0.0% 0.0% 0.1% 0.6% 0.3% 0.1% 0.1% 
Traminer 0.1% 0.1% 0.3% 0.2% 0.8% 0.6% 0.5% 
Verdelho 0.1% 0.7% 0.9% 0.4% 4.4% 1.1% 1.2% 
Ruby Cabernet 0.0% 0.0% 0.0% 0.0% 0.4% 4.9% 3.2% 
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Comparing the climate category percentage crushed with the national percentage crushed 

and normalising the data gives an indication of whether more or less than average of each 

variety is crushed in a particular climatic zone (Table 43). Proportions of varieties grown 

in each climate category, relative to the proportion grown nationally, give an indication 

of variety preferences. 

 

Varieties with the multiple of national average proportion greater than one show that they 

are crushed more than average in that climate category. For instance, Pinot Noir is 

crushed at 9.7 times the national average in the coolest climate category. It can be seen 

that Cabernet Sauvignon is produced at 0.8 times the national average in climate category 

1, but 1.8 times the national average in climate category 2. 

Table 43: Ratio of proportion of grapes crushed in each climate category (1 to 6 defined in Figure 44) 
compared with that crushed nationally. Where the number is greater than one, the variety can be 
said to be produced at a higher proportion than the national average. Where it is less than one, the 
variety is produced in a proportion lower than the national average. Where the number is at a 
maximum for the particular variety it is suggested that this is the climate band where the variety is 
best suited to be produced in the country.  

6 categories of MJT(°C) 15.8-19.1 219.1-20.1 20.2-20.6 20.7-22.2 22.3-23.3 23.4-24.8 
CATEGORY 1 2 3 4 5 6 

National 
Crush 

Cabernet Sauvignon 0.8 1.8 1.4 0.9 0.7 0.9 1.0 
Malbec 0.9 1.4 1.9 0.9 2.2 0.7 1.0 
Merlot 0.7 1.3 0.9 0.7 0.6 1.1 1.0 
Pinot Noir 9.7 3.4 1.2 0.9 1.1 0.3 1.0 
Shiraz 0.7 0.8 1.2 1.4 0.9 1.0 1.0 
Chardonnay 1.5 0.7 0.7 0.6 1.3 1.1 1.0 
Chenin Blanc 0.2 0.0 0.6 1.1 0.3 1.3 1.0 
Colombard 0.0 0.0 0.0 0.0 0.1 1.5 1.0 
Riesling 1.2 1.5 1.8 1.8 2.2 0.6 1.0 
Sauvignon Blanc 2.8 2.6 1.5 1.3 1.0 0.6 1.0 
Semillon 0.1 0.3 0.6 1.7 1.6 1.0 1.0 
Cabernet Franc 1.8 2.9 2.1 2.5 2.7 0.2 1.0 
Muscadelle (Tokay) 0.0 0.0 0.6 4.7 2.7 0.6 1.0 
Traminer 0.3 0.3 0.7 0.5 1.7 1.2 1.0 
Verdelho 0.1 0.6 0.8 0.3 3.8 0.9 1.0 
Ruby Cabernet 0.0 0.0 0.0 0.0 0.1 1.5 1.0 
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7.2.3 Variety categorisation with climate 

 

If the assumption is made that varieties are crushed at a greater than average rate in a 

region because they are best suited to that regional climate, and they are crushed at a 

lower than average rate if they are not suited to that particular climate anomalies can 

represent suitability to a climate category and can be ranked. Analysis of suitability has 

led to a description of climate categories where varieties are best suited to be planted 

(Table 44).  

Table 44: Climate categories (MJT°C) where premium grape varieties are preferentially crushed. 

Group MJT (°C) Variety best suited 
1 15.8-19 Pinot Noir 

Chardonnay 
Sauvignon Blanc 

2 19.1-20.1 Cabernet Sauvignon 
Merlot 
Cabernet Franc 

3 20.2-20.6 Many suited. No best suited. 
4 20.7-22.2 Shiraz 

Semillon 
Muscadelle 

5 22.3-23.3 Malbec 
Riesling 
Traminer 
Verdelho 

6 23.4-24.8 Chenin Blanc 
Ruby Cabernet 
Colombard 

 
 
The variety groupings that relate to the climate categories are shown on maps of 

Australia: Variety groups are shown in Figure 46 for the south-east region of Australia 

for the current climate. The climate where now varieties such as Pinot Noir, Chardonnay 

and Sauvignon Blanc are preferentially planted is found in the most southern part of the 

continent and also through the northern part of Tasmania. A suitability band for Group 2 

varieties (where Cabernet Sauvignon is the preferred variety) is found throughout South 

Australia and the Coonawarra, and the central part of Victoria including Bendigo and the 
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Pyrenees. Suitability for planting Group 6 varieties; Ruby Cabernet, Chenin Blanc and 

Colombard is found in the Riverina Swan Valley and Victorian and NSW Murray Valley. 

 

Grape Variety Distribution
Current climate

Group 6 Year 2000

Group 5 Year 2000

Group 4 Year 2000

Group 3 Year 2000

Group 2 Year 2000

Group 1 Year 2000

Greenhouse gas emission scenario A1B
Climate model CSIRO Mk3

Mid climate sensitivity

 

Figure 46: Variety grouping suitability bands for the present day climate for south-eastern regions of 
Australia for the grapevine variety groups given in Table 44. Group 1 is purple, Group 2 is orange, 
Group 3 is pink, Group 4 is blue, Group 5 is yellow and Group 6 is green. The background map of 
Australia is pale blue. Wine grape growing regions of Australia are indicated by fine black lines. 

 

7.2.4 Climate change impacts on variety distribution 
 
Potential shifting of the variety suitability bands using projections of GHG-induced 

temperature change are shown in the following sequences of maps. Variety suitability is 

indicated over existing wine grape growing regions by the coloured bands that represent 

the particular MJT range or corresponding variety grouping for the present climate 

(Figure 47a), year 2030 (mid emission scenario) (Figure 47b), year 2050 (mid emission 

scenario) (Figure 47c) and year 2050 (high emission scenario) (Figure 47d).  



  158

 

Figure 47: Wine grape variety suitability bands for different climate projections for Australia (left) 
and South-eastern Australia (right). The grapevine variety groups are listed in Table 44. (a) year 
2000 baseline (b) year 2030 (mid GHG emission scenario is used with the CSIRO Mk3 climate model) 
(c) year 2050 (mid GHG emission scenario is used with the CSIRO Mk3 climate model) (d) year 2050 
high emission scenario and the HADCM3 climate. 
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By the year 2030 Group 1 varieties are shifting to more coastal areas of south-east 

Victoria, into the highlands of the Great Dividing Range, and more around to the south-

east part of Tasmania. Suitability reduces in parts of south-western Victoria and mid 

NSW. Group 2 varieties are still suited to South Australia and suitability increases in the 

mid part of the Victorian grape growing regions. Suitability bands for group 6 varieties 

are only found in the southern part of the Riverina and Victorian and NSW Murray 

Valley by 2030. Parts of the South Burnett region climate supports growth of grape 

variety grouping 6 by 2030 using the projected climate of the CSIRO Mark 3 model and a 

mid-GHG emission scenario. 

 

By the year 2050 and using the same climate model and mid GHG emission scenario, 

only some parts of South Australia have growing conditions that are suited to the Group 2 

varieties. Group 1 varieties are pushed further into Tasmania and into the Highlands with 

only a few points of suitability in the south-west of Victoria. The South Burnett region, 

Riverina and the Victorian and NSW Murray Valley have very little area corresponding 

with what has been identified with supporting Group 6 varieties. Group 4 varieties are 

suited to central Victorian wine growing regions. 

 

Comparing the information from the maps showing grape vine suitability in year 2050 

using projected climate for the CSIRO Mark 3 climate model and a mid GHG emission 

scenario with those where a different climate model is used with a high GHG emission 

scenario and a high climate sensitivity the effect of the shift is magnified. Suitability for 

growing Group 1 varieties is increased even more in Tasmania given a higher degree of 

warming. On the mainland, suitability is pushed further into the highlands of the 

Gippsland region. The Hunter Valley, South Burnett, Swan Valley, Riverland and 

Riverina have a projected climate that has not been experienced in Australian wine 

growing regions. Group 4 grape varieties could be grown in most of the southern part of 

Victoria by 2050 given these projections. 
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Calculation of the area of the sites for which it will be suitable to grow these variety types 

now and in future climates indicates that there will be a reduction suitable areas overall 

with the greatest impact being on the area available for growing the Group 1 and Group 5 

varieties (Figure 48). By the year 2030 there may be a reduction of more than 20% of 

land area, with the climate best suited for growth of Pinot Noir, Chardonnay and 

Sauvignon Blanc, though areas suitable for the growth of Cabernet Sauvignon will 

increase, compared to that available in the present climate. This may increase to a 40% 

reduction in land area by 2050 with suitable climate. These results are calculated using a 

mid warming scenario. If the climate warms at a raster rate as it is projected to do with 

higher GHG emissions, the reduction in land area for this variety group could be more 

than 60%. For group 2 varieties, by 2030 with mid warming there is a projected increase 

in potential sites for viticulture (4%), this reduces again by 2050 (15%). 

 

By 2050, with a mid climate warming, the area of land with a climate suitable for growth 

of wine grapes, of a similar quality to what is grown presently in Australia, is projected to 

reduce by 27% or up to 44% if climate warms at the rate projected with the A1FI, high 

GHG emission scenario. 
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Figure 48 Reduction in areas in Australia with a climate suitable for growth of grapevines of 
different variety groups of a quality equivalent to the present. 
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7.3 Discussion 
 

Regional suitability of varieties will change in projected warmer climates. Varietal 

distribution of varieties varies state by state. In Tasmania the majority of the grape crush 

is made up with Pinot Noir (41 percent), with the quantity of Shiraz of zero percent. In 

South Australia only two percent of the grape crush comprises Pinot Noir, yet 31 percent 

of the crush is Shiraz. A similar comparison exists with Cabernet Sauvignon where about 

23 percent of the South Australian grape crush is made up of this variety, where it 

accounts for only about five percent of the Tasmanian grape crush.  

 

Of note is that within all the regions of Australia a range of varieties is planted. Within 

this range there would be some varieties that would possibly be more suitable to a 

particular climate than others, though more than one variety is grown. This is principally 

a risk management strategy. The strategy of spreading both the economic risk and 

environmental risk is achieved by planting more than one variety of winegrape. There are 

certain times in the growing cycle where vulnerability to climatic effects increases. This 

is at budburst, where frost can injure or destroy developing buds. At flowering, excess 

cold, wind or rain can impact on the pollination process. Any time post-veraison, 

particularly just prior to harvest the vines are susceptible to high rainfall events, or 

extreme heat. If all grapevines in a vineyard had buds bursting at once and an extreme 

frost event occurred, the production for the entire vineyard could be at risk. Usually more 

than one grape variety is grown within a vineyard so as to have different phenological 

stages staggered slightly, and spread the risk of timing of adverse climatic events 

throughout the growing season and at harvest. 

 

Even with regard to the fact that more than one variety is planted in a grape growing 

region it was possible to link the varieties to climate. This is because varieties were 

preferentially planted in particular climate categories. Here, the average regional MJT of 

all the grape growing regions of Australia were split into six categories on a percentile 

basis and the proportion of varieties in each climate grouping was analysed. Analysis of 

proportional distribution of varieties as they vary with climate shows a preference for 
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groups of varieties in particular climate regimes. Methods for quantifying the extent of 

viticultural regions, or comparing viticultural regions and cultivar plantings around the 

world are discussed extensively in the literature (Dutt et al. 1981; Fregoni and Pezzutto 

2000; Huglin 1986; Jackson and Cherry 1988; Tesic et al. 2001; Tonietto and 

Carbonneau 2004).  

 

Extraction of climate category bands, corresponding to a particular variety grouping, 

from climate projection maps provided for a simple way to assess the shifting of variety 

suitability in the future. The suitability bands are shown to shift with projected warming.  

 

The trend of the shift in variety suitability is towards the coast, or to higher altitudes as 

the climate warms. The projected climate for regions in the warmer central areas of 

Australia will be warmer than what is encountered by the viticulture industry in the 

present day climate, so it is not known what varieties are suited to this climate. Some of 

the varieties grown presently in these hotter regions may well be able to adapt to this 

warmer climate. The suitability will need to be tested to determine the potential for 

viticulture in these hotter regions in the future. 

 

The potential for viticulture can be expected to increase in cooler regions, where in the 

present day climate there are limitations because of low temperatures. Potential exists to 

plant some varieties that would have difficulty ripening in present climates, in some of 

the cooler regions. This argument is supported by Jones et al. (2005). Cautious and 

considered replanting may begin to take place in some of the warmer macroclimates of 

regions such as this (Becker 1977). 

 

The predicted decreasing suitability for some Australian grape growing regions needs to 

be addressed. Possible new varieties from some hotter regions of the world could be 

introduced. Varieties crushed in Spain or Portugal or other hot wine growing regions of 

the world could be considered. Some varieties not yet introduced are listed, and include 

Albariňo, Sagrantino and Verduzzo (Dry 2004). The lag time between sourcing a variety 

and producing the finished product can be up to ten to twenty years so consideration of 
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this sooner rather than later would be prudent. Grapevine breeding is another avenue that 

could be explored (Clingeleffer 1985; Kerridge et al. 1987).  

 

There is an overall reduction in land area which is suitable for growing grapes of a 

similar quality to that which is grown presently in projected climates. The areas of land 

identifying the potential winegrowing areas by climate overlays were analysed. A shift in 

a generally southward direction means that the areas of land with a climate matching the 

present day wine growing areas are reducing. The land areas in the Riverina and the 

Victorian and NSW Murray Valley may still be used for growing grapes, as irrigation 

water may still be accessible, but the quality of grapes grown in the warmer climate will 

be reduced. That is, of course, if no new grapevine varieties can be sourced, and suitable, 

to be grown in this warmer climate. 

 

The same limitations exist with regard to the proportion of arable land between the 

present day and future climates within the climate category, but what may become more 

of an issue in warmer climates is the amount of competition between the agricultural 

sectors for this reduced amount of suitable land. Access to water sources, especially the 

Murray River will also be critical with regard to the future sustainability of some regions.  

 

7.4 Conclusion 

 
Suitability of varieties for different regions will change if the climate gets warmer. Some 

varieties will be able to be planted in regions where previously they would have struggled 

to ripen. Some regions will become too warm to produce balanced wines from some or 

maybe even all grape varieties. There is potential to adapt in many cases, either by 

planting different varieties or developing new wine growing regions.  

 

Use of climate change projections maps to indicate the shift in the zones of climate 

illustrates potential shifting varietal suitability and also the opening up of new regions for 

winegrape cultivation. Initially (by 2030) the areas available for growing varieties such as 

Cabernet Sauvignon will increase.  
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There could also be a potential loss of suitability for grape growing in what are now 

considered warm regions. Though the wine growing industry has been able to adapt to 

warm extremes experienced due to natural climate variability in the past, projections for 

future climates raise possibilities of climate not yet experienced. It could be that there 

will be hotter temperatures where critical thresholds may be broached, or longer periods 

of high temperatures. Either way, in some climates adaptation may be limited. 

 

Varietal shifting is sensitive to the speed with which the climate will warm. Suitability 

for planting varieties that require a cool climate may be reduced on the Australian 

continent. The speed with which the varietal shifting will occur is dependent on the rate 

of projected climate change. The sensitivity of shifting can be seen when the high GHG 

emission scenario and warmer climate model projections are used to show where the 

potential exists compared to a lower emission scenario. With more accelerated warming 

rates, zones of climate where varieties such as Pinot Noir and Chardonnay are 

preferentially crushed at present will be greatly reduced (<60% in area by 2050). The 

reduction of total vineyard area for growing grapes of an equivalent quality to that grown 

presently may be more than 40% by 2050. 
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Chapter 8  The impact of projected GHG-induced changes 

to rainfall and evaporation on water demand of 
grapevines 

 
8.1  Introduction 
 
Projected climate change will affect wine grape quality due to shifts in the phenological 

matching of particular varieties of grapes to the climate in which they are presently 

grown. Strategies to address the impact on the reduction in grape quality were proposed 

in the previous two chapters of this thesis. These strategies involve either compensating 

for lower quality by increasing yield, shifting regions to maintain growing conditions 

similar to that of the present day climate, or substituting varieties to fit the new climate 

profile in any particular region. In the Australian context a key aspect of these proposed 

adaptive strategies is the availability of appropriate water and land resources to support 

them. 

 

The demand on water resources may be directly affected by projected climate change and 

it is the extent of the change in water demand from irrigated grapevines that will be 

explored in this chapter. 

 

The determination of the impact of a projected water balance change on the Australian 

wine industry is more difficult to interpret than the impact of temperature change. In 

projecting rainfall the models are not consistent as to the direction of change as they are 

with temperature projections due to the spatial heterogeneity of the rainfall processes. 

The range of projections for rainfall given by nine different models for the seasons where 

vines will be growing is shown in Figure 49 (CSIRO 2001). 
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Figure 49: Average spring and summer rainfall changes (%) for around 2030 and 2070 relative to 
1990. The shaded bars show ranges of change for corresponding shaded areas in the maps (CSIRO 
2001). 

 

In the wine growing regions of Australia most models are projecting lower spring 

rainfall, but summer rainfall may either increase or decrease. Depending on the region or 

the season, one model can project increasing rainfall, while another model can project a 

decreasing rainfall. CSIRO has calculated projections of change in potential evaporation 

(atmospheric water demand) from eight climate models. The results show that, regardless 

of whether the rainfall is projected to increase or decrease, increases in potential 

evaporation occur in all seasons and, annually averaged, range from 0 to 10% by 2030 
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and 0 to 32% by 2070 over most of Australia, and up to 16% by 2030 and 48% by 2070 

over the eastern highlands and Tasmania15. The increases tend to be larger where there is 

a corresponding decrease in rainfall (CSIRO 2001; Kirono et al. 2006).  

 

The south-west of Western Australia has a Mediterranean climate. The warming of the 

earth's lower atmosphere due to the greenhouse effect is expected to move the sub-

tropical high-pressure systems southwards and cause some blocking of the rain bearing 

fronts that bring rains to the region (IOCI 2002; Smith 2004). Researchers are projecting 

a decline in rainfall that could be as much as 20% by the year 2040. Using a simple 

statistical relation between historical rainfall and stream-flow it is estimated that the 

stream-flow in the region could decline some 45% as a result of such a rainfall decrease. 

This area is expected to be one of the regions of Australia where rainfall will undergo the 

greatest decline. 

 

The Australian Wine Industry has recognized water as one of the major limiting 

resources, with significant savings in water use efficiency necessary for the projected 

expansion of the industry. This projection is independent of any consideration of the 

impact of projected climate change. In Australia most grape production occurs where the 

water requirement of vines is far higher than that provided by effective rainfall. High 

rainfall in most grape growing areas results in lowering the frequency or rate of irrigation 

(McCarthy et al. 1992), but does not displace the requirement for irrigation. 

 

Growing season rainfall varies greatly from one region to another; however there is little 

association between rainfall and viticultural production, provided there is an adequate 

irrigation supply from which to source water. Rainfall that influences the potential 

irrigation supply may fall remotely from the vineyard region in the case where water is 

sourced from a river, so looking at regional rainfall changes may be irrelevant from a 

practical point of view. In fact, high rainfall in the growing season months can preclude 
                                                 

15 Recent debate with regard to past trends in Pan Evaporation records and projections of point potential 
evaporation are investigated in  
Gifford, R. M., G. Farquhar, M. Roderick, and N. Nicholls. (2004). "Pan evaporation: An example of the 
detection and attribution of trends in climate variables." Gifford, R. M., ed.,Shine Dome, Australian 
Academy of Science, Canberra. This is discussed in Section 1.4.3. 
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viticulture operations due to intolerable disease pressure. An assessment of projected 

rainfall changes for wine regions may not be relevant in many regions except with regard 

to the issue of disease pressure. Broadacre cropping, on the other hand, is completely 

reliant on rainfall supply. The potential to transport water from an indirect source, be it 

river, dam, or underground supply, to a wheat crop for instance, is usually not feasible. 

Therein lays the difference in the method of assessing the potential climate change 

impact between these two sectors.  

 

Climate is one of many factors that will affect the future supply and demand for water. 

Population, technology, economic conditions, social and political factors, and the values 

society places on alternative water uses are important determinants of supply and demand 

conditions, and indeed, may be more important determinants than those attributable to 

climate change (Houghton 1996). If due consideration is given to these issues then 

analysis of at the potential impact of climate change the vulnerability of particular 

regions, with regard to water demand, can be made. The water source and potential for 

flexibility of supply from this source must be considered in each case. Lower flexibility 

raises potential vulnerabilities if an increased demand is projected. Sources of water used 

for irrigation of vineyards will be considered state by state. Vineyards sourcing their own 

local surface and underground water with no access to public irrigation schemes may be 

more vulnerable, as the general pressure on water supplies will mitigate strongly against 

the licensing of more farm dams or bores. Regulations and restrictions already exist on 

amounts being drawn from underground water sources in some areas (Gransbury 2000).  

 

Where water is drawn from surface sources from state or private irrigation schemes, 

flexibility of supply can be assessed by considering the variation in the value of 

production per megalitre of water used. A discussion of whether the Australian wine 

industry has a high adaptive capacity to changes in the water balance given possible 

increased demand and reduced supply is made in the context of other agricultural sectors. 

 

Issues of water application method, soil type, depth, and salinity issues, vineyard end use 

(yield), vineyard planting density, vineyard canopy management method can also impact 
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strongly on how much water is used. The degree of adaptation possible from these 

changes to management is quite uncertain. Other factors such as legal changes to the 

availability of water rights are not considered but it will be necessary to address these 

aspects thoroughly in subsequent analyses. There will be some discussion with regard to 

the impact of rainfall changes on fungal disease pressure. This pressure is directly 

affected by the amount of rainfall and humidity and therefore, projected changes to 

rainfall will have an impact. This will be discussed briefly in this chapter. 

 

The objective of this chapter is to conduct a preliminary analysis of the impact of GHG-

induced rainfall and evaporation change on the regional water balance of winegrape 

growing regions. The impact of an altered water balance structure on the Australian wine 

industry was addressed from the point of view of a change in the vines demand for water, 

or irrigation demand. Irrigation demand can be estimated by subtracting the monthly 

rainfall from an estimate of evapotranspiration. For simplicity, in this study, vineyard 

water demand, or irrigation demand, is assessed by means of an aridity index (McCarthy 

et al. 1992). Rainfall and point potential evaporation projections will be used to 

determine the impact of GHG-induced climate change on water demand in some 

representative wine regions and the potential vulnerabilities of the region due to water 

source are discussed.  

 

An analysis of the impacts of projected climate change on annual rainfall or winter 

rainfall was not made even though in the winter period, in many regions, water storage 

levels in the soil and dams are supplemented. Many factors will influence the level of 

rainfall that will be stored and to attempt to address this on a continental scale, or even 

regional scale would be very difficult. An assumption that there will be no change in 

these winter levels (though this is potentially incorrect) was made for this analysis.  

 

Suggestions as to the positive effect on water use efficiency in an enhanced CO2 

environment cannot be dismissed, especially when considering increasing water demand 

due to the changed climate conditions (Assmann 1999; Drake et al. 1997; Long et al. 

2004). Some assessments of the changes to stomatal conductivity of the grapevine have 
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been examined by Boag et al. (1988) though they only examined short term effects of 

CO2 enrichment. As there are no studies to date assessing the effect of long term 

exposure to enhanced CO2 in grapevines, possible physiological responses of increasing 

water use efficiency could not incorporated here. (Boag et al. 1988) 

 

An overview of the impact of climate change on the Australian wine industry would not 

be complete without some mention of the impact on future pest and disease pressure. 

Australian viticulture is concentrated in cool southern regions and is affected by 

indigenous insect pests, especially light brown apple moth (LBAM), and fungal diseases 

like downy mildew, powdery mildew, black spot, botrytis (which is exacerbated by 

LBAM infestation) and Phomopsis. All of these are driven by climatic variability 

(Magarey et al. 1994a). Higher temperature may increase the number of Downy Mildew 

primary infections, particularly if nighttime temperatures are elevated. Temperatures 

falling below 10 degrees at night currently eliminate the possibility of many primary 

infections (Magarey et al. 1994c). The trend towards increased nighttime temperatures 

(Karl et al. 1993; Nicholls and Collins 2006), if continued into the future, may result in 

significantly increased risk of downy mildew and related diseases. 

 

8.2 Methodology 
 
Rainfall and water balance parameters with a potential impact on grape vine growth for 

the months where the vines are growing (October to March) were used. This time frame 

is used to describe climate for grape-growing regions of Australia (Dry and Smart 1988), 

and is used for this assessment to give an indication of the impact of change in vine water 

use requirements. Growing season rainfall and water balance parameters used in this 

analysis are listed below: 

 

Branas Index is a climate indicator that measures disease pressure (Branas 1974). The 

Branas index is calculated as the sum of the mean monthly temperature multiplied by the 

mean monthly rainfall for the growing season. Traditionally the months of October to 

March are used to perform this analysis. 
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• Rainfall:- 

Growing season (October to March) 

• Point potential evaporation16:- 

Growing season (October to March) 

• Aridity index :- 

)(Rainfall
2

)(on EvaporatiClassAPan mmmmMar

Oct

−⎥⎦
⎤

⎢⎣
⎡∑  

• Branas index :- 

)(Rainfall C)( Temp mmX
Mar

Oct
∑ °  

 
 

An explanation of how the aridity index is calculated follows: 

Vine water use is measured by the amount of water the vines transpire. Transpiration of 

water from the grapevine is related to leaf area, the evaporative power of the air, the 

availibity of water in the soil and the light intensity (McCarthy et al. 1992). The 

evaporative power of the air can be estimated by Pan Evaporation. Pan Evaporation 

measures the amount of water that evaporates from a Class A Evaporation Pan. 

Evaporation Pans have nothing restricting the evaporation from the surface of the water 

while vine leaves have stomata that give the plant control over its water loss. The amount 

of control can be estimated across the season and is expressed as a fraction. In 

grapevines, this fraction, or crop coefficient shows marked seasonal variation as the 

canopy develops and eventually senesces. It may also vary with variety, rootstock, trellis, 

spacing and location (Prior and Grieve 1986). The average of the seasonal range of this 

crop coefficient is estimated to be about 0.5, so evapotranspiration of a vine can be 

estimated as about one half of the seasonal average of Pan Evaporation (McCarthy et al. 

1992).  
                                                 

16 Point potential evaporation is used as an estimate of Class A Pan Evaporation in this projection study 
as this is a variable that global climate models simulate.  
Cai, W., and R. Jones. (2005). "Response of potential evaporation to climate variability and change: what 
CGMs simulate." Gifford, R. M., ed., Pan evaporation: an example of the detection and attribution of 
trends in climate variables.,Canberra: Australian Academy of Science, 71-78.  
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A water budget can be constructed where crop use is estimated by half the evaporation as 

described in the previous paragraph. In the water budget equation the difference between 

the crop use and the rainfall, the aridity index, is estimated to be the amount of irrigation 

water required. 

 

Projected changes to the aridity index are calculated for a representative group of wine 

growing regions in Australia. Regions representing a broad range of average growing 

season rainfall totals have been selected for the assessment of projected climate change 

impacts on rainfall. The sum of average monthly rainfall for the period from October to 

March varies from 111mm in the Riverland to 988mm in Hastings River (Figure 50). 

 

Changes to the Branas Index were calculated. Results showing the differences in the 

impact to disease pressure using three climate models and the A1FI GHG emission 

scenario are presented. A brief discussion on the impact of changed rainfall and aridity on 

the disease pressure for the focus regions is included at the end of this section.  
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Figure 50: Average growing season rainfall (October to March) for the winegrowing regions of Australia. Regions selected for analysis in this chapter 
are shown by the green bars. 
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These nine wine growing regions that have been selected in this study were selected from 

different parts of the continent to represent warmer/drier inland areas and cooler/wetter 

grape growing areas (Figure 51). 

Riverina

Hunter Valley

Vic/NSW Murray Valley

Yarra Valley

Tasmania

Coonawarra

Granite Belt

Clare Valley

Wine regions of Australia

Wine regions used in water analysis

Margaret River

 

Figure 51: Assessment of water balance projections were undertaken for the winegrowing regions 
indicated by the dark green shading. 

 
For this analysis particular climate models and GHG emission scenarios were used so as 

to incorporate the broadest range of uncertainty with regard to future projections. The 

method of extraction of the rainfall and point potential evaporation data and justification 

for the choices of these models is given in Chapter 2 of this thesis. 
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8.3 Results 
 
Results of projections for growing season rainfall, potential evaporation and aridity index 

are all analysed region by region. For each of these nine regions projections have been 

made for the three climate models and three GHG emission scenarios described in 

Chapter 2. For rainfall and aridity, the effect of the climate model and the sensitivity of 

the impact to the choice of GHG emission scenario are displayed. 

 

8.3.1 Growing season rainfall projections (Oct-Mar) 
 
For the graphical illustration of impacts, three different climate models projections are 

shown using the highest GHG emission scenario to illustrate model differences (Figure 

52). What can be seen is the greater the amount of GHG emissions the greater the impact 

on rainfall. If the projections were for higher rainfall in the future then higher GHG 

emissions would magnify this impact. If the models are projecting lower rainfall in future 

climates, then the higher GHG emissions will mean that the reduction in rainfall is 

greater. 

 
As described in the introduction, model projections of rainfall can be positive or negative 

even within the same region. For instance when looking at the graph showing the 

projected changes to rainfall in the Granite Belt, the CSIRO Mk3 climate model is 

projecting a wetter future, and the HADCM3 climate model is projecting less rainfall in 

the future. The projections show the same trend for the Hunter Valley. For Tasmania the 

CSIRO Mk3 model is projecting less rainfall in the future, Darlam 125km is projecting 

little change, while the Hadley model is the wetter model. For all of the other regions, 

projections are for drying, regardless of which of these three climate models are used. 
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Figure 52: Projected rainfall (Oct to March) for some Australian wine regions. The rainfall is 
modeled for the time slices BASELINE2000, 2030, 2050, using tree GHG emission scenarios and 
three climate models to explore the differences in model projections for various parts of the country. 
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The projected range of percent change to growing season rainfall for the years 2030 and 

2050 is presented in Table 45 illustrating that depending on the region or the climate 

model, growing season rainfall could be projected to increase or decrease. 

 

Table 45: Summary of the growing season rainfall changes under climate change projected by 3 
climate models using 3 GHG scenarios for 2030 and 2050. 

Change in rainfall (Oct-Mar) (%) 
GHG emission scenario A1FI High A1B Mid B1 Low 
Region Climate 

model 
2030 2050 2030 2050 2030 2050 

BASELINE 
2000 

rainfall 
(mm) 

CSIRO Mk3 -4.6 -11.2 0 -4 -2.6 -4.5 148 
HADCM3 -9.2 -21.3 -7.3 -14.7 -4.7 -7.9 149 

Clare Valley 

Darlam 
125km 

-2 -4.5 -1.3 -3.2 -0.7 -1.3 151 

CSIRO Mk3 -7.9 -18.6 -1.2 -8.4 -4.1 -6.8 207 
HADCM3 -9 -21.6 -7.2 -15 -4.8 -8 210 

Coonawarra 

Darlam 
125km 

-2.3 -5.8 -2 -4.1 -1.4 -2.3 213 

CSIRO Mk3 3.3 8.2 2.7 5.6 1.8 3 525 
HADCM3 -3.4 -8.3 -2.7 -5.6 -1.7 -3 518 

Granite Belt 

Darlam 
125km 

0.2 0.6 0.1 0.3 0.1 0.1 522 

CSIRO Mk3 4.1 9.9 3.5 7.1 2.2 3.7 496 
HADCM3 -2.9 -7.1 -2.4 -5 -1.6 -2.6 489 

Hunter Valley 

Darlam 
125km 

0.3 0.6 0.2 0.4 0.1 0.2 492 

CSIRO Mk3 -15 -36 -8.7 -22.4 -7.8 -13 170 
HADCM3 -6.3 -15.2 -5.2 -10.6 -3.3 -5.5 174 

Margaret 
River 

Darlam 
125km 

-2.5 -5.8 -1.9 -4.1 -1.1 -2.2 176 

CSIRO Mk3 -2.5 -6 -1.4 -3.6 -1.4 -2.3 202 
HADCM3 -6.6 -16 -5.3 -11.1 -3.6 -5.9 200 

Riverina 

Darlam 
125km 

-0.2 -0.8 -0.2 -0.5 0 -0.2 202 

CSIRO Mk3 -5.6 -13.5 -4.5 -9.3 -3 -5 380 
HADCM3 0.8 2.1 0.7 1.4 0.5 0.8 384 

Tasmania 

Darlam 
125km 

-0.4 -1 -0.3 -0.7 -0.2 -0.3 383 

CSIRO Mk3 -0.7 -1.9 2.4 1.7 -0.3 -0.5 138 
HADCM3 -8.2 -19.9 -6.7 -13.8 -4.4 -7.4 137 

Vic/NSW 
Murray 
Valley Darlam 

125km 
-1.2 -2.9 -0.9 -1.9 -0.5 -0.9 139 

CSIRO Mk3 -5.9 -14.1 -4.1 -9.2 -3.1 -5.2 433 
HADCM3 -7.2 -17.4 -5.8 -12.2 -3.8 -6.5 433 

Yarra Valley 

Darlam 
125km 

-0.7 -1.6 -0.6 -1.1 -0.3 -0.6 438 
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For some regions (Hunter Valley, Granite Belt and Tasmania) some models project an 

increase while other models project a decrease in rainfall. For all other regions in this 

water balance study there a lower Oct-Mar rainfall projected with all three models. In 

some regions the Hadley model (HADCM3) is showing the largest decrease in rainfall; 

Clare Valley, Coonawarra, Riverina, Hunter Valley, Yarra Valley, Vic/NSW Murray 

Valley and the Granite Belt. In Margaret River and Tasmania the CSIRO Mk3 model 

shows the largest decrease. The lowest GHG emission gives the least change, whether 

lowest drying or lowest increase in rainfall. In the Hunter Valley and the Granite Belt 

growing season rainfall projections from the CSIRO Mark 3 climate model for the year 

2030 and 2050 are increased compared to present day climate.  

 

A summary of the results from (Table 45) showing the range of growing season rainfall 

projections for the years 2030 and 2050 is presented below in Table 46. 

 

Table 46: Range of projected change in rainfall (%) (Oct to Mar) (3 climate models, 3 emission 
scenarios). 

Range of percent change to growing season rainfall (%) *. Region 

2030 2050 

Clare Valley -9.2 to -0.7 -21.3 to -1.3 

Coonawarra -9 to -1.4 -21.6 to -2.3 

Riverina -6.6 to 0 -16 to -0.2 

Hunter Valley -1.6 to 4.1 -2.6 to 9.9 

Yarra Valley -7.2 to -0.3 -17.4 to -0.6 

Margaret River -15 to -1.1 -36 to -2.2 

Vic/NSW Murray Valley -8.2 to -0.3 -19.9 to -0.5 

Granite Belt -3.4 to 3.3 -8.3 to 8.2 

Tasmania -5.6 to 0.8 -13.5 to 2.1 

*Negative number indicates dryer, positive number indicates wetter. 
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8.3.2 Point potential evaporation and projections 
 

In order to determine future water requirements for the Australian wine industry it is 

necessary to access potential evaporation data. Potential evaporation will vary month by 

month throughout the year. In the summer months it is higher than in the winter months 

(Figure 53). The profile of the curve also varies regionally as can be seen when 

comparing Tasmania with the Riverina, for instance. 
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Figure 53: Point potential evaporation (August to March) (mm) for wine grape growing regions of 
Australia as it varies throughout the growing season (current climate). 

 

GHG-induced projections of October to March (growing season) point potential 

evaporation are presented in Figure 54. The trend is the same for all the regions while the 

magnitude of change does vary. The levels of projected GHG emissions have an impact 

on the point potential evaporation (Oct to March).  
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Figure 54: Projected cumulative point potential evaporation (Oct to March) (mm) for some 
representative Australian wine growing regions. Projections from different models are shown using 
projections from different GHG emissions scenarios. 
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8.3.3 Aridity index projections 
 
The sensitivity of impact of GHG-induced change in aridity to climate model selection is 

shown in Figure 55.  
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Figure 55: Projected aridity index (Oct to March) (mm) for some representative Australian wine 
growing regions (Compiled with observed data in OzClim). Projections from different models and 
three GHG emission scenarios. 
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As illustrated in the previous charts, the climate model and GHG emission scenario 

selection both have a bearing on the projections of growing season aridity index. The 

difference from current climate aridity index is shown for the representative regions 

(Table 47). 

Table 47: Changes to the Aridity Index for selected wine grape growing regions in relation to the 
BASELINE2000 for the full range of emission scenarios and 3 climate models. Positive change 
indicates a drying, negative change indicates less arid. 

Change in aridity (mm) 
A1FI  High A1B Mid 

 
B1 Low 

 

Region Climate model 

2030 2050 2030 2050 2030 2050 

 
 

BASELINE 
2000 aridity 
index (mm) 

CSIRO Mk3 23.9 57.4 13.6 33.9 12.9 21.8 494 
HADCM3 41.2 98.4 33.4 68.5 22 36.8 495 

Clare Valley  

Darlam 125km 20.6 49 16.1 34.3 10.5 17.9 491 
CSIRO Mk3 29.5 70.6 12.9 38.7 15.5 26 287 
HADCM3 40.1 96.1 32.1 66.8 21.1 35.6 285 

Coonawarra 

Darlam 125km 26.3 64.1 21.6 44.8 14.1 23.9 283 
CSIRO Mk3 1.8 4.2 1.5 3.5 1 1.5 33 
HADCM3 51.1 123.9 41.4 85.8 26.8 45.6 42 

Granite Belt 

Darlam 125km 24.3 58.8 20.4 41.5 12.8 22.1 37 
CSIRO Mk3 -2.9 -6.9 -3.1 -5.6 -1.5 -2.7 84 
HADCM3 58.7 141.6 47.6 98.7 31.2 52.6 95 

Hunter Valley  

Darlam 125km 19.8 48.1 16.2 33.5 10.6 17.8 88 
CSIRO Mk3 43.9 105.4 29.1 67.5 23 38.7 350 
HADCM3 18.2 44.1 15 30.9 9.9 16.1 343 

Margaret 
River  

Darlam 125km 14.6 34.7 11.7 24.4 7.5 12.9 342 
CSIRO Mk3 31.7 76.7 24.6 52.2 17 28.6 515 
HADCM3 70.8 170.5 57.4 118.9 37.6 63.3 521 

Riverina 

Darlam 125km 24.3 59.2 19.7 41.2 12.7 21.7 513 
CSIRO Mk3 39.5 95.2 31.9 66.1 20.9 35.2 21 
HADCM3 14.2 33.9 11.4 23.7 7.5 12.5 17 

Tasmania  

Darlam 125km 13.8 33.9 11.1 23.5 7.1 12.3 17 
CSIRO Mk3 22.6 54.7 14.2 34.1 11.8 20.1 563 
HADCM3 53.5 129.2 43.5 90.1 28.5 48 567 

Vic/NSW 
Murray 
Valley Darlam 125km 22.8 55.1 18.4 38.4 11.9 20.3 561 

CSIRO Mk3 47.7 114.7 35.8 77.1 24.9 42.5 28 
HADCM3 69.4 167.4 56.1 116.9 36.8 62.1 32 

Yarra Valley  

Darlam 125km 28 67.4 22.9 47.1 14.6 25 24 

 
The range of projected change in the aridity index can be taken from the lowest impact 

(least drying, or in the case of the Hunter Valley least increase), to the highest impact 
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(greatest drying). The range of impact to the aridity index is shown for the wine growing 

regions used for this study in Table 48. 

 

Table 48: Range of changes to the Aridity Index (mm) for selected winegrape growing regions in 
relation to the BASELINE2000 for the full range of emission scenarios and 3 climate models. 

From ‘wettest or least dry’ ranging 
through to driest* 

(mm) 

Range of change in aridity index. 
3 scenarios, 3 models 

 
2030 2050 

 Clare Valley 11 to 41 18 to  98 
Coonawarra 14 to 40 24 to  96 
Riverina 13 to 71 22 to 171 
Hunter Valley -2 to 59 -3  to 142 
Yarra Valley 15 to 69 25 to 167 
Margaret River  8 to 44 13 to 105 

Vic/NSW Murray Valley 12 to 54 20 to 129 
Granite Belt  1 to 51   2 to 124 
Tasmania  7 to 40 12 to  95 

*positive number indicates a drying, negative number indicates less dry. 
 

8.3.4 Irrigation supply 
 
Projections of rainfall and point potential evaporation due to enhanced GHG 

concentration indicate that the aridity index will increase in all but one case for the wine 

regions studied here. If there will be an increase in demand for water from the viticulture 

sector, there are two possible adaptations, either demand could be reduced (discussed 

later) or supply could be increased. Data from the survey of irrigation supply (ABS 2003) 

give information about the present sources of irrigation water.  

 

Some states rely heavily on state or private irrigation schemes for their water (Victoria, 

NSW, the Riverland region of SA and Queensland), while others use water from different 

sources. With the exception of the Riverland region, South Australia uses water from 

underground sources (ABS 2003), and Western Australia relies on ‘Other surface water’ 

sources which are most likely to be farm dams on individual vineyards (Figure 56).  
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Figure 56: Source of irrigation water for viticulture (%of irrigated ha area) (ABS, 2003). 

For the winegrape growing regions under consideration in this analysis the breakdown is 

given in Table 49.  

Table 49: Hectares of vineyards irrigated by different sources of water supply (regional detail) (ABS 
2003). 

Region 

Surface 
water from 

state/ 
private 

irrigation 
scheme 

Other 
surface 
water 

Under 
ground 
water 
supply 

Town or 
country 

reticulated 
water 
supply 

Recycled 
water 

Other 
source 

Non-
specified 
source 

Total 
area 
2003 

 Hectares irrigated 

Clare Valley 401.3 544.4 1,700.2 359.0 18.3 0.0 230.1 3,253.3 

Coonawarra 0.0 0.0 2,878.2 0.0 0.0 0.0 61.5 2,939.7 

Riverina 10,660.1 185.4 537.9 34.8 47.0 58.7 687.4 12,211.3 

Hunter Valley 1,960.0 838.2 351.3 5.3 9.1 47.1 215.4 3,426.4 

Yarra Valley 745.9 1,260.5 32.1 47.8 5.8 0.0 19.9 2,112.0 

Margaret River 316.2 2,093.4 662.0 0.0 0.0 1.6 39.1 3,112.3 
Vic/NSW Murray 
Valley 21,569.1 1,756.4 51.8 187.9 0.0 163.7 928.7 24,657.6 

Granite Belt 91.9 197.1 8.1 3.0 0.0 0.0 3.7 303.8 

Tasmania 212.2 461.5 73.6 104.0 2.0 0.1 7.8 861.2 
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The Riverina, Hunter Valley and the Victorian and NSW Murray Valley are supplied 

mainly by surface water from state or private irrigation schemes. In these regions there 

may be potential to purchase water that is presently used in other agricultural sectors. If, 

given an increase in demand, the relative price for water was increased, horticulture 

industries could be able to potentially pay more for water as their production value is 

higher than other industries for the amount of water they use (NLWRA 2001)(Figure 57). 
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Figure 57: Water use and gross value generated for irrigated agriculture (1996/1997) (modified after 
ABS water account for Australia 2000). The grape industry sector data is coloured pink (NLWRA 
2001). 

 

The Clare Valley and Coonawarra rely heavily on underground supplies of water for 

supply and the potential for further expansion may be severely limited. The Yarra Valley, 

Margaret River and Tasmania obtain most of their water from other surface water (farm 

dams for example). For these regions the potential to purchase water from lower value 

users may not exist. 
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8.3.5 Estimation of increased irrigation demand 
 
Comparison of the calculated irrigation demand with the actual reported irrigation usage 

(Table 50), indicates that wine growing regions are irrigating at a rate ranging from 20% 

of the calculated irrigation demand (Clare) to more than 8 times what has been estimated 

(Tasmania).  

 

Table 50: Comparison of calculated irrigation demand with survey data from 2003. Actual use 
divided by calculated requirements are blocked into three categories (by colour), the orange colour 
indicates the regions with lower rainfall growing premium winegrapes and limited access to 
irrigation supplies, the yellow indicates bulk-wine growing regions with access to public irrigation 
systems, and the blue indicates regions growing premium winegrapes in higher rainfall areas. 

Data from ABS (ABS 2003) 
 

Estimation Region 

Total 
irrigated 

area  
(ha) 

Quantity of 
water used 

for 
irrigation of 
grapevines 

(ML) 

Usage  
(ML per 

ha) 

Aridity 
index 
2000 
(mm) 

Calculated  
irrigation 
demand 
(ML) 

Fraction of 
calculated 

use 

Clare Valley  3111.4 2858 0.92 493 15350 0.19 

Margaret River  3107.8 3496.8 1.13 345 10722 0.33 

Coonawarra 2939.7 3562.7 1.21 285 8378 0.43 
Riverina 12185.5 64986.8 5.33 516 62918 1.03 

Vic/NSW Murray 
Valley 

24522.9 174906.1 7.13 564 138227 1.27 

Hunter Valley  3223.9 6595.7 2.05 89 2869 2.3 

Yarra Valley  2037.6 1,828.40 0.9 28 571 3.2 

Granite Belt 300.5 422.9 1.41 37 112 3.77 

Tasmania  791.7 1242.9 1.57 18 145 8.56 

 

This lack of concordance of results could indicate the variation in methods of irrigation 

supply to the vines. Analysis of information regarding application methods, however, 

shows that there is no pattern between supposed efficiency of irrigation, and lower 

irrigation demand. Figure 58 depicts the proportion of vineyards using drip irrigation, 

spray irrigation, furrow or flood irrigation or other. Tasmania, calculated as using over 8 
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times that estimated to be required, reports using almost 100% drip irrigation, while both 

the Riverina and the Victorian and NSW Murray Valley have usage of water close to 

what is calculated as being demanded by the vines, yet use some relatively inefficient 

means of irrigating their vines, namely furrow or flood irrigation (McCarthy et al. 1992). 
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Figure 58: Methods of irrigation application to vineyards (percent of area irrigated) (ABS 2003). 

 

By using the aridity index to estimate irrigation demand the assumption has been made 

that rainfall would fall evenly across a season. Regions with relatively high rainfall 

would, in this case, require lower amounts of irrigation. What can be seen is that those 

regions with higher rainfall are actually being irrigated at much higher rates than 

expected. What may account for the differences in calculated demand and reported use is 

that the model does not account for rainfall variability. Though the rainfall averages are 

high, this rain would fall in concentrated events, not continuously, so much of the rain 

may runoff to streams and dams. This means there would also be dry-spells where 

irrigation would be required. Consequently, using the aridity index to model irrigation 
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demand, for these higher rainfall areas, may not give reliable results, though estimating 

the increasing demand for the vine would still be appropriate.  

 

One other assumption that is made, by using the Aridity Index as a measure of irrigation 

requirement, is that the index implies that vines would be under no level of water stress 

during the season. In practice, production of high quality table wines requires that vines 

will be subject to some water stress at some times in the season (Goodwin and Jerie 1992; 

Hardie and Considine 1976). In the drier areas where premium quality grapes are grown 

(from Table 50), the Clare Valley, Coonawarra and the Margaret River, the method of 

irrigating grapevines using deficit irrigation strategies would be favoured. Estimated 

irrigation requirements are, therefore, much greater than what is reported to be applied in 

these areas. For these regions, attempting to calculate estimated increases in water use 

using the aridity index as a guide, may not be relevant, though the projections for 

increases to aridity in these regions is still informative as demand will still increase. 

 

For the Riverina and the Victorian and NSW Murray Valley regions, the estimated 

irrigation requirement using the Aridity Index was close to the actual reported irrigation 

usage (Table 50). In these low rainfall regions grapes are grown mainly for the bulk wine 

trade and yield at high rates. For high yielding vines, the practice of deficit irrigation is 

less prevalent. Using the assumption that the technique used to estimate the irrigation 

demand is sound for these regions, estimation of potential increases in irrigation demand 

could be made using the projected increases to aridity in future climates to calculate the 

values. 

 

8.3.6 Preliminary estimate of changes to water requirements of some 
representative regions 

The projected greenhouse induced changes to irrigation needs of some representative 

wine regions are given (Table 51). Projected changes to the Aridity Index combined with 

data indicating the number of irrigated hectares of vines for the region (ABS 2003) are 
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used to calculate potential changes to vineyard water requirements. The change in the 

aridity index (mm) can be equated to an irrigation demand in ML/ha/growing season.  

 

Table 51 Range of projected change in demand for irrigation water for the outlook periods 2030 and 
2050 for the Riverina and the Victorian and NSW Murray Valley. 

Range of change in aridity index. 3 
scenarios, 3 models 

(mm) 

 Extra Water Needed (ML) 

2030 2050  2030 2050 

 
Region 

least dry driest least 
dry 

driest Total 
irrigated 
area (ha) 

least dry driest least 
dry 

driest 

Riverina 
 

-13 -71 -22 -171 12186 1548 8627 2644 20776 

Vic/NSW 
Murray Valley 

-12 -54 -20 -129 24523 2894 13120 4929 31684 

 

By 2030 the Riverina may need from 1500 to more than 8000ML of water extra to what 

is being used to water the vines now, and in the Victorian and NSW Murray Valley may 

require from nearly 3000ML to more than 13000ML of extra water may be required. 

Estimates of this water extra requirement, as a percentage of the calculated water use in 

the current climate, is presented in Table 52. 

 

Table 52: Percentage of estimated increases to water requirements for vineyards in some regions of 
Australia by 2030 and 2050. Range indicates the results calculated using 3 GHG emission scenarios 
and 3 climate models (assuming no change to vineyard area irrigated, or changes to irrigation 
efficiency). 

Estimated range of extra water requirements  
(% of calculated present day usage) 

Region 

2030 2050 
Riverina 
 

2.5% to 13.7% 4.2 % to 33.0% 

Vic/NSW Murray Valley 
 

2.1% to  9.5% 3.6% to 22.9% 

 

Irrigation requirements for these regions are projected to increase by between 2.5 to 

nearly 14% in the Riverina and just over 2% to nearly 10% in the Victorian and NSW 

Murray Valley compared to calculated present day usage by 2030, and this may increase 

to over 30% in the Riverina, and 23% in the Victorian and NSW Murray Valley by 2050. 
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8.3.7 Changes to disease pressure 

 

Monthly rainfall and temperature data for the growing season (October to March) were 

used to calculate the Branas Index information for the year 2000 and also projected 

climate using three climate models and the A1FI GHG emission scenario. These were 

calculated for seven of the ten regions used in this analysis of impacts to water balance 

(Figure 59). 
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Figure 59 Branas index calculated for the year 2000 climate and projected climate for the year 2030 
using three climate models and the A1FI GHG emission scenario with a high climate sensitivity. 

 

The direction of the impact to the Branas index is in many cases dependent on which 

climate model is used to create the projection. For the Coonawarra, McLaren Vale and 

Clare Valley regions, both the CSIRO Mk3 model and the HADCM3 model are 

indicating that there will be a reduced disease pressure, while the Darlam 125km model 

projects an increased disease pressure for these regions in the future. For the Victorian 

and NSW Murray Valley and the Yarra Valley the HADCM3 model is indicating reduced 

future disease pressure, while the other models are indicating the opposite. All models are 

projecting that there will be reduced disease pressure in the Margaret River, and 

increased disease pressure in the Hunter Valley in the future. 
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8.4 Discussion 

8.4.1 Rainfall 
 

The percentage change in growing season rainfall (relative to the BASELINE2000 

growing season) has been assessed for the representative regions. Projections of the 

impact of GHG-induced changes to rainfall (percent of present day total growing season 

rainfall) vary with the climate model and also the scenario. By examining this variation a 

range of future rainfall projections were estimated with results showing considerable 

variation across the regions. The Margaret River is the most affected as it may have from 

1% to 15% less rainfall by 2030, and from 2 to 36% less rainfall by 2050.  

 

The Hunter Valley may have increased rainfall of up to 4% more by 2030, though some 

models are projecting it to be about 2% drier by 2030. In the Hunter Valley there may be 

10% more growing season rainfall by 2050. Again, though some models are projecting 

higher rainfall for the Hunter Valley in the future, others are projecting for lower growing 

season rainfall (3% drier). 

 

In the Victorian and NSW Murray Valley all models are projecting lower rainfall. What 

is most relevant in this instance is that the rainfall is already very low. It has been 

proposed that even moderate reductions in rainfall, due to increased GHG and projected 

climate change, would have major consequences for water resources management in 

northern Victoria , and require substantial adjustments by the irrigation community 

(Beare and Heaney 2002). 

 

8.4.2 Potential evaporation and the aridity index 
 
Point potential evaporation varies by season and region. For all regions the highest point 

potential evaporation occurs around about January. The profile of the curve reflects to 

some extent regional temperature differences and continentality. The difference in the 

evaporation between spring and summer indicates a large variation in water demand. The 

shape of the water demand profile may change in future climates and this could have an 
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impact on irrigation demand. Incorporation of a change in demand profile into models 

which evaluate water balance and irrigation needs will improve water use planning 

accuracy. Projected changes in phenology (See Chapter 3) may also mean that timing of 

water supply will change in future climates. This would be an interesting area to 

undertake further studies in relation to irrigation infrastructure.  

 

In all cases (except for results from the CSIRO Mk3 model for the Hunter valley), aridity 

is projected to increase. This is regardless of rainfall projections and due to projections of 

point potential evaporation increasing across the continent. The greatest projected 

increase in aridity is in the Yarra Valley. The main source of water supply, however, is 

from surface water and this supply would be directly linked to rainfall. Regardless of 

whether the change to winter rainfall is negative or positive, planning for larger dams to 

catch more winter rainfall may be one management strategy that could be implemented in 

the case of the Yarra Valley to adapt to the reduced growing season rainfall. Of course, 

licenses for more, or larger, dams may become more difficult to obtain in the future. 

 

8.4.3 Irrigation supply 

In the Riverina, Victorian and NSW Murray Valley, Margaret River and Clare Valley the 

present day rainfall is relatively low so a decrease in rainfall and an increase in aridity 

may have a negative impact overall as water requirements for vine growth may become 

the limiting factor. Two of these regions, Riverina and Victorian and NSW Murray 

Valley, rely heavily on surface water from state or private irrigation schemes. On the 

other hand, Margaret River and Clare Valley obtain their water from other sources; The 

Clare Valley obtains most of its water from underground water supplies, whereas 

Margaret River relies on other surface water. 

 

The Riverina and the Victorian and NSW Murray Valley may be able to buy water from 

lower value users. With the introduction of a transferable water entitlement policy that 

will allow the buying and selling of water entitlements, the necessary adjustments would 

probably occur away from intensively irrigated perennial pasture, to summer grown crops 
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that require less water (Turner and Weinmann 1988). In the past the structures have been 

directed towards a single-purpose management of the resource. The challenge is to plan 

for the best overall use of a limited resource and to consider the full range of values 

which users will have access to the various parts of the resource (Russell 1988). 

 

Wine regions located in South Australia and Western Australia differ from those from the 

other winegrowing states in that here, there is limited access to the large scale irrigation 

schemes. South Australia relies heavily on underground water supplies in the premium 

wine growing regions, the Riverland region being the exception. The implication of this 

is that, for these regions, it will be very difficult to access more water by buying from less 

efficient users ‘upstream’. Regions such as Clare Valley, where there is low rainfall 

already and a projected increase in demand, may find difficulty in sourcing extra supplies 

of water. Depending on the nature of the groundwater resource the predicted rainfall 

decreases in these areas may further decrease the yield of groundwater. This would be the 

case for Margaret River as well. The timing of water supply, if needing to allocate water 

more efficiently, may have a large bearing on the grape yield and this will need to be well 

understood in the context of future reduced rainfall (Matthews et al. 1987). Cost of 

holding dams (Blackmore 1995), off-peak rates, and water quality (Russell 1988; Swain 

and Thompson 2000) will need to be explored.  

 

The more comprehensive catchment studies are already suggesting these measures. For 

instance, projected monthly changes in rainfall and potential evaporation were input to a 

catchment management model for the Macquarie River in NSW (Hennessy et al. 2003). 

What was found was that by 2030, a 0-15% decrease in water supply is highly likely for 

the Burrendong Dam, irrigation allocations and environmental flows. Given that 

demographic and land-use changes are likely to increase water demand, a reduction in 

water supply due to climate change represents a significant new dimension. 

 

There are a number of management techniques that may have potential to provide 

adaptive strategies in several key areas where purchasing more water may not be an 

option. With increasing irrigation management efficiencies of vines, by implementing 
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new management strategies of regulated deficit irrigation (RDI) (Goodwin and Jerie 

1992) and partial root zone drying (Dry et al. 1995), or plant monitoring devices (Loveys 

and Lu 2002) impacts can potentially be managed (except in ‘dry land vine’ enterprises). 

In areas with salinity issues, computer controlled irrigation systems are used to increase 

efficiency while reducing the impact on the environment (Stevens 2002).  

 
Use of different rootstocks to exploit water from different depths in the soil profile can be 

adopted (Carbonneau 1985; Whiting et al. 1986). One early study conducted overseas has 

shown a significant difference in water use efficiency between V. vinifera cultivars 

(Bravdo et al. 1972). Cultivar specific irrigation scheduling approaches have the potential 

to result in major savings in water applied and irrigation costs (Boland and Walker 2000). 

 
The effect of vine spacing on water use efficiency has been studied (McCarthy 1993). 

McCarthy found that with closer spacing there was a significant increase in yield per 

hectare with no delay in maturity and no additional irrigation. Water recycling allows 

more water to be directed to vineyards (Swain and Thompson 2000). Many vineyards 

utilize winery or town waste water already – Angle Vale, South Australia (McCarthy 

1981), McLaren Vale (Gransbury 2000) and probably many others. With the demand for 

such water recycling likely to increase with climate change, there is a need to evaluate the 

long-term sustainability of this approach given the sometimes-elevated levels of 

dissolved mineral salts in the water (McCarthy and Downton 1981).  

 

Greater frequency and severity of droughts (Nicholls 2004) and substantial reductions in 

summertime soil moisture are possible if variability in precipitation increases or if the 

projected increase in temperature increases evapotranspiration significantly. The 

tendency for less rainfall and more evaporation means less water will be available for 

irrigation, combined with the potential for increased irrigation demand that has been 

identified in this study. The current economic impact of drought has been assessed for 

some rural regions in Australia. For example, the 2002 drought resulted in an economic 

loss of 17% from regional grape production in the NSW Murray region (Adams et al. 

2002). 
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Future climate change may result in a greater frequency of extreme rainfall. Even with 

decreases in average rainfall of 7%, models are forecasting increases in extreme rainfall 

(Abbs 2004; Fowler and Hennessy 1995). If the frequency of these weather extremes 

were to increase in the near future the cost of crop losses in the coming decades could 

rise. There has been an increase in flooding and heavy precipitation events in recent 

decades over eastern Australia (Haylock and Nicholls 2000; Schreider et al. 2000) and in 

the U.S. (Pielke and Downton 2000). Events like this have caused great damage to crop 

production (Rosenzweig et al. 2002). There may be increased risk of soil erosion in 

agricultural areas from the expected increase in the frequency of intense rainfalls (Yu and 

Neil 1995). Schultz (2000) explains that in Europe, shifts in precipitation patterns may 

necessitate introduction of cover crops over winter in order to minimize soil erosion and 

to maximize water and nutrient storage. Should an increasing percentage of rainfall come 

in heavy downpours then run-off containing fertilizers, pesticides, and animal wastes 

from agricultural activities would also contribute to reducing water quality for other uses.  

 
Rain, or threat of rain may induce growers to pick early and provide immature grapes for 

processing (Jackson and Lombard 1993). Short-term forecasting at harvest time is 

crucial, and with a possibility of increased extreme events, will become more so.  

 

Using the aridity index to estimate irrigation demand was shown to have some 

limitations. In high rainfall regions, the aridity index under-estimates the irrigation 

requirements as variability of rainfall is not allowed for. With rain falling in distinct 

events, run-off can occur, as can dry spells. During the dry spells, irrigation may be 

required even though enough rain should have fallen in previous events, though would 

have run off, to have satisfied any vine growth.  

 

Some irrigation practices recommended for production of quality wine grapes involve 

deficit irrigation, that is, the practice of allowing the grapevine to undergo some level of 

water stress. In the case where this is practiced using the aridity index to estimate 

vineyard irrigation demand results in an over-estimation of requirements.  
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The aridity index was found to estimate vineyard demand for low rainfall regions that 

irrigate to capacity. For these regions alone, projections of irrigation demand could be 

determined. It was found that increasing demand of between 2.5 to nearly 14% in the 

Riverina and just over 2% to nearly 10% in the Victorian and NSW Murray Valley 

compared to calculated present day usage by 2030, and this may increase to over 30% in 

the Riverina, and 23% in the Victorian and NSW Murray Valley by 2050. 

8.4.4 Changes of rainfall and aridity effects on fungal disease pressure 

Changes in the seasonality of rainfall, rather than the total annual rainfall may have the 

greatest affect on disease pressure for viticulture. Though the annual rainfall for 

viticultural regions may decrease by 15%-20%, the summer rainfall may increase 

(CSIRO 2001). Higher temperatures and higher humidity levels will increase the 

incidence of fungal risk (Magarey et al. 1994c). While disease pressure may be decreased 

in some regions, other regions may experience an increase in disease pressure due to 

higher rainfall in the growing season. Effects of increased temperature at this time, 

causing increased evaporation, may counteract the possible increased rainfall, and result 

in ‘no change’ to leaf wetness, hence fungal pressure. Modeling this interaction can be 

performed using the Branas Index.  

 

Calculations of the changes to the Branas index reveal that for the Margaret River region 

disease pressure will be reduced and for the Hunter Valley region, disease pressure will 

be increased to some extent. For all of the other regions analysed the results were 

inconclusive with some climate models suggesting increases and others suggesting 

decreases. 

 

The extent of the change in disease pressure cannot be commented upon and assessment 

of this would require analysis of just how the extent of the change may be translated to 

determine this. Comparing the regions to determine whether any of these shifts could be 

related to other regional disease pressure levels is not useful as the disease pressure in the 

Hunter Valley is already by far the greatest, and in the Margaret River it is already low. 
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The effect of increased temperature and carbon dioxide enrichment may change disease 

dynamics from the point of view of the pest. Host-pathogen interactions have been found 

to change in high CO2 environments by changes to the nutritive benefit available from the 

plant with the changes to the ratio of carbon to nitrogen in the host (Chakraborty et al. 

1998; Coakley et al. 1999).  

 

Successful adaptation of viticulture pest management under climate change will rely on 

having a quality Decision Support System, based on a quantitative understanding of the 

ecology of each pest. It will be important to avoid surprise outbreaks that can be very 

damaging to these high-value crops. Biological models could be linked into Geographical 

Information Systems so the results are applicable around the country (i.e. geographical 

scale outputs in real-time) (Ash 1992; Sutherst et al. 1999). The potential impact of new 

exotic pests and disease is also an important one. For example, the potential range of 

Pierce’s disease bacterium (Xyella fastidiosa) and its carrier the Glassy Winged 

Sharpshooter (Homalodisca coagulator) if it is ever introduced into Australia may need 

to be assessed. Pierce’s disease is temperature-limited and will not persist if average 

winter temperatures fall below 4°C (Luck et al. 2002). In a warmer environment, with 

fewer frosts, the threat of this disease, if it is ever introduced, may be increased.  

 

8.5 Conclusion 
 

In this assessment of the potential impacts of climate change on Australian viticulture it 

has been demonstrated that most of the winegrowing regions there will be an increased 

irrigation demand in future climates. This increase in demand varies regionally, and a 

range of impacts is presented that examine the range of climate model and scenario 

combinations to account for future uncertainty. 

 

From this analysis most wine growing regions of Australia may need to address an 

increasing water demand in future climates. Actual vulnerability will be related to the 

water availability now experienced in a region. This availability will be influenced by the 

level of access to an irrigation system from which the ability to trade water from lower 
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value users exists. Some regions, included in this analysis, do not have this access, 

notably the Margaret River and the Clare Valley and for these regions there is a projected 

increase in water demand. Whether alternative strategies for adaptation to increasing 

water demand exist in these regions would need to be explored. 

 

Management of projected impacts will depend on irrigation infrastructure, water source, 

soil type, temperature, evaporative demand, competition for supply from alternative 

industries, and timing of water shortages in the vine growth cycle. Rural communities, 

businesses and their representatives must assess the strength of current planning and 

policies dealing with climate change and agriculture. To do so, the effects of climate 

change need to be fully understood throughout the community in terms of economic, 

social and landscape change.  

 

It will be necessary to address both future water requirements and also water availability 

within the context of a changing climate. Climate models, scaled down to a regional 

level, can be analysed and impact assessments made of the affect on water budgets in 

present and future potential vineyard sites. It will be necessary to maintain and continue 

improvements in irrigation technology.  
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Chapter 9  Final discussion and future directions 
 
The objective of this thesis was to investigate the impact of GHG-induced climate change 

on wine grape production for the Australian wine industry. This study has concentrated 

on developing impact scenarios in response to temperature change and to a lesser extent 

water availability utilising existing data for viticulture and market responses of 

winegrapes. For the first time the viticultural responses to GHG-induced climate change 

have been analysed spatially across the wine regions of Australia using a range of 

emission scenarios and climate models of differing sensitivity to generate a range of 

potential impacts. 

 

It is acknowledged that the response of grapevines to increased levels of CO2 which will 

drive as well as accompany future climate change may further modify the projected 

viticultural impacts. However given the paucity of field data investigating the CO2 

responses of grapevines under various climate scenarios the variable was not included in 

this modeling analysis. Field studies to generate such data were beyond the scope of this 

research project. Similarly the investigation of the potential impact of changing pest and 

disease pressure with changes in climate was also not addressed in this study because it 

was reasoned that viticulturalists can potentially adapt to these changes using the current 

and future management technologies. In the Australian context it is not expected that the 

grapevine will encounter new pests and diseases that are not already present in some of 

Australia’s wine regions.  

 

9.1 Climate change impacts 
 
The objective of this thesis has been to examine the impact of climate change on the 

Australian wine industry. Impacts were examined for many possible scenarios in order to 

deal with the issue as comprehensively as possible, and also to show the synergy of 

impacts. The argument for the probability of these projected impacts being realised given 

a changed climate is strengthened by the concordance of results. 

 

The areas studied in this impact assessment are listed here and will be discussed below. 
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• Investigate the potential impact of climate change on grapevine phenology. 

• Determine the sensitivity of grape yield and quality of individual varieties to 

temperature changes. 

• Calculate the impact of projected climate change scenarios on the yield, quality 

and gross returns of grape production in each wine region. 

• Investigate some potential adaptation strategies for these impacts including 

geographical shifting of winegrowing regions and variety substitution. 

• Make a preliminary assessment of the availability of land and water resources to 

enable the implementation of the proposed adaptive strategies. 

9.1.1 Phenology 
 

Cabernet Sauvignon budburst in Coonawarra is earlier by 3 to 5 days in the year 2030, 

and 6 to 11 days by 2050. Similar impacts to budburst exist for the Riverland. In 

Margaret River the budburst is later. Most deciduous plants have a chilling requirement 

for dormancy to be released and the buds to burst. This chilling requirement may not be 

reached in projected climates in the Margaret River, especially where the winters are not 

particularly cold already.  

 

Harvest is earlier in most cases, for instance, with the warming projections resulting from 

climate models forced with the high level GHG emissions, harvest could be 45 days 

earlier in the Coonawarra by 2050. Harvest could be later in the Margaret River in 2050. 

This may be a function of the later budburst time impacting on the timing of harvest. 

 

One important finding from this study was to observe the effect earlier harvest will have 

on harvest temperatures in future climates. This concept had not been assessed 

quantitatively in previous studies, and from a review of the literature did not appear to 

have been discussed. If in the Coonawarra wine region grapes are to be harvested about 

two weeks earlier in 2030, and in a warmer climate (0.5°C warmer), harvest temperature 

is projected to be 2.5°C warmer. By the year 2050 harvest is not only 1.0°C warmer 

(Climate projection), but 4.5°C warmer in Coonawarra. Consideration of this concept 
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will emphasise the need to address the impact of climate change through adaptation or 

mitigation strategies. 

 

Warmer winter temperatures may cause problems due to lack of winter chilling. Use of 

chemical dormancy breakers (Shulman et al. 1983)or other management treatments, e.g. 

evaporative cooling treatment (Nir et al. 1988) have been discussed in the literature and 

may offer some alternative adaptive measures. Some potential exists to slightly delay bud 

break by delayed pruning bud otherwise phenology will be difficult to influence in situ. 

Dunn and Martin (2000) have manipulated the timing of budburst from shoots by delays 

in pruning (six-weeks) to push bud burst forward (buds burst about 4 days later). The use 

of seasonal forecasts to help inform adaptive management may be necessary in this 

respect.  

(Dunn and Martin 2000) 

 

Introducing varieties into a region that are more suited to the future climate will reduce 

the impact of the warmer temperatures on grape quality. Removal of vines at some break-

even costing to maintain phenological suitability could be practiced. The loss of 

production, and planting costs, can be weighed against quality loss, as the variety loses 

fitness for the particular climate. The rate of climate change will determine the rate of 

variety change. Vineyard life, or at least the life span of a grapevine within a vineyard, 

may decrease from the accepted 30 plus years. 

 

9.1.2 Grape quality 
 
Grape quality, measured using grape colour (anthocyanin concentration) data, glycosyl 

glucose (G-G) (a flavour aroma precursor) data, and price ($/tonne) was compared to 

climate indices. A relationship between climate and these quality indicators was 

determined so as to allow climate change impacts on grape quality to be quantified. All of 

the quality indicators showed a significant correlation with MJT. Price was chosen as the 

quality surrogate for temperature sensitivity studies because data for this indicator were 

available for most regions across the continent.  
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The relationship between regional average price paid for grapes and regional average 

MJT was quantified for all premium wine grape varieties. A quadratic relationship was a 

reasonable description of the data for Cabernet Sauvignon, for example. The relationship 

between ‘quality’ and temperature varies considerably with variety. Some of the 

relationships where grapes ripen well in cool climates (e.g. Pinot Noir) are more linear. 

Temperature sensitivity curves produced in this study were used to determine climate 

change impact on grape quality (as indicated by percent impact on grape price17) for each 

variety. 

The variation in the impact of the climate change projections to the different grape 

growing regions in Australia is illustrated for the first time. This is a comprehensive 

varietal and regionally specific study of the impact of climate change on wine grape 

quality leading to quantitative regional and national cost estimates to winegrape quality.  

 
The range of regional cost to grape quality from climate change for the year 2030 is 

illustrated in Figure 60. Cost to quality for the Riverina, Yarra Valley and Coonawarra 

were -16%, -3.5% and -1.2% respectively under a low impact scenario and -52%, -9.6% 

and -4.0% respectively under a high impact scenario. 

 

Whether there is an acceptance in the reduction to grape quality by the wine consumer, or 

whether the wine industry adapts to maintain quality standards will be decided by market 

forces. Most of the grapes being sold are under long-term contracts to wineries. As these 

contracts expire, new contracts will probably include a higher emphasis on grape quality 

measures, as the sophistication of the industry to measure this entity objectively is 

improving. With these in place growers will have more incentive to respond to quality 

issues. Methods to improve and maintain quality will become paramount so adapting to 

future warming will become an intrinsic part of vineyard management strategies. 

 

 

                                                 
17 The impact of regionally averaged climate change on grape quality (as measured by grape price) is calculated as a 
percentage. Though an economic quality estimator is used it must be emphasised that this estimator is only indicating 
quality, and does not provide any measure of vineyard revenue or profitability.  
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Australian Wine Regions 
Percent Cost to Quality

Min Cost by 2030

Wine Region Map provided by AWBC
Climate data extracted from OzClim
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Figure 60: Projected regional cost to quality by the year 2030 under low-impact (top) and high 
impact (bottom) climate change scenarios. Purple areas denote no pricing data available. Cost to 
quality for the Riverina, Yarra Valley and Coonawarra were -16%, -3.5% and -1.2% respectively 
under a low impact scenario and -52%, -9.6% and -4.0% respectively under a high impact scenario. 

 
These regional impacts can be scaled up to the national level by summing the production-

weighted cost to quality across each region. Overall, projected GHG-induced climate 

change will have a negative impact on grape quality for the Australian wine industry. 

Grape quality is estimated to decrease by 7 to 23 percent by 2030 and 12 to 57 percent by 

2050. This assumes that no adaptive strategies are implemented. This analysis indicates 

the potentially very serious threat that climate change poses to the Australian grape 

industry, which for the most part is already situated on the warm side of the climate range 

for wine grape species. It provides a firm basis for grape growers to make a quantitative 

assessment of their own situation in relation to their vineyard location, varietal mix and 

market position. 
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One of the interesting aspects of wine is the variation of the product from season-to-

season, resulting in ‘good vintages’ and ‘poor vintages’. There is, in this regard, an 

inbuilt flexibility in the industry to adapt to climate variability in that it is already 

accepted by consumers that variation exists. Australia is known, however, for its 

consistent product. The winemaker commonly blends wine from different regions, or 

different varieties, to take advantage of the complimentary flavour profiles developed in 

the grapes. The regions from which grapes are sourced for particular products may 

change in the future. 

 

Most grape varieties can have various end uses to adapt to seasonal variability. 

Chardonnay, for instance can be used in sparkling wine, or a more full-bodied white table 

wine depending on the temperature of the growing season. Regions now specializing in a 

certain wine style may change their winemaking strategy to adapt to warmer conditions. 

 

9.1.3 Gross Returns 
 

To address the negative impact of projected warming on winegrape quality in the 

Australian wine industry, investigation of some possible adaptive strategies is explored. 

Compensation for lower quality by increasing the yield per hectare, so as to maintain 

vineyard gross returns, is one strategy. As with the determination of the impact of 

projected climate change on winegrape quality, the spatial and varietal resolution in this 

analysis is far more detailed than has been undertaken in previous studies.  

 

When data for yield in a region was averaged and compared with temperature it was 

found that the yield increases with increasing temperature. Grapevine fruitfulness 

improves and potential to ripen larger crops increases. Potential to increase yield is 

increased with higher fruitfulness given water is available to maintain the crop.  

 
Because of the increased yield potential in warmer climates, the impact of projected 

GHG-induced temperature change on grape crop gross return is mostly positive on a 

region by region basis for the Australian Wine industry. Temperature projections for the 
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Riverina and the Swan Valley have these regions suffering with lower gross return crops 

in the future as quality is impacted too greatly for yield increases to compensate. The 

worst affected regions are the hot regions, in order, the Riverina, The Victorian and NSW 

Murray Valley, Swan Valley, then the Riverland. These regions account for sixty two 

percent of the grape production in Australia.  

 

With the greater production from the regions where the impact on gross returns is 

negative means that the overall national impact is also negative. In 2030 this impact 

range is between 4.5% to 16% decreased gross returns (nationally). By 2050 this impact 

is between 9.5 to 52% decrease to gross returns (assuming other no adaptive strategies 

are implemented).  

 

Because the maintenance of gross returns was found to be unlikely by increasing the 

yield of poorer quality grapes, another adaptive strategy was investigated. This method 

explored the possibility of maintaining the quality and yield balance by shifting 

geographically. This strategy has been explored for European grape growing regions 

(Kenny and Harrison 1992), but not for Australia before. 

 

A method of depicting areas where present day and future climates are compared 

spatially is used. Maps showing shifting suitability for viticulture in projected climates 

highlight the potential the industry has to adapt to climate change. A contour of the mean 

location of the zones of climate, enable the shift in the mean location to be measured as it 

changes with future warming scenarios. Using this method a shift in grape cropping 

potential southward, or to higher altitude, in the Australian continent is probable with 

projected climate change. This will result in the opening up of new areas that may 

previously have been too cool. 

 

Within a region movement in altitude and aspect (Becker, 1977), or complete relocation, 

to take advantage of future climate potential could be necessary. Many factors other than 

temperature will need to be examined to assess the potential of new sites: soil type 

(Northcote 1977), water availability; continentality; day length and infrastructure. The 
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infrastructure with regard to trellising, availability of wine processing facilities, not to 

mention winery tourism, means that year-to-year geographical flexibility is reduced 

compared to annual crops. 

 

With the temperature projections for the Northern Hemisphere showing a greater 

warming than those for the Southern Hemisphere, the impact of future warming on 

Australian wine regions may be less than from wine regions in the Northern Hemisphere. 

In the Northern Hemisphere there is more land found between existing wine making 

regions and the North Pole so the adaptive potential may be greater. 

 

9.1.4 Varietal distribution  
 
The third adaptation strategy investigated in this thesis was to examine the potential for 

variety substitution. In this strategy the existing infrastructure in current wine regions is 

maintained by the substitution of varieties more suited to the altered climatic conditions. 

The fundamental aim for a viticulturist is to match of the phenology of a variety to a 

climate so as to ensure that ripening of the berries is achieved when the temperature 

regime is suitable for the optimum development of desired flavours and aromas (Jones 

and Davis 2000). If the climate of a region is projected to change, then presumably the 

suitability of varieties to a particular region will also change.  

 

Varieties are matched to the climate in which they are grown presently so as to produce 

desired wine styles and flavour profiles. With future warming the potential for growing 

grapes suited to the coolest category decreases on mainland Australia, and in some of the 

cooler regions in the present climate, the potential for growing varieties suited to warmer 

climates improves. 

 

Suitability of varieties to different regions will change if the climate gets warmer. Some 

varieties will be able to be planted in regions where previously they would not have 

ripened. Some regions will become too warm to produce balanced wines from some or 

maybe even all grape varieties. There is potential to adapt in many cases, either by 
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planting different varieties or developing new winegrowing regions. Australian wine law 

does not have variety restrictions, whereby for accreditation purposes only a selection of 

varieties can be planted within a region, so there exists greater adaptation potential 

compared to our European counterparts. Adaptation in Europe is restricted due to the 

Appellations Contrôlées system (France), and the Denominazione di Origine Controllata 

(Italy), for example. The wine law in these two countries allows for only certain grape 

varieties to be grown in certain regions for wines produced to be awarded the regional 

quality classification (Burroughs and Bezzant 1988; Burroughs and Bezzant 1989). 

 

The varietal shifting is sensitive to the speed with which the climate will warm. This was 

also shown by (Kenny and Harrison 1992) in a European context. The rate of reduction of 

land suitable for producing grapes of an overall quality equivalent to that of the present is 

also affected by the GHG emission level. With more accelerated warming rates, zones of 

climate where varieties such as Pinot Noir and Chardonnay are preferentially crushed at 

present will be greatly reduced (<60% in area by 2050). The reduction of total vineyard 

area for growing grapes of an equivalent quality to that grown presently may be more 

than 40% by 2050. 

 

The analysis highlights that the suitability for planting varieties that require a cool 

climate may be reduced on the Australian continent. At the other end of the scale 

varieties suitable to be planted in warmer climate regions may not be available presently 

in Australia. Attention is drawn to the need to investigate for the potential to introduce, or 

breed for, varieties suited to hotter climates.  

 

9.1.5 Water demand 
 
The impact of climate change on water resource availability for the Australian wine 

industry was addressed as water is seen to be one of the more vulnerable inputs to vine 

growth with rainfall projections in the southern parts of Australia indicating decreases 

(CSIRO 2001). 
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Projections of aridity for most of the winegrowing regions indicate there will be an 

increased irrigation demand in future climates. This increase in demand varies regionally, 

and a range of impacts is presented that assess the range of climate model and scenario 

combinations to account for future uncertainty.  

 

Most winegrowing regions of Australia may need to address increasing water demand in 

future climates. Actual vulnerability will be related to the water availability now 

experienced in a region. This availability will be influenced by the level of access to an 

irrigation system from which the ability to trade water from lower value users exists. 

Some regions, included in this analysis, do not have this access, notably the Margaret 

River and the Clare Valley. Whether alternative strategies for adaptation to increasing 

water demand exist in these regions would need to be explored. 

 

Though studies have been undertaken exploring the impact of projected climate change 

on water resources in Australia (Jones and Durack 2005; Jones 2000; Jones and Page 

2001), this is the first time the impact of projected climate change on water demand for 

the wine industry has been examined. The results need to be qualified by acknowledging 

that the topic of water demand from the point of view of climate change is a complex 

issue. Not only will aridity be increasing but with increasing concentrations of CO2 in the 

atmosphere, water use efficiency of plants may increase. Complex feedbacks with 

enhanced plant growth and increasing temperatures to which plants are exposed 

necessitates more work in this area for any decisive conclusions to be made with regard 

to water demand.  

 

In anticipation of results from a more comprehensive study of water demand 

requirements by the Australian wine industry, it is clear that water resource management 

will need to be addressed in terms of projected impacts on irrigation infrastructure, water 

source, evaporative demand, competition for supply from alternative industries, and 

timing of water shortages in the vine growth cycle. Rural communities, businesses and 

their representatives must assess the strength of current planning and policies dealing 

with climate change and agriculture. To do so, the effects of climate change need to be 
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fully understood throughout the community in terms of economic, social and landscape 

change.  

9.2 Future directions 
 

9.2.1 Carbon dioxide 
 

The one certainty with regard to the future projections, regardless of climate, is that there 

will be an increase in the concentration of CO2 in the atmosphere because of the 

continued burning of fossil fuels. The atmospheric concentration of CO2 has already 

increased from the pre-industrial levels of 280-290ppm to the present day levels of 

380ppm. By 2100, carbon cycle models project atmospheric CO2 concentrations of 540 to 

970ppm (IPCC 2000; IPCC 2001) (Figure 61) with current fossil fuel usage and other 

carbon feedbacks indicating that CO2 levels may well reach the upper ends of this range 

(Steffen 2006).  

 

 

Figure 61: Projected atmospheric carbon dioxide (CO2) concentrations based on various SRES 
emission scenarios and the IS92a mid-case scenario used by the IPCC in 1996. From (IPCC 2001) 

 

There are some key questions that need to be addressed regarding this in the context of 

the Australian wine industry. These are: 

 

• How does increasing CO2 affect grapevine productivity and quality? 
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• What are the likely CO2, temperature, water interactions? 

• How would CO2 affect canopy growth, canopy and bunch heat balance and crop 

water use efficiency?  

• What are the likely effects of CO2 on sugar and colour profiles? 

• How would CO2 affect crop phenology? 

 

Research into the effect of increasing atmospheric CO2 on the quality of wines has not 

been undertaken broadly. To answer these questions field experiments to determine the 

effects of temperature, water, increased CO2 and their interactions on key crop processes, 

including phenology, physiology, growth, yield components and grapevine quality would 

need to be implemented. From these experiments quantitative models relating crop-level 

responses to temperature, water, and increased CO2 could be developed. These models 

could be linked with both climate records and climate projections to derive risk profiles 

for the major grapegrowing regions of Australia. 

 

The evidence that elevated carbon dioxide stimulates increased photosynthesis is 

overwhelming (Drake et al. 1997; Morgan et al. 2004; Morison and Lawlor 1999; Nowak 

et al. 2004). Increased growth of plants under higher CO2 may lead to increased 

vegetative production (Idso and Idso 1994) and within canopy shading (Dry 1988). 

 

Increasing concentrations of carbon dioxide may also improve water use efficiency in 

some instances (Grant et al. 2004; Morgan et al. 2004). Increased concentration of CO2 

in the atmosphere reduces stomatal conductance. If the reduced leaf conductance does not 

result in a very large increase in leaf temperature, which might increase the transpiration 

rate, then the smaller aperture would reduce transpiration (Boag et al. 1988; Kriedemann 

et al. 1976). Whether this affects water use efficiency of the whole crop depends on 

whether the leaf area increases, caused by the increased growth in enriched carbon 

dioxide environments, counteract the effect of reduced stomatal conductance (Drake et 

al. 1997; Rosenberg et al. 1990).  
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(Gifford 1988) found that, for cereal crops, the rate of soil water depletion was not 

appreciably altered in enriched carbon dioxide environments with a direct trade off 

between reduced transpiration per unit leaf area and increased leaf area. No savings in 

water can be expected in canopies where elevated carbon dioxide concentration 

stimulates increases in leaf area index relatively more than it decreases stomatal 

conductance. This effect will need to be better understood for grapevines to determine 

future water requirements as above. 

 

Studies on grapevines grown in enhanced CO2 conditions show that there is a significant 

increase in plant dry weight, but no significant increase in leaf area when conducted on 

potted vines in growth chambers (Johnson et al. 1982; Kriedemann et al. 1976). 

Conversely, CO2 has been used successfully to stimulate growth of in-vitro propagated 

grapevines (Lakso et al. 1986). In a ‘free air carbon dioxide enrichment’ (FACE) 

experiment on grapevines in the field (where no temperature increase was factored in) the 

leaf area index (LAI) was increased, along with the total dry matter of the vine (Bindi et 

al. 1996b). 

 

The effect of increased carbon dioxide and temperature on the growth of vines in situ has 

been modeled for Europe (Bindi et al. 1996a). Results produced using some future 

warming scenarios increased the yield, while other scenarios produced decreased yields. 

Overall, the simulations run in the model did not provide a conclusive answer to the 

question of whether the potential negative effects of the warmer temperatures, predicted 

by the climate change scenarios, would be compensated for by CO2 - fertilization effects 

under climate change. Impacts on grape quality were not assessed. 

 

In addition to changes in mean crop yield, increases in season-to-season variability of 

crop yields were suggested. The difference between very high yields achievable in good 

years under increased atmospheric CO2 concentrations and lower yields in bad years will 

be larger than at present, implying a higher economic risk for growers (Bindi et al. 

1996a). 
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Plants grown in elevated atmospheric carbon dioxide typically have lower protein and 

nitrogen concentrations (Drake et al. 1997; Morison and Lawlor 1999) and this may 

influence fermentation processes. In the survey by Drake et al. (1997) they found that 

tissue N is reduced 15-20% depending on N availability. These studies were not done 

with grapevines but the implication of an impact exists as a result of these findings. 

 

Water input management practices may be utilised to regulate vigour and offset any 

growth enhancement from elevated CO2. In some areas (high rainfall regions), cost 

effective growth management options, or trellis design will need to be explored (Smart 

and Robinson 1991). The impact of increasing leaf area in enriched CO2 conditions for a 

given level of water availability may necessitate the need for an increased number of 

passes of vine hedging equipment pre-veraison. 

 

It is clear that there is now an urgent need for well constructed field studies of the 

potential impact of elevated CO2 on the yield and quality of winegrapes under current and 

future climate to enable appropriate adaptive management strategies to be developed. 

9.2.2 Risk assessment approach 

 
The key challenges of accurately modeling future climate risks to grape production and 

quality are that there are large differences in the global and regional output of the 

different GCM’s and RCM’s (regional circulation models) that reflect underlying 

uncertainties, making it difficult for scientists to judge model accuracy in predicting 

climate change. Faced with this dilemma, it is prudent to apply a range of model-

generated scenarios to explore possible impacts as was done in this thesis. Outcomes 

based on a range of scenarios may be more plausible, however, if probabilities are 

attached to these management decision options (Jones 2000; Luo et al. 2005b). 

 

A method of probabilistic modeling is demonstrated where Monte Carlo sampling of 

climate change perturbation output over a range of models shows that the distribution can 

be peaked (Jones 2000). It is possible, therefore, to attach probability to a specific 

outcome. Identification of the potential probability of reaching a critical limit at a 
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regional level under present and future climates can be done. Taking this method further 

can lead to an analysis of risk if appropriate thresholds can be identified. Identification of 

the increased frequency of reaching critical thresholds at a regional level under present 

and future climates can be done. By applying probabilistic modeling in a spatial 

framework (Luo et al. 2005b) a fine scale estimation of the climate change risks can be 

obtained for a particular wine region. 

 
By addressing outcomes in the initial stages of an impact assessment through the 

construction of user-defined thresholds, it is possible to identify what should either be 

avoided, in the case of a negative impact, or aimed for in the case of a positive impact. 

By quantifying these thresholds as functions of key climatic variables, and creating 

projections for these variables that take account of a range of quantifiable uncertainties, 

the risk of exceeding the threshold can be analysed (Jones 2000). This will inform the 

grape and wine industry as to the present (given climate variability) and future (given 

climate change) risk posed and management options available. 

 

9.2.3 Extreme temperatures 
 
Production of wine grapes of defined and consistent quality is a key objective of the 

Australian Wine Industry. Climate Change and the increasing incidence of episodes of 

extreme temperature (>35°C) has the potential to dramatically challenge this objective. A 

recent US study has found that the changes in frequency of extreme hot days (<35°C) are 

projected to eliminate winegrape production in many areas of the country (White et al. 

2006). 

 

In this thesis we have developed spatially referenced climate modeling methodologies to 

determine the potential impacts of these changes in climate on Australian grape growing 

regions in terms of yield, grape quality, phenology, and potential water availability. 

These methodologies have enabled us to estimate the sensitivity of grape quality for 

individual varieties to changes in MJT and then model the resultant implications on 

economic returns. It is important to note that these changes in quality are mediated 
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through changes in the average temperature of the grape ripening period and have been 

modeled in response to changing average temperature conditions. The projected increases 

in the average temperatures during ripening stem from both higher average temperatures 

and the compression of the grape phenology resulting in earlier ripening.  

 
The frequency of extreme events is likely to increase under GHG-induced climate change 

(Hennessy and Pittock 1995). A method used to establish criteria for identifying 

unacceptably high frequencies of extremes could be explored in an Australian context 

with regard to water balance (drought/ flood) or heat stress, lack of chilling, or disease 

likelihood. 

 
Changes in daily temperature extremes can be influenced by changes in daily variability 

and changes in average maximum or minimum temperature. CSIRO modeling results for 

Australia indicate that future changes in variability are relatively small and the increases 

in average maximum and minimum temperature mainly determine the change in 

extremes. Changes in extreme temperatures, assuming no change in variability, have been 

calculated for some Australian wine regions (McInnes et al. 2003). At most sites, the 

number of hot summer days increases by 6-15% for the low warming scenario, and by 

50-77% for the high warming scenario. At most sites, the number of frosty winter days 

decreases by 17-27% for the low warming scenario, and by 60-90% for the high warming 

scenario. 

 
In regional Victoria the current probability of a run of five consecutive summer days over 

35°C is doubled for a 1°C warming, and increases by a factor of 5 for a 3°C warming. At 

most sites, the number of hot summer days (> 35°C) increases by 6-15% for the low 

warming scenario, and by 50-77% for the high warming scenario. The frequency of days 

over 40°C will increase by 50% to 100% in the 2030 scenario (Hennessy and Pittock 

1995). Knowledge of the potential risk of these events to the Australian grape crop will 

be crucial when planning vineyard investments. It will only be possible to determine this 

risk if extreme temperature thresholds to grape quality are quantified. 
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There is strong anecdotal evidence that extreme temperature events can have serious 

direct effects on the harvest quality of the grapes and the resultant wine. These events can 

cause berry shrivel and/or sunburn. For example, a 47oC day Mildura in 1990, the hottest 

on record, resulted in a 30-40 percent loss of Chardonnay crops and substantial damage 

to other wine grape crops (Andrews 1994). Aside from these direct effects there are 

‘indirect’ detrimental effects on fruit quality related to loss of canopy function. 

 

These observations are supported by good physiological evidence, largely from 

controlled environment studies that high temperatures can affect berry growth, 

development and function. Hale and Buttrose (1974) illustrated that berry development of 

Cabernet Sauvignon grapes grown under controlled environments at day/night 

temperatures of 35/30oC before veraison was restricted leading to reduced quality. 

 

Furthermore, Kliewer and colleagues (Kliewer 1968; Kliewer 1970; Matsui et al. 1986), 

demonstrated that short episodes of extreme temperature can decrease stomatal 

conductance, alter assimilate partitioning and dramatically decrease anthocyanin 

synthesis and subsequent berry quality (assessed as colour and acidity) of both wine 

grape and table grape varieties. These studies, which were largely undertaken in 

controlled environments, concluded that there were significant varietal differences to 

high temperature stress and that substantial impacts can occur both before and after 

veraison. Suppression of anthocyanin synthesis due to high temperatures has been 

demonstrated more recently (Haselgrove et al. 2000; Spayd et al. 2002). 

 

Controlled environment studies were pursued because of the technical difficulties of 

controlling cluster and/or canopy temperatures under field conditions. More recently 

Haselgrove et al (2000) have demonstrated under field conditions that canopy 

microclimate can influence bunch temperature and anthocyanin and phenolic 

composition of Shiraz grapes. 

 

Despite these physiological studies there are few studies defining the high temperature 

thresholds for damage, the interactions between varieties and the impact of timing and 
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duration of high temperature episodes in relation to phenology. Even less is understood 

about the physiology underlying berry damage and quality deterioration. Quantitative 

estimates of these thresholds are required to adequately model the impacts of increasing 

frequency and duration high temperature episodes under climate change. During these 

high temperature episodes the temperatures experienced by grape bunches will vary 

according to canopy architecture, their position in the canopy and the water relations of 

the vine. There is evidence that extreme temperature events can have serious effects on 

the harvest quality of the grapes and the resultant wine (Magarey et al. 1994b).  

 

Future work with regard to this topic in relation to the Australian wine industry would 

involve regions of higher risk being identified, highlighted and avoided when planning 

future plantings of grapevines. This will lead to efficiencies of time and space. These 

highlighted regions could be managed to ameliorate effects of extreme conditions with 

possible heat resistant native vegetation alternatives. It is only in identifying these areas 

at the outset that best land use practice can be implemented.  

 

9.3  Concluding comment 
 
The impact that projected GHG-induced climate change will have on the Australian wine 

industry has been investigated in this thesis. The Australian wine industry is an important 

industry with a gross value of about $5.8 billion and export earnings of $2.9 billion. 

Grapevines are intrinsically connected with climate with regard to the phenology, grape 

quality and grape yield. Scientific consensus proposes that the global climate is changing 

due to increases in the concentration of greenhouse gasses in the atmosphere. A changing 

climate will have an impact, therefore, on this industry and this impact has been 

comprehensively explored in this thesis. 

 

A warmer climate will affect grapevine phenology and in most regions budburst will be 

earlier, the season shorter, and harvest earlier. Grapes will be ripening in a projected 

warmer climate during an earlier part of the year. The warmer ripening temperatures will 

negatively impact grape quality in most cases. Projections of a negative impact on grape 

quality nationally of between 7 to 23% by 2030, and 12 to 57% by 2050 have been 
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determined. The range of results here is due to the uncertainty underlying the climate 

change projections into the future with the lower impact corresponding to the lowest 

fossil fuel emissions projection and consequent lowest warming projection. 

 

The adaptation strategy to compensate for lower grape quality by increasing yield has 

been found to be limited in many ways. A better strategy to address this quality impact is 

to look for new regions in which to grow grapes. A movement from inland regions to 

more coastal regions is suggested. Selecting alternative grape varieties to better match the 

warmer climate also offers a means to address the quality reduction. 

 

The suitability of land for growing winegrapes of a quality equivalent to that of the 

present day is expected to decrease in warmer climates, though initially the areas suitable 

for growing varieties with a ripening profile like that of Cabernet Sauvignon will 

increase. 

 

For most of the grape growing regions of Australia projections of an increasing water 

demand highlight the potential vulnerability in some grape-growing regions. Regions 

relying on underground water or surface water appear to be the most vulnerable. For 

these regions purchase of water from less efficient users may not be an option. This 

option is more readily available to regions relying on state irrigation schemes.  

 

Regions that are already characterised as warm to hot appear to be the worst affected by 

projected climate change, with less potential for adaptation. Further studies defining 

temperature damage thresholds, and exposing the potential increase in climate extremes 

may enable the Australian wine industry to avoid costly losses. Probabilistic climate 

projections may clarify potential suitability of some regions to support a winegrape 

industry in projected future climates. 
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Chapter 10  Appendix 
10.1 Introduction 

10.1.1  Regional climate data 
Table 53 Baseline climate data for Australian wine-growing regions 

Region Mean 
January 

Temperatu
re (°C) 

Growing 
degree 

days (°C) 

Mean 
February 

temperature 
(°C) 

Harvest 
maximum 

Temperature 
(DJF) (°C) 

Winter 
minimum 

Temperature 
(JJA)(°C) 

Minimum 
February 

Temperature 
(°C) 

Minimum 
January 

Temperature 
(°C) 

Annual 
Rainfall 

(mm) 

Summer 
rainfall 
(mm) 

Potential 
evaporation 

Summer 
(DJF) 
(mm) 

Continent
ality 

Diurnal 
Range 

Adelaide Hills 19.9 1549.4 19.3 24.8 7.3 13.1 13.1 770.5 118.6 647.2 10.3 12.5
Clare Valley 22.9 2056.6 22.2 29.0 7.2 14.9 14.9 436.6 80.6 727.7 13.0 15.1
Adelaide Plains 22.9 2173.5 22.8 27.8 9.9 16.0 16.0 402.0 78.6 747.8 11.8 12.9
McLaren Vale 20.4 1735.9 19.6 24.4 9.9 14.9 14.8 591.2 89.1 650.2 8.7 9.7
Langhorne Creek 20.4 1752.0 20.0 24.7 9.0 14.0 14.2 448.6 86.1 641.1 9.0 11.5
Coonawarra 19.2 1423.0 19.3 25.0 6.9 12.0 11.0 692.8 111.4 561.5 9.7 15.0
Wrattonbully 19.9 1522.4 20.0 26.4 6.0 12.0 11.0 601.0 99.7 591.6 10.4 16.4
Padthaway 20.3 1619.8 20.4 26.7 7.0 12.0 11.7 546.5 90.8 619.3 10.6 16.0
Riverland 23.5 2197.9 23.1 29.9 7.5 14.9 14.7 265.9 65.9 736.2 13.4 16.6
Barossa Valley 21.7 1853.3 21.3 27.3 7.7 14.1 14.1 578.6 95.2 731.9 12.2 14.2
Eden Valley 20.3 1544.0 20.2 26.2 6.3 12.4 12.4 684.2 109.4 678.4 11.4 14.9
Riverina 24.5 2330.9 24.2 30.4 6.8 16.6 16.3 427.3 132.5 812.4 15.8 15.4
Hunter Valley 22.5 2068.3 21.7 27.5 6.7 15.5 15.5 823.5 353.4 624.2 13.4 13.0
Cowra 23.2 2020.6 22.5 29.0 5.9 15.0 15.0 671.7 215.4 732.1 15.5 15.4
Mudgee 21.9 1808.9 20.9 27.3 4.9 14.2 14.1 738.0 275.6 652.7 14.9 14.5
Orange 20.7 1507.3 19.9 26.1 4.1 13.3 13.2 844.3 268.6 584.0 15.1 14.1
Canberra district 19.5 1302.9 19.0 25.1 3.0 11.9 11.8 845.4 253.4 610.8 14.8 14.5
Bendigo 20.7 1609.5 20.6 26.8 5.6 13.0 12.4 574.2 137.3 687.1 13.2 15.6
Goulburn Valley 22.1 1879.3 21.9 28.0 6.3 14.6 14.0 532.2 139.8 735.0 13.8 15.1
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Table 54 Baseline climate data for Australian winegrowing regions 

Region Mean January 
Temperature 

(°C) 

Growing 
degree 
days 
(°C) 

Mean February 
temperature 

(°C) 

Harvest 
maximum 

Temperature 
(DJF) (°C) 

Winter minimum 
Temperature 
(JJA)(°C) 

Minimum 
February 

Temperature 
(°C) 

Minimum 
January 

Temperature 
(°C) 

Annual 
Rainfall 

(mm) 

Summer 
rainfall 
(mm) 

Potential 
evaporation 

Summer 
(DJF) (mm) 

Continentality Diurnal 
Range 

King Valley, 
Alpine Valley, 
Beechworth 

19.5 1295.9 19.4 25.0 4.0 11.9 11.3 1230.6 258.1 618.6 14.1 15.2

Rutherglen, 
Glenrowan  

22.5 1892.0 22.1 28.6 5.7 14.3 14.0 662.2 162.2 729.2 15.3 16.1

Yarra Valley 19.0 1408.9 19.2 23.9 6.9 12.9 12.4 1002.0 257.3 515.4 10.6 12.5
Mornington 
Peninsula 

19.0 1520.1 19.0 22.2 9.8 15.0 14.0 723.3 172.7 515.1 8.2 9.2

Western Victoria 18.4 1350.2 19.0 24.4 6.4 11.9 11.3 686.6 142.8 576.7 10.6 14.2
Blackwood Valley 21.0 1727.6 20.8 27.0 7.8 13.5 12.9 805.7 74.9 664.1 10.3 15.3
Geographe 21.9 1924.9 21.6 27.2 9.3 15.0 14.6 909.4 65.8 671.0 9.9 13.7
Great Southern 20.0 1642.6 19.7 24.9 8.7 13.9 13.1 716.5 93.7 591.0 8.6 12.7
Manjimup 20.0 1600.5 19.9 25.1 8.6 13.6 12.9 1007.6 98.6 626.2 8.8 13.3
Pemberton 19.9 1656.2 19.9 24.3 9.7 14.7 13.7 1199.4 105.8 593.7 7.9 11.3
Margaret River 20.6 1868.7 20.5 23.7 12.2 16.3 15.9 1018.5 65.1 593.3 6.7 8.4
Swan District 24.1 2362.2 24.0 29.2 11.0 18.3 17.3 798.0 52.8 759.2 11.2 13.3
Peel 22.9 2028.5 22.4 28.7 8.5 15.3 14.7 836.5 68.1 752.8 11.6 15.4
Vic/NSW Murray 
Valley 

24.3 2330.1 23.8 30.3 7.5 16.0 15.8 306.0 85.7 791.1 14.2 16.1

Granite Belt 21.5 1907.3 20.5 26.5 5.5 14.9 14.9 827.6 362.0 589.2 13.4 12.5
South Burnett 24.0 2510.5 23.0 28.8 8.3 17.2 17.4 743.0 356.8 640.9 12.6 12.0
Tasmania 15.7 769.4 15.4 19.9 4.5 9.9 9.5 899.5 232.8 441.3 9.1 11.3
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10.1.2 Weighting of map grids 
 
The variation in cell sizes can be seen in Figure 62 and Figure 63. In this map the region 

of Wrattonbully is coloured (red, blue, green and yellow). Each of these grid points 

actually represents a slightly different MJT figure (in this instance). The contribution of 

the temperature given by the green zone would, however, be more representative of the 

region than that given by the blue grid. Area weighting is done for this reason. 

Wrattonbully

25km X 25 km OzClim Grid
cut by wine region map.

Borders where grid is cut have less weight 
when calculating the average

regional climate

 

Figure 62: OzClim climate map (25km X 25km gold grid) intersected by the wine region map. Some 
grid sections contribute less to the average climate of the wine region. Weighting by grid area is 
necessary. 

The method for calculation of average MJT is given in the following example: Cell sizes 

of the four of grid points contained in the Wrattonbully map vary as shown by the area 

indicated on the map, for example the blue region is indicated by the area 0.018041 (as 

areas are relative, a unit of area is not necessary to do the weighting). Each colour on the 

map represents a different MJT. The temperature value is weighted by the area value as is 

shown in the following calculation. 
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Figure 63: Cell size of grid points contained in the Wrattonbully map vary as shown by the area 
indicated on the map. Averaging climate data from the maps must be weighted accordingly. 

 
Total Wrattonbully area=0.00018+0.0021+0.018+0.037=0.0571 
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CMJT o0.20=  

 

If area weighting was not used the value extracted would be 19.9°C, or just the average 

value of the four climate variables represented. 
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10.1.3  Regional outliers 
 
Climate is variable within a region, especially if the topography of a region is variable. 

More mountainous regions have lowlands and highlands within them and if an average 

climate is taken, the lower temperature from the higher altitude parts will reduce the 

average climate. One way to measure climate variability (through space) of a region is to 

look at the standard deviation of the grid cells from a region. A low standard deviation 

means that the climate does not vary much through a region. A high standard deviation 

shows the opposite.  

 

Analysis of the standard deviation of the temperature from the regional grid averaging 

process illustrates the extent of climate variability (Figure 64). The Boxplot shows the 

range of standard deviation in the MJT for all winegrowing regions in Australia. The red 

area gives the standard deviation of the mid 50 percent. The ‘whiskers’ of the Boxplot 

indicate the range of expected standard deviations, and the red circled indicate outliers in 

the range. There are three outliers indicating the greatest climate variability: King Valley 

the most extreme outlier, Tumbarumba and Canberra. 

0.00 1.00 2.00 3.00

region
30

33

52

Standard deviation of MJT (°C)
0.00 1.00 2.00 3.00

region
30

33

52

Standard deviation of MJT (°C)
 

Figure 64: Boxplot comparing the Standard deviation of the MJT from the regional extractions of 
the OzClim output map. (52= King Valley, 33=Tumbarumba, 30=Canberra). 
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One assumption that had to be made when using average climate like this was that the 

vineyards from where the grape data is sourced would either be found spread evenly 

throughout a region, or at least in the area represented by the average climate of the 

region. In the King Valley region most vineyards are planted in the valley floor. A few 

vineyards are grown in the cooler Whitlands district but these are not representative of 

the wine grapes grown here. The fact that the climate varies so much in the King valley, 

coupled with knowledge that most wine grapes are grown in a climate not represented by 

the average temperature has meant that this region has been excluded from the analysis. 

 

For the Canberra region, the vineyards are planted in the cool climate areas (Helm and 

Cambourne 1999). So even though the climate is variable (spatially) the average climate 

is representative of the grape-growing climate. 

 

For Tumbarumba, no grape data was available anyway so this region was not included in 

this impact analysis regardless of the climate variability. 
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10.2 Phenology 
 

10.2.1  Definition of phenological stages 
 
Ecodormancy 
In the season of their formation the buds are considered to be in a pre-dormant state. The 

first phase of dormancy is paradormancy, which occurs during summer when buds do not 

grow due to correlative inhibition. The next phase of dormancy, endodormancy, occurs 

when environmental conditions prevent the survival of leafy tissues in autumn, during 

which buds will not grow under any conditions. Finally, during mid to late winter, 

ecodormancy occurs, and the buds will grow if placed in a favourable environment 

(Antcliff and May 1961; Lang et al. 1987; Lavee and May 1997; Schnabel and Wample 

1987) . 

 

Budburst 
Budburst is defined by (McIntyre et al. 1982) as the day when leaves are first recognised 

on 10% of the primary buds. E-L 4 (green tip) is the major stage of budburst chosen by 

(Coombe 1995). 

 

Flowering 
Flowering is defined by (McIntyre et al. 1982) as the day when 50% of the primary 

flower clusters had at least 5% of the calyptras off. (Coombe 1995) describes flowering 

beginning as E-L stage 19. 

 

Veraison 
Veraison is described by (Coombe 1995) as E-L 35. The original definition of veraison is 

‘berry colour change’. It is the point after which the sugar levels rise in the grapes and the 

grapes begin to ‘ripen’. 

 

Harvest 
Harvest ripe is described as E-L stage 38 (Coombe 1995). Throughout the chapter the 

terms ‘fruit-ripe’ and ‘harvest’ are interchanged. They are both defined, in this study, by 

the point when the fruit would achieve 22°Brix. 
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10.2.2  Standard VineLOGIC settings 
 
The following screen examples of the software options show the standard settings. The 

standard settings used for pruning, irrigation and hydrology in the package are shown 

(Figure 65 to Figure 67). The yield component (governed by these options) will have a 

slight affect on the phenology (Clingeleffer, P., Pers. comm.). 

 

 

Figure 65: VineLOGIC software simulation set up of pruning level and trellis selection used in the 
modeling of phenology. 
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Figure 66: Irrigation standard setting for the VineLOGIC simulation used in the modeling of 
phenology. 

 

Figure 67: VineLOGIC software simulation set up of hydrology used in the modeling of phenology. 
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10.2.3  ANOVA testing phenology baseline data 
Table 55: Regional and varietal effect on phenological events and season duration (Baseline data). 

Tests of Between-Subjects Effects     
Source Dependent 

Variable 
Type III Sum of 

Squares 
df Mean 

Square 
F Sig. 

Budburst day 15522.04a 11 1411.09 22.30 0.00 
harvest day 106178.46b 11 9652.59 93.90 0.00 

Corrected Model 

Season duration 82489.22c 11 7499.02 71.94 0.00 
Budburst day 11708580.36 1 11708580.36 185053.20 0.00 
harvest day 838724.27 1 838724.27 8158.86 0.00 

Intercept 

Season duration 5734134.05 1 5734134.05 55010.80 0.00 
Budburst day 7830.18 5 1566.04 24.75 0.00 
harvest day 98803.03 5 19760.61 192.23 0.00 

Region 

Season duration 82174.12 5 16434.82 157.67 0.00 
Budburst day 7527.20 1 7527.20 118.97 0.00 
harvest day 6661.25 1 6661.25 64.80 0.00 

Variety 

Season duration 26.45 1 26.45 0.25 0.62 
Budburst day 164.67 5 32.93 0.52 0.76 
harvest day 714.18 5 142.84 1.39 0.23 

Region  x 
Variety 

Season duration 288.65 5 57.73 0.55 0.74 
Budburst day 10629.60 168 63.27   
harvest day 17270.27 168 102.80   

Error 

Season duration 17511.73 168 104.24   
Budburst day 11734732.00 180    
harvest day 962173.00 180    

Total 

Season duration 5834135.00 180    
Budburst day 26151.64 179    
harvest day 123448.73 179    

Corrected Total 

Season duration 100000.95 179    
a R2 = .594 (Adjusted R2= .567) 
b R2= .860 (Adjusted R2 = .851) 
c R2 = .825 (Adjusted R2= .813) 
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10.2.4  Temperature difference results 
Table 56: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Vic/ NSW Murray Valley (3 climate models/ 3 emission scenarios). 

Scenario Region:  
Vic/NSW Murray Valley A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 0.9 2.0 0.7 1.4 0.5 0.8 
February 1.0 2.2 0.8 1.6 0.6 0.9 
March 0.9 1.9 0.7 1.4 0.5 0.8 
April 1.1 2.4 0.8 1.5 0.6 1.0 
May 0.9 2.0 0.7 1.4 0.5 0.8 
June 0.9 2.0 0.8 1.4 0.5 0.8 
July 1.0 2.1 0.8 1.5 0.5 0.8 
August 1.0 2.1 0.8 1.5 0.5 0.8 
September 1.0 2.2 0.8 1.6 0.6 0.9 
October 1.0 2.2 0.8 1.6 0.6 0.9 
November 1.2 2.6 1.0 1.9 0.7 1.0 

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 1.1 2.4 0.9 1.7 0.6 0.9 
January 1.3 2.8 1.1 2.0 0.7 1.1 
February 1.2 2.5 0.9 1.8 0.6 1.0 
March 1.4 3.0 1.2 2.2 0.8 1.2 
April 1.1 2.3 0.8 1.5 0.6 0.9 
May 1.1 2.5 0.9 1.8 0.6 1.0 
June 1.0 2.2 0.8 1.6 0.6 0.9 
July 0.9 2.0 0.8 1.4 0.5 0.8 
August 1.0 2.0 0.8 1.5 0.5 0.8 
September 1.0 2.2 0.9 1.6 0.6 0.9 
October 1.3 2.7 1.0 1.9 0.7 1.1 
November 1.5 3.3 1.2 2.3 0.8 1.3 

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 1.4 3.0 1.2 2.2 0.8 1.2 
January 1.1 2.4 0.9 1.7 0.6 0.9 
February 1.0 2.1 0.8 1.5 0.5 0.8 
March 1.1 2.4 0.9 1.7 0.6 0.9 
April 0.9 1.8 0.6 1.2 0.5 0.7 
May 0.9 2.0 0.8 1.4 0.5 0.8 
June 0.8 1.7 0.7 1.2 0.4 0.7 
July 0.9 1.8 0.7 1.3 0.5 0.7 
August 0.9 1.8 0.7 1.3 0.5 0.7 
September 0.9 2.0 0.8 1.4 0.5 0.8 
October 1.1 2.5 0.9 1.7 0.6 1.0 
November 1.1 2.4 0.9 1.7 0.6 0.9 

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 1.1 2.3 0.9 1.7 0.6 0.9 
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Table 57: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Coonawarra (3 climate models/ 3 emission scenarios). 

Scenario Region: 
Coonawarra A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 0.7 1.5 0.6 1.1 0.4 0.6 
February 0.8 1.6 0.6 1.2 0.4 0.6 
March 0.6 1.3 0.5 1.0 0.3 0.5 
April 0.8 1.7 0.6 1.1 0.4 0.7 
May 0.7 1.4 0.5 1.0 0.4 0.6 
June 0.7 1.5 0.6 1.0 0.4 0.6 
July 0.7 1.6 0.6 1.1 0.4 0.6 
August 0.7 1.5 0.6 1.1 0.4 0.6 
September 0.7 1.6 0.6 1.1 0.4 0.6 
October 0.7 1.5 0.6 1.1 0.4 0.6 
November 0.8 1.8 0.7 1.3 0.5 0.7 

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 0.8 1.7 0.6 1.2 0.4 0.7 
January 0.9 1.9 0.7 1.4 0.5 0.8 
February 0.8 1.7 0.6 1.2 0.4 0.7 
March 1.0 2.2 0.8 1.6 0.6 0.9 
April 0.9 1.9 0.6 1.2 0.5 0.7 
May 0.9 2.0 0.8 1.4 0.5 0.8 
June 0.8 1.8 0.7 1.3 0.5 0.7 
July 0.8 1.7 0.7 1.2 0.4 0.7 
August 0.8 1.7 0.6 1.2 0.4 0.7 
September 0.7 1.5 0.6 1.1 0.4 0.6 
October 0.8 1.7 0.6 1.2 0.4 0.7 
November 1.0 2.2 0.8 1.6 0.6 0.9 

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 1.0 2.1 0.8 1.5 0.5 0.8 
January 1.0 2.2 0.8 1.5 0.6 0.8 
February 0.8 1.8 0.7 1.3 0.5 0.7 
March 0.9 1.9 0.7 1.4 0.5 0.8 
April 0.7 1.6 0.5 1.0 0.4 0.6 
May 0.9 1.8 0.7 1.3 0.5 0.7 
June 0.7 1.6 0.6 1.1 0.4 0.6 
July 0.7 1.5 0.6 1.1 0.4 0.6 
August 0.7 1.6 0.6 1.1 0.4 0.6 
September 0.8 1.7 0.6 1.2 0.4 0.7 
October 1.0 2.1 0.8 1.5 0.5 0.8 
November 1.0 2.2 0.8 1.6 0.6 0.9 

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 1.0 2.2 0.8 1.6 0.6 0.9 

 
 
 
 



 251  

Table 58: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Riverina (3 climate models/ 3 emission scenarios). 

Scenario Region:  
Riverina A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 1.1 2.4 0.9 1.7 0.6 1.0 
February 1.1 2.3 0.9 1.7 0.6 0.9 
March 1.1 2.3 0.9 1.6 0.6 0.9 
April 1.2 2.6 0.8 1.6 0.7 1.0 
May 1.0 2.2 0.8 1.5 0.6 0.9 
June 1.0 2.2 0.8 1.5 0.6 0.8 
July 1.0 2.2 0.8 1.6 0.6 0.9 
August 1.0 2.2 0.8 1.6 0.6 0.9 
September 1.1 2.4 0.9 1.7 0.6 0.9 
October 1.2 2.6 1.0 1.9 0.7 1.0 
November 1.4 3.0 1.1 2.1 0.8 1.2 

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 1.2 2.6 1.0 1.9 0.7 1.0 
January 1.5 3.3 1.2 2.3 0.8 1.3 
February 1.3 2.8 1.1 2.0 0.7 1.1 
March 1.5 3.1 1.2 2.2 0.8 1.2 
April 1.1 2.4 0.8 1.5 0.6 0.9 
May 1.1 2.5 0.9 1.7 0.6 1.0 
June 1.0 2.3 0.9 1.6 0.6 0.9 
July 1.0 2.0 0.8 1.5 0.5 0.8 
August 0.9 2.0 0.8 1.4 0.5 0.8 
September 1.1 2.3 0.9 1.6 0.6 0.9 
October 1.4 3.0 1.2 2.2 0.8 1.2 
November 1.7 3.8 1.4 2.7 1.0 1.5 

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 1.6 3.5 1.3 2.5 0.9 1.4 
January 1.0 2.2 0.8 1.6 0.6 0.9 
February 1.0 2.2 0.8 1.6 0.6 0.9 
March 1.1 2.5 0.9 1.7 0.6 1.0 
April 0.9 1.9 0.6 1.2 0.5 0.8 
May 1.0 2.1 0.8 1.5 0.5 0.9 
June 0.9 1.9 0.7 1.3 0.5 0.7 
July 0.9 1.9 0.7 1.3 0.5 0.7 
August 0.9 1.9 0.7 1.3 0.5 0.7 
September 1.0 2.2 0.8 1.5 0.6 0.9 
October 1.2 2.6 1.0 1.8 0.7 1.0 
November 1.1 2.5 0.9 1.8 0.6 1.0 

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 1.2 2.5 0.9 1.8 0.6 1.0 
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Table 59: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Riverland (3 climate models/ 3 emission scenarios). 

Scenario Region:  
Riverland A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 0.7 1.6 0.6 1.1 0.4 0.6 
February 0.9 2.0 0.8 1.4 0.5 0.8 
March 0.8 1.7 0.6 1.2 0.4 0.7 
April 1.1 2.3 0.7 1.4 0.6 0.9 
May 0.9 1.9 0.7 1.3 0.5 0.7 
June 0.9 1.9 0.7 1.4 0.5 0.8 
July 1.0 2.1 0.8 1.5 0.5 0.8 
August 1.0 2.1 0.8 1.5 0.5 0.8 
September 1.0 2.2 0.8 1.6 0.6 0.9 
October 1.0 2.1 0.8 1.5 0.5 0.8 
November 1.1 2.4 0.9 1.7 0.6 1.0 

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 1.0 2.2 0.8 1.5 0.6 0.9 
January 1.1 2.5 0.9 1.7 0.6 1.0 
February 1.0 2.1 0.8 1.5 0.5 0.8 
March 1.3 2.9 1.1 2.0 0.7 1.1 
April 1.0 2.2 0.7 1.4 0.6 0.9 
May 1.1 2.4 0.9 1.7 0.6 0.9 
June 1.0 2.1 0.8 1.5 0.5 0.8 
July 0.9 2.0 0.7 1.4 0.5 0.8 
August 0.9 2.0 0.8 1.4 0.5 0.8 
September 1.0 2.2 0.8 1.5 0.6 0.8 
October 1.2 2.5 1.0 1.8 0.6 1.0 
November 1.4 2.9 1.1 2.1 0.7 1.1 

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 1.2 2.6 1.0 1.9 0.7 1.0 
January 1.1 2.3 0.9 1.6 0.6 0.9 
February 0.9 1.9 0.7 1.4 0.5 0.8 
March 1.1 2.3 0.9 1.7 0.6 0.9 
April 0.8 1.8 0.6 1.1 0.5 0.7 
May 0.9 2.0 0.8 1.4 0.5 0.8 
June 0.8 1.7 0.6 1.2 0.4 0.7 
July 0.8 1.7 0.7 1.2 0.4 0.7 
August 0.8 1.8 0.7 1.3 0.5 0.7 
September 0.9 2.0 0.8 1.4 0.5 0.8 
October 1.1 2.4 0.9 1.7 0.6 0.9 
November 1.1 2.3 0.9 1.6 0.6 0.9 

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 1.0 2.2 0.9 1.6 0.6 0.9 
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Table 60: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Margaret River (3 climate models/ 3 emission scenarios). 

Scenario Region:  
Margaret River A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 0.9 1.9 0.7 1.4 0.5 0.8 
February 1.0 2.2 0.8 1.5 0.6 0.9 
March 1.0 2.1 0.8 1.5 0.5 0.8 
April 1.2 2.5 0.8 1.6 0.6 1.0 
May 1.0 2.1 0.8 1.5 0.5 0.8 
June 0.8 1.8 0.7 1.3 0.5 0.7 
July 0.9 1.8 0.7 1.3 0.5 0.7 
August 0.8 1.7 0.7 1.2 0.4 0.7 
September 0.8 1.8 0.7 1.3 0.5 0.7 
October 1.0 2.1 0.8 1.5 0.5 0.8 
November 1.0 2.2 0.8 1.5 0.6 0.9 

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 1.1 2.3 0.9 1.6 0.6 0.9 
January 0.7 1.5 0.6 1.1 0.4 0.6 
February 0.8 1.7 0.6 1.2 0.4 0.7 
March 0.9 1.8 0.7 1.3 0.5 0.7 
April 0.8 1.7 0.5 1.1 0.4 0.7 
May 0.8 1.7 0.7 1.2 0.4 0.7 
June 0.7 1.6 0.6 1.1 0.4 0.6 
July 0.7 1.5 0.6 1.1 0.4 0.6 
August 0.7 1.5 0.6 1.1 0.4 0.6 
September 0.7 1.6 0.6 1.1 0.4 0.6 
October 0.8 1.7 0.6 1.2 0.4 0.7 
November 0.8 1.7 0.7 1.2 0.4 0.7 

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 0.7 1.6 0.6 1.1 0.4 0.6 
January 0.7 1.6 0.6 1.1 0.4 0.6 
February 0.7 1.5 0.6 1.0 0.4 0.6 
March 0.7 1.5 0.6 1.1 0.4 0.6 
April 0.7 1.6 0.5 1.0 0.4 0.6 
May 0.8 1.8 0.7 1.3 0.5 0.6 
June 0.7 1.5 0.6 1.0 0.4 0.6 
July 0.7 1.4 0.6 1.0 0.4 0.6 
August 0.5 1.1 0.4 0.8 0.3 0.5 
September 0.6 1.4 0.5 1.0 0.4 0.5 
October 0.7 1.6 0.6 1.1 0.4 0.6 
November 0.8 1.6 0.6 1.2 0.4 0.6 

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 0.7 1.5 0.6 1.1 0.4 0.6 
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Table 61: Regionally averaged projected temperature minus regionally averaged 1990 baseline 
temperature: Clare Valley (3 climate models/ 3 emission scenarios). 

Scenario Region: 
Clare Valley A1FI high A1B mid B1 low 

Climate Model Month 2030 2050 2030 2050 2030 2050 
January 0.6 1.4 0.5 1.0 0.4 0.5
February 0.8 1.8 0.7 1.3 0.5 0.7
March 0.8 1.6 0.6 1.1 0.4 0.6
April 1.0 2.2 0.7 1.4 0.6 0.9
May 0.9 1.9 0.7 1.3 0.5 0.7
June 0.9 2.0 0.7 1.4 0.5 0.8
July 1.0 2.1 0.8 1.5 0.5 0.8
August 0.9 2.0 0.8 1.4 0.5 0.8
September 1.0 2.2 0.8 1.5 0.6 0.9
October 0.9 2.0 0.8 1.4 0.5 0.8
November 1.1 2.3 0.9 1.6 0.6 0.9

CSIRO Mk3 
  
  
  
  
  
  
  
  
  
  
  

December 0.9 2.0 0.8 1.4 0.5 0.8
January 1.0 2.2 0.8 1.5 0.6 0.9
February 0.9 1.9 0.7 1.4 0.5 0.8
March 1.3 2.7 1.0 1.9 0.7 1.1
April 1.0 2.2 0.7 1.4 0.6 0.8
May 1.1 2.3 0.9 1.6 0.6 0.9
June 0.9 2.0 0.8 1.4 0.5 0.8
July 0.9 1.9 0.7 1.3 0.5 0.7
August 0.9 2.0 0.7 1.4 0.5 0.8
September 1.0 2.1 0.8 1.5 0.5 0.8
October 1.1 2.4 0.9 1.7 0.6 0.9
November 1.3 2.7 1.0 1.9 0.7 1.1

HADCM3 
  
  
  
  
  
  
  
  
  
  
  

December 1.1 2.4 0.9 1.7 0.6 0.9
January 0.9 2.0 0.8 1.4 0.5 0.8
February 0.8 1.8 0.7 1.3 0.5 0.7
March 1.0 2.2 0.8 1.6 0.6 0.9
April 0.8 1.6 0.5 1.0 0.4 0.6
May 0.9 1.9 0.7 1.3 0.5 0.8
June 0.8 1.6 0.6 1.2 0.4 0.6
July 0.8 1.7 0.7 1.2 0.4 0.7
August 0.8 1.8 0.7 1.2 0.4 0.7
September 0.8 1.8 0.7 1.3 0.5 0.7
October 1.0 2.2 0.8 1.5 0.6 0.9
November 0.9 2.0 0.8 1.4 0.5 0.8

Darlam 125km 
  
  
  
  
  
  
  
  
  
  
  

December 0.9 2.0 0.8 1.4 0.5 0.8
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10.2.5  Mechanics of the perturbation program 
 
All weather data for the VineLOGIC model are held in yearly weather files. The weather 

data modification program (obtained under agreement from the Cooperative Research 

Centre for Viticulture) will modify the value of minimum temperature, maximum 

temperature or solar radiation with a simple offset and produce a new series of files. 

 

The weather data modification programme is illustrated in Figure 68. In this case, data for 

the perturbation of all the MGRV (Margaret River) weather files have been entered. 

VineLOGIC is then run with the perturbed weather data and the code is altered (in the 

above case (Figure 68) MAB3 replaces the MGRV). The VineLOGIC model can then be 

run with the new code selected. VineLOGIC is run using the perturbed weather files for 

each site, emission scenario and outlook period. These phenology data output files are 

loaded into the statistics package SPSS11.0 for analysis. 

 

 

 
Figure 68: Weather data modification program with an example of possible monthly climate 
perturbation data for Margaret River entered.  

All files with this code 
will be copied and the 
offsets applied. 

Files created will have this 
code in their file name. 
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10.2.6  Detail of projected changes to phenology timings 

Table 62 The impact of projected temperature change on Cabernet Sauvignon budburst date in six different winegrowing regions of Australia. Three 
different GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

Budburst day  A1FI high A1B mid B1 low 

Cabernet 
Sauvignon 

 Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 2-Oct 23-Sep 14-Sep -9 -18 2-Oct 24-Sep 16-Sep -9 -17 2-Oct 28-Sep 25-Sep -4 -7
Coonawarra 24-Sep 16-Sep 11-Sep -8 -12 24-Sep 17-Sep 13-Sep -7 -11 24-Sep 19-Sep 18-Sep -5 -6
Riverland 12-Sep 8-Sep 5-Sep -5 -7 12-Sep 9-Sep 6-Sep -4 -6 12-Sep 10-Sep 9-Sep -2 -4
Riverina 19-Sep 12-Sep 7-Sep -7 -12 19-Sep 13-Sep 9-Sep -6 -10 19-Sep 16-Sep 13-Sep -4 -6
Margaret River 14-Sep 23-Sep 10-Oct 10 26 14-Sep 21-Sep 28-Sep 7 14 14-Sep 18-Sep 21-Sep 5 8

CSIRO Mk3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

13-Sep 9-Sep 6-Sep -4 -7 13-Sep 8-Sep 7-Sep -5 -6 13-Sep 10-Sep 10-Sep -3 -3

                                  
Clare Valley 2-Oct 25-Sep 17-Sep -8 -15 2-Oct 27-Sep 21-Sep -6 -11 2-Oct 28-Sep 26-Sep -4 -7
Coonawarra 24-Sep 17-Sep 13-Sep -6 -11 24-Sep 17-Sep 14-Sep -6 -10 24-Sep 19-Sep 17-Sep -5 -7
Riverland 12-Sep 8-Sep 7-Sep -4 -5 12-Sep 9-Sep 7-Sep -3 -5 12-Sep 10-Sep 9-Sep -2 -4
Riverina 19-Sep 12-Sep 9-Sep -7 -10 19-Sep 14-Sep 11-Sep -5 -9 19-Sep 16-Sep 13-Sep -4 -6
Margaret River 14-Sep 21-Sep 2-Oct 7 18 14-Sep 19-Sep 25-Sep 5 11 14-Sep 18-Sep 20-Sep 4 6

HADCM3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

13-Sep 9-Sep 8-Sep -4 -5 13-Sep 10-Sep 9-Sep -3 -4 13-Sep 10-Sep 9-Sep -2 -4

                                  
Clare Valley 2-Oct 25-Sep 18-Sep -7 -15 2-Oct 27-Sep 22-Sep -6 -11 2-Oct 29-Sep 27-Sep -4 -6
Coonawarra 24-Sep 17-Sep 13-Sep -7 -11 24-Sep 17-Sep 14-Sep -7 -10 24-Sep 20-Sep 17-Sep -4 -6
Riverland 12-Sep 8-Sep 6-Sep -4 -6 12-Sep 9-Sep 9-Sep -3 -3 12-Sep 9-Sep 11-Sep -4 -2
Riverina 19-Sep 13-Sep 8-Sep -6 -11 19-Sep 14-Sep 10-Sep -6 -9 19-Sep 16-Sep 15-Sep -4 -5
Margaret River 14-Sep 22-Sep 2-Oct 8 19 14-Sep 22-Sep 25-Sep 8 12 14-Sep 18-Sep 1-Oct 4 17

Darlam 125km 
  
  
  
  
  

Vic/NSW 
Murray Valley 

13-Sep 9-Sep 7-Sep -4 -6 13-Sep 10-Sep 8-Sep -3 -5 13-Sep 10-Sep 10-Sep -3 -3
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Table 63 The impact of projected temperature change on Cabernet Sauvignon harvest date in six different winegrowing regions of Australia. Three 
different GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

Harvest day  A1FI high A1B mid B1 low 

Cabernet 
Sauvignon 

 base 2030 2050 DIFF 
30 

DIFF 
50 

base 2030 2050 DIFF 
30 

DIFF 
50 

base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 24-Mar 9-Mar 24-Feb -15 -28 24-Mar 9-Mar 2-Mar -14 -21 24-Mar 15-Mar 11-Mar -8 -12
Coonawarra 3-May 10-Apr 22-Mar -23 -42 3-May 13-Apr 31-Mar -20 -33 3-May 18-Apr 12-Apr -15 -21

Riverland 1-Mar 17-Feb 7-Feb -12 -22 1-Mar 19-Feb 12-Feb -9 -16 1-Mar 22-Feb 19-Feb -6 -9
Riverina 22-Feb 10-Feb 30-Jan -12 -23 22-Feb 12-Feb 4-Feb -10 -18 22-Feb 15-Feb 12-Feb -6 -10

Margaret River 24-Mar 14-Mar 10-Mar -10 -13 24-Mar 15-Mar 10-Mar -9 -14 24-Mar 18-Mar 16-Mar -6 -8

CSIRO Mk3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

18-Feb 8-Feb 29-Jan -10 -19 18-Feb 9-Feb 3-Feb -9 -15 18-Feb 12-Feb 10-Feb -6 -7

                                  
Clare Valley 24-Mar 8-Mar 21-Feb -16 -30 24-Mar 10-Mar 1-Mar -13 -23 24-Mar 14-Mar 10-Mar -9 -13
Coonawarra 3-May 7-Apr 19-Mar -26 -45 3-May 10-Apr 27-Mar -23 -37 3-May 17-Apr 9-Apr -16 -24

Riverland 1-Mar 16-Feb 5-Feb -13 -24 1-Mar 18-Feb 10-Feb -11 -19 1-Mar 22-Feb 18-Feb -7 -11
Riverina 22-Feb 8-Feb 27-Jan -14 -25 22-Feb 10-Feb 2-Feb -11 -19 22-Feb 14-Feb 10-Feb -8 -12

Margaret River 24-Mar 16-Mar 12-Mar -7 -12 24-Mar 28-Mar 13-Mar 4 -11 24-Mar 19-Mar 17-Mar -4 -7

HADCM3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

18-Feb 6-Feb 27-Jan -11 -22 18-Feb 8-Feb 1-Feb -9 -16 18-Feb 11-Feb 8-Feb -7 -10

                                  
Clare Valley 24-Mar 9-Mar 24-Feb -15 -28 24-Mar 12-Mar 3-Mar -12 -21 24-Mar 15-Mar 11-Mar -8 -12
Coonawarra 3-May 5-Apr 16-Mar -28 -48 3-May 8-Apr 25-Mar -25 -39 3-May 17-Apr 9-Apr -16 -24

Riverland 1-Mar 16-Feb 6-Feb -12 -22 1-Mar 19-Feb 13-Feb -10 -16 1-Mar 19-Feb 20-Feb -10 -8
Riverina 22-Feb 11-Feb 1-Feb -11 -21 22-Feb 12-Feb 5-Feb -10 -16 22-Feb 16-Feb 13-Feb -6 -9

Margaret River 24-Mar 18-Mar 13-Mar -6 -11 24-Mar 20-Mar 14-Mar -4 -10 24-Mar 20-Mar 23-Mar -4 0

Darlam 125km 
  
  
  
  
  

Vic/NSW 
Murray Valley 

18-Feb 8-Feb 29-Jan -10 -19 18-Feb 10-Feb 3-Feb -8 -14 18-Feb 12-Feb 10-Feb -6 -8
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Table 64 The impact of projected temperature change on Cabernet Sauvignon season duration in six different winegrowing regions of Australia. Three 
different GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

Season 
duration 

 A1FI high A1B mid B1 low 

Cabernet 
Sauvignon 

 base 2030 2050 DIFF 
30 

DIFF 
50 

base 2030 2050 DIFF 
30 

DIFF 
50 

base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 172 167 162  -5 -10 172 167 168 -5 -5 172 168 168 -4 -5
Coonawarra 221 206 192 -15 -29 221 208 199 -13 -23 221 212 207 -10 -15
Riverland 169 162 155 -7 -15 169 164 159 -6 -10 169 165 164 -4 -6
Riverina 156 151 145 -5 -11 156 152 148 -4 -7 156 153 152 -3 -4
Margaret River 192 172 152 -20 -40 192 176 163 -16 -28 192 181 176 -10 -16

CSIRO 
Mk3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

158 153 145 -5 -13 158 154 149 -4 -9 158 155 154 -3 -4

                                  
Clare Valley 172 164 158 -8 -15 172 165 161 -7 -11 172 167 166 -5 -7
Coonawarra 221 202 187 -20 -34 221 205 194 -16 -27 221 210 205 -11 -17
Riverland 169 161 151 -9 -18 169 162 156 -8 -14 169 164 162 -5 -7
Riverina 156 149 141 -7 -15 156 149 145 -6 -11 156 151 150 -4 -6
Margaret River 192 177 161 -15 -31 192 190 169 -1 -22 192 183 178 -9 -13

HADCM3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

158 151 141 -7 -17 158 152 146 -6 -12 158 154 152 -4 -6

                                  
Clare Valley 172 165 160 -8 -13 172 166 163 -6 -10 172 168 166 -5 -6

Coonawarra 221 201 184 -21 -37 221 203 192 -18 -29 221 210 204 -12 -18
Riverland 169 161 154 -8 -16 169 163 157 -6 -12 169 163 163 -6 -6
Riverina 156 152 146 -4 -10 156 152 148 -4 -7 156 154 152 -2 -4
Margaret River 192 177 162 -15 -29 192 179 170 -13 -21 192 183 174 -9 -18

Darlam 
125km 
  
  
  
  
  

Vic/NSW 
Murray Valley 

158 152 145 -6 -13 158 153 149 -5 -9 158 155 153 -3 -5
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Table 65 The impact of projected temperature change on Chardonnay budburst date in six different winegrowing regions of Australia. Three different 
GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

Budburst day  A1FI high A1B mid B1 low 

Chardonnay  Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 18-Sep 10-Sep 3-Sep -9 -15 18-Sep 9-Sep 4-Sep -9 -15 18-Sep 14-Sep 11-Sep -4 -8
Coonawarra 7-Sep 1-Sep 28-Aug -7 -10 7-Sep 1-Sep 29-Aug -6 -9 7-Sep 3-Sep 2-Sep -4 -5

Riverland 31-
Aug 

27-
Aug 

27-Aug -4 -5 31-
Aug 

29-Aug 27-Aug -3 -4 31-
Aug 

29-
Aug 

28-
Aug 

-2 -3
Riverina 7-Sep 1-Sep 28-Aug -6 -10 7-Sep 1-Sep 29-Aug -6 -9 7-Sep 4-Sep 2-Sep -3 -5

Margaret River 3-Sep 14-Sep 2-Oct 11 29 3-Sep 11-Sep 19-Sep 8 16 3-Sep 9-Sep 12-Sep 6 9

CSIRO Mk3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

1-Sep 29-
Aug 

28-Aug -3 -5 1-Sep 28-Aug 27-Aug -4 -5 1-Sep 30-
Aug 

30-
Aug 

-2 -2
                                  

Clare Valley 18-Sep 11-Sep 5-Sep -8 -13 18-Sep 13-Sep 9-Sep -5 -10 18-Sep 14-Sep 12-Sep -4 -7
Coonawarra 7-Sep 3-Sep 30-Aug -5 -8 7-Sep 2-Sep 30-Aug -5 -8 7-Sep 3-Sep 2-Sep -4 -6

Riverland 31-
Aug 

28-
Aug 

29-Aug -3 -3 31-
Aug 

29-Aug 28-Aug -2 -3 31-
Aug 

30-
Aug 

28-
Aug 

-2 -3
Riverina 7-Sep 1-Sep 30-Aug -6 -8 7-Sep 3-Sep 31-Aug -4 -7 7-Sep 3-Sep 2-Sep -3 -5

Margaret River 3-Sep 11-Sep 24-Sep 9 21 3-Sep 9-Sep 16-Sep 6 13 3-Sep 7-Sep 20-Sep 4 17

HADCM3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

1-Sep 29-
Aug 

29-Aug -3 -3 1-Sep 30-Aug 30-Aug -2 -2 1-Sep 31-
Aug 

30-
Aug 

-2 -3
                                  

Clare Valley 18-Sep 11-Sep 6-Sep -7 -13 18-Sep 13-Sep 8-Sep -6 -10 18-Sep 14-Sep 12-Sep -4 -6
Coonawarra 7-Sep 2-Sep 30-Aug -5 -8 7-Sep 2-Sep 31-Aug -5 -8 7-Sep 4-Sep 2-Sep -4 -5

Riverland 31-
Aug 

28-
Aug 

27-Aug -3 -4 31-
Aug 

29-Aug 30-Aug -3 -1 31-
Aug 

28-
Aug 

30-
Aug 

-3 -1
Riverina 7-Sep 1-Sep 28-Aug -6 -10 7-Sep 2-Sep 30-Aug -5 -8 7-Sep 3-Sep 3-Sep -3 -4

Margaret River 3-Sep 12-Sep 23-Sep 10 21 3-Sep 11-Sep 16-Sep 8 13 3-Sep 8-Sep 21-Sep 5 18

Darlam 
125km 
  
  
  
  
  

Vic/NSW 
Murray Valley 

1-Sep 30-
Aug 

28-Aug -3 -4 1-Sep 30-Aug 28-Aug -3 -4 1-Sep 30-
Aug 

30-
Aug 

-2 -2
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Table 66 The impact of projected temperature change on Chardonnay harvest date in six different winegrowing regions of Australia. Three different 
GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

 
Harvest day  A1FI high A1B mid B1 low 

Chardonnay  Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 11-Mar 26-Feb 14-Feb -13 -25 11-Mar 27-Feb 20-Feb -12 -19 11-Mar 4-Mar 1-Mar -7 -11
Coonawarra 12-Apr 25-

Mar 
10-

Mar 
-19 -34 12-Apr 27-

Mar 
17-

Mar 
-16 -26 12-Apr 1-Apr 27-

Mar 
-12 -17

Riverland 18-Feb 8-Feb 29-Jan -11 -21 18-Feb 9-Feb 3-Feb -9 -15 18-Feb 13-Feb 9-Feb -6 -9
Riverina 13-Feb 1-Feb 22-Jan -11 -22 13-Feb 3-Feb 27-Jan -10 -17 13-Feb 6-Feb 3-Feb -6 -9

Margaret River 12-Mar 4-Mar 1-Mar -8 -11 12-Mar 4-Mar 28-Feb -8 -12 12-Mar 7-Mar 5-Mar -5 -7

CSIRO Mk3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

9-Feb 30-Jan 21-Jan -9 -19 9-Feb 31-Jan 25-Jan -8 -14 9-Feb 3-Feb 2-Feb -5 -7

                                  
Clare Valley 11-Mar 26-Feb 12-Feb -14 -27 11-Mar 28-Feb 19-Feb -12 -20 11-Mar 4-Mar 28-Feb -8 -12
Coonawarra 12-Apr 23-

Mar 
7-Mar -21 -37 12-Apr 25-

Mar 
14-

Mar 
-18 -29 12-Apr 31-

Mar 
25-

Mar 
-12 -19

Riverland 18-Feb 7-Feb 27-Jan -12 -22 18-Feb 8-Feb 1-Feb -10 -18 18-Feb 12-Feb 8-Feb -7 -10
Riverina 13-Feb 31-Jan 19-Jan -13 -24 13-Feb 2-Feb 25-Jan -11 -19 13-Feb 5-Feb 2-Feb -8 -11

Margaret River 12-Mar 6-Mar 2-Mar -6 -10 12-Mar 16-
Mar 

3-Mar 4 -9 12-Mar 8-Mar 17-
Mar 

-4 5

HADCM3 
  
  
  
  
  

Vic/NSW 
Murray Valley 

9-Feb 28-Jan 18-Jan -11 -21 9-Feb 31-Jan 24-Jan -9 -16 9-Feb 2-Feb 30-Jan -6 -9

                                  
Clare Valley 11-Mar 26-Feb 15-Feb -13 -25 11-Mar 1-Mar 21-Feb -10 -18 11-Mar 4-Mar 1-Mar -7 -11
Coonawarra 12-Apr 21-

Mar 
4-Mar -22 -39 12-Apr 24-

Mar 
12-

Mar 
-20 -31 12-Apr 30-

Mar 
24-

Mar 
-13 -19

Riverland 18-Feb 7-Feb 28-Jan -11 -21 18-Feb 9-Feb 3-Feb -9 -15 18-Feb 9-Feb 10-Feb -9 -8
Riverina 13-Feb 3-Feb 23-Jan -10 -21 13-Feb 3-Feb 28-Jan -9 -16 13-Feb 7-Feb 4-Feb -6 -8

Margaret River 12-Mar 7-Mar 3-Mar -5 -9 12-Mar 9-Mar 4-Mar -3 -8 12-Mar 8-Mar 12-
Mar 

-4 0

Darlam 125km 
  
  
  
  
  

Vic/NSW 
Murray Valley 

9-Feb 30-Jan 21-Jan -9 -19 9-Feb 1-Feb 26-Jan -8 -14 9-Feb 3-Feb 1-Feb -5 -8
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Table 67: The impact of projected temperature change on Chardonnay season duration in six different winegrowing regions of Australia. Three 
different GHG emission scenarios and three different climate models have been used to represent the range of uncertainty for future projections. 

 
Season duration  A1FI high A1B mid B1 low 

Variety: 
Chardonnay 

 Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

Base 2030 2050 DIFF 
30 

DIFF 
50 

                                  

Clare Valley 174 170 164 -4 -10 174 171 170 -3 -4 174 171 171 -3 -3
Coonawarra 217 205 194 -12 -24 217 207 200 -10 -17 217 210 205 -8 -12
Riverland 171 165 155 -7 -16 171 165 160 -6 -11 171 168 165 -4 -6
Riverina 159 154 147 -5 -12 159 155 151 -4 -8 159 156 155 -3 -5
Margaret River 191 171  150 -20 -40 191 174 162 -16 -28 191 180 174 -11 -16

CSIRO Mk3 
  
  
  
  
  

Vic/NSW Murray 
Valley 

161 154 147 -6 -14 161 156 151 -5 -9 161 157 156 -3 -5

                                  
Clare Valley 174 168 160 -6 -14 174 168 164 -6 -11 174 171 169 -4 -5
Coonawarra 217 202 189 -16 -28 217 205 196 -13 -21 217 209 204 -8 -13
Riverland 171 162 151 -9 -20 171 164 157 -8 -14 171 166 164 -5 -7
Riverina 159 152 143 -7 -16 159 153 148 -6 -11 159 155 153 -4 -6
Margaret River 191 176 160 -15 -31 191 188 168 -2 -22 191 182 178 -8 -12

HADCM3 
  
  
  
  
  

Vic/NSW Murray 
Valley 

161 152 142 -8 -18 161 154 147 -7 -13 161 156 154 -5 -7

                                  
Clare Valley 174 169 162 -6 -12 174 170 166 -5 -8 174 171 170 -3 -5

Coonawarra 217 201 186 -17 -31 217 203 194 -15 -24 217 208 203 -9 -14
Riverland 171 163 154 -8 -17 171 165 158 -6 -13 171 165 164 -6 -7
Riverina 159 154 148 -5 -11 159 155 151 -4 -8 159 157 155 -2 -4
Margaret River 191 176 160 -15 -30 191 179 169 -12 -22 191 182 173 -9 -18

Darlam 125km 
  
  
  
  
  

Vic/NSW Murray 
Valley 

161 154 146 -6 -15 161 155 151 -6 -10 161 157 155 -3 -5
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10.3  Quality 
 

10.3.1  Australian regional wine grape crush survey data sources 
Table 68: Source and corresponding number of records of pricing and tonnage data for premium varieties for all of the grape-growing regions in the 
states of Australia. 

state code source 1999 2000 2001 2002 2003 Total 
ARWCS2001   186   186
ARWCS2002    179  179
AWBC 140     140

South Australia 

phylloxera18  164   153 317
ARWCS2001   109   109
nswwine.org    109 111 220

New South Wales 
(outside Murray 
Valley) S.Mgrath-Kerr 92 87    179

agric.wa 83     83
ARWCS2001   76   76

Victoria (Outside 
Murray Valley) 

nre.vic  71  78 91 240
agric.wa 74 75 102   251
AWBC    102  102

Western Australia 

nicole@winewa     95 95
agric.wa 16     16Vic/NSW Murray 

Valley nre.vic  16 16 15 16 63
agric.wa   16   16Queensland19 
sd.qld    15 32 47
dpiwe.tas.gov 5 5  5 8 23Tasmania 
Duncan Farquhar   5   5

 Total 410 418 510 503 506 2347

 

                                                 
18 http://www.phylloxera.org.au 
19 Data from 1999 and 2000 not available 
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10.3.2 Average Prices 
Table 69: Weighted average price paid per tonne for premium white wine grapes (average of 1999-
2003) (AWBC 1999-2003). 

Region code Cabernet 
Sauvignon 

Malbec Merlot Pinot Noir Shiraz Cabernet 
Franc 

Ruby 
Cabernet 

Adelaide Hills $1,656 $1,635 $1,626 $1,769 $1,710 $1,503   
Clare Valley $1,624 $1,408 $1,451 $907 $1,714 $1,111   
Adelaide Plains $1,377 $1,078 $1,307 $919 $1,407 $1,450 $1,033 
McLaren Vale $1,819 $1,844 $1,780 $1,203 $1,887 $1,166 $974 
Langhorne Ck $1,492 $1,254 $1,401 $1,224 $1,474 $1,059 $1,153 
Coonawarra $2,050   $1,979 $1,314 $1,809 $1,829   
Wrattonbully $1,601 $1,275 $1,519   $1,556     
Padthaway $1,601 $1,410 $1,582 $1,455 $1,703     
Riverland $825 $557 $790 $649 $867 $634 $688 
Barossa Valley $1,691 $1,312 $1,584 $955 $1,925 $1,040 $934 
Eden Valley $1,866   $1,713 $1,226 $2,006 $1,493   
Riverina $621 $319 $602 $537 $589 $436 $533 
Hunter Valley $1,407 $1,390 $1,430 $1,248 $1,531 $1,401 $1,138 
Cowra $1,164   $1,104 $1,106 $1,174 $792   
Mudgee $1,215   $1,173 $1,126 $1,196     
Orange $1,409   $1,489 $1,790 $1,463 $1,546   
Canberra district $1,556   $1,656 $1,535 $1,658 $1,200   
Bendigo $1,304   $1,765 $1,831 $1,411 $1,400   
Goulburn Valley $1,208 $2,000 $1,189 $1,488 $1,171 $850   
Gippsland $1,443   $1,160 $1,560 $1,367     
Rutherglen, 
Glenrowan 

$1,291   $1,194 $1,103 $1,372 $950   

Yarra Valley $1,786 $1,708 $1,763 $1,790 $1,842 $1,782   
Mornington Peninsula $1,832   $1,590 $1,916 $1,956     

Western Victoria $1,500   $1,679 $1,760 $1,507   $500 
Blackwood Valley $1,375   $1,539 $1,202 $1,420     
Geographe $1,308 $1,113 $1,278 $1,369 $1,270     
Great Southern $1,550 $849 $1,585 $1,372 $1,542 $1,478   
Manjimup $1,384   $1,352 $1,314 $1,338 $1,304   
Pemberton $1,494   $1,507 $1,448 $1,504 $1,540   
Margaret River $1,462 $1,317 $1,537 $1,446 $1,601 $1,633   
Perth Hills $1,023 $809 $1,113 $1,006 $1,160     
Swan District $989   $1,120 $1,037 $1,064 $1,003   
Peel $1,100 $1,100     $1,100     
Vic/NSW Murray 
Valley 

$778 $634 $760 $610 $831 $459 $675 

Queensland $1,065 $1,400 $1,144 $990 $1,097 $1,093 $799 
Granite Belt $1,202   $1,193 $1,200 $1,142     
South Burnett $776   $883   $650     
Tasmania       $2,478       
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Table 70: Weighted average price paid per tonne for premium white wine grapes (average of 
1999-2003) (AWBC 1999-2003). 

Region Chard-
onnay 

Chenin 
Blanc 

Colom-
bard 

Riesling Sauvignon 
Blanc 

Semillon Tramin-
er 

Verdelho 

Adelaide Hills $1,817   $387 $1,091 $1,667 $1,292   $1,486 
Clare Valley $1,265 $632   $1,211 $1,030 $996 $725 $975 
Adelaide Plains $1,076 $515 $583 $588 $846 $851     
McLaren Vale $1,371 $711 $626 $959 $1,143 $967 $1,056 $1,388 
Langhorne Creek $1,257 $492 $494 $822 $928 $991 $586 $1,089 
Coonawarra $1,334     $849 $1,332 $893     
Wrattonbully $1,381     $1,100 $1,283 $250     
Padthaway $1,469     $1,232 $1,310 $513   $939 
Riverland $756 $362 $380 $461 $466 $460 $594 $481 
Barossa Valley $1,108 $547 $629 $836 $895 $881 $627 $1,263 
Eden Valley $1,309 $603 $651 $1,277 $1,220 $1,093 $979   
Riverina $705 $334 $354 $452 $392 $374 $529 $366 
Hunter Valley $1,245 $800   $932 $997 $1,093 $1,010 $1,193 
Cowra $1,158       $827 $900 $750 $889 
Mudgee $1,177     $903 $920 $854 $622 $937 
Orange $1,432     $1,434 $1,346 $1,087   $1,310 
Canberra district $1,421     $1,320 $1,341 $1,243 $918   
Bendigo $1,216     $865 $1,500 $919     
Goulburn Valley $1,460     $475 $725       
Gippsland $1,517     $1,500 $1,644       
Rutherglen, 
Glenrowan  

$992 $800   $813 $904 $632   $808 

Yarra Valley $1,796     $1,356 $1,612 $1,400 $1,741 $1,190 
Mornington Peninsula $1,727     $1,482 $1,826 $1,421     
Western Victoria $1,552     $843 $877 $950 $1,500   
Blackwood Valley $1,334     $1,172 $1,229 $1,032     
Geographe $1,382 $500   $1,164 $1,319 $1,137   $1,128 
Great Southern $1,504 $600   $1,444 $1,426 $1,423 $1,628 $1,331 
Manjimup $1,475 $1,000   $1,070 $1,301 $1,406   $1,238 
Pemberton $1,538 $700   $1,280 $1,462 $1,469   $1,396 
Margaret River $1,493 $1,254 $1,100 $1,148 $1,465 $1,424 $1,417 $1,402 
Perth Hills $1,102 $799   $350 $851 $831   $912 
Swan District $1,076 $832     $926 $871   $964 
Peel $1,300         $1,300   $1,300 
Vic/NSW Murray 
Valley 

$759 $365 $370 $450 $468 $498 $459 $418 

Queensland $1,023       $1,118 $883   $942 
Granite Belt $1,049     $800 $1,016 $807   $1,673 
South Burnett $1,020         $650   $919 
Tasmania $2,493     $2,408 $2,384       
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10.3.3 Colour analysis 
Table 72: The number of cases from each region included in the survey of colour data. 

Region Cabernet Sauvignon Shiraz

South Australia 2 3
Adelaide Hills 7 3
Clare Valley 5 7
Adelaide Plains     
McLaren Vale 103 163
Langhorne Creek 50 52
Coonawarra 138 50
Wrattonbully 51 16
Padthaway 152 112
Limestone Coast other 5   
Riverland 123 103
Barossa Valley 106 222
Eden Valley 3   
Riverina 15 52
Hunter Valley 5 18
Cowra 3 9
Mudgee 42 57
Canberra district 1   
Victoria (outside Murray Valley) 2   
Central Victoria 5 5
North East Victoria 74 42
King Valley, Alpine Valley, Beechworth 7 4
Western Australia 11 12
Margaret River 24   
Murray Valley- North West Victoria   1
Queensland 7 5
Total 941 936

 

10.3.4  Average price analysis 
 

The Australian grape crop has been increasing in volume in recent years. In 2002 the 

production of Australian grapes reached 1.75 million tonnes, an increase of 13 % over 

the previous year (Hoffman 2003). In 2004 an oversupply of some varieties in some 

regions has been suggested (Spencer 2003). Use of price data in the model where the 

supply and demand balance is shifting could be seen as questionable. The effect of 
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the different years of price data was tested to see whether the relationship of price to 

climate was affected by this increase in grape supply. 

 

Statistical analysis has shown that the sensitivity of price to climate is not 

significantly different from one year to the next within the range of years used for this 

analysis (i.e. 1999-2003) (P<0.01) except for the variety Malbec (P>0.05) (discussed 

later).  

Exploration of the yearly variation in price data for some premium grape varieties is 

shown in Figure 69 and Figure 70. 
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Figure 69: Regionally averaged wine grape price ($/tonne) separated by year, compared to the 
corresponding regionally averaged MJT (°C) for some premium red grape varieties.  
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Figure 70: Regionally averaged wine grape price ($/tonne) separated by year, compared 
to the corresponding regionally averaged MJT (°C) for some premium white grape 
varieties.  

Grape prices for Cabernet Sauvignon, Shiraz, Merlot, Pinot Noir and Semillon are 

tending to decrease throughout the period of analysis. The opposite is true for 

Chardonnay, Sauvignon Blanc and Riesling. Overall the pattern of sensitivity to 

temperature is not affected by the yearly price fluctuations. 

 

Examination of the scatter plots where regression curves are shown separately for 

each year in light of the variation in temperature is interesting. Year 2001, a hotter 

year is represented by the dark blue line. Year 2002, a cooler year, is represented by 

the pink line. Pinot Noir, Chardonnay, Sauvignon Blanc, and Riesling show that, per 

region, the price is higher in the cooler year. The other varieties have a more complex 

response. Cabernet Sauvignon highest price trend in the mid temperature range is 
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actually the highest in the cool year, but the lowest in the cool climates (was there an 

issue with ripening?). For Shiraz there is not much price movement regardless of the 

year. Merlot shows higher pricing in the cool year in the cooler climates and poorer 

pricing in the cooler year in the warmer climates. In the warmer regions the price 

trend for red grapes is downwards through the period of the data collection (1999-

2003). This is probably due the gradual market oversupply of grapes in the warmer 

climates (Spencer 2003). 

 
A significant interaction of year with regard to price exists for Malbec (P<0.05). This 

would imply that in some years the price for Malbec in the cooler climates was high 

and in some years the price for Malbec in the warmer climates was high (Figure 71). 

The crossing over of the regression lines indicates this is happening for this variety. 

This interaction relationship is not significant for any of the other varieties (P>0.05). 

This means that shifts in pricing can be ignored (between 1999 and 2003) and it is 

valid to take an average of this pricing data to compare with climate. 
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Figure 71: Regionally averaged dollars per tonne compared to the corresponding regionally 
averaged MJT for Malbec. The slope of the regression line indicates the sensitivity of grape price 
to temperature for the particular year.  
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10.4 Climate change impact on quality 

10.4.1 Projected mean January temperature 
Table 71: Projected Average regional MJT (°C) for Australian winegrowing regions: HADCM3 
model. 

Climate Model MJT (°C):HADCM3 
Scenario B1 low A1B mid A1FI high 

Year BASELINE 
2000 

2030 2050 BASELINE 
2000 

2030 2050 BASELINE 
2000 

2030 2050 

Adelaide Hills 20.0 20.4 20.6 20.0 20.6 21.3 20.0 20.8 21.9 
Adelaide Plains 23.0 23.4 23.6 23.0 23.6 24.3 23.0 23.8 24.9 
Barossa Valley 21.8 22.2 22.5 21.8 22.5 23.2 21.8 22.6 23.8 
Bendigo 20.7 21.3 21.6 20.7 21.6 22.5 20.8 21.8 23.3 
Blackwood Valley 21.0 21.3 21.5 21.0 21.5 22.0 21.0 21.6 22.5 
Canberra district 19.6 20.2 20.6 19.6 20.6 21.6 19.7 20.9 22.6 
Clare Valley 22.9 23.4 23.7 23.0 23.6 24.4 23.0 23.8 25.0 
Coonawarra 19.2 19.6 19.8 19.2 19.8 20.5 19.3 20.0 21.0 
Cowra 23.2 23.8 24.3 23.2 24.2 25.3 23.3 24.5 26.2 
Eden Valley 20.3 20.8 21.1 20.4 21.0 21.7 20.4 21.2 22.4 
Geographe 21.8 22.2 22.4 21.8 22.4 23.0 21.9 22.5 23.5 
Goulburn Valley 22.1 22.7 23.1 22.1 23.1 24.1 22.2 23.3 25.0 
Granite Belt 21.5 22.0 22.4 21.6 22.3 23.2 21.6 22.6 23.9 
Great Southern 19.9 20.2 20.4 19.9 20.4 20.8 19.9 20.5 21.3 
Henty 18.4 18.8 19.1 18.4 19.1 19.8 18.5 19.2 20.4 
Hunter Valley 22.5 23.0 23.4 22.5 23.4 24.3 22.6 23.6 25.1 
Langhorne Creek 20.4 20.8 21.1 20.5 21.1 21.7 20.5 21.2 22.3 
Manjimup 20.0 20.2 20.4 20.0 20.4 20.9 20.0 20.6 21.3 
Margaret River 20.5 20.8 21.1 20.6 21.0 21.5 20.6 21.2 22.0 
McLaren Vale 20.4 20.8 21.0 20.4 21.0 21.6 20.5 21.2 22.2 
Mornington 
Peninsula 

19.0 19.5 19.9 19.1 19.9 20.7 19.1 20.1 21.5 

Mudgee 21.9 22.5 22.9 21.9 22.9 23.9 22.0 23.2 24.8 
Orange 20.7 21.4 21.8 20.8 21.8 22.8 20.8 22.0 23.7 
Padthaway 20.3 20.7 20.9 20.3 20.9 21.6 20.3 21.1 22.2 
Pemberton 19.8 20.1 20.3 19.9 20.3 20.8 19.9 20.4 21.2 
Riverina 24.5 25.2 25.7 24.6 25.6 26.7 24.6 25.9 27.6 
Riverland 23.5 24.0 24.4 23.6 24.3 25.2 23.6 24.6 25.9 
Rutherglen, 
Glenrowan  

22.5 23.2 23.6 22.6 23.6 24.7 22.6 23.9 25.6 

South Burnett 23.9 24.4 24.8 24.0 24.8 25.6 24.0 25.0 26.4 
Swan Valley 24.3 24.8 25.1 24.4 25.1 25.9 24.4 25.3 26.6 
Tasmania 15.6 16.1 16.5 15.7 16.4 17.3 15.7 16.6 18.0 
Vic/NSW Murray 
Valley 

24.3 24.8 25.2 24.3 25.2 26.1 24.4 25.4 27.0 

Wrattonbully 19.9 20.3 20.6 19.9 20.5 21.2 19.9 20.7 21.8 
Yarra Valley 19.0 19.6 20.0 19.1 20.0 20.9 19.1 20.2 21.8 
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Table 72: Projected Average regional MJT (°C) for Australian winegrowing regions: Darlam 
125km model. 

Climate model MJT (°C): Darlam 125km 
Scenario A1B mid A1FI high B1 low 
Region BASELINE 

2000 
2030 2050 BASELINE 

2000 
2030 2050 BASELINE 

2000 
2030 2050 

Adelaide Hills 20.0 20.5 21.2 20.0 20.7 21.7 19.9 20.3 20.6 
Adelaide Plains 23.0 23.5 24.2 23.0 23.7 24.7 22.9 23.3 23.6 
Barossa Valley 21.8 22.4 23.0 21.8 22.6 23.6 21.8 22.1 22.4 
Bendigo 20.7 21.3 22.0 20.7 21.5 22.6 20.7 21.1 21.4 
Blackwood Valley 21.0 21.6 22.2 21.0 21.7 22.8 21.0 21.4 21.6 
Canberra district 19.5 20.0 20.5 19.5 20.1 21.0 19.5 19.8 20.0 
Clare Valley 22.9 23.6 24.2 23.0 23.7 24.8 22.9 23.3 23.6 
Coonawarra 19.2 19.9 20.6 19.3 20.1 21.2 19.2 19.6 19.9 
Cowra 23.2 23.7 24.3 23.2 23.9 24.9 23.1 23.5 23.8 
Eden Valley 20.3 21.0 21.6 20.4 21.1 22.2 20.3 20.7 21.0 
Geographe 21.8 22.4 23.0 21.9 22.6 23.6 21.8 22.2 22.4 
Goulburn Valley 22.0 22.7 23.4 22.1 22.9 24.0 22.0 22.4 22.7 
Granite Belt 21.5 22.0 22.6 21.5 22.2 23.1 21.5 21.8 22.0 
Great Southern 20.0 20.5 21.1 20.0 20.7 21.7 19.9 20.3 20.5 
Henty 18.4 19.1 19.8 18.5 19.3 20.5 18.4 18.8 19.1 
Hunter Valley 22.4 23.0 23.5 22.5 23.1 24.0 22.4 22.7 23.0 
Langhorne Creek 20.5 21.0 21.6 20.5 21.2 22.2 20.4 20.8 21.1 
Manjimup 20.0 20.6 21.1 20.0 20.7 21.7 20.0 20.3 20.6 
Margaret River 20.6 21.1 21.6 20.6 21.2 22.0 20.5 20.9 21.1 
McLaren Vale 20.4 21.0 21.5 20.4 21.1 22.0 20.4 20.7 21.0 
Mornington 
Peninsula 

19.0 19.6 20.3 19.0 19.8 20.8 19.0 19.4 19.6 

Mudgee 21.8 22.4 23.0 21.9 22.5 23.5 21.8 22.2 22.4 
Orange 20.7 21.2 21.8 20.7 21.4 22.4 20.7 21.0 21.3 
Padthaway 20.3 21.0 21.8 20.4 21.2 22.4 20.3 20.7 21.1 
Pemberton 19.9 20.4 21.0 19.9 20.5 21.4 19.9 20.2 20.4 
Riverina 24.5 25.2 25.9 24.5 25.4 26.5 24.5 24.9 25.2 
Riverland 23.6 24.3 25.0 23.6 24.5 25.7 23.5 24.0 24.3 
Rutherglen, 
Glenrowan  

22.5 23.2 23.8 22.6 23.3 24.4 22.5 22.9 23.2 

South Burnett 23.9 24.5 25.2 24.0 24.7 25.8 23.9 24.3 24.6 
Swan Valley 24.4 25.0 25.7 24.4 25.2 26.3 24.3 24.8 25.0 
Tasmania 15.6 16.1 16.7 15.6 16.3 17.2 15.6 15.9 16.2 
Vic/NSW Murray 
Valley 

24.3 25.0 25.8 24.3 25.2 26.5 24.2 24.7 25.1 

Wrattonbully 19.9 20.6 21.4 20.0 20.8 22.0 19.9 20.4 20.7 
Yarra Valley 19.0 19.6 20.3 19.0 19.8 20.9 19.0 19.4 19.7 
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Table 73: Projected Average regional MJT (°C) for Australian winegrowing regions: CSIRO 
MK3 model. 

Climate model MJT (°C) CSIRO Mk3 
Emission scenario A1B mid A1FI high B1 low 

Year BASELINE 
2000 

2030 2050 BASELINE 
2000 

2030 2050 BASELINE 
2000 

2030 2050 

Adelaide Hills 19.93 20.33 20.76 19.95 20.44 21.13 19.91 20.17 20.35 
Adelaide Plains 22.93 23.33 23.76 22.95 23.44 24.14 22.91 23.17 23.35 
Barossa Valley 21.74 22.14 22.58 21.75 22.26 22.96 21.71 21.98 22.16 
Bendigo 20.70 21.39 22.13 20.73 21.58 22.78 20.66 21.11 21.42 
Blackwood Valley 21.02 21.67 22.36 21.04 21.85 22.98 20.98 21.40 21.69 
Canberra district 19.54 20.23 20.98 19.57 20.43 21.64 19.50 19.95 20.26 
Clare Valley 22.90 23.32 23.77 22.92 23.44 24.17 22.88 23.15 23.34 
Coonawarra 19.20 19.67 20.17 19.22 19.80 20.62 19.17 19.48 19.69 
Cowra 23.18 23.91 24.69 23.21 24.11 25.37 23.14 23.61 23.94 
Eden Valley 20.30 20.71 21.15 20.32 20.82 21.54 20.27 20.54 20.73 
Geographe 21.86 22.52 23.23 21.88 22.70 23.85 21.82 22.25 22.55 
Goulburn Valley 22.06 22.78 23.55 22.09 22.98 24.24 22.01 22.49 22.81 
Granite Belt 21.53 22.25 23.02 21.56 22.45 23.69 21.49 21.96 22.28 
Great Southern 19.95 20.51 21.12 19.97 20.67 21.65 19.92 20.28 20.54 
Henty 18.40 18.94 19.52 18.42 19.09 20.03 18.37 18.72 18.96 
Hunter Valley 22.49 23.24 24.05 22.52 23.45 24.76 22.45 22.94 23.28 
Langhorne Creek 20.41 20.81 21.24 20.42 20.92 21.62 20.38 20.65 20.83 
Manjimup 20.01 20.64 21.31 20.04 20.81 21.91 19.98 20.39 20.67 
Margaret River 20.58 21.18 21.81 20.61 21.34 22.37 20.55 20.94 21.20 
McLaren Vale 20.38 20.77 21.19 20.40 20.88 21.56 20.36 20.61 20.79 
Mornington 
Peninsula 

19.03 19.72 20.47 19.06 19.92 21.13 18.98 19.44 19.75 

Mudgee 21.88 22.63 23.44 21.91 22.84 24.15 21.84 22.33 22.67 
Orange 20.72 21.46 22.24 20.76 21.66 22.94 20.68 21.16 21.49 
Padthaway 20.26 20.74 21.25 20.29 20.87 21.70 20.24 20.55 20.76 
Pemberton 19.90 20.51 21.17 19.93 20.68 21.74 19.86 20.26 20.54 
Riverina 24.53 25.27 26.07 24.56 25.48 26.77 24.49 24.97 25.31 
Riverland 23.52 24.00 24.51 23.54 24.13 24.96 23.49 23.80 24.02 
Rutherglen, 
Glenrowan and 
remnants of NE 
Victoria 

22.54 23.27 24.04 22.57 23.47 24.73 22.50 22.97 23.30 

South Burnett 23.95 24.67 25.45 23.98 24.87 26.14 23.91 24.38 24.71 
Swan Valley 24.39 25.14 25.94 24.42 25.34 26.64 24.35 24.84 25.17 
Tasmania 15.66 16.42 17.24 15.69 16.63 17.96 15.62 16.11 16.45 
Vic/NSW Murray 
Valley 

24.26 24.86 25.50 24.28 25.02 26.07 24.22 24.61 24.88 

Wrattonbully 19.88 20.37 20.89 19.91 20.50 21.35 19.86 20.17 20.39 
Yarra Valley 19.02 19.73 20.50 19.05 19.93 21.18 18.97 19.44 19.76 
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Table 74: Range of projected changes to MJT (°C) in Australian grape growing regions due to 
projected climate change (cf. 2000). 

MJT change 2030 2050 
Region Range (°C) Range (°C) 

Adelaide Hills 0.3 to 0.8 0.4 to 1.8
Clare Valley 0.3 to 0.8 0.5 to 2.0
Adelaide Plains 0.3 to 0.8 0.4 to 1.9
McLaren Vale 0.3 to 0.7 0.4 to 1.7
Langhorne Creek 0.3 to 0.7 0.4 to 1.8
Coonawarra 0.3 to 0.8 0.5 to 2.0
Wrattonbully 0.3 to 0.9 0.5 to 2.1
Padthaway 0.3 to 0.9 0.5 to 2.1
Riverland 0.3 to 0.9 0.5 to 2.2
Barossa Valley 0.3 to 0.8 0.5 to 2.0
Eden Valley 0.3 to 0.8 0.5 to 2.0
Riverina 0.4 to 1.2 0.7 to 3.0
Hunter Valley 0.3 to 1.0 0.6 to 2.6
Cowra 0.4 to 1.2 0.6 to 3.0
Mudgee 0.4 to 1.2 0.6 to 2.8
Orange 0.4 to 1.2 0.6 to 2.9
Canberra district 0.3 to 1.2 0.6 to 2.9
Bendigo 0.4 to 1.1 0.7 to 2.6
Goulburn Valley 0.4 to 1.2 0.7 to 2.8
King Valley, Alpine Valley, Beechworth 0.4 to 1.2 0.7 to 3.0
Rutherglen, Glenrowan  0.4 to 1.2 0.7 to 3.0
Yarra Valley 0.4 to 1.1 0.7 to 2.7
Mornington Peninsula 0.4 to 1.0 0.7 to 2.4
Henty 0.4 to 0.8 0.6 to 2.0
Blackwood Valley 0.3 to 0.8 0.6 to 1.9
Geographe 0.4 to 0.8 0.6 to 1.7
Great Southern 0.3 to 0.7 0.5 to 1.7
Manjimup 0.3 to 0.8 0.5 to 1.9
Pemberton 0.3 to 0.8 0.5 to 1.8
Margaret River 0.3 to 0.7 0.5 to 1.8
Swan Valley 0.4 to 0.9 0.7 to 2.2
Vic/NSW Murray Valley 0.4 to 1.1 0.7 to 2.6
Granite Belt 0.3 to 1.0 0.6 to 2.3
South Burnett 0.4 to 1.0 0.7 to 2.4
Tasmania 0.3 to 0.9 0.6 to 2.3
Min Temp. Change (c.f. BASELINE 2000) 0.3 to 0.7 0.4 to 1.7
Max Temp. Change (c.f. BASELINE 2000) 0.4 to 1.2 0.7 to 3.0
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10.5 Value 

10.5.1 Varietal distribution 
Table 75: Percentage (by volume of tonnes crushed) of the premium red varieties crushed in 
each grape growing region. 

Region Cabernet 
Sauvignon 

Malbec Merlot Pinot 
Noir 

Shiraz Cabernet 
Franc 

Ruby 
Cabernet 

Adelaide Hills 11.8 0.0 7.3 18.7 8.7 0.6 0.0 
Clare Valley 21.5 0.8 4.6 1.2 29.3 0.9 0.1 
Adelaide Plains 11.1 1.6 5.1 6.3 29.7 0.4 0.2 
McLaren Vale 18.2 0.1 4.2 2.4 38.7 0.9 0.1 
Langhorne Creek 42.8 0.6 6.1 0.6 32.8 0.4 0.0 
Coonawarra 46.7 0.4 5.2 3.3 25.3 1.2 0.0 
Wrattonbully 52.4 0.1 10.1 2.0 27.3 0.0   
Padthaway 19.9 1.0 5.4 4.9 22.3 1.1 0.0 
Riverland 15.4 0.3 4.4 0.4 24.3 0.0 4.0 
Barossa Valley 11.9 0.3 2.4 1.7 33.3 1.1 0.0 
Eden Valley 13.4   2.5 5.2 25.2 0.4   
Riverina 7.4 0.0 5.1 1.2 22.2 0.2 4.3 
Hunter Valley 4.9 0.0 3.2 1.8 14.1 0.4 0.4 
Cowra 12.2 1.0 3.9 2.4 17.4 2.7 1.9 
Mudgee 23.1 0.0 7.4 2.0 31.1 1.0   
Orange 26.4 0.1 11.5 1.8 32.1 0.5   
Canberra district 12.7   8.6 5.4 20.8 1.9   
Bendigo 25.0   2.0 0.4 65.2 0.2   
Goulburn Valley 11.6 1.2 6.8 5.8 31.0 0.8   
Gippsland 14.4 0.0 2.7 31.7 18.4 1.1   
North East Victoria 23.5 1.1 7.1 5.8 20.6 3.2 0.0 
Rutherglen, Glenrowan  20.2 0.1 2.9 0.8 45.1 0.3 0.4 
Yarra Valley 16.4 0.0 5.0 26.0 6.9 0.3   
Mornington Peninsula 7.1   0.9 33.6 3.8 0.9   
Western Victoria 13.1 1.1 3.2 6.8 43.6 0.7 0.0 
Blackwood Valley 27.8   1.8 1.7 29.2 0.2   
Geographe 19.5 0.2 8.5 1.1 34.2 0.3   
Great Southern 20.8 0.6 5.7 3.1 22.8 1.7   
Manjimup 14.6   13.1 13.2 16.2 3.2   
Pemberton 18.4   13.8 6.6 10.8 0.8   
Margaret River 21.0 0.3 7.2 0.6 14.9 1.0   
Perth Hills 12.7 0.5 2.9 4.1 20.7 0.8   
Swan District 5.6 0.0 0.9 0.3 12.2 0.2   
Peel 10.4 3.0     17.2     
Vic/NSW Murray Valley 12.0 0.0 6.3 0.2 12.5 0.0 3.0 
Queensland 16.8 0.4 7.5 1.0 28.4 0.8 1.1 
Granite Belt 20.5 0.4 9.1 3.2 20.6 1.5 0.1 
South Burnett 16.2   3.4   35.7     
Tasmania 5.4     38.3       
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Table 76: Percentage (by volume of tonnes crushed) of the premium white varieties crushed in 
each grape growing region. 

Region Chard-
onnay 

Chenin 
Blanc 

Colombard Riesling Sauvignon 
Blanc 

Semillon Traminer Verdelho 

Adelaide Hills 27.0   0.2 1.2 14.5 7.1   0.6 
Clare Valley 12.0 0.3   16.4 1.4 7.3 0.4 0.1 
Adelaide Plains 18.9 3.1 2.8 3.0 5.1 4.8   0.1 
McLaren Vale 15.1 0.8 0.1 2.2 2.3 4.8 0.1 0.3 
Langhorne Creek 9.7 0.0 0.1 0.5 0.4 0.7 0.2 1.2 
Coonawarra 11.0     4.4 1.7 0.4 0.1 0.1 
Wrattonbully 4.6     0.1 3.0 0.4     
Padthaway 29.2     9.4 1.4 2.9 1.1 1.0 
Riverland 16.3 1.8 5.2 1.3 0.9 2.5 0.3 0.7 
Barossa Valley 10.5 1.8 0.0 6.0 1.7 16.1 0.2 0.0 
Eden Valley 15.0 0.1 0.1 27.0 2.6 3.7 1.6   
Big Rivers 49.2         6.9 0.2 0.4 
Riverina 13.7 0.6 5.6 1.4 1.7 20.6 1.5 1.8 
Hunter Valley 36.4 0.1 1.6 0.4 2.4 22.5 1.8 9.2 
Cowra 40.8       2.5 10.3 0.1 5.0 
Mudgee 17.9 0.0   0.9 3.3 10.8 0.5 0.7 
Orange 15.7 0.3   1.2 5.2 2.4 0.1 1.4 
Bendigo 4.3     0.2 2.0 0.7     
Goulburn Valley 27.9 0.3   1.7 6.6 2.4   2.1 
Gippsland 21.9     2.8 6.6   1.4   
Rutherglen, 
Glenrowan  

3.8 0.7   1.0 0.6 1.1 0.1 0.0 

Yarra Valley 33.5 0.0 0.0 0.5 7.6 1.0 0.1 0.1 
Mornington 
Peninsula 

43.9     1.2 4.9 0.3 0.0   

Blackwood Valley 22.6 0.4   0.7 7.8 7.8     
Geographe 13.7 1.0   1.4 9.1 8.7   1.6 
Great Southern 15.4 0.0   11.4 9.0 6.1 0.3 0.8 
Manjimup 18.2 0.1   1.5 8.7 5.7   3.7 
Pemberton 26.0 0.2   0.2 9.0 6.3   7.9 
Margaret River 13.0 3.1 0.0 1.5 13.6 16.3 0.0 1.6 
Perth Hills 14.1 8.5   1.1 2.6 5.5 1.1 5.3 
Swan District 12.7 35.4 0.3 0.0 1.1 5.1 0.2 13.0 
Peel 25.4         25.4   4.5 
Vic/NSW Murray 
Valley 

21.2 0.5 5.7 0.7 0.7 3.2 0.0 0.2 

Queensland 16.2 0.3 0.1 0.3 1.8 10.9 0.1 4.2 
Granite Belt 10.3 0.3 0.3 0.9 5.2 5.6 0.3 2.3 
South Burnett 19.2         13.7   4.4 
Tasmania 35.7     7.8 6.8   0.7   
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10.5.2  Comparison of survey datasets 
 

Table 77 T-test comparing the production data from the 2002 survey datasets from the AWBC 
(AWBC 2002) and the ABS (ABS 2002). 

Pair 1 Production for winemaking (tonnes) (ABS) - Tonnes crushed (AWBC) 
 Paired Differences t df Sig. (2-

tailed) 
 Mean Std. 

Deviation 
Std. Error 

Mean 
95% Confidence Interval 

of the Difference 
   

Variety    Lower Upper    
Cabernet Sauvignon -1114.0 4518.2 811.49 -2771.29 543.27 -1.373 30 0.18
Merlot -537.4 2354.3 437.18 -1432.97 358.08 -1.229 28 0.23
Pinot Noir 1.3 231.9 42.34 -85.25 87.93 0.033 29 0.97
Shiraz -1561.5 4564.0 833.26 -3265.71 142.71 -1.874 29 0.07
Chardonnay -1539.3 6180.5 1110.04 -3806.3 727.71 -1.399 30 0.18
Chenin Blanc -31.9 227.2 60.73 -163.11 99.28 -0.526 13 0.61
Colombard -1924.4 4110.5 1838.29 -7028.27 3179.55 -1.046 4 0.35
Riesling 4.0 277.6 56.67 -113.26 121.22 0.070 23 0.94
Sauvignon Blanc -105.0 379.1 69.21 -246.56 36.55 -1.517 29 0.14
Semillon -426.5 1362.5 253.01 -944.78 91.76 -1.686 28 0.10
Cabernet Franc 20.8 96.8 20.19 -21.06 62.68 1.031 22 0.31
Traminer -48.5 123.5 30.87 -114.30 17.29 -1.571 15 0.14
Verdelho -176.2 531.4 118.83 -424.95 72.46 -1.483 19 0.15

 
 

Comment [CU3]: landscape
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10.6 Variety shifting 

10.6.1  Important varieties 

Shiraz is Australia’s most important grape variety. Since the early 1990’s more 

Shiraz has been planted than any other variety. By 2001 there were 37,030 hectares 

representing 23 percent of the total Australian Vineyard area. More than half of 

Shiraz is planted in South Australia. Shiraz has become Australia’s most important 

red wine variety because it yields well under a range of climatic conditions. The 

bunches stand up to wet weather near harvest better than most varieties which may 

account for their popularity in the Hunter Valley (Dry 2004). 

 

Chardonnay is produced in every state at a high level. Chardonnay was the single 

most sought after grape variety in the 1980’s in Australia. The Chardonnay variety is 

Australia’s most important white winegrape. From the 1970’s to the 1990’s planting 

area has increased from less than 100 hectares to 21,724 hectares. Good well 

balanced wines can be produced under a wide range of climatic conditions (Kerridge 

and Antcliff 1996).  

 

Cabernet Sauvignon is widely regarded as the world’s premium variety for red 

wine. In Australia, the planted area increases from 4000 hectares in the late 1980’s to 

29,573 hectares by 2002. Almost 60 percent of the planted area is in South Australia, 

with the Limestone Coast (Coonawarra and Padthaway region) having 19 percent and 

Lower Murray 14 percent of national production (Dry 2004). Poor fruit set can be a 

problem, particularly in cool regions in vineyards of high vigour. The wines of 

Cabernet Sauvignon have a recognisable varietal character in all climatic regions but 

this is usually most intense when vines are grown under cool conditions (Kerridge 

and Antcliff 1996). 

 

Merlot was the fourth highest producing grape variety in Australia in 2001-02 

(Hoffman 2003). (NB: Data from this assessment (years 1999-2003) show that the 

variety Merlot was the fifth largest contributor and Semillon the fourth largest). 
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During the 1990’s the area planted to Merlot has increased more than 30 times. It is 

now widely planted with the largest areas in the Victorian and NSW Murray Valley, 

Riverland and the Coonawarra/ Padthaway regions (Dry 2004). Merlot is often 

blended with Cabernet Sauvignon and/or Cabernet Franc.  

 

Semillon is widely used throughout the world for white table wine. In 2001-02 it was 

the fifth top contributor to Australian wine production (Hoffman 2003). In Australia 

the area planted to Semillon has steadily increased since the 1970’s. The largest 

plantings are the Victorian and NSW Murray Valley, Barossa and the Hunter Valley 

(Dry 2004). 
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