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Abstract
Background and Aims: This paper describes the changes in temperature-based indices used to classify
viticultural climates in Australia for three warming scenarios produced by the Commonwealth Scientific
and Industrial Research Organisation: Mk3.0 global climate model for the years 2030, 2050 and 2070.
Methods and Results: Temperature indices that describe grapevine growing season temperature (GST),
ripening period temperature, accumulated biologically effective degree days and growing season length
were calculated to produce maps of Australia for each warming scenario. Summary statistics of each index’s
median and range are presented for each Australian wine region under each warming scenario. The
greatest change in GST (above the 1971-2000 mean) was modelled to occur for the Perth Hills region,
increasing by 1.0°C by 2030, 1.9°C by 2050 and 2.7°C by 2070. The least change in GST was modelled to
occur for the Kangaroo Island region, increasing by 0.5°C by 2030, 0.9°C by 2050 and 1.3°C by 2070.
Conclusion: Of the 61 recognised wine regions, a median GST of over 21°C (an indicator of the limit of
quality wine grape production conditions) was found for three regions for the period 1971-2000, for
eight regions for the 2030 scenario, 12 regions for the 2050 scenario and 21 regions for the 2070 scenario.
Significance of the Study: Without appropriate adaptations, some established viticultural regions of
Australia may become less suitable for quality winegrape production, whereas regions that were once
considered unsuitable for quality winegrape production may become more suitable.

Abbreviations
BEDD biologically effective degree days; CSIRO Commonwealth Scientific and Industrial Research
Organisation; DEM digital elevation model; GCM global climate model; GDD growing degree days;
GHG greenhouse gases; GST growing season temperature; IPCC Intergovernmental Panel on Climate
Change; MTA mean temperature anomaly; RPT ripening period temperature; SRES Special Report
on Emissions Scenarios
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Introduction

The 2007 IPCC reports contain best estimates for global
temperature increases under six different GHG emission
scenarios (as well as likely ranges for these estimates) for
the period 2090-2099 relative to 1980-1999. The total
range for the estimated temperature increase for all sce-
narios over this period is 0.7 to 10.4°C (IPCC 2007),
reflecting the diversity of scenarios and the variability and
uncertainty in the forecasting models. Spatial heteroge-
neity in future warming is expected, and for the area of
Australia south of 30°S, the predicted median warming
by the year 2100 of the models included by the IPCC is
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2.6 (with an inter-quartile range of 2.4 to 2.9°C) and
3.0°C (with an inter-quartile range of 2.8 to 3.5°C) for
Australia north of 30°S (Christensen et al. 2007). These
projections are similar to earlier studies, and therefore,
projections made by CSIRO in 2001 (CSIRO 2001) remain
valid (Christensen et al. 2007). The climate warming pro-
jections made by CSIRO (2001) are that by 2030, annual
average temperatures will have increased by 0.4 to 2.0°C
above 1990 temperatures over most of Australia, and by
2070, annual average temperatures will have increased
by 1.0 to 6.0°C above 1990 temperatures. Spatial variabil-
ity in the rate of warming is expected with temperature
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increases in the lower end of the range for some coastal
areas of Australia, particularly in the south (Suppiah et al.
2007).

Temperature is widely accepted as being the primary
climatic factor affecting the quality of viticultural produc-
tion (Winkler et al. 1974, Jackson and Lombard 1993,
Gladstones 2004). As a consequence, increases in tem-
perature due to an enhanced greenhouse effect will likely
have a significant effect on viticultural production (Bindi
etal. 1996, Schultz 2000, Jones et al. 2005). Possible
beneficial aspects of climate change include less bud and
crop damage from frost events and less extreme winter
minimum temperatures that would otherwise damage
grapevines (Jones 2005b). A reduction in cold events may
lead to a poleward shift in the zones of viable viticulture
(Jones 2006), and a move to more beneficial climates for
some cool climate regions such as the Okanagan Valley
(Caprio and Quamme 2002), the Mosel Valley, Alsace,
Champagne and the Rhine Valley (Jones et al. 2005). In
Europe, higher average temperatures may allow for
grapevine production to become more suitable in the
north and east through higher temperature accumulation
and longer growing seasons and change the spatial dis-
tribution of varieties in already established viticultural
regions (Schultz 2000). From 1952 to 1997, Jones and
Davis (2000) report that warming in Bordeaux has led to
shorter phenological intervals and greater potential wine
quality. However, temperature increases in several warm
climate viticultural regions (southern California, south-
ern Portugal, Barossa and Hunter Valleys in Australia)
may have a detrimental effect on winegrape production,
perhaps becoming too warm to produce high-quality
wine of any type (Jones et al. 2005). It may be inferred
that Australia will also experience significant changes to
both varietal suitability in its cooler climate viticultural
regions and to the spatial distribution of viable winegrape
growing areas (Jones 2005a).

The length of the growing season is considered an
important determinant of grape quality and consequent
wine value (Jackson and Lombard 1993; Coombe and
Iland 2004) because air temperature during ripening
affects the composition of harvested grapes (Gladstones
1992, Mullins et al. 1992, Webb et al. 2006, 2007). There-
fore, the time at which ripening takes place, whether it be
in the heat of midsummer or in cooler autumn months,
can determine potential wine quality for a particular
vintage. For example, in Alsace (France), a move of the
ripening period to warmer conditions resulted in changes
to grape composition at harvest (Duchene and Schneider
2005). The temperature of the final ripening month is
regarded as a particularly important factor influencing
wine styles. Studies under controlled conditions have
demonstrated that temperature influences many compo-
nents of grape development, including the breakdown of
acids (Buttrose et al. 1971) and berry colour development
(Buttrose etal. 1971, Kliewer 1977). In particular, pro-
longed periods with temperatures above 30°C can induce
heat stress, which may lead to premature veraison, berry
abscission, enzyme inactivation and reduced flavour
development (Mullins et al. 1992).
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Modelling the effect of different warming scenarios on
the phenology of grapevines has been completed for Aus-
tralia (Webb et al. 2007). The major conclusions of this
study were that shorter seasons would be experienced,
chilling requirements might not be met in all regions and
harvest would occur in warmer conditions earlier in the
year. The study presented in this paper differs from that of
Webb etal. (2007) in terms of (i) the way in which
grapevine response to warming scenarios is derived; and
(i) its geographic extent. In comparison with Webb et al.
(2007), who use a specially modified version of propri-
etary software, i.e. Vinelogic (Godwin et al. 2002), to
conduct grapevine phenology modelling, this study
uses easily repeatable and widely accepted temperature-
based approaches to characterise climatic suitability for
winegrape growing. In addition, this study ascertains
suitability of viticultural production under different
warming scenarios for all established viticultural regions
of Australia.

Methods

To investigate the effect of potential warming on the
geography of Australian winegrape growing conditions,
average GST, BEDD, grapevine growing season length
and RPT (for a grapevine variety that requires 1300
BEDD) were calculated using maps of average daily tem-
peratures for the period 1971-2000 and for each mod-
elled future time period. It must be noted that this study
considers projected rises in temperature in deriving
models of future grapevine growing conditions only;
other climatic changes associated with an enhanced
greenhouse effect are not considered but are likely to
have significant effects on viticultural production in the
future. For instance, simultaneous rises in atmospheric
CO> concentration will likely have a confounding effect
on the response of grapevines to temperature increases
(Schultz 2000). Elevated CO, environments have been
shown to stimulate grapevine production with expected
rises in CO, leading to increases in yield. A 40-45%
increase in fruit dry weight for atmospheric CO, concen-
trations of 550 ppm (cf. the seasonally adjusted CO, con-
centration of 383 ppm in August 2007 (Keeling et al.
2001)) has been reported with no apparent loss in grape
and wine quality (Bindi et al. 2001). Higher CO, concen-
trations may, however, cause vegetative growth that
increases canopy shading and potentially decrease fruit-
fulness (McInnes et al. 2003). In addition, changes to the
moisture balance (i.e. the net change in precipitation and
evaporation) are not considered in the modelling pre-
sented in this paper. A range of climate model simulations
all suggested that for Australia, the moisture balance
deficit will become larger under enhanced greenhouse
conditions (IPCC 2007). Average decreases in the annual
water balance in Australia range from about 40 to
120 mm per °C of warming (CSIRO 2001). Possible con-
sequent changes to water allocations to vineyard irriga-
tion may, therefore, have a significant impact on the
viability of some viticultural regions notwithstanding the
effects of changes in average temperature (Jones 2003).
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Figure 1. Projected mean temperature increases from 19712000 temperature average using three climate system sensitivity levels for the
period 1 October to 30 April in 2030, 2050 and 2070, presented as maps of temperature increases. Mean temperature anomalies (MTA) for
each scenario are included at the upper left of each panel. An italicised MTA indicates the climatic sensitivity and year combination was
selected for modelling in this paper. Sensitivity levels: warming of 1.7°C for low, 2.6°C for medium and 4.2°C for high in response to a
doubling of atmospheric CO, from 280 to 560 ppm. Global Climate Model: CSIRO Mk3.0. SRES Emission Scenario: A1B.

Projections of future warming used in this study are
derived from the CSIRO Mk3.0 GCM (Gordon et al.
2002) accessed via the OzClim web interface (CSIRO
1996). GCMS deliver modelled forecasts of climatic out-
comes based on GHG emission scenarios from the IPCC’s
SRES of which there are 40, each being ‘equally valid
with no assigned probabilities of occurrence’ (IPCC
2000). Each SRES scenario encompasses different pro-
jections of temporally varying atmospheric GHG con-
centrations resulting from various probable future
demographic, economic and technological developments.
The SRES scenario selected for this study is the mid-range
A1B case. The Al ‘family’ of scenarios describes a future
with very rapid economic growth, a global population
that peaks mid-century and then declines and the rapid
introduction of new and more efficient technologies. The
appended ‘B’ describes the technological emphasis as bal-
anced across fossil intensive and non-fossil energy
sources. In addition to the many different scenarios, each
SRES scenario’s level of effect on atmospheric tempera-
ture depends on the sensitivity of Earth’s climate system,
for which there is a degree of uncertainty. In response to
a doubling of CO, from 280 to 560 ppm, the commonly
accepted range for atmospheric temperature increases is
1.5 to 4.5°C (Houghton et al. 2001). Climate models are
run with a set sensitivity, and the IPCC uses 1.7°C for a
model that assumes a low level of sensitivity of the
climate system in response to a doubling of atmospheric
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GHG, and 4.2°C for a high level of sensitivity (Houghton
et al. 2001). A medium-level sensitivity of 2.6°C was used
in this study, common to the medium-level sensitivity
used by OzClim (CSIRO 1996). Comparison maps of Aus-
tralian October to April temperature anomalies, modelled
using SRES scenario A1B and the three different climate
sensitivities of 1.7, 2.6 and 4.3°C, are illustrated in
Figure 1 for the years 2030, 2050 and 2070. The maps
feature common attributes in terms of the spatial differ-
ences in response to increasing GHG concentrations. The
general pattern is greater warming inland and to the
north and west, with less warming close to the coasts and
in the south, particularly coastal South Australia, south-
west Victoria and Tasmania. The mean warming experi-
enced for each combination of climate sensitivity and
year is included in the upper left of each panel of
Figure 1. The three combinations selected in this study
can be compared against other possible combinations
using this chart. For example, assuming similarity in the
spatial rate of change in temperatures, the models pro-
duced using a medium sensitivity for 2050 would be
similar to those produced with a low sensitivity for 2070.

Average GST (mean average daily temperature from 1
October to 30 April) used in this study is similar to that
used by Jones et al. (2005) (which used average tempera-
tures of April to October for Northern Hemisphere
studies). How the groupings of Jones et al. (2005) relate
to those used in this study is shown in Table 1. Jones
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Table 1. Growing season temperature categories of
Jones et al. (2005) and those used in this study.

Growing season Growing season Growing season

temperature temperature temperature
categories category ranges category ranges
used by used in
(Jones et al. 2005) this study
Cool 13-15°C 13-15°C
Intermediate 15-17°C 15-17°C
Warm 17-19°C 17-19°C
Hot 19-24°C 19-21°C
Very Hot Unused 21-24°C

(2006) orders grapegrowing climates into cool, interme-
diate, warm and hot groupings based on average GST, a
simpler climate classification method but analogous to
that developed by Winkler et al. (1974) based on heat
accumulation.

A common measure of heat accumulation is GDD,
which is used to determine the growth rate and pheno-
logical development of many crops. The GDD for a single
day (GDD)) is calculated using

GDD; =max[(w—b), 0} (1)

where Tmax and Tmin are the daily maximum and
minimum recorded air temperatures (in °C) and b is the
base temperature, below which there will be no signifi-
cant growth of a particular plant (10°C is typically used
for grapevines). GDD is often used to determine climatic
regions for grapevine suitability, following the work of
Winkler et al. (1974) who present seasonal summations
of GDD to classify five viticultural climatic regions for
California.

For grapevines, a linearly increasing phenological
response to mean daily temperature between 10 and
19°C can be used to find approximate maturity dates
(Gladstones 1992). Below a temperature of 10°C, no
growth occurs, and above 19°C, the growth rate flattens
out so that no further increase in temperature results in
an increase in growth rate (Gladstones 2004). When cal-
culating GDD, setting b to 10°C accounts for the tempera-
tures below which no growth will occur, and restricting
the maximum GDD; to 9°Cdays accounts for no further
growth above an average temperature of 19°C. This leads
to lower heat accumulation units than those produced
using a method with no upper limit to GDD; (Winkler
et al. 1974). Heat accumulation units calculated with a
maximum GDD; cap of 9°Cdays per day are termed bio-
logically effective °Cdays (Gladstones 1992). Cumulative bio-
logically effective °Cdays (BEDD) calculated for this study
are the sum of GDD; for a number of days (n) in a par-
ticular period restricted to a maximum accumulation of
9°C on any 1 day, i.e.
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BEDD = Y min[GDD;, 9] (2)

i=1

Gladstones’s (1992) biologically effective °Cdays calcula-
tions, like Winkler et al. (1974), uses averaged monthly
temperature data (rather than daily average temperature
as described in Eqns 1,2), and a 7-month growing period,
but instead of using April to October, the months of
October to April are used to suit the Southern Hemi-
sphere summer.

The day on which BEDD reaches a target heat accu-
mulation level can be taken as the season-end date
(Coops et al. 2001). To enable comparisons of BEDD to be
made with accumulated heat unit calculations in previous
research and publications, the season start date has
been assumed to be 1 October. In phenological terms,
1 October is an arbitrary date for the season start date.
Many factors, mainly early spring temperatures, can
affect the season start date; it varies from year to year, and
for warmer temperatures, the season start date is likely to
be earlier. Nevertheless, previous research and publica-
tions use data from 1 October, and classification of cli-
mates or varietal suitability using accumulated heat units
has proceeded based on this assumption. Therefore, in
this study, the length of the growing season is considered
to be the number of days it takes for accumulated BEDD
to reach a target value after 1 October.

RPT was estimated in this study using the estimate of
the harvest date and then calculating the average tem-
perature of the preceding 30 days. To determine the
harvest date, a target BEDD of 1300°Cdays accumulated
since 1 October was chosen, which is the boundary
between maturity groups 5 and 6 defined by Gladstones
(2004). Group 5 contains Shiraz and group 6 contains
Cabernet Sauvignon; these two varieties made up 39%
of the Australian winemaking grape crop in 2006
(Australian Bureau of Statistics 2006).

Production of base daily temperature surfaces
Meteorological stations with a continuous record (above
95% complete) of maximum temperature (Tm.) and
minimum temperature (Tmin) for the years 1971 to 2000
(the same base period used in the CSIRO Mk3.0 climate
model) were identified (238 stations). The geographic
distribution of the stations that met the above criteria is
illustrated in Figure 2. Although there is not an overall
good level of coverage for Australia as a whole, the south-
ern and eastern areas in which Australia’s viticultural
regions are located are represented well by temporally
continuous climate data, suggesting that spatial interpo-
lations of climate for the wine growing regions will be
more accurate in the south and east than that for Austra-
lia as a whole.

Daily mean temperatures (7) were calculated from the
maximum and minimum daily temperatures for each
station, i.e.

Tmax + T
T: max min (3)
2
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Daily mean temperatures were then altered to take into
account the elevation of the meteorological stations,
producing sea-level-equivalent temperatures (Tg). An
environmental lapse rate of 6.5°C/km, which is widely
accepted as the average rate of change of temperature
with elevation (Donn 1975, Sturman and Tapper 1996),
was applied to the daily mean temperature data (7), i.e.

Ty =T +6.5h (4)

where 7 is the elevation above sea level of the meteoro-
logical station in kilometres.

There are many interpolation functions available for
producing continuous maps of point data. In a compari-
son of different interpolation techniques, kriging was
shown to be the most accurate method in interpolating
climatic data over the UK (Luo et al. 2008). Therefore, the
daily sea-level-equivalent temperature data were inter-
polated at a spatial resolution of 0.05 decimal degrees
for the Australian continent using the ordinary kriging
function of ArcGIS 9.2 Spatial Analyst (Environmental
Systems Research Institute 2006). A spherical variogram
model was employed, with the range, sill and nugget
parameters calculated internally by ArcGIS separately for
each set of daily temperature data. This resulted in a series
of 365 maps of mean daily sea-level-equivalent tempera-
ture with a pixel size of 0.05 decimal degrees (approxi-
mately 5.6 km latitude by 4.6 km longitude at 35°S). Note
that the longitudinal length of the pixels varies with lati-
tude, so that south of 35°S the area covered by a pixel is
slightly smaller and north of 35°S the area is slightly
larger.

Each mean daily sea-level-equivalent temperature
map was then adjusted for elevation using a 3-s (<0.001
decimal degrees) DEM of Australia (Jet Propulsion
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Figure 2. Spatial distribution
of meteorological stations used
to derive the daily mean
average temperature maps
(Stations Used in Model, (=)
and those used to validate the
maps (Stations Used in
Validation, @).

Laboratory 2004). The DEM was converted to a tempera-
ture adjustment map (6.5 hpey), Which was subtracted
from the sea-level-equivalent temperature maps, i.e.

T, =Ty, - 6.5Mpey (5)

The 0.05-decimal degree pixel size was retained for
the resultant maps, which are termed temperature surfaces.
Regions of missing data in the DEM, due to areas of
shadow or low radar backscatter, where an elevation
solution could not be resolved by the remote sensing
device (Rosen et al. 2000), resulted in a small number of
pixels with no data in the temperature surfaces.

Ten meteorological stations were selected for use in
the validation of the interpolated temperature surfaces
(Figure 2). These stations were removed from the data
set before the interpolation process described in the last
section was completed. Data were extracted from the
resulting interpolated map files in a 0.08-decimal degree
radius around the location of the validation stations
(delivering six to eight pixels). The average of the
extracted pixels (the modelled temperature) was calcu-
lated for each validation station, and compared against
the actual recorded temperature by calculating both the
mean error ( €) and the mean absolute error ( €,,).

Production of modelled maps of temperature indices

Separate maps for each of the three temperature indices
(BEDD, GST and RPT) and season-end date for the four
different time periods (1971-2000, 2030, 2050 and 2070)
were produced. For the maps that describe the indices for
the three future time periods, a map of temperature
increases for the corresponding month was added to the
daily modelled temperature surfaces before calculating
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the maps. To produce BEDD maps, each daily modelled
temperature surface for the period 1 October to 30 April
was converted to maps of GDD; using Equation 1. BEDD
was then calculated for each pixel using Equation 2 and
was recorded as the value of the co-located pixel in a new
map. To produce maps of the season-end date (the day on
which 1300 BEDD is reached), maps of GDD; were con-
verted to maps of daily BEDD for each day in the period
1 October to 30 April using Equation 2. Each daily BEDD
map was then assessed in sequence. The day on which
each pixel’s BEDD reached 1300°Cdays was recorded as
the value of the co-located pixel in a new map. To
produce maps of RPT, for each pixel, the mean of the
temperature records between the day on which
1300°Cdays was reached and the day 30 days before the
day on which 1300°Cdays was reached was calculated.
The value determined for each pixel was assigned to the
co-located pixel in a new map.

Unlike the other three maps of temperature indices
produced in this study, the daily modelled temperature
surfaces were not used in the production of the GST
maps. Instead, the daily average temperatures for the
period 1 October to 30 April for the years 1971-2000
were averaged to produce point data, which were then
interpolated. The interpolation method was the same as
that used to produce the daily modelled temperature sur-
faces, i.e. sea-level-equivalent temperatures were calcu-
lated; the data was interpolated using the ordinary kriging
function of ArcGIS 9.2 Spatial Analyst (Environmental
Systems Research Institute 2006), and then the DEM was
used to correct the temperature surfaces for elevation.
Separate maps for the different future time periods were
produced by adding the temperature anomaly for the
SRES scenario A1B for 2030, 2050 and 2070 (with
medium climate system sensitivity) to the GST maps cal-
culated for the 1971-2000 average temperatures.

Wine region summaries

Using the modelled maps, summary data were produced
to describe each Australian wine region. The wine regions
used in this study are those that are officially described
by the Australian Wine and Brandy Corporation (2008),
called Geographical Indications (GIs), which are the offi-
cial descriptions of Australian wine zones, regions or sub-
regions (Figure 3). In addition, two unofficial regions in
northern and southern Tasmania were added to account
for the growing industry there, which in combination
with the official GIs resulted in 63 wine regions being
used (Figure 3). Elevational differences result in many
regions containing highland areas with climates that are
obviously too cool for winegrape production. Statistics
generated using data for the whole of such regions are
therefore not representative of the areas in which grapes
are produced. To account for this issue, those regions that
had mean seasonal BEDD totals of less than 1400
(approximately the mean BEDD of all regions), along
with two further regions that have large elevational
ranges (Hunter and New England), were processed to
remove those pixels that were below the median BEDD
for the base period 1971-2000 within each region. Using
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these criteria, the regions that were processed were
Alpine Valleys, Beechworth, Canberra District, Geelong,
Grampians, Henty, Hunter Valley, Macedon Ranges, New
England, North Tasmania, Orange, Pyrenees, South
Tasmania, Southern Highlands, Strathbogie Ranges,
Sunbury, Tumbarumba, Upper Goulburn and Yarra
Valley. The remaining pixels of the climate index maps,
whose centres were within each region, were extracted
and summarised by generating the median, maximum,
minimum, first quartile and third quartile of the index
values of each region for the four time periods.

Results

Validation of temperature surfaces

The validation process indicated that the modelled
temperature surfaces were close to the actual recorded
temperatures for the 10 validation stations and varied
by amounts less than what would be expected through
instrumental error alone. For example, for the station at
Meekatharra Airport, which has the greatest g,, of the
validation stations (1.04°C), the 95% confidence interval
of the expected cumulative error over 365 days is
—1.0 £ 1.2°C. For the 10 stations as a whole,
£=-0.26°Cand €,,=0.47°C, which shows that the
model underestimated temperatures for the 10 validation
stations by an average of 0.26°C, and the accuracy on any
one particular day was on average 0.47°C different from
the actual recorded temperature. The absolute mean error
is highest for stations at Lismore, Bushy Park, Meekatharra
Airport and Norseman, all with g,, >0.5°C . For areas that
have few meteorological stations nearby, extrapolated
data will be less accurate, thus explaining the high errors
for these locations. For the six validation climate stations
within the viticultural regions, mean &,, =0.31°C. It may
be reasonably assumed therefore that errors in the mod-
elled temperature surface are little more than 0.3°C for
those regions of interest to this study.

Modelled temperature indices

Each temperature index map for each time period is pre-
sented in Figure 4. The general spatial trends of each of
the temperature indices show latitudinal shifts southward
and/or upward in elevation. The maps show that for all
locations, increasing temperatures lead to warmer GST,
more accumulated BEDD, earlier ripening and warmer
RPT. The rate of the increases in the temperature indices
varies spatially mainly with respect to the degree of con-
tinentality; generally, for locations closer to the coast,
projected temperature increases are lower than those
inland.

A visual comparison of the maps of GST with maps of
BEDD and RPT (Figure 4) suggests that the spatial pat-
terns are very similar. However, correlation coefficients
describing the spatial correlation between the different
temperature index maps suggest that there are some large
spatial differences between the indices. For example, the
correlation coefficient (r) for BEDD and GST is 0.75 for
1971-2000 decreasing to 0.60 for 2070. This shows that
the two indices describe different climatic characteristics,
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18 Granite Befl
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22 Adelaide Hills
23 Coonawarra
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26 Kangaroo Island

27 Langhome Creck

~{ 2B McLaren Vale

28 Mound Benson

30 Padthaway

31 Robe

32 Rivertand

33 Southearn Fleumeu

34 Southern Flindars Rangas
35 Wrattonbaly

35 Beechwarth

37 Alpine Valleys

38 Bendigo

38 Geolong

40 Glenrowan

Figure 3. Australian wine regions used in this study. Regions labelled 3—63 are derived from data supplied by the Australian Wine and Brandy
Corporation describing official regions (Geographic Indications). Regions labelled 1-2 are regions produced by the authors to include

Tasmania.

each being affected differently by increasing atmospheric
temperatures. RPT is also shown to be a different climatic
descriptor to GST, although the correlation coefficient
(r=0.80 for 1971-2000) indicates that these indices are
more similar to each other than BEDD is to GST.
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41 Goulburn Valley
42 Gramgplans

43 Heathcote

44 Henty

45 Macedon Ranges
46 Murray Darling
47 Mornington Peninsula
48 Pyronoos

49 Ruthenglen

50 Strathbogie Ranges
51 Sunbury

52 Swan Hill

53 Upper Goulbwrn
54 Yarra Valley

55 Pamberton

56 Perth Hills

57 Swan District

58 Pael

55 Manjinup

60 Great Southern
81 Geographe

B2 Blackwood Valley
63 Margaret River

7

Summary data for the baseline period (1971-2000)

and change in index values for 2030, 2050 and 2070 are
presented for each region in Table 2. For 1971-2000, GST
averages 18.0°C across all 63 wine regions but varies from

13.6°C in Southern Tasmania to 23.7°C in South Burnett.
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c Ripening Period Temperature d  Average Date 1300°Cdays Accumulated After October 1

Legend Legend ;
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Bl is20°C [0 5 Mar-14 Mar
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Figure 4. Winegrape growing conditions for the period 1971-2000 and projected for 2030, 2050 and 2070 described by: (a) mean
temperature for the period 1 October to 30 April; (b) total biologically effective degree days for the period 1 October to 30 April; (c) estimated
mean ripening period temperature (air temperature of the 30 days preceding day on which target heat unit accumulation reached) experienced
for a grapevine cultivar that has a target heat accumulation of 1300 biologically effective °Cdays assuming a start date of 1 October (note areas
of no data are present in regions where 1300 biologically effective °Cdays are not reached); and (d) estimated season-end dates based on a
start date of 1 October and a target heat accumulation of 1300 biologically effective °Cdays.

© 2008 Australian Society of Viticulture and Oenology Inc.



9

ions

d

ian winegrape growing con

Future Austral

Hall and Jones

- 61— S1- - +9- 19C 6T (43 <S¢ 18°¢ 93 ia <81 67T 81¥ 9T 9T 9T 9T (4 a5eg-0L0T
+ee- PI- - 01- 19- 181 1T ¥'T ¥'T vy €8 981 521 <81 (3 gl gl 91 81 8l a5eg4-050T
10 8- L- L- = 101 €1 €1 1 7T s (4 L8 F01 €81 0’1 01 0’1 01 60 #eg-0€00 =
TeN-L1 IeN-| Qad-5T Qod-€C +qad-72 9°¢C 9%C L'€T e 81 €681 0L81 S€81 19L1 (449! 9°¢C LT L1 €0 LLT 00z £ &
IeN-8T IPN-9 Q24-87 Qod-5T 11-77 8T 8'¢T 6'CC 0'1¢C 1891 1881 L€81 S6L1 L691 L1F1 e 6'1¢C 60T <6l 0Ll 0507 8 =
+1dv-0¢ TeN-T1 IeN-§ 024-8¢ QA-¢T tove 0°¢C 8'1¢C 861 8F1 6781 F6LT LELT 9191 L8T1 0°TC I'ie 1'0C L8l 191 0€0C
+1dy-0¢ TeN-0T IPN-T1 TeN-9 Q24-8C to€e L1 $0T 9°81 9Tl 86L1 Ll 0591 st FOTT 0'1¢C 1'0C 6l LLT 49 aseq
L1- S1- yI- yI- 6- ST 6T 6T Ie {3 8L 091 981 00T 8¢t 9T LT 9T 9T 9T a5eg-0L0T
€1- - - 01- 8- 8l 0 1T T 9T 9 971 421 491 6L1 8l 61 91 8l 8l a5e4-050T
L~ 9- 9- < = 60 'l 'l 1 91 w yL 78 6 101 60 0’1 0’1 01 01 aseg-0£0T
TeN-L IRN-¢ IPN-T 904-8C QA-HT $'9T 6'%C 574 0%C 0°¢C #881 81 9781 1181 69L1 0%C §TT 6'1C 9'1¢C L0T oo F z
TeN-T1 IPN-L IeN-¢ TeN-¢ Qa-$T §'¢C 0%C 414 |§14 e 8981 9081 78L1 €9L1 01L1 (414 L'1T ' 80T 661 0s0z
TeN-L1 TeN-T1 IPN-01 TeN-8 Q21-8¢C 6'%C r'ee $TT 1'ee e 8781 $SLI PTLI €0LT 791 44 80T €0T 00T 161 0€0C
TeN-$T TeN-81 IPN-91 TeN-¢ [ IPN-F 0%C 0°CC ¥'IC 6°0C S6l 9081 0891 0791 1191 £191 v'IC 861 €61 061 81 aseq
+9- - 10 10 1o e tsC e 1¢C +9c +o + +t e €01 9T LT L't Lt LT a5eg-0L0T
+9- - 10 10 10 1 1 1 1 181 +o + it €T 68 8l 61 61 6'1 6'1 aseqd-050T »
i - 10 10 10 60 160 160 160 160 +o ¢ 01 61 S 01 0’1 0’1 01 01 aseg-0€07 =
+9a4-7¢ +qad-ce +qad-ce +9a4-7¢ +qad-z2 1oLt 1097 teqt et ¢ +6681 +6681 +6681 +6681 0681 €97 [ 44 LT [274 L'TT 0£0T z e
+q21-7C 1qa1-77 +ea-zz +q21-7¢ +qad-2¢ o9t tret 18T vt 18t +6681 +6681 16681 8681 981 §sT ¥ 6'¢C (X4 6'1C 050C g o
QA-¥T +qad-22 +qad-te +a24-7¢ +qad-te (494 e ot teet +6'1T +6681 8681 8681 7681 1#81 L'¥C (414 0°€T 9'TC 0'1¢C 0€0C o
Q24-87 Q€T +qad-ce +9a4-7¢ +qad4-c2 9%C §€T tree 19z +o1e +6681 5681 9881 .81 L8LT L'€C §TT 0Tt 9'1¢C 002 aseq
ST 61— 91- - ‘- ¥'T 8T 0°¢ €¢ to¢ +ot 091 L0T LT 414 LT LT L't L't 9T aseg-0L0T
61- S1- €1- 01- ‘- 91 0 T €T tst +oz 941 091 w61 $1C 61 61 91 61 8l ased-0607 .,
[as 8- 8- L- te- 60 'l €1 Pl H1 ¥z 9L 96 €11 871 0’1 01 0’1 01 0’1 :eg-0€07  Z
TeN-1 PA-LT @-$T QI-¢T +qad-ce L'ST 9°¢C 9°T¢C 81T 1970z 16681 6981 9¢81 0081 6FL1 ¥ e [t $0T 961 0Lz o &
TeN-L IPN-T Q24-87 9o4-5T +q24-72 6%C e 81 8°0C 1961 +6681 $¢81 68L1 ShLI 1891 9°¢C [t ¥0C L6l 881 050t & =
TeN-H1 IeN-6 TN Q04-8C +qad-e 444 6'1¢C 60T 661 +e81 L681 S8LI STLI 9991 651 LTT A\ 961 981 081 ooz 2
TeN-97 TeN-LT IPN-T1 TeIN-9 QPA-HT (¥14 8°0C 9°61 S8l (WA €181 60L1 6791 (1991 L9%1 L1 761 981 gLl 0Ll aseq
ye- 0T~ 81~ SI- ter- 8T 0'¢ I'e (4 10 P91 0t 9¢T LST 44 LT LT LT LT LT ased-0L0T
87~ S1- S1- - 01- 61 1T T €T 0°¢ 671 651 981 20t LT 61 61 81 8l 8l a5eg-050T
07— 01- 6- L- L- I'1 Tl €1 ¥l 61 18 66 98 $T1 $91 0’1 0’1 01 01 0’1 aseg-0c0r &
TeN-T QA-$T QA-<T QPI-¥T +qad-te 6'TC 1'ee (914 (414 +roc €181 6781 LT81 9181 Ll L1 0'1¢C 9°0T €0C €61 0L0T m e
TeN-8 IeN-] 024-87 Qod-LT Q24-$T [ed [t 9°0C €07 6l 8¢81 9081 LLLT 19L1 8691 6°0C 0T L6l 761 781 007 o
TeN-9] IPIN-9 IeN-¢ TeN-¢ Q24-8C L4 €0 L'61 ¥61 0°81 06L1 9FL1 90L1 €891 1681 0°0C €61 6'81 981 9Ll 0coz =
1dy-¢ TeN-91 IPN-F1 TeN-01 IeN-9 10T 61 ¥'91 081 191 60L1 L¥91 1661 6551 L8€1 061 €81 6'L1 9'L1 991 aseq
L1~ PI- €1- - 8- LT 8T 6T 0'¢ Pe 89 L01 LTl 671 €€T 8T LT 8T LT LT ased-0L0T
<1 01- 6- 6- 9- 0T 0T 0T T (4 49 L8 €01 LT LLT 61 61 61 61 8l a58g-050T
L- 9- 9- < - I'1 'l 'l Tl [ <€ 9¢ 79 4 €01 0’1 0’1 01 01 01 a5e4-0£0T M
TeN-9 QPA-LT 124-97 Qod-5T PA-€C [ WA 1'9¢ L'sT €'¢T v'eT 6381 0L81 1981 1681 6LLI 99T S€T X34 L'TT e oLz = z
TeN-01 IPN-T IeN-1 Qod-LT Q-$T 9T €¢T 8T (544 §TT €L81 0581 LE8T 6181 €TLI L€T L'TT (4«4 6'1C 414 0s0z £
IeN-91 IPIN-9 IPN-F TeN-C I-LT 994 (a4 6'¢C 14 [t 9481 6181 86L1 PLL 6791 e 8'1¢C [t 0'1¢C 761 0€0C
TeN-¢T TeN-T1 IPN-01 TeN-L IeN-T iage [ H14 8'TC €T 0°0C 1281 €9L1 PELT T0LT 9%S1 8'1¢C 80T €07 00T 781 aseq
Xew €0 UeIpIW 10 Ut Xew €0 UeIpIW 10 U Xew €0 UeIpIW 10 uw Xew €0 URIPIN 10 U d
poud
JJep pUI-UO0SLIS amjerdduwrd) pordd Suruadry sAep 23133p aAn3Y3 Ajredrdojorg dmjerddurd) uoseds Suimorn duy

“(uondIs SPOYIdN Y} JO SaLIewIInS
UOTSII JUIA I9PUN PAQLIISIP SB SeaIe UONRAJ[D 31y Sunuasaidar spaxid Supnpxa) 0L0T pue 0507 ‘0£0¢ Jo s1eak uondafoxd oy pue (0007-1.L61) porad aseq ay) 10] U0I3a1
JUIM UPI[EIISNY DB IPISUI $13s [oxXId 93 JO (San[eA (Xepy) wnwixew pue (¢) a[utenb pimy) ‘uerpawt ‘(1) 2[naenb 181y ‘(Ury) wnuwium) SILEWWNS XpU] g d[qeL

© 2008 Australian Society of Viticulture and Oenology Inc.



Australian Journal of Grape and Wine Research 2008

ions

d

ian winegrape growing con

Future Austral

10

ST- SI- SI- A €1- €€ Se 9¢ Le 4 061 <61 €0C e 997 ST 7T [ ST ST aseg-0L0C
07— - - - 01~ ¥'T ST 9T 9T 0¥ 8¢l (421 8y pS1 961 L1 L1 L1 LT LT aseg-050C
yI- L= 9- 9- 9- €1 7'l <1 91 LT 8L 8 78 88 48! 60 60 01 60 60 aseg-0607 2
TeN-11 TN TeN-T TeN-T TeN-1 SHT (474 0'%C L'€T LT L6LI 8Ll 0LLT PSLI 991 9'1C €1C TIe 0'1e 9'61 0.0z & =
TeN-9[ TeN-8 TeN-9 TeIN-¢ - 9'¢C (434 0€T 9'7C $0t SPL 67LI SILT L691 PLST 8°0¢ 9°0¢ ¥'0C (414 881 0s0z £
TeN-7C TeN-T1 TeN-11 TeN-0T IeN-8 §Te 1'ee 6'1T 91T 761 $891 8991 1691 1691 0671 00T 861 L'61 761 081 0c0z 7
1dy-g TeN-61 TeN-L1 TeN-91 TeN-F1 (14 L0T 7'0C 007 $91 L091 L8ST L9ST (349 8LET 16l 6'81 L81 <81 'Ll aseq
- 91~ <I- <I- yI- Le 8¢ 8¢ 6'¢ 8¥ 661 90T 01T 944 65T <T ¥'T ST T ¥'T aseg-0L0T
L1~ - - - 01~ LT LT LT 8T 9¢ 971 181 49 91 061 LT LT LT LT LT aseg-050C
- L~ 9- 9~ 9- <l 91 91 <1 € 8 <8 L8 6 L01 60 60 60 60 60 oseg-0£07 2
TeN-01 TeN-9 TeN- TeN-¢ TeN-T 574 YT 0'%C 414 e 6LLI €9L1 0SLT €TLT €991 ¢1e TIe r'ie L0t 861 oLt F =
TeN-G[ TeN-01 TeN-8 TeN-L TeN-9 34 ree 6'CC €7 607 9TLI 80LT 7691 €991 7651 L0T 4 €07 661 6l osor =
TeN-1T TeN-S1 TeN-€ 1 TeN-T1 TeN-01 €7T 07T 81T 01T 9'61 7991 ot LT91 06S1 [1¢1 661 L61 S61 161 €81 ocor 7
1dy-1 TeN-TT TeN-61 TeN-g1 TeN-91 8°0C 70T (44 S6l €L 08ST LSST 0¥ST 8671 $OPT 061 881 981 781 VLT aseq
9¢- ye- 97~ v 61— 34 49 99 9'9 69 (344 L9T 0LT 98T 88T <T <T ST T ¥'T ased-0L0T
1e- 87~ - 61~ SI- (43 6¢ (47 (49 96 8LI 961 661 01¢ e LT LT LT LT LT oSeg-0807
4 0z~ yI- €1- 6- 81 9T 8T $e 8¢ 001 011 48 811 611 60 60 60 60 60 aseg-0€0C &
TeN-F1 TeN-€1 TeN-T1 TeN-11 TeN-8 LT 6'1C 8'1C €1 r'ie €691 6791 6€91 8091 7091 (44 L'61 961 761 161 0L0T m =
TeN-61 TeN-61 TeN-9] TeN-9[ TeN-T1 9'1C 9°0¢ 94 661 861 8791 8LST 89¢1 4391 LTST 761 681 881 781 781 0507 S
TeIN-8T TeIN-LT TeN-€T TeIN-TT TeN-1 Tot €61 6l 781 081 0SS T T6h1 1871 (Ugal {321 981 181 081 9'L1 9'L1 ocoz 5
1dy-61 1dy-91 1dy-9 1dy-y TeN-LT 781 L91 €91 /A4 441 0S¥1 T8¢l 69¢1 (4431 9T€T L'LT TLI 'Ll L91 L91 aseq
+ov- 0¢- yT- - L1- 193 6'¢ 24 0'¢ 9L 81T $9T 6LT 86T (443 9T <T ST %4 ST ased-0L0T
ter- St- 61~ 91~ - e 8T (43 8¢ 79 91 161 90T 0zt 6€C 81 LT LT LT 81 aseg-050C
tee- L1- - 6- 9- LA Sl 61 ST LYy 16 601 811 971 PEl 01 60 60 60 60 ReL-0€07 o
TeN-T1 TeN-6 TeN-L TeN-§ Qd-LT 34 T 9'1C 01T €0 081 8TLI €691 6591 <191 [t 10t L'61 €61 881 0Lt g g
TeN-g1 TeN-F1 TeN-T1 TeN-6 TeN-¢ ¥'TT e 94 861 61 6VLI $991 0791 1861 4391 7'0C €61 681 <81 181 0507 B =
TeIN-8T TeIN-TT TeN-61 TeIN-9[ TeN-6 TIe 861 T6l $81 ¥L 8L91 €LS1 Test L8%1 LTP1 9'61 <81 181 LLT TLl 0€0T
+1dy-0¢ 1dy-g TeN-T¢ TeN-ST TeN-ST +o00z €81 €LI 091 LTl L8ST $9¥1 PIvI 19¢€1 €671 9'81 9Ll TLI 891 €91 aseq
€1- 6- 6- 8- L- ST 9T <T ST LT 8¢ 99 L 8L 941 LT 9T 9T 9T LT ased-0L0T
6~ 8- L= 9~ 9- 81 6'1 81 81 0T 9% 4 LS 19 101 61 81 81 81 61 xeg-0S0C
9- ¢ ¢ 7= = 60 Il 01 01 Il 87 (43 9¢ 6¢ 09 01 60 01 60 01 aseg-0€0C  E
4-9T QA-$T Qd-€T Qd-€C Q€T 6'9T $9T €9t 1'97 %14 €681 6981 9881 7881 7981 V¥ 874 6'€T 8¢t 0€C oLor 2, s
TeN-T Q45T 9o4-$T 4od-$T Q5T T9C 8¢t 95T ¥'$T 8%C 1881 SL81 1L81 L981 8¢81 9'¢T €€C r'et 0€T T 0507 &
TN Q04-87 Qod-LT Qod-LT 924-97 €6C 0'st 89T 9%C 6'¢C €981 S8l 0581 P81 66L1 LT y'ee €7 ree €1 0€07 &
TeN-01 TN TeN-¢ TeN-T TeN- iaz4 6'¢T €T 9'¢T 87T $€81 €281 PI81 9081 LELT L'1T [t4 €1 [4t4 €07 aseq
tee- 18- +e- - te- e it 1t it 161 49¢ 8¢ 6L 101 yhe 9T %4 9T 4 9T ased-0L0T
+ep- L~ +e- - fe- ot 81 ot ot 420 43 9¢ 4 L8 LST 81 L1 81 81 8T a5eg-050C
e s € € fe- o1 01 60 60 +€0 0¢ (42 Lig 43 671 01 60 01 60 01 WYOL0T =
TeN-6 +aad-22 ted-ce ded-te Headee 8¢t 4t 18t Wy 4861 46681 8681 L681 €681 791 (444 9'€T v'eT 0'€T L1 o0z E Z
TeN-91 QId-€T tpd-ze fgd-te Headee st 79T tove tocr Hogr 8681 9681 0681 6L81 S29! &34 87T 97T 344 6'L1 0s0z %
TeN-LT Q45T Q45T Qd-¢c  49ad-ee ¥y 9'¢T (434 8te  HrLl €681 7881 9981 P81 LEVT 97C 0'e 8'1¢ v'Ie 'Ll 0€0T
+udy-0¢ TeN- PA-LT 924-9¢ (Ct S AN 414 97T €T 6'1C 6'91 €981 0v81 8181 T6LT 8871 91T r'ie 80T $'0T 191 aseq
XeW €0 UeIpIW 10 Ulw Xe €0 UeBIpIW 10 Uiy Xe €0 UeIpOW 10 Uy Xe €0 UBIPIW 10 U d
poud
JJep pUI-UO0SeLds amjeradwa) pouad Suruadry sAep 33133p aAna)Jd Aredtdojorg amjeradwd) uoseas Surmorn duig

panuyuo) g dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



ions

d

ian winegrape growing con

Future Austral

Hall and Jones

8¢ 0~ $T- 0T~ Pi- 6T ¢¢ [ 6'¢ %4 991 € €87 (443 (443 $'T v'T ¥'T ¥'T ¥'T Red-0L0  »

43 yT- 81~ yI- - [ €T 9T 6T 6¢ Pl 181 (41 9T igé L1 L1 L1 L1 91 XeL0S0T £

Tt 91~ - 8- 9- Tl Tl <1 L1 9T 8L <01 yel 9¢1 44! 60 60 60 60 80 ISeg-0607 &

TeN-6 IeN-9 TeN-¢ Qd-LT PA-€T (414 L1t 60T $'0C 661 €881 8181 09L1 LTL1 791 ¥'1C 10T <6l 6l 881 007 5 &
TeN-GT TeN-TT TeN-6 TeN-p Q4-97 ¢t L'0T 00T 761 681 1$81 9¢L1 6891 6791 8861 L'0T 761 881 781 081 ooz & =
TeN-6T TeN-0T TeN-CT TeN-0T TeN-C 4 961 681 T8l 9'L1 S6LT 0891 1091 HST 8yl 661 981 081 9'L1 TLI 0s07  F
1dy-91 1dy-¢ TeN-LT TeN-8T IeN-8 €0T $'81 PLT <91 01 L1LT SLST LLYT il ovel 061 L'LT 'Ll L91 $91 aseg &

pi- +e- - te- fe- ¥'T e e i 18°C 18¢ +re to¢ +6< LI <T <T ST ST 9T ased-0L0T

- +e- - te- +e- L1 41 191 41 toc 18¢ +re +o¢ 8¢ 0F1 8’1 8l L1 81 81 aseg-0$0T -

9- i - +e- e 60 60 +6'0 +6'0 1t T 0¢ €€ 52 <8 01 01 60 0T 0T osed-0¢0T 2
@I-€c 4 dedce dedie Hedee 67T +Lve +9ve teve et deest  He681 +6681 t6681 ST 9€T <€t 434 0€C  €1T o & F
Q24-9¢ +ad-t2 +qad-te 4a24-7¢ +qa4-e 474 ot i8¢t teet +r1e +6681 +6681 +6681 8681 6¢81 6'TC 8'TC 97T 44 $0T 00T = =

TeN-C Q€T tp1c dae dgedee A4 (434 tree tree 480t 9681 681 €681 <881 P8LI ree 07T 81T [t4 L'61 0s0C &

TeN-8 QA-LT 94-97 Qo4-5T QA-$T (a4 €T e 81T L61 1L81 981 0981 0v81 6691 e 0'1¢ 60T <07 L1 aseq

L1~ - 6- 18- fe- <T 9T LT teC to 6< 86 811 LE1 67T 9T 9T <T 9T $T ased-0L0T

€1- 6- L- L~ te- 81 81 6’1 (44 16T 2 8L 06 <01 <91 81 81 L1 81 L1 ased-0$0T

L~ = o - - 60 01 Il T1 91 L€ 9% 48 €9 €6 01 60 60 01 01 BRI-0E07

TeN-9 QA-$T QPd-c7 fgd-ze Hed-Te 6'LT 0'LT $9T ooz Heex 681 8881 LL81 L681 SILT 414 (444 9'¢T ree 9'0T 00T & Z
TeN-0T @4-97 Q4-5T Qd-€C 49Tt TLT 9T L'sT € dree 0681 8981 6781 <81 1691 ¥HT A1 87T €T 861 0s0z =
TeN-9T TeN-1 QA-LT 924-9C QI-€T €97 ¥'sT 67T (344 6'0T €L81 9¢81 €181 €8L1 6LST LX14 (44 07T [t4 61 0€0T
TeN-€7 IeN-9 TeN-¢ TeN-1 Q-7 ¥'$C $HC 8'¢T ree €61 9¢81 06L1 6SLI 07LI 98¥1 97T 91T rie <07 81 aseq

91~ yI- €1- €1- - 8T 0¢ re €¢ 9¢ ov1 191 €91 PLI 91T <T <T ST ST ¥'T ased-0L0T

- 01~ - 01~ 6- e €T 7T 7T 9T 601 611 LTl Pl 8¢l L1 L1 L1 L1 L1 ased-0$0T

L= 9- 9- 9- = T1 Tl €1 €1 ! 99 i 9 8L 06 60 60 60 60 60 xeq-0€07

TeN-C 924-97 Q24-67 QA-HC QI-€T 9'¢T 414 st 67T L'€T 0L81 8481 8¥81 6781 0LLT ree 87T 44 (444 e 0Lz 2 g

TeN-9 TeN-1 QPA-LT Qd-LT 4-97 67T L'yT ¥4 (74 L'TT 6581 $T81 2181 63L1 TILL €T 07T LT ¥'IC ¥'0C 00z B =
TeN-TT TeN-¢ TeN-¢ TeN-C TeN-1 07T [X14 €€t 6'TC (¢4 96L1 9LLT 09L1 €€LT PH9T [t [4t4 6'0T 9'0T 9'61 0€0T
TeN-8T TeN- 11 IeN-6 TeN-8 IeN-9 87T vee 07T 91T 1oz 0€LT SOLT <891 $691 PSST 90T €0 00T L61 L1 aseq

pi- €1- yI- €1- - 43 (4 4 re 4 <91 L1 PLI 081 <81 <T ¥'T ST ST ¥'T ased-0L0T

01~ 6~ 01~ 6- 6~ €T €T €T (44 €T 441 8Tl 0¢1 (331 9¢1 L1 L1 L1 L1 L1 ased-0$0T

S = 9- S = €1 1 1 1 1 V2 €L YL 9 LL 60 60 60 60 60 aeg-0€0T  F
Q2-8C Q24-87 QLT Qod-LT QI-LT 67T L'yT 9% a7 [ S CAN 4 9181 €181 8081 1081 ree 61T 6'1C 81T 91T oz & &

TeN-¢ TeN-¢ TeN-C TeN-C TeN-1 0% 8'¢T L€t ST PET P8LI €LLT 69L1 19L1 492 €1z (44 r'ie 01T 60T 050z € =

TeIN-8 TeN-L IeN-9 TeIN-9 TeN-¢ 0¢T LT 97T 44 €T 0€LT 8ILI €1LT €0LT €691 <0t 70T €0 70T 10t ocor  °
TeN-€T TeN-TT TeN-ZT TeN-TT TeN-0T L1z 4 i €1 r'ie 6591 ST 691 8791 9191 961 <6l 76l €61 T61 aseq

yT- yI- pI- €1- - 0¢ (4 ve [543 8¥ <1 8LI <61 L0T 86T <T <T T ¥'T €T aseq-0L0T

61— o1~ 01~ 6- 6~ (44 €T €T <T 9'¢ L11 (231 441 491 681 L1 L1 L1 L1 91 seg-0s0z L

€1- 9- 9- = = 1 €1 €1 <1 7T 69 9L 18 L8 011 60 60 60 60 80 aseg-0€0T W
TeN-TT TeN-¢ TeN-1 904-8C Q24-97 ¥'SC 9T 0% ver [Rt4 6¢81 6081 68L1 S9LT $¢9T (a4 81T €1 80T ¥6l 0.0z & =
TeN-9T IeN-L TeN-¢ TeN-¢ Q24-87 99T L€t 6'TC $'TC €07 081 $9LT 9¢L1 01LI $39 L1z 0'1¢ $0T 1oz L1 0507 =
TeN-7C TeN-11 TeN-6 TeN-L TeN-¢ 9'€T L'TT 6'1C ¥'1C 161 LSLT LOLT <91 91 90$ 1 6°0¢ 0T L61 €61 6Ll 00T &

1dy- TeN-LT TeN-CT TeN-CT TeN-8 ¥'TC i 90T 661 L91 8891 1691 P6<T 8¢ST 96¢1 00T €61 881 781 'L aseq

XeW €0 UeIPIW 10 umw Xew €0 UBIpIN 10 Ut Xe €0 UeIPIW 10 utw Xe €0 URIpIW 10 U d

pord
JJep PUI-UOSLIS dmjerdduwd) porad Suruadry sAep 33133p 2AnI3YJd AredrSojorg dmjerddurd) uoseds Suimorn duIL

panunuo) ‘g qeL

© 2008 Australian Society of Viticulture and Oenology Inc.



Australian Journal of Grape and Wine Research 2008

ions

d

ian winegrape growing con

Future Austral

12

+op- 0T- L1- 91— P1- te¢ 9¢ 9¢ 6°¢ €9 S61 €1T 9Tt 93144 16T (94 ¥’ T (%4 €T 9sed-0L0T

+oe- Sl- - - 1= t¢C 9T LT 0¢ 6F a4 LST 991 8LI €1T L'l 91 L'l 91 91 95eg-050T

+oe- 01- 8- L= 9- +¢1 91 [ 91 [49 8 06 86 U 441 60 60 60 60 60 I5eg-0€0T =
TeIN-6T TeIN-8 TeIN-9 TeN-F TeN-T 8'¢T 1€t ST 0'ce ¥'0¢ 08LT 17L1 91LT L891 €861 [ 90t 0T L6l 981 0L0T Wl S
TeN-7T TeN-€1 TeN-11 TeN-8 TeN-G 87T |44 9'1¢ e 061 8TLL G891 9691 7091 S0s1 10T 861 61 061 6'L1 0$0T 5 e
TeN-T¢ TeN-81 TeN-G1 TeN-¢1 TeN-0T 81T e ¥'0t L6l LT 9991 8191 88¢1 6¥ST LIv1 961 el L81 €81 TLT 0€0T ©
+1dy-0¢ TeN-8T TeN-€T TeIN-0T TeN-91 +eot g6l 681 181 'yl 68¢1 8TS1T 06¥1 PPl [434 L'81 81 8LT YL €91 aseq

97— 61— 81— 91— S1- 9'¢ L¢ 6'¢ 0¥ 6F 10T 444 1474 LYT €LT T T T ' ' 9sed-0L0T

0T- pi- €1- - 1= T (%4 8T 0¢ 8¢ 54 91 691 8LI 661 L'l L1 91 L'l L'l 95ed-050T

Pi- 6— 8- L= 9- 'l Sl <l 81 (4 4 €6 L6 €01 911 60 60 60 60 60 sed-0€0¢ M_
TeIN-01 TeIN-8 TeIN-9 TeN-¢ TeN-1 Ay 414 8'TT r'ee ¥1e S8LI €9L1 PILT 8891 0891 e L0t €0T 661 6l 0L0T m &
TeIN-91 TeN-€1 TeN-11 TeN-L TeIN-G (454 e L1t T1e €0T 6TLL €0LI 6791 6191 9LST L0t 002 6l 761 L'81 0$0T m =
TeN-TT TeN-81 TeN-91 TeN-T1 TeN-0T (44 [ ¥'0t 661 061 9991 P91 LLST Phel [ 931 661 ol 881 P81 6'LT 0€0T g

1dy-¢ TeN-LT Te-$¢C TeIN-61 TeN-91 80T L'61 681 181 91 P8¢1 17s1 08%1 5441 LLET 061 €81 6'L1 SLT 0LT aseq

Y- 61— L1- 91— Pi- LT 6T ¢ 143 a4 €LI (44 LET 944 LLT T ¥ T €T €T 95eg-0L0T -

61— Pi- - - 01— 6’1 0t €T (%4 L'e Pel 891 LLT 281 €0T 9l 91 L1 91 91 95eg-050T =3

<= 6— L= L- 9- 01 't 1 L1 (%4 18 96 66 201 LIT 60 60 60 60 60 Ised-0€0¢ Wm
TeIN-€1 TeIN-6 TeN-L TeN-9 TeN-T €T L'TT €T 8'1¢ e 8781 08LT 8SLT 6€LT 7691 [ L0t ¥'0t 00T P61 0L0T g qu
TeIN-81 TeN-71 TeN-71 TeIN-01 TeIN-9 (44 8'1¢ ¥1e 602 ¥'0 68L1 PTLl 8691 9L91 8191 ¥'0t 661 L61 €61 L'81 0s0T =
TeW-$T TeN-61 TeN-LT TeN-G T TeN-01 91T 60T <0t 1’0t 6l 9¢LT 7991 0791 9651 [439! L6l 76l 6'81 9'81 081 0€0T hﬂ

1dy-9 TeIN-8T TeN-$C TeIN-TT TeN-91 9'0T 861 el 781 L91 691 9661 1zst Pev1 957! 881 €81 081 L'LT | A aseq
+op- 9T- 0T- 91— 5 tee (%9 'y LY YL 681 61T 8¥T 1Lt €0¢ T ¥ T T T 25ed-0L0T
+or- 1z- S1- - 01— e 9T re (%3 9 8¢ 091 781 661 444 L'l L1 91 L1 L'l 95eg-050T .
+oz- pi- 6~ L= 9- W1 [ LT (44 0¥ 8L 16 $01 €11 148 60 60 60 60 60 I5eg-0€0T .W
TeN-GT TeIN-0T TeN-L TeN-F 2d4-8T 99T TeT €T S'IT ¥'0t €081 Ll 8691 0991 8LST L1t 90t 00t P61 L'81 0L0T M m
TeN-1T TeN-6T TeN-T1 TeN-8 TeN-§ L'€T €T €T €0T 6l TSLI €891 €91 8LST L6V1 60T 661 61 L'81 081 0s0T &

dy-1 TeN-7C TeN-8 1 TeN-¢ T IeN-8 L'TT [ 661 061 0°LT 7691 P91 Pest [434! 00¥1 1ot el G81 6'L1 TLL 0£0T m

+1dy-0¢ 1dy-¢ Te-LT TeIN-0T TeN-F1 tete L6l 81 891 0¢T 191 [ 2491 0sv1 6LET SLTI 61 81 9'LT 0LT €91 aseq

00— 9T- - 91— Pi- (%9 9¢ (44 Y 0L S0t Y44 0T 89T 16T %4 ¥t T T T 25ed-0L0T »

G- 1- 91— - 01— T 9T €€ Iy 8¢ 08T L91 781 661 944 L'l LT L1 L1 L'l 95eg-050T s

ST- Sl- 01— L= 9- [ [ 6’1 8T 0¥ 68 96 L01 [48 448 60 60 60 60 60 I5eg-0€0T W
TeN-#1 TeN-TT TeIN-8 TeN-9 TeN-¢ L€t 9'Ce 6'1C y1e 90T SILT €TLI €891 [4Ch 1091 0'1c ot L61 €6l 881 0L0T = m
TeIN-61 TeN-91 TeN-€1 TeIN-01 TeN-L 9'TT 9'1C 0'1¢ 0T ¥6l 0TLT 6991 L191 €LST 9491 0T g6l 061 981 181 0s0T z
TeN-6T TeN-TT TeN-61 TeN-61 TeN-T1 L1t $0T 961 681 9'L1 ST P6S1 [1iZ9 9871 [4371 76l L'81 81 8L1 L1 0€0T R
1dy-¢z 1dy-9 TeN-6T TeN-TT TeN-LT ot 06l L'LT 191 9¢l 0961 8671 59741 PLET 0T€T 681 8'LI LT 691 $91 aseq @

LT- Y- - 81— 95 €€ Le 'y (94 LY 161 PP 09T 0LT 9LT T T T T T 25ed-0L0T a

(4 61— 91— 1= 11— €T 9T 0¢ 43 L'e 44! GLI 881 861 €0T L'l L1 91 L1 91 95eg-050T &

S1- [ 01— 8- 9- €1 [ 81 0T T 08 86 801 48 48! 60 60 80 60 60 I5eg-0€0T m_n N
TeN-T1 TeIN-6 TeN-8 TeN-9 2d-8T {44 yee 8'1¢ y1e 80T G081 TILT 7891 7991 LE91T ST ot 861 P61 el 0L0T = M
TeW-91 TeN-¥1 TeN-¢ T TeW-T1 TeN-¢ €T [ L0t €0T 861 9GLT €91 0191 0651 P9¢1 80T ¥61 061 L'81 P81 0s0T g
TeN-€T TeIN-0T TeN-61 TeIN-91 TeN-8 €T 70T g6l 681 S8l 691 9961 0¢ST P0sT SLYT 00t 9'81 81 6'L1 L'LT 0£0T m

1dy-L 1dy-¢ TeN-6T TeN-$T TeN-F1 0'1e L'81 L'LT 691 191 191 8971 [4474¢ T6¢l 19¢1 el L'LT YL 0LT 891 aseq -

XeW €0 UeIpOIW 10 U XeW €0 URIPIW 10 umw Xew €0 UeIpIW 10 uw XeW €0 URIPIW 10 Ut d
poLd
JJep pPuI-uosedIS amjerddurd) pouad Suruadry sAep 23133p aA13YJ3 Ajredrdojorg dmjerdduwd) uoseds urmorn QuILL

panuyuo) g dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



13

ions

d

ian winegrape growing con

Future Austral

Hall and Jones

- 0~ $T- - 91~ (544 44 L'y 9'¢ 0L yIT (494 9T LLT €67 €T €T €T ¥'T €T SRE-0L0T
g yT- 61~ 91~ - 9T Te L€ 54 LS LST 981 761 €07 L1T 91 91 91 91 <1 seg-0607 =
97~ L1- €1- 01~ L~ <1 61 €T 0¢ 87 €6 801 481 911 (341 60 80 60 60 80 seg-0€0c =
TeN-H1 TeN-T1 TeN-01 TeIN-8 IeN-¢ LT 81T $'1C e 70T 0vLI £891 1991 L€91 1091 €0 961 <61 6l L1 0L0T m =
TeN-0T TeN-LT TeN-¢ T TeN-€ 1 IeN-6 81T 80T ¥0C 861 161 €891 1091 1651 €961 (9491 961 6'81 981 €81 6Ll 00z Z
TeN-67 TeN-HT TeN-1C TeN-61 TeN-F1 L'0T <61 061 <81 <L 6191 379 60ST 9L¥1 £33 681 81 6'L1 9'L1 TLI 00z B
1dy-p¢ 1dy-01 1dy-¢ TeN-67 TeN-1T 61 9Ll L91 591 Pl 9781 g2 L6€1 09¢1 80¢1 081 (A1 0°LI L91 $91 aseq
6- 6~ 8- 18- - ¥'T v'T <T i e i 01 201 L11 9z1 <T v'T v'T €T €T ased-0L0T
L= L= 9- 9- - L1 A 81 81 11 19 LL <8 88 96 L1 L1 L1 91 91 ased-0607 =
S = i i - 60 01 It It 01 8¢ 9% 1< 49 8¢ 60 60 60 80 60 ased-0€07 2
PI-¥T QA-€T Q€7 +q21-7¢ 11-77 r'Le 097 8'¢T t9¢t ‘e €681 7881 9,81 0,81 6581 544 vee 414 0°¢T L'ee 007 S S
Q24-9¢ QA-<T PA-<T QA-¥C 1ad-tT ¥'9C €'¢T I'se 6'%C oyt €881 LS81 8781 1#81 6781 L'€T LT (44 344 0'TT 0507 E e
Q2-8C QLT QLT 904-9¢ QAT 9'¢T 9T 474 444 §'€T 0981 9781 PI8I 9081 16LT 6'TC 6'1C LT [t4 €1 007 2
TeN-p TeN-¢ TeN-C TeN-1 @4-97 LT 9'¢T €T ree 87T 781 08L1 €9L1 €SLI €€LT 07T 0'1¢ 80T L0T ¥'0C aseq
- o1~ 01~ 6- 6~ LT L'T LT 8T 6T 0zl 441 €31 6¢1 191 <T ¥'T ¥'T ¥'T €T ased-0L0T
6- 8- 8- L~ L= 6’1 0T 0T 1z |4 €6 96 00T 901 L1T L1 91 91 91 91 ased-0$0T
- - P S - I Tl It Tl 1 99 8¢ 09 €9 L9 60 80 60 60 80 seE0E0T L
4-97 Q-7 QA-$T QA-HC QA-€7 86T 96T Y4 414 a7 L£981 1981 9¢81 0581 €81 rec 6'TC L'TT (44 07T 0Lz & =
Q24-8¢C QPI-LT 4-9T Qd-97 PA-<T 0'sC 6'%C L'¥C (544 0%C 0781 €81 <781 L181 66L1 444 1'ee 6'1C L1 €1 050z =
TeN-p TeN-C TeN-1 904-8C Q24-87 444 1'¥C 8'€T 9'¢T ret 081 P6LT S8LT PLLT 6VLI <1 €1 [4t4 01T 14 0oz
TeN-8 IeN-9 TeN-¢ TeN-p TeN-¢ ree 6'TC LT $'TC 6'1C LYLI 9¢L1 (4441 T1L1 7891 90T $0T €07 1oz L'61 aseq
ST SI- ter- - +6- ¥'T <T i ‘e e 68 L11 651 L91 06T v v'T ¥'T ¥'T ¥'T ased-0L0T -
61— - - 01~ +6- L1 81 81 0T 1t <8 01 811 43 61T L1 L1 L1 L1 L1 ased-0$0T ml
€1- L- L- L- 9- 0’1 01 Il Il <1 09 69 4 LL 1€l 60 60 60 60 60 xeg-0€00 5
TeN-¢ Q€7 +qa-z2 +q21-7C 1qa1-72 L€t ver tree 18z t60t 8681 L681 <681 881 9LLT €T 0'TT L1 [t4 $61 0L0c 3§ g
TeN-6 Q4-97 PI-$T QPI-€T 11-7 0'¢C L'TC ¥ 1'ee 100z 7681 <881 PL81 €681 SOLT 91T [t 0'1¢ 9°0T 981 ooz 2 =
TN~ TeN-C Q24-87 924-97 Qd-$T €7T 6'1C L1t (4t 061 6981 6781 8781 S6LT L191 80T $0T 70T 861 081 0507 B
TeN-87 IeN-6 TeN-9 TeN-p TeN-C €1 60T 90T 10t <L 6081 08L1 9¢L1 81LI 98¥1 661 961 €61 681 'L ased T
tep- 91~ <I- pI- €1 tre €¢ [543 9'¢ €9 91 P81 00T 91z (314 ¥ <T v'T T ¥'T ased-0L0T
e - - 01~ 6- e €T v'T <T 8P Pl 8¢l 9%l LST € 91 L1 L1 L1 L1 ased-0$0T
1= L- 9- 9- 9- tet 4 €1 ¥l 41 4 8L 18 L8 Pl 80 60 60 60 60 XeI-0E07 D
TeN-61 TeN-p TeN-1 904-8C Q24-97 9'¢T 0'¢T a7 9'¢T 76l L£81 0181 L8L1 TSLT 491 v'ee 61T i 60T 81 oz 2 3
TeN-LT IeN-8 TeN-¢ TeN-¢ TeN-1 89T 0% €T ¢ 6'L1 66L1 $9LT 2941 7691 €321 91T r'ie L0T 10z PLI 0507 <8 =
1dy-91 TeN-¢ [ IPN-01 TeN-L TeN-§ L'€T 6'TC (444 ¥'1C 971 LYLT $OLT 8991 791 (4431 80T €0 661 €61 9'91 0€07
+1dy-0¢ TeN-0C TeN-9T TeN-€T TeN-0T tree LT 60T 00T ret SL9T 9791 L8ST 499 8311 00T 76l 061 781 Lt aseq
- 91~ 91~ 91~ €1- re 9¢ 9'¢ 9'¢ 44 €91 90T 91z 44 LST ¥ <T v ¥'T ¥'T ased-0L0T
91~ - - - 6~ (4 9T <T 9T e 9z1 1S1 LST 91 £ L1 L1 L1 L1 L1 ased-0$0T
01- L- 9- L- = 4! 7'l ¥l ¥l 81 €L 13 L8 16 901 60 60 60 60 60 WRE0E0OT o
TeN-8 TeN-p TeN-C TeN-T Q24-97 %14 (444 8'€T €€ ree 9¢81 €8L1 99L1 SLI 1891 €T i 01 L'0T 661 0L0T m g
TeN-€T IeN-8 TeN-L TeN-¢ TeN-1 ¥HC (424 LT €T 0'1¢ 66L1 8TLI LOLT €891 6091 91T 90T €07 00T 61 0oz *®
TeN-61 TeN-€1 TeN-71 TeN-0T TeN-¢ y'€C 0'TC 9'1¢C I'ie L6l 9FLT 7991 LE9T 191 0¢ST 8°0C 861 <6l 6l ¥'81 0€0C
TeN-67 TeN-0C TeN-8T TeN-LT TeN-0T TTe 90T T0T L'61 6'LT €L91 LLST 05sT 491 PTHI 661 681 981 €81 SLI aseq
Xe €0 uerpaw 10 urtw Xew €0 ueIpaw 10 uIw Xew €0 uerpaw 10 uIw Xew €0 UeIpIW 10 urw d
pord
9Jep PUI-UOSLIS dmjerdduwd) porad Suruadry sAep 33133p 2AnI3YJd AredrSojorg dmjerddurd) uoseds Suimorn du,

panunuo) ‘g qeL

© 2008 Australian Society of Viticulture and Oenology Inc.



Australian Journal of Grape and Wine Research 2008

7))
c
=]

ng cond

ian winegrape grow

Future Austral

14

ST iz - 61~ S1- 0°¢ i3 L€ |84 %7 S0T 434 1<C 09T 997 T 44 44 | [ a5eg-0L0T
07— 61— L1- SI- - T T 6'C e 43 491 PLI 981 €61 00T [ 41 [ [ <1 5eg-050T
¢I- - - 6- 9- €1 €1 91 6’1 0C L8 66 L0T 48! 48! 80 80 80 80 80 aseg-0£0T ©
TeN-T1 TeN-01 IPN-6 TeN-L IeN-¢ e 9°1¢C I'1e 0°1¢ 60T 08L1 8TLI L691 €891 8991 0T 961 €61 16l 061 0L0T = =
IPN-91 TeN-¢1 IPN-F1 TeN-T1 IPN-L ¥ L°0T €07 0°0C 861 LTLL L991 7691 9191 2091 <6l 681 981 <8l 781 0soz 5 e
TeN-¢T TeN-7T IPIN-0T TeN-L1 TeN-T1 $0T <6l 061 881 981 7991 7651 199 4391 91S1 881 781 6'L1 §LI LL1 0£0T
1dy-¢ 1dy-¢ IPN-T¢ IeN-97 TeN-81 ol 81 ¥LT 691 991 SLST (1541 9Fh1 €TH1 0¥1 081 ¥'LT (WA 0Ll 691 aseq
+9¢- toe- ‘- - (44 a4 6w Rie4 187 [ Ly $6C 913 (443 LS€ Tt €T 44 44 &4 ased-0L0T
tee- +6z- +ee- +oc- L1~ e +Le +ee +0¢ e €81 ¢4 12 434 997 [ 91 91 [ <l 5eg-0507 W
+0 1o to1- +ot- 11~ tre t6'1 W1 180 60 201 ¥l Pel 52t (91 80 80 80 80 80 ased-0¢07 mb
TeN-CT TeN-TT IPN-61 TeN-9] TeN-01 9'1¢C 0T €61 881 €81 €991 1851 829! $0ST SL¥T F61 9°81 181 gLl SLI 0L0C 3 =
1dy-L 1dy-1 IPIN-97 IPN-TT TeN-¢1 9°0C 061 181 0°LT 191 6651 2081 isat 284! $8E1 L'81 6°L1 SLI (WAl 891 050C w e
+idy-0¢ 1dy-gz 1dy-11 1dy- eN-12  4€61 TLl 791 LRal 6Tl 81¢1 171 09¢1 L0€1 8971 081 WA L91 791 191 0c0c  §
+1dy-0¢ +1dy-0¢ +1dy-0¢ +1dy-0¢ 1dy-1 trLn tecr 1891 0wt 0l 91¥1 L8T1 97Tl 011 8111 L €91 6l 9°¢l €<l aseq
0T~ 91~ $1- <1 - ¥'C 9T 9T 8T 8¢ L0T 8¢l 281 80T (194 (%4 €T €T ¥'C %4 ased-0L0T
SI- - - 6- 6- L1 8l 8l 0 0°¢ 88 801 821 8¢1 81 L1 91 91 91 91 a5eg-050T
6- L~ 9- < - 60 I'l 60 I'l 0T 29 <9 78 €6 <01 60 80 80 60 60 ased-0£0T &
TeN-T1 IeN-F TeN-¢ QI-LT QA-¢T 494 474 (414 | 514 L1t 0L81 s8I 8181 86L1 61L1 6'TC 6'1¢C [t 60T L6l 0L0¢C qm z
TeN-91 IPN-8 IPN-9 TeN-T Qa-LT 574 ¥'eC L'TC €T 60T 1681 sl LLLT LiZA 1991 e [t $0T 1'0C 061 0507 =
IeN-TT TeN-€ [ IPN-T1 TeN-9 IeN-¢ L'€T L'TT 81T ¥1T 661 L181 6LLT 0TL1 €891 1L81 €1 70T L61 761 €81 0€0T ~
TeN-T¢ TeN-0T TeN-L1 TeN-T1 IeN-L 8°TC 9'1¢C 6°0C €0 6Ll €9L1 FILT 9¢91 0651 9971 ¥0T 9°61 681 1 YL aseq
- 61— SI- yI- €1- tre 7'e i3 8¢ 'L 81 10T 91T 414 L6T ¥'C €T €T %4 %4 aseg-0L0T
8¢~ PI- - 01- 01- te ¥'C (4 6'C X 9¢1 8¥1 091 €L L1T 91 91 91 91 91 a5eg-050T
tLe- 6- L- 9- 9- 1 <l [ [ L LL 98 76 66 871 60 80 60 80 60 a5eg4-0£0T -
TeN-L1 IPN-8 IeN-9 TeN-¢ IeN-1 844 (414 L'TC 1'ee 00T S6LI 19L1 8TLI 1691 1961 ¥'1C 80T €07 861 $'81 0L0T mh =
IeN-€T TeN-¢ [ IPN-6 TeN-L IPN-F |24 v'ee 81 [t 981 67L1 80LT TL9T 0€91 1871 9°0C 10T 961 6l gLl 0s0z =
1dy-¢ TeN-81 IPN-F1 TeN-T1 IPN-8 e <1 80T 861 991 0691 9791 9091 9461 T6¢1 661 €61 681 €81 'Ll 0€0C
+1dy-0¢ TeN-LT IPN-1T TeN-LT TeN-$1 +60C 0°0C €61 €81 61 €191 0951 (419! LSPT $9T1 061 <81 0'81 SLI 791 aseq
€T 0T~ 81~ L1~ SI- ¥'C 9T 6T Te 6'¢ 681 $TC 0¥T 0sT $LT €T 44 44 44 Tt aseg-0L0T
81~ S1- €1 <1 - L1 61 1T €T ¢ 8¥1 0LT 6L1 L81 20t 91 41 91 91 ST a5eg-050T
- 6- 8- 8- L- 60 1 ¥l 91 T L8 L6 201 L01 811 80 80 80 60 80 a5eg-0£0T e
TeN-T1 IeN-8 TeN-L TeN-9 TeN-¢ €T L1 9'1¢C ¥1T 01T 1281 06L1 1LLT 492 01L1 80T 0T 10T 861 961 0L0T mﬂ g
TeN-L1 TeN-¢ [ IPN-T1 TeN-01 IPN-9 9'1¢C 0°1¢C 8°0C $0T 0T 08L1 9¢L1 01LT 7691 8¢91 10T S6l 761 6l 681 050C =
IPN-€T TeN-61 IeN-L1 IeN-G TeN-11 80T 0T 102 861 [ 61L1 €991 €691 191 259! €6l 881 981 <8l 781 0€0C =
1dy-¢ TeN-8T IPIN-CT TeN-¢T TeN-81 661 61 L'81 781 WA 791 99¢1 €61 S0ST 9¢¥1 <81 081 8L 9'L1 PLI aseq
97~ 0T~ 61~ 81— 91~ 9T I'e 4 Pe 54 LTT 6¢T L¥T 494 (414 €T €T €T €T €T ased-0L0T
- SI- PI- yI- - 61 €T ¥'C 9T X3 0LT LLT 281 881 80T 91 91 91 91 91 a5eg-050T
yi- 01- 6- 8- L- 't [ 91 8l €T 86 001 $01 801 €zl 60 60 60 60 60 a5eg-0£0T =
TeN-¢T TeN-01 IeN-6 TeIN-8 IeN-9 07T L1 ¢ €1 60T 98L1 09L1 8PLI 9¢L1 €691 90T 70T 10T 661 9'61 oLz = Z
TeN-g1 TN~ IPN-F1 TeN-T1 TeN-01 €1 6°0C L°0C $0T 1'0C 6TL1 8691 €891 6991 6191 661 S6l 761 6l 6'81 050C m
IPN-ST TeN-0T IPIN-61 IeN-g] TeN-¢1 $0T 102 661 L61 681 LS9T 1291 S091 6851 239! 6l 881 L8l <8l T8l 0€0C
1dy-8 TeN-0¢ IeN-8T TeN-97 TeN-TT 761 981 €81 6Ll 991 65S1 k491 1081 18¥1 1171 €81 6Ll 8L 9'L1 €L aseq
Xew €0 UeIpOIW 10 uiw XeW €0 URIPIW 10 Ui Xew €0 UeIpIW 10 Ui XeW €0 URIPIW 10 Uy d
poud
JJep pPuI-uosedIS amjerddurd) pouad Suruadry sAep 23133p aA13YJ3 Ajredrdojorg dmjerdduwd) uoseds urmorn QuILL

panuyuo) g dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



ditions 15

ian winegrape growing con

Future Austral

Hall and Jones

18¢- ‘- 67— - 91- tee e 0¥ X3 [ 914 L€T [4%4 L8T 00€ 1T 4 1'C 1C 61 a5e4-0L0T
+et- tee- €T L1~ - tee tre 8T LT 0¥ 8¢1 €L €81 80T L1T 1 7'l 7'l ¥l 2 aseg-0$0T
- - 91~ - L- et 1 41 L0 0T 88 L6 €01 44 871 80 L0 80 80 L0 a5eg-0£0T e
IPN-€T TeN-61 IPN-F1 TeN-11 IPN-L (444 ¥1T 9°0C ¥61 981 TILl 0991 €191 259! 4191 661 €61 981 T8l LLl oLt E =
1dy-1 TeN-97 IPIN-0T TN~ TeN-T1 ¥ $0T 761 781 (WA §691 9651 229! 9541 (a2t €61 9'81 1'81 SLI WA 00T g
1dy-L1 1dy-9 IPN-LT IPN-1T TeN-91 0T 6l 181 91 'St 191 0781 P9F1 68¢1 0F<1 9°81 6°L1 SLI 691 $91 0€0C e
+1dy-0¢ +idy-0¢ 1dy-z1 dy-1 TeN-€T 1681 EYVA 991 59! el L6V1 2421 19¢1 L9T1 4541 §'LT TLl L91 191 8¢l aseq
Se- I¢- 67— ST - 9°¢ 6°¢ 94 9¥ 06 15T 997 €LT 08¢ 987 1C 0T 1c 0T 0T 5e4-0L0T
67~ ST €T 0z~ L1~ 8T 6T a3 [ 8¢ 981 861 $0T 60T y1C ¥l 7'l 7'l ¥l ¥l aseg-0$0T
07~ L1~ 91~ <1 - 91 8l €T €T 9T 011 911 0T1 241 941 80 80 80 80 80 a5eg-0£0T o
TN~ TeN-€1 IPN-T1 IeN-T1 IPIN-6 0'1¢C L°0T $0T €0 0°0C 0Ll €891 1991 9991 0791 6l 681 981 981 781 0L0T mh =
IeN-1T TeN-61 IeN-81 TeN-9] TeN-$1 0T L6l 761 6l 881 LE9T <191 T6<1 SLST 8F< 1 <81 €81 1'81 081 §'LI 0s0z 2
TeN-0¢ TeN-LT IPN-GT TeN-€T TeN-0T 061 9°81 €8l 0'81 9Ll 1961 (1191 80ST 6871 65H1 6L LLT SLI YL L 0€0C
1dy-61 1dy-¢1 1dy-01 1dy-¢ TeN- 1€ ¥LI 891 091 L'ST 061 ¥l L1F1 98¢ 1 99¢1 Peel 'Ll 691 L91 991 791 aseq
+or- Le- 87~ Y- 07~ tee <S¢ <S¢ 6°¢ 9°¢ e 9t 08¢ LO€E 253 1 4 c 0T 0T a5eg-0L0T
e I €T 61— <1 e LT (%4 8T ¥'T 81 661 [4k4 67T $9¢ 1 7'l 1 ¥l ¥l aseg-0$0T
1= - 91~ - 01~ 1 Sl ¥l 91 S0 801 LT iZ4! 9¢1 491 80 80 80 80 80 a5eg-0£0T wm
IPN-1T TeN-€1 IPN-T1 IeN-8 IPN-9 €1 8°0C ¥°0C 661 981 0FL1 80L1 7891 9791 991 761 16l 981 781 LLT 0.0z & m =
TeN-0¢ TeN-61 IPN-9] TeN-¢ TeN-T1 $0C 00T 761 881 PLI 1891 91 PI91 8951 1971 881 781 781 §L1 'Ll 00T mqm
1dy-91 TeN-67 IPN-€T IeN-0T TeN-91 F61 881 €8l 9L %91 L091 €961 9751 9541 05¢€T 181 8LT SLI LI $91 0€0C s
+idy-0¢ 1dy-61 1dy-g 1dy-1 TeN-97 1081 A 691 091 061 6671 9Fh1 071 6¢€1 L611 €L 0°LT L91 $91 LSl aseq
8- 8- L- 19~ te- 0T 1T 4 e toc €8 €6 L6 101 901 T 44 44 [ Tt a5eg-0L0T
9- 9- 9- - - €1 ¥l <l <l <l L9 L €L <L 08 91 <l <l ¥l <1 a5eg4-050T
- - - - - L0 80 60 01 60 6¢ (34 94 Ly 0 80 80 80 80 80 a5eg-0£0T =
QPI-¥T Q€7 Q€7 +q21-7C +qad-72 6'SC 9°¢C ¥'$C trse 6t 0681 9881 7881 0881 €L81 414 414 r'eC 6'7C LT 0L0C mh ¢
4-97 Q4-67 PI-¥T PI-¥T PA-€T 414 6'%C 89T 9% a7 PL81 $981 0981 P81 L¥81 6'TC $TT e (444 07T 00T W
Q24-8T QA-LT 14-97 124-97 QA-$T 9%C 574 474 1844 8'¢C 9781 9¢81 7681 9781 L181 e 8'1¢C L1 91T €1 0€0C
TeN-¢ IPN-T IeN-1 904-8C QA-LT 6'¢C §€T ¥ 14 |§24 6'TC L08T €6L1 L8LT 6LLT L9LT [t 0°1¢C 6'0C 80T $0T aseq
+er- €T 61— L1- S1- tee 9°¢ 8¢ 94 0°¢ L0T 97T ST LY €67 €T 44 44 | 1C a5eg-0L0T
+oe- 81— yi- €1- - e LT 0°¢ a3 8¢ 491 991 €L1 181 $1C 91 [ <l [ ¥l a5eg4-050T
tee- - 6- 8- L- te1 1 L1 Tt L1 06 93 L6 00T 44 60 80 80 L0 80 xed-0€0C v
TeN-61 TeN-11 IPN-6 TeN-8 IRN-¢ e e L1 [t 761 5741 00L1 €891 €691 499! ¥°0C 861 961 6l T8l 0L0C g 5
IeN-97 TN-91 IPN-F1 IeN-T1 IPIN-6 6'1¢C [t 6°0C 70T T8l 9891 0791 1291 L8S1 €LY L'61 161 681 981 <L 050C 3
1dy-L TeN-7T IeN-61 TeN-L] TeN-¢ [ 0'1¢C 0°0C 9°61 061 191 $T91 6951 (549! 90$ 1 18¢1 061 781 T8l 8Ll 691 0€0C
+1dy-0¢ 1dy-¢ IPN-8T IPN-ST TeN-07 te61 S8l 6°L1 891 iaat 239! PL1 kizat 9071 65T1 181 9Ll VLI (WA 191 aseq
0%~ €T 07~ 61~ S1- 0°¢ S¢ 9°¢ 8¢ LS 70t LE€T e 197 01¢ T €T 44 4 4 a5eg-0L0T
pe- 81— 91- SI- - 44 9T 4 6T (%4 161 9L1 181 961 1€ 91 91 [ [ <1 5e4-050T —
€T - 01~ 6- L- €1 1 7'l 91 0°¢ 13 201 201 48! 1€l 80 60 80 L0 80 aseg-0£0T 5
TeN-¢ [ IPN-8 TeN-L TeN-9 IeN-¢ €T L1 §IT e 1'0C 08L1 PELT 1Lt 6691 791 0T L6l §6l 6l S8l 0L0C z =
IeN-61 TeN-€1 IPN-T1 IPN-01 IPIN-9 [t 8°0C 9°0C 0T 681 6TL1 €L91 0991 $E91 1991 961 061 981 981 gLl 050C =
TeN-0¢ TeN-0T TeN-L1 TeN-9] TeN-T1 9°0C L6l €61 6'81 ¥'LI €991 6651 1851 67<1 4941 881 €81 1'81 8Ll [ WA 0oz <
1dy-zg TeN-T¢ IPN-LT IeN-CT TeN-81 6l 8l 6°L1 [ iaa 8LST 5a 6LF1 8¢H1 (4431 0'81 ¥'LI [ A (WA €91 aseq
Xew €0 uerpaw 10 umw Xew €0 ueIpaw 10 Ut Xe €0 uerpaw 10 utw Xe €0 UeIpIW 10 urw d
pord
9Jep PUI-UOSLIS dmjerdduwd) porad Suruadry sAep 33133p 2AnI3YJd AredrSojorg dmjerddurd) uoseds Suimorn du,

panunuo) ‘g qeL

© 2008 Australian Society of Viticulture and Oenology Inc.



Australian Journal of Grape and Wine Research 2008

7))
c
=]

ng cond

ian winegrape grow

Future Austral

16

91— €= 45 (45 1= 44 ¥ (4 9°C I'e Ly1 L91 (421 681 01z 61 6'1 0T 0T 61 ased-0L0T

(45 01— 6~ 8- 8- ST 81 8l 0T ¥'T 801 441 14! sel Pl €1 <1 ¥l Pl [ 95ed-050T &

L- 9- S S - 80 Il Il €1 €1 9 0L [ LL 98 L0 L0 L0 L0 L0 9Sed-0€0T 3
TeN-0T TeN- TeW-F TeIN-¢ TeN-T L€t 6T 8¢ €T €1T $081 LLLT 69LT €6LT 7891 (414 L0t 90T €0¢ ¥6l 0L0T g L
TeW-H1 TBN-8 TeN-L TeIN-L TeN-F 0°€T €T ree LT 90T S9LT 492 TTLl €0LI 9291 90T 10t 00¢ L6l 88l 0502 5
TeN-61 TeN-TT TeN-TT TeN-0T TeN-8 €'Te 9'1¢ yie 0°'1¢ S6l 8ILI 0891 6991 P91 84S 00t S6l €6l 061 81 0€0¢ k)
TeN-9T TeIN-81 TeN-9T TeN-G T TeN-TT (14 S0t €0 L61 T8I LS91 0191 L6ST 8961 A4 €6l 881 981 €81 S'LT oseq

81~ €= 45 €= 45 €T ¥t 9T 9'C €'¢ S91 PLI 431 681 €TC 0T 0T 0T 0T 0T ased-0L0T

P1- 01~ 6= 6= 8- ST LT 6’1 6’1 L'e 44t 0¢T 131 6¢1 P91 71 ¥l ¥l ¥l ¥l 2sed-050T -

8- 9- S <= [ 80 60 [ €1 [ L9 L SL LL 76 L0 L0 L0 L0 80 ased-0¢0T 5

IBN-6 TBN-S TeN-¥ IBN-T TeN-T (14 0'¢T LTt A44 €1e Y6LI 08L1 LT 8YL1 LLIT 0'1C 8°0C <0t €0t yel 0L0T M Ed
TeN-€ T TeN-8 TeW-L TeN-9 TeN-§ ST €T 0Tt LT L0t 1SLT 9¢LT €ILT 8691 8191 ¥'0C ot 661 L6l 881 050t =
TeN-61 TeIN-TT TeN-TT TeN-0T TeN-8 8¢ (14 €1C T'1c g6l 9691 LLIT G991 9¢91 9pST L61 S6l ol 061 81 0€0¢ 2
TeN-LT TeIN-81 TeN-9T TeN-GT TeIN-€ T 0°1¢ 90T 10t 861 081 6791 9091 08<T (99 454! 061 881 <8l €81 ¥LT aseq

yT- 1= 91- P1- €= 9T 8T 0°¢ 8¢ (44 981 861 60T LTT 8¢T 0T 6'1 0T 6'1 61 ased-0L0T

61~ 91— 45 - 01— 0T e ¥ 8T [ sel 44! 491 91 A1 7'l €1 LA [ [ 95ed-050T -

45 01~ L= L- 9- €1 €1 [ 81 0T 8L a8 98 €6 86 80 L0 L0 L0 L0 ased-0¢0T o
TeN-¢ T TeIN-TT TeN-8 TeN-L TeN-§ e 8'1¢ (14 60 (U4 €6LT STLT T0LT P91 8791 ot 861 961 061 881 0£0¢ M ©
TeN-8T TeIN-91 TeN-TT Te-0T TeN-8 91¢ T'1c 60 661 g6l T0LT 1L91 SHI1 €681 7961 961 [« 061 ¥'81 81 0502 =
TeN-6T TeN-TT TeN-LT TeN-¥1 TeN-C1 60T €0t L6l 681 €81 922! 6091 6LST (491 88¥1 061 981 €81 8'LL 9'LT 0€0T 2

1dy-9 1dy-1 TeN-$T TeN-1T TeIN-81 961 061 S'8I T'LI €91 L9ST LTSt 254 LTyl 06¢T T8l 6'LT 9°LI T'LT 691 oseq

SI- Y- SI- SI- €= Tt I'c I'c I e (el 6¢l 6¥1 651 081 e e e e e ased-0L0T

- 01~ 01~ 01~ 6~ 91 [ [ [ [ ¥6 01T 811 9t1 71 ST [ ¥l ¥l Sl ased-050T =

9- 9- 9= 9- [ 60 80 80 80 80 65 89 €L 9L €8 80 80 80 L0 80 ased-0¢0T =

Te-¢ TeN-1 Q24-8¢ Qd-LT Q24-9T (414 €T e 1'ee ¢1e 7981 6¥81 1781 €€81 6181 9'1¢C 60T 80T L0t ot 0£0¢T 3 =

TeN-L TeN-§ TeW-F TeIN-¢ TeN-1 LTt LT 9'1¢ (14 60T 9¢81 0Z81 0181 0081 08LT 60T €0t 10t 00T 961 050t o >
TeN-TT TeN-6 TeN-8 TeN-L TeN-§ 0Tt 0°1¢ 60T 80T [4Ue 1081 8LLI SILT 0SLT TTLl ot 961 g6l €6l 681 0€0¢ =
TeN-8T TeIN-C T TeN-F1 TeN-¢ T TeIN-0T e ot Toc 00 ¥6l TrLl 0TLI 691 $LIT 6€91 ¥6l 881 L8l 981 181 oseq -

0z~ €= 45 01~ - 91 I ¥ ¥ vy 65 81 9¢1 181 1§24 e I e e (44 ased-0L0T -

91— 6= 8- 8- €= 01 91 91 L1 [ s 66 811 €l 6L1 7'l <1 LA <1 Sl 95ed-050T 2

01~ S S- = - S0 80 80 60 6’1 43 09 69 YL 00T 80 80 L0 L0 80 ased-0¢0T = a
TeN-TT TeN-1 Q2d-LT Q24-$T +qad-ze 6'ST e 0¥%C (414 ‘e 8681 0681 1281 L8LT €791 6'€T Tee 91T 0°1¢ €6l 0£0¢ em E P
TeN-CT TBN-¢ TeN-T Q24-LT Qod-€T (24 6'¢T (414 (44 €0 0681 1281 €8L1 6¢L1 1861 (414 <1z 60T ¥'0C 981 050T 2 W
Te-1T TeN-6 Te-¢ TeN-T od-¥T 87T rec yee LT 06T 1L81 a8L1 PeLT 0891 T0sT 9Tt 80T ot 961 6°LI 0€0¢ &
TeN-T¢ TeN-F1 TeN-0T TeN-9 4249 €Y €T 91T 8'0C LT 6€81 TTLT S991 9091 [duigt 8¢ 00t g6l 6'81 T'LT oseq -

+oe- 81~ 91~ SI- 1= 0t €T [ 8T a4 LTT 661 0Tt 8¢T 19¢ 0T I e e e osed-0L0T

+oe- €= 45 - 8- LI 91 L1 I 6'C 76 11y 991 LLT e Pl [ ¥l [ Sl ased-0$0T @

- 8- L= 9- - +L0 80 0T ¥ 0T LS L8 S6 00T 9¢1 80 80 80 80 80 ased-0¢0T 8
TeN-TT TeN-6 TeN-8 TeN-9 Qod-LT ree L1t Ay T'1e 061 LSST 88LI1 89LT 8VL1 1LsT (14 ot 661 961 8Ll 0£0¢ ® qu
TeN-T¢€ TeN-F1 TeN-T1 Te-0T TeN-1 9Tt 0°1¢ 90T ¥0C 9Ll 4331 0pLI PILL L891 4141 60T 961 ol 061 LI 0502 W
1dy-91 TeIN-61 TeN-LT TeN-G T TeN-§ 8¢ ot 661 L6l LSt L6LT 9L91 €791 0191 99¢1 €0t 681 981 €81 S91 0€0¢ g
+dy-0¢ TeIN-LT TeN-$T TeN-TT TeN-6 e 76l 681 €81 Lyl 0pLI 6851 8¥Sl 01T oret g6l 181 8Ll SLT LSt oseq

XeW €0 UeIpIW 10 uW XeW €0 ueIpaw 10 uW XeW €0 UeIpIW 10 UIN Xe €0 uerpaw 10 uIw d

poLd
JJep pUI-UO0SeLds amjeradwa) pouad Suruadry sAep 33133p aAna)Jd Aredtdojorg amjeradwd) uoseas Surmorn duig

panuyuo) g dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



17

ions

ian winegrape growing cond

Future Austral

Hall and Jones

91— Sl- Y- vi- ¢l- (%4 LT LT LT 6'C 781 981 61 S61 0T 81l 81l 8L 8L LT Ised-0L0T
46 1= 01- 0r- 01- 6'1 0T 1t [ [ el Lel (141 [44t Lyl ¢l [ ¢l [ [l Ised-050T
L= 9- 9- 9- 9- Tl ¢l [ 't 't 9L 8L 08 18 8 L0 90 L0 L0 90 sed-0¢0T W
TEN-01 IBN-L IeN-L TN - IBIN-G 61T 81T 91T v'1C I'ie 16L1T ¢€LT STLT TILL 1891 661 861 961 S6l 6l 0L0T Wﬂ 4
IeN-71 IEN-T1T TeW-T1 IeN-6 IeN-8 ¢'1T 'iec 0'1¢ 6'0C 0T ¢0LT 6891 €L91 6591 9791 7ol 7ol el 6'81 981 050T m
TEN-61 TEN-91 IBN-CT TeN-¢ 1 TEN-T1 90T 70T 10T 861 ¢6l S22 0€91 191 8661 19¢1 881 981 S8l 781 081 0€0T =
I1BN-9T 1eN-TT IBN-1T TeN-61 TeN-81 vol T6l 681 L'81 78l 6961 4991 (1991 LIGT 6LVl 181 081 8'LL L'LT vLT aseq

ST- 61— 81- 91— 91— 0¢ e ¢'¢ ¢'¢ 0¥ 10T 90T 01¢ 11C 0¢€T L'l L1 81l L1 LT Ised-0L0T

0T- vi- ¢l= 45 cl- ¢'T [ (a4 €T ¢ Lyl ISt [49¢ 1191 L91 [ [ [ [ [l Ised-050T =

- 6— 8- L= L= Tl [ ¢l 7'l 0T €8 98 98 <8 €6 90 90 L0 L0 90 Ised-0¢0T ]
IEN-91 1eN-T1 IBN-TT TeN-TT TeN-01 [ 1'1e 01T L0T 861 6891 9L91 9991 LS9 6091 6l el 06l 881 781 0L0T m £
IeN-1T TeN-LT TeN-91 IeN-GT TeN-71 $'0T ot 6'61 L'61 6'81 1€91 1291 8091 6651 9PS1 L'81 981 781 [ 6'LT 060T g
IEN-8T 1eN-TT IBN-TT IEN-0T TEN-61 7ol ol 06l 881 8°LL L961 9661 (449 1§39t Lyl 181 081 6'LL 8'LL ¢LL 0€0T =
1dy-01 TeN-T¢ IBIN-6T IBN-LT 1eN-9T 8l 081 LLT YL 8¢l P8¥1 0LV P94t Pl 6LET LT VLT TLL 'Ll L91 aseq

1= 9C- (4 61— ¢l- 9T v'e %9 0¥ s €81 61¢C LTT 6¢€C L9T 61 81l 81l L1 LT Ised-0L0T

9¢- - 81- SI- 01- 07 ST 97 0¢ a4 <3 091 <91 92 861 I 71 71 71 I't oseg-0S0T .

ST- vi- [ 6= 9- ¢l 7'l 91 0T 6'C LL 16 S6 66 ST L0 90 90 L0 90 Ised-0¢0T W
TeN-8T TeN-¢ 1 IPN-TT TEN-01 IEIN-9 1ze 80T [a\4 661 881 1Ll 0L91 0991 G791 0LST 10T 06l L'81 781 6°LL 0L0T m. i
PW-€7 IPWN-S1  IeW-9L  Ie-pI TW-6 SIT 661 €61 681 0781 €691 1191 88<1 19sT 10sT $61 P8I 181 6Ll €L 0s07 =

1dy-¢ IBN-ST IBIN-TT IEN-0T TEN-¢1 80T 881 €81 6°LL S91 Ge91 [4%490 8161 G871 IVl 681 LT S'LT VLT 891 0€0T =
1dy-gt 1dy-g Wy-¢  N-6T P61 <ol A L91 661 €l 851 132 2441 98€1  €0€l TSI TLI 691 L9179l aseq

1= 01— 01— (U 6— 0T 1'c 1'c 0T e 601 LTT 1zt 94t [49! 81l 81l 61 6l 81l sed-0L0T

8- L= L= 8- 8- 7'l Sl [ 7'l 7'l <8 16 6 S6 111 ¢l ¢l ¢l ¢l [ Ised-050T W
6= - i i - L0 80 80 80 80 1S 199 149 9¢ 79 L0 L0 L0 L0 90 Ised-0¢0T 2
1eN-T qod-LT qod-LT (o4-9¢ Qad-9T v'ye (74 [a74 6'¢T 414 G681 9P81 w81 LE8I L6LIT 61T 81T 81T 91T 60T 0L0T m W
TN - IeN-T TeN-T (04-8C Qod-LT 8'¢C L'€T 9'¢C €¢eT [x4d €81 0T81 ¢I81 LOST 9GLIT v'1C ¢1T [ 01T €0T 00T “vu[a
IeN-8 IBN-7 IEN-7 TEN-¢ IBN-T 1ec 0°¢T 6'CC L'TT 61T L6LT [47A SLLT 89L1 60LIT 80T L0T 90T 70T L6l 0€0T m
TeN-¢ T IPIN-8 IeN-8 TeN-L IEIN-9 e (44 1ee 61T I'ie IPLI 6CLI 1eLt CILT S22 10T 00T 661 L6l 6l aseq
#L— *81- V= $60— #9¢— vVIN VvVIN VWIN VWIN VWIN LYE 19¢ <9¢ 89¢ 09¢ 6l 6'1 61 61 L1 sed-0L0T
+0 £0 £9— 91— 9T~ vVIN vVIN vVIN vVIN vWIN 1494 <9T 99T 9T 08T [t [t ¢l [t [ Ised-050T W
+0 %0 =0 +0 £9— VVIN VVIN VVIN VVIN VWIN (341 7yl [548 1§48 Lel L0 L0 L0 L0 90 Ised-0¢0T W
1dy-¢z 1dy-71 1dy-9 1dy-1 1BN-ST €81 VLI L91 191 st LTSI 9971 (\r4 74t 88¢1 9Tel S'LT T'LT 691 L9l €91 0L0T = <]
#1dy-0¢ #1dy-0¢ 1dy-pz 1dy-p1 1dy- 691 191 961 8¥L 6°¢lL 494t 0LET et ¥8CI1 911 691 S91 €91 191 8¢l 00T m «
«Idy-0¢ #Idy-0¢ #Idy-0¢ «Idy-0¢ 1dv-$g 671 «L'FT 91 «SPT 071 (3431 6Tl 8611 1911 €011 €91 6°C1 LT 59 49 0c0r =
#1dy-0¢ #1dy-0¢ #1dV-0¢ #1dy-0¢ #1dv-0¢ vVIN vVIN vVIN vVIN VWIN 08T1I SOIT SS01 0201 996 96l [t 0¢l 8YI 9¥1 aseq ®
%0 %0 <0 £81— #0€— VVIN VWIN VWIN VWIN VWIN 1399 L8€ 06¢ €6¢ LLE 81l 6’1 61 61 81l Ised-0L0T
£0 %0 %0 %0 #G 1= vVIN vVIN vVIN vVIN vWIN 494 €LT 1LT SLT 09¢ Tl [t [t ¢l [ Ised-050T M
£0 %0 =0 +0 %0 vVIN VVIN vVIN VVIN VWIN Pyl wi Lyl Lyl 6¢l 90 L0 L0 L0 90 Ised-0¢0T =
#1dy-0¢ «1dv-0¢ #1dy-0¢ 1dy-z1 TEN-T¢ £0°LT #7911 #8861 sl (24t iyt 18¢1 08¢1 81Tl ¢elt T'LT 991 191 8¢l 7el 0L0T % M
#1dy-0¢ #1dy-0¢ #1dy-0¢ #1dy-0¢ 1dy-¢1 +6°C1 *C'S1 x0°61 (Y1 0¥l €9¢1 L9T1 1911 0011 9101 S91 091 [t [t YL 00T m
Ady-0¢  wady-0¢ WAdy-0¢  wady-0e  1dy-0¢ WYIN VIN VYIN VYIN WIN 4441 9¢11 LEOT 41 <68 61 7l 671 9%1 44 0€07 2
#1dy-0¢ «1dy-0¢ #1dV-0¢ #1dy-0¢ #1dv-0¢ vVIN VWIN VWIN VWIN VWIN TI1T 66 068 943 96L €6l Lyl vl 6°¢lL 9¢l aseq
XeW €0 UeIPIW 10 umw Xew €0 UBIpIN 10 Ut Xe €0 UeIPIW 10 utw Xe €0 URIpIW 10 U d
poL
JJep PUI-UOSLIS dmjerdduwd) porad Suruadry sAep 33133p 2AnI3YJd AredrSojorg dmjerddurd) uoseds Suimorn duIL

panunuo) ‘g qeL

© 2008 Australian Society of Viticulture and Oenology Inc.



Australian Journal of Grape and Wine Research 2008

7))
c
=]

ng cond

ian winegrape grow

Future Austral

18

PI- - 45 45 (45 6'1 81 81 81 0T 9Pl ISt €S1 091 181 LT 91 91 91 91 ased-0L0T
01- 8- 8- 8- 8- [ [ [ [ [ 601 €11 40! 611 431 [ 'l 'l Il Il ased-050T e
9- - - S - L0 90 90 90 60 79 <9 99 69 9L 90 90 90 90 90 ased-0¢0T =
TeIN-¢ TeN-T 424-8T Q24-8¢ Qod-LT 0ce L1t 9'1C Sz L0t 9T81 0T8T 6181 0T8T 8LLT €0 Toc 00T 661 P61 0£0¢ m ©
TeIN-L TeN-F Te-¢ TeIN-¢ TBN-T ¥1C e 0°1¢ 60T ot 68LI T8L1 08LT 69L1 6TLI 861 961 g6l ¥61 681 0502 '}
TeN-TT TeN-L TeW-9 TeN-9 TeN-9 80T §'0t ¥0t €0 961 (4721 PeLT [47A1 61LI €L91 ol 16l 061 681 ¥'81 0€0¢ W
TeN-LT TeIN-TT TeN-TT TeN-TT TeIN-0T 10t 661 861 L6l L8l 0891 6991 9991 0991 L6ST 981 S8l 781 €81 8Ll oseq
4 ST- 45 45 - 8’1 61 I ¥t [43 LST 0LT SLT 961 LTT LT 91 91 LT LT ased-0L0T
L1 (45 6= 01- 6= [ A [ 6'1 (%4 811 LT1 o€ €71 91 Tl 'l Il Il (4 ased-0$0T =
45 L= - S - 90 80 01 Il 91 L9 L €L 08 S6 90 90 90 90 L0 ISed-0€0T =
TEN-TT TEN-L TeN-¥ TeIN-¢ TeN-T 6'1C ¥'1C Tle 80T 00T 66LT 6LLT LILT €TULT 9991 ot 861 961 €6l 981 0£0T 3 2
Te-91 TeIN-0T Te-L TeIN-¢ TeN-F 1T 60T 90T €07 €6l 09L1 9¢LI TTLl 0491 S6S1 961 €6l el L3I 181 050¢ M
TeN-1T TeN-C1 TeN-TT TeN-01 TEN-8 L0t €0T 1oc <6l P81 60L1 1891 €991 L091 149! I'61 881 981 8l 9'LT 0€0¢ &
1dy-g TeN-TC TeN-9T TeN-G T TeIN-€ T 10t S61 T61 781 891 ot 6091 T6sT LTSt 6TV1 S8l T8l 081 9'LI 691 oseq
#LE~ *0F- L= T - *L'¢ ¥9'¢ 0¥ 24 Ly 61C L¥T 94 09t 954 LT LT 91 91 ST ased-0L0T
#6T— #E€= Ie- 9z~ LT- *9°C *L'T 0°¢ ¥e Le 651 181 881 61 L8T [ [ Il Il 0T ased-050T
«L1~ Nda - L1- - «L'T hal L1 8l ¥'C 68 €01 L0T 601 901 90 90 90 90 90 9Sed-0€0T =
TEN-¥C TeN-1¢ TeN-0T TeN-61 TeN-C T ¥0C (43 061 L3I 181 1691 191 L9ST 16T 9TsT 981 181 6°LI 8Ll S'LI 0L0T e =
1dy-1 TeN-8T TEN-9T TeN-¥C TeN-61 €6l €81 081 8'LT LT 1Ls1 6161 00sT €871 8¢¥I 181 9'LT ¥LT €L 0°LT 050t = e
1dy-¢1 1dy-g 1dy-¢ dy-g TeN-6T P81 0°LT L91 91 8¢l 101 5274 61¥1 00¥%1 LLET S'LT 0'LT 691 891 991 0€0T
1dy-0¢ «dy-0¢ 1dy-97 1dy-61 1dy-¢ *L'91 ¥9°¢T 0°ST a4 Pet 4841 8¢l [4531 1671 1LTT 691 791 €91 91 091 osed
9t~ €T €= - 61~ €'¢ S'e 9'¢ Le Le 11e 81¢ e €TC 8TT LT LT LT LT 91 ased-0L0T
0z~ 81~ 81— L1 P1- [ad 9T LT LT 6'C 191 651 91 91 91 [ [ [ [ It ased-050T -
€= - - 01- 6= [ 91 L1 81 8’1 <8 88 06 76 ¥6 90 90 90 90 90 ased-0€0T g
TeN-91 TeN-C T TeN-F1 TeN-F1 TeN-TT L0t ot 10t 661 S6l LS91 LE9T LT91 0791 S091 881 981 [ ¥'81 T8I 0L0T S L
TeN-TT TeIN-0C TeN-61 TeIN-8T TeIN-LT 961 €6l ol 681 L'81 6651 8LST L9ST (399 9291 €81 181 081 6°LI L'LT 050¢ m
TeN-6T TeN-LT TBN-9T TeN-$T TeN-7T L8l €8l T8l 081 9Ll §19¢ LOST 9671 68Y1 1L¥1 L'LT SLI ¥LT €L TLI 0€0¢ s
1dy-11 1dy-, 1dy-9 1dy-y TeN-T¢ ¥LT L91 S91 (4 8¢l 9pPI 6171 9071 L6ET LLET T'LT 691 891 L91 991 oseq
#9€= 6T - 81~ (45 #6'1 I'c ¥t LT L'e L91 414 8TT 8sT 10¢ 91 [ L1 91 ST ased-0L0T
*9T= i LT- PI- 6= N 91 6’1 6’1 8’1 4! 8¢ 0LT 61 LTT Tl 01 4 Il Il 9Sed-050T ®
*01= Sl- 01- 6= S %8°0 80 01 0T ¥0 0L 16 86 801 611 90 <0 90 90 90 ased-0¢0T W
TeN-6T TeN-F1 TeN-0T TeN-L TeN-T 0°1¢ 00T 961 061 9°LI €081 9TLI ¥891 (431 1491 L6l 881 981 181 €L 0L0T =l 4
1dy-y TeIN-61 TeN-F1 TeN-TT TeN-§ (U4 S6l T6l T8l L91 09LT L9t 9791 9961 844t [ €81 181 9'LI 691 050t 2
1dy-07 TeN-8T TBN-1T TeN-91 TEN-6 661 L'81 8l €LT (29! 90L1 G091 499! 4541 9291 L'81 8LL SLI I'LT ¥'91 0€0¢ )
«1dy-0¢ 1dy-g1 TeN-T€ TeN-ST TeN-F1 #1'61 6°LI TLI €91 671 9¢91 PIsT 96¥1 PLET j44at 181 €L 691 <91 8¢l aseq
45 (45 (45 - - 6'1 6'1 6'1 6'1 81 6¢l 941 44! 94! Lyl L1 L1 81 L1 L1 9Sed-0L0T —
8- 8- 8- L= 8- ¥l €1 €1 €1 €1 S0T LOT 601 601 0Tt [ [ [ [ [ 2sed-050T 5
- <= S - = L0 L0 L0 L0 L0 09 9 9 9 €9 90 90 L0 L0 90 ased-0¢0T eo,,o%
qod-LT q2d-LT Q2d-LT Q24-LT Q24-LT ¥ €7Te €'Te wee ree €€81 8781 9281 G781 €T81 90T ¢0t <0t ¥'0C ¥'0t 0L0T 2 2
TeN-T TEN-CT TeN-T TeN-T TeN-T 6'1¢C L1t L1t 9'1¢C 9'1C 66LT TOLT T6L1 68LT 98LI 1ot 00 661 661 661 050t o
TeIN-9 TBN-¢ TeW-¢ TeIN-¢ TBN-§ [t e T'ic 0°1¢ 0°1¢ PSLT 9PLI ¥rLL TrLl 6€LI g6l 76l ¥61 ¥61 €6l 0€0¢ m.
TeN-0T TeIN-0T TeN-0T TeIN-6 TeN-6 (U4 ¥'0C ¥0t €0 €0t ¥691 S891 7891 0891 9L91 681 881 L'81 L81 L'81 oseq
XeW €0 UeIpIW 10 uW XeW €0 ueIpaw 10 uW XeW €0 UeIpIW 10 UIN Xe €0 uerpaw 10 uIw d
poLd
JJep pUI-UO0SeLds amjeradwa) pouad Suruadry sAep 33133p aAna)Jd Aredtdojorg amjeradwd) uoseas Surmorn duig

panuyuo) g dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



19

ions

d

ian winegrape growing con

Future Austral

Hall and Jones

“U01321 1B} UL PIYPLaI 10U sem (I 001 25NeIaq pate[nd[ed aq Jou p[nod 14y I
*PI[EAUT JO PIILWNSIIIPUN dq 0 A[INI[ AT 1By} SISUBYD Ul SUN[NSAT ‘WAISAS SUIXIPUI ) JO SHWI[ Y} PIPINXI dN[eA XIpUI pI[[opout YT, +
"1SD ueIpawr ur a3uetp 1521818 Y} AQ I9pI0 UL PASI] 1B SUOISIY "UOIZAI YIed Jo bep ATeWWINS I MO[2q Papnul a1 porrad aseq A1) WOIJ aN[eA XIpUl A} UT SNDUIJI

£LT— V- 61— 91— (46 #L'1 61 1c v'C (%4 161 G81 661 L1T L¥T 7'l [t ¢l ¢l ¢l Ised-0L0T
sL1= 61— [ (45 6— +C'1 'l 'l 81l Sl [48 cel vl 961 YLl 60 60 60 60 60 Ised-050T z
*0— - 6~ 8- - *L°0 L0 L0 80 o 0 SL 08 €8 76 70 S0 <0 ¥'0 S0 9ed-0€0T qm
1dy-¢ TEN-61 IEN-71 TEN-01 1BIN-G 80T 661 S6l L81 691 LLLT 61LI L991 €091 0971 6l L81 €81 6°LL 0°LL 0L0T m 4
1dy-¢1 1eN-$T IPIN-8T TeN-$1 IPIN-8 €0T 76l 881 '8t 191 S¢€LT 6991 91 (4491 L8ET 061 €81 6'LL SLL 991 00T =
1dy-8z 1dy-1 TeW-¥C IeN-81 TeN-€ 1 861 L'81 181 LT LYl 9L91 6091 8Y<1 6971 L0¢T ¢8Il 6°LL LT 0°LT 791 0€0T m
#1dY-0¢ 1dy-71 1dy-z IBN-9T TeN-LT 161 081 VLT €91 9¥1 9091 1239t 89%1 98¢1 ¢Iet 181 LT 0°LT 991 LS aseq =
07— 81— 91— 91— Sl- (%4 v'C 4 9C 6'C 061 €61 861 10T 414 ST ST Sl Sl [ Ised-0L0T
91— Y- [ (45 (4 6L 6'1 61 0T 0T 6¢1 (4748 541 Y1 961 0l 01 01 't 't sed-050T =
01— 6~ 8- 8- L~ 01 01 01 'l Tl 08 €8 <8 L8 76 S0 90 <0 90 90 9sed-0€0T 2
IeN-TT IEN-01 IBN-0T IEN-6 IEIN-6 70T €0t 0t 1°0C 661 CILT YOLT S691 6891 9991 061 681 881 L'81 G681 0L0T W 4
TEN-91 TeN-71 IPN-€T TeN-¢ T TeN-T1 00T 61 961 S6l 06l 1991 €991 (421 9¢91 0191 <81 P81 €8l €8l 181 00T <]
IBN-TT TBN-61 IeIN-81 IeN-L1 TeN-LT el 681 L'81 981 81 091 651 78S1 SLST 9PS1L 081 081 8'L1 8'LI 9Ll 0€0T m
1dy-1 IEN-8T 1BIN-9T IBN-GT TeN-$T 181 6'LT L'LT LT 0°LT [4491 T1s1 L6V 8871 1494t S'LT LT ¢LT LT 0°LL aseq
ve- 0z~ 81~ L1- 91~ VT 34 9T 6T (4 t61 661 <0t e see <1 <1 <1 <l ¢1 25ed-0L0T
61~ 91~ 1= €l- - 8l 61 61 e €T 171 L¥1 4 LST 91 Il 'l I 0’1 01 a5eg-050T
- 01- 6= 8- 8- 0’1 01 01 €1 <1 8 <8 88 16 96 90 90 90 90 90 XeL-0L0C
TEN-71 IEN-T1T IBN-TT IEN-01 1EIN-6 70T 10t 00T 861 S6l SOLT 0691 891 991 €91 681 L'81 981 <81 €81 0L0T =2 L
TEN-61 1EN-91 IBN-CT TeN-#1 TeN-¢ 1 861 S6l €6l 06l 981 7S91 €91 6791 L091 0861 <81 €81 8l 081 8Ll 00T ~
IBN-9T 1BN-TT IeN-0C IeN-61 1BN-LT 06l 981 781 81 8°LL G6S1 9LG1 <961 1§49 6061 081 LT L'LT 9Ll YL 0€0T
1dy-L 1dy-1 IBIN-6T IeN-LT IEN-ST 081 9'LT VLT 691 €91 (259 T6v1 LLVIT 0svl (25741 VLT LT 'Ll 0°LT 891 aseq
XeW €0 UeIPIW 10 Ut Xew €0 UeIpIW 10 umw Xew €0 UBIPIW 10 uw Xew €0 URIPIW 10 umw d
poud
JJep PUI-UOSLIS dmyerdduwrd) pordd Suruadry sAep 23133p A2 Ajredrdojorg dmjerddurd) uoseds Surmorn QuirL

panuiuo) -z dqeL

© 2008 Australian Society of Viticulture and Oenology Inc.



20 Future Australian winegrape growing conditions

BEDD values for the baseline period reveal a wine region
average of 1540 with the lowest (756) and highest (1899,
the maximum BEDD that can be accumulated for any
region) values being seen in Southern Tasmania and South
Burnett, respectively. For RPT, the wine region average is
19.1°C with the lowest observed found in Mudgee (12.6°C)
and the highest in the Riverina (25.4°C) (note that the
wine regions in Tasmania are cooler overall than Mudgee,
but as 1300°Cdays was not reached in these regions, the
RPT could not be calculated). The estimated season-end
date averages 20 March over the wine regions, with the
earliest in South Burnett (22 February, the earliest season
start date that can be achieved with the indexing method)
and the latest occurring after 30 April in many locations
(Table 2).

Future projections for 2030 reveal an average GST wine
region warming of 0.9°C with a range of 0.5°C in Henty
and Kangaroo Island to 1.0°C in seven different regions
(Table 2). By 2050, GST is projected to increase on average
1.6°C with the greatest warming of 1.9°C in New England,
South Burnett and Perth Hills and the least in Kangaroo
Island (0.9°C). GST warming by 2070 averages 2.3°C across
all regions with a range from 1.3°C in Kangaroo Island to
2.8°C in Perth Hills. BEDD shows similar spatial changes to
GST with average BEDD increases of 87, 152 and 207 units
for the 2030, 2050 and 2070 projections, respectively. The
capping of the heat accumulation to 9°Cdays per day
results in heat accumulation totals not increasing on many
days of the year for the already warm locations. The BEDD
in regions with a cooler starting period, but with similarly
large increases in GST, is modelled to increase at a faster
rate. For example, the modelled BEDD increases for the
Granite Belt region are 115, 186 and 236°Cdays for 2030,
2050 and 2070, respectively, even though the GCM fore-
casts a similar GST rise to that experienced by Perth Hills.

Furthermore, the maximum BEDD that can be accu-
mulated for any region is 1899°Cdays, resulting from
9°Cdays being accumulated on every day of the 211 days
between 1 October and 30 April. For those regions that
have relatively high BEDD totals (especially South Burnett
and Hastings River), increases in BEDD under different
warming scenarios do not fully reflect the warmer condi-
tions. Similarly, modelling increases in RPT and earlier
season-end dates (assuming harvest takes place once
1300°Cdays is reached) are not appropriate for several
regions because 1300°Cdays is reached at the earliest pos-
sible date (22 February), 9°Cdays being accumulated on
every day after October 1. Any increase in temperature
does not affect the BEDD accumulation and therefore
cannot alter the season-end date under this modelling
method.

Discussion

Maps of mean GST are the simplest of the climate maps
produced (Figure 4). Jones et al. (2005) suggest that the
‘simple” GST value effectively defines spatial variations in
varietal potential and growing season climates. If a GST of
21°C is considered as the upper limit of quality winegrape
production (based on Jones 2006), then, under the tem-
perature increase scenario for 2070, large areas of the
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northern viticultural regions of Australia may not be suit-
able for quality winegrape production. For the period
1971-2000, South Burnett, Swan District and Riverina
are above a mean GST of 21°C. By 2030, Perth Hills,
Hunter, Hastings River, Swan Hill and Murray Darling are
modelled to have a mean GST above 21°C. By 2050, Peel,
Perricoota, Cowra and Adelaide Plains, and by 2070, New
England, Mudgee, Rutherglen, Glenrowan, Goulburn
Valley, Gundagai, Shoalhaven Coast, Geographe, and
Southern Flinders Ranges join this group.

If ripening periods occur earlier in a season, then the
RPT is more likely to be warmer, which may lead to a
decrease in quality. The level of impact of temperature on
harvested fruit quality varies for different grapevine cul-
tivars (Webb et al. 2006). The extrapolated maps of RPT
for the period 1971-2000 suggest that most viticultural
regions experienced RPTs that were on average below
24°C for varieties that required an accumulated BEDD
total of 1300°Cdays. Clearly, fruit of varieties that require
a greater number of BEDD would ripen later in the season
and in conditions that are more likely to be cooler. For a
variety such as Cabernet Sauvignon that is managed to
mature at 1300 BEDD, the maps in Figure 4 can be used
as a guide. The series of RPT maps clearly show a greater
level of increase in RPT in inland areas than those that are
closer to the coast. The same regions that become unsuit-
able for quality wine production using the threshold cri-
terion of a GST above 21°C were also shown to become
similarly unsuitable using the criterion of above an RPT of
24°C for grapevine varieties that ripen after accumulating
1300 BEDD. Nevertheless, those varieties that require
more BEDD will have ripening periods that will more
likely take place during cooler conditions later in a
season.

In contrast to GST and RPT, the BEDD total is a less
useful value for defining a region as being unsuitable for
viticultural production due to high temperatures, because
once a requisite total of BEDD has been reached, the
grapes may be harvested and any further heat accumu-
lation after the harvest date is irrelevant. BEDD is more
useful in determining suitability of different regions to
different grapevine varieties (Gladstones 1992). A viable
variety for a particular region is one that requires a lower
number of BEDD to ripen fruit than the total number of
BEDD experienced at that location during a season.
Assuming that a cooler ripening period is desired, the
region’s BEDD total should be close to the BEDD total
required to ripen fruit of that variety so that the ripening
stage occurs during a cooler period. However, due to
natural season-to-season variability in average tempera-
tures, there will be cool years that would lead to requisite
BEDD not being reached for varieties that have required
BEDD totals close to the average BEDD of the region
leading to fruit not ripening within the season. Therefore,
varieties should be selected for regions with the degree of
climatic variability of the region in mind. The key changes
due to increases in BEDD in Australia (Figure 4) under
increasing future projections is the increasing viability of
Tasmania and along the slopes of the Great Dividing
Range. For example, by 2070, the projected warming in
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Northern Tasmania would likely result in more reliable
viticultural production with a greater number of viable
varieties. In particular, the modelling suggests that by
2070, Northern Tasmania would likely have a similar
GST, BEDD, RPT and season-end date to that currently
experienced in Coonawarra. Table 2 can be further used
to compare regions’ modelled future conditions with
other regions’ current conditions as indicated by the dif-
ferent indices similar to the way in which Northern Tas-
mania for 2070 can be compared with Coonawarra for
1971-2000.

Conclusion

This study has used interpolated elevation-corrected
maps of daily temperature data (temperature surfaces) for
Australia for the period 1971-2000 to produce maps of
GST, BEDD, RPT and season-end date of viticultural
production. An error analysis of the temperature sur-
faces resulted in an estimated maximum error of about
0.3°C in any one location within the winegrape growing
regions. The temperature surfaces were then altered by
adding spatially modelled temperature anomalies for the
years 2030, 2050 and 2070 using the CSIRO MKk3.0
GCM with a SRES scenario of A1B and a sensitivity of
atmospheric temperature increases in response to a
doubling of GHG of 2.6°C. The modified temperature
surfaces were in turn used to produce similar maps of
the temperature indices projected for 2030, 2050 and
2070. A correlation analysis of the spatial variation in
the temperature indices demonstrated that maps of
BEDD, RPT (for a variety requiring 1300 BEDD to ripen,
such as Cabernet Sauvignon) and GST were sufficiently
different, to show that GST alone does not fully charac-
terise temperature differences that may be experienced
due to future warming.

Using a very different methodological approach, the
results of this study broadly validate the results and con-
clusions drawn by Webb et al. (2007) in that for estab-
lished viticultural regions under warmer atmospheric
conditions, shorter seasons would likely be experienced
and harvest would occur in warmer conditions earlier in
the year. The latitudinal location of Australia, being
close to the equatorial limit of winegrape production for
the Southern Hemisphere and with little land mass
poleward, means that the total area of viable viticultural
climates of Australia would be reduced, the level of
reduction being proportional to the magnitude of the
increase in temperature. The area of Australia estimated
by the modelling process to experience GSTs between
13 and 21°C reduces from 986 000 km? for the 1971-
2000 base period to 736 000 km? by 2030, 576 000 km?*
by 2050 and 449 000 km? by 2070. Of the 61 recognised
wine regions (GIs) and two others in Tasmania, the
median GSTs were found to be above 21°C for three
regions for the period 1971-2000, for eight regions by
2030, 12 regions by 2050 and 21 regions by 2070. The
spatial variation in the rate of temperature increase as
derived by the CSIRO Mk3.0 model resulted in greater
levels of change to the temperature indices for inland
regions and lower levels of change to the temperature
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indices for coastal regions with southern areas of South
Australia and western Victoria experiencing the least
change. In addition, some regions that are apparently
not suitable under 1971-2000 conditions could be suit-
able winegrape production regions under warmer tem-
perature scenarios, such as areas of Tasmania and higher
elevation areas of south-eastern Australia. Not only can
the suitability of quality winegrape production in some
regions be affected by the temperature changes, the
grapevine varieties that are best suited to a given region
may also change. Warm climate varieties may become
suited to viticultural regions that are currently consid-
ered too cool for those varieties.

It should be noted that the warming scenarios used in
this paper are based on estimates for warming produced
by the IPCC and the CSIRO for the near future. Actual
forecasts have large ranges of temperature changes
because there is much uncertainty in the forecasting
methods and in future human behaviour (IPCC 2007).
The indices used in this study were designed to describe
average growing conditions for long-term wine growing
suitability. Temporal variability in inter-annual average
temperatures must therefore be considered when inter-
preting the results. Derived viticultural temperature
indices would also vary as a consequence of the inter-
annual variance in temperature and may vary to a greater
degree for different regions. Finally, mesoclimatic varia-
tion may not have been fully characterised. Data were
derived from climate stations that may not fully represent
the surrounding region. There are therefore likely to be
sub-regions that experience significantly warmer or
cooler overall conditions due to local factors (such as
aspect) that affect the average temperature.
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