Wine Economics Research Centre

Wine Briefs THE UNIVERSITY

Wine Brief No. 42 2023-11 ISSN 1837-9397 o ADELAIDE

Climate change and the
Australian mix of winegrape
varieties

German Puga and Kym Anderson

November 2023

Copyright the authors




Wine Economics Research Centre

The Wine Economics Research Centre was established in 2010 by the School of Economics and the
Wine 2030 Research Network of the University of Adelaide, having been previously a program in the
University's Centre for International Economic Studies.

The Centre’s purpose is to promote and foster its growing research strength in the area of wine
economics research, and to complement the University's long-established strength in viticulture and
oenology.

The key objectives for the Wine Economics Research Centre are to:

publish wine economics research outputs and disseminate them to academia, industry and
government

contribute to economics journals, wine industry journals and related publications

promote collaboration and sharing of information, statistics and analyses between industry,
government agencies and research institutions

sponsor wine economics seminars, workshops and conferences and contribute to other grape
and wine events

Contact details:

Wine Economics Research Centre
School of Economics

University of Adelaide

SA 5005 AUSTRALIA

Email: wine-econ@adelaide.edu.au

Centre publications can be downloaded at: https://economics.adelaide.edu.au/wine-economics/

Climate change and the Australian mix of winegrape varieties


mailto:wine-econ@adelaide.edu.au
https://economics.adelaide.edu.au/wine-economics/

Climate change and the Australian mix of winegrape varieties

German Puga and Kym Anderson

Wine Economics Research Centre, University of Adelaide

November 2023

Corresponding author:

Professor Kym Anderson

Executive Director, Wine Economics Research Centre
School of Economics and Public Policy

University of Adelaide

Adelaide SA 5005, Australia

Phone +61 414 254 121
kym.anderson@adelaide.edu.au

Acknowledgements:

The authors are grateful for financial support from Wine Australia, under Research Project
UA1803-3-1, and from the University of Adelaide’s School of Agriculture, Food and Wine
and its Faculty of Arts, Business, Law and Economics. The authors are also grateful to
Richard Smart and Gregory Jones, who worked with them on a related output (Puga et al.,
2022a). The present study draws on that output.


mailto:kym.anderson@adelaide.edu.au

Climate change and the Australian mix of winegrape varieties

Germén Puga and Kym Anderson

Introduction

It has long been claimed that Australia’s mix of winegrape varieties is less than ideal for
expressing and exploiting the terroir of its various wine regions. Hickinbotham (1947)
believed seven decades ago that Australia’s hot regions were not focused enough on varieties
from warmer parts of Europe. Four decades ago Dry and Smart (1980) suggested that if the
addition of acid had been outlawed in Australia, its hot regions would have been forced to at
least add ‘improver’ varieties to their mix. More recently, McKay et al. (1999) felt that
varieties from the hotter parts of Italy were under-represented in Australia. That same
comment could be applied to varieties from other warm countries such as Spain, Greece and
Cyprus. Questions are again being asked about the appropriate mix of varieties in Australia’s
cooler regions as they gradually warm with climate change (Smart 2020).

It is also notable that the national mix of varieties is becoming more concentrated on a
few key (French) varieties, the so-called ‘international varieties’. In 1990, the top ten
varieties accounted for three-quarters of Australia’s total vine bearing area, but now just the
top five account for that share. Four of those top ten in 1990 were French, while now eight of
the top ten are French, raising the share of French varieties from around half to 90%. Over
that same period, the bearing area share of red varieties rose from 38% to two-thirds. These
trends are similar to those in other New World countries, such that Australia’s mix of
varieties is becoming less distinct from the rest of the world’s (Anderson and Nelgen 2020ab,
2021; Puga and Anderson, 2023) — notwithstanding the considerable media attention given to
‘alternative’ or ‘emerging’ varieties (Anderson and Puga 2023a).

The purpose of this study is to examine the changing mix of winegrape varieties in
Australia to address the question: In light of key climate indicators and predictions of further
climate change, how well-suited are the winegrape varieties planted in Australia’s wine
regions, and what is the nation’s vulnerability to further climate change?

Data and methods

We use a comprehensive new database compiled by Anderson and Puga (2023b) which
includes, for the first time, estimates of the bearing area of winegrapes (area, hereafter) in
each of Australia’s wine regions. This database also includes time series on production and
price by variety and region, as well as a wide range of derived variables and indexes.*
Anderson and Puga (2023c) describe this database and explain some of its key assumptions.
As well, we rely on Remenyi et al. (2020) spatial data on climate and climate change
projections for the Australian wine regions. With these two datasets, we do some simple
descriptive statistical and graphical analyses.? Importantly, there is no perfect concordance
between the regions in these two databases, meaning that some regions are left aside.

! An advantage of this database is that the prime names of its varieties are the same as those in Anderson and
Nelgen (2020ab). Since that database includes information on the area by variety for virtually all wine countries,
it allows one to compare Australia with other countries or the world as whole (e.g., Puga and Anderson (2023)).
2 Puga et al. (2022a, 2023) provide insights on the possible impacts of climate change on grape quality and yields
using similar data and more complex statistical analyses.



Fortunately for present purposes, these excluded regions represent a very small minority of
the nation’s winegrape area.

Results

The wine-growing regions in Australia cover a wide range of climates. However, most wine
regions are relatively hot and dry, including those with larger areas (see Figure 1.A). The
three major hot irrigated regions (Riverland, Riverina, and Swan Hill-Murray Darling)
account for more than one-third of the nation’s winegrape area and more than two-thirds of
its crush. Even if leaving those three major regions aside, most of Australia’s winegrape
production takes place in regions that have relatively low precipitation and high temperatures
when compared to the rest of the world’s wine regions (Puga et al., 2022c). This can also be
inferred from Figure 1.B, noting that some important wine-producing countries like Spain
and Italy have lower growing season average temperatures (GSTs) than Australia.

[Location of Figure 1]

Nevertheless, the Australian winegrape area has now a lower GST than at the
beginning of this century. Figure 2 uses 1997-2017 climate data to compare the cumulative
distribution of area under a certain GST based on the area by region in 2002 and 2023. There
is more planted under cooler (or less hot) regions than before. Indeed, during this period, the
area-weighted average GST has decreased by 0.3°C.

[Location of Figure 2]

Figure 3 shows the recent evolution of the area, production, and revenue for what
Jones (2006) considers ‘cool’ (less than 15°C), ‘temperate’ (15 to less than 17°C), ‘warm’ (17
to less than 19°C), or ‘hot” (19°C or more) regions for winegrape production. By this
definition only Tasmania is considered ‘cool’. Together with the ‘temperate’ and ‘warm’
regions, they have increased their area and revenue share — the opposite of what has happened
with the ‘hot’ regions. Yet, the ‘hot’ regions account for a similar share of production to what
they accounted for at the beginning of this century, which is usually more than four-fifths of
the nation’s total.

[Location of Figure 3]

A question arises: How helpful have these changes been? Figure 2 also shows what
Jones et al. (2006) consider the ‘ideal” GST ranges for producing high-quality wine from the
seven most planted varieties in Australia, which together account for more than four-fifths of
the nation’s area. True, there has been a lot of debate around these ranges, with research
indicating that high-quality wine can be produced beyond the upper limits of these ranges
(van Leeuwen et al., 2013). However, in a hedonic analysis of Australian wines, Oczkowski
(2016) calculates the optimal GST for high-quality production of most of these varieties and
shows that the optimal GST falls within the ranges suggested by Jones (2006), except for
Sauvignon Blanc which falls only 0.2°C above the upper limit. Looking at the cumulative
GST distribution and these GST ranges suggests that much of Australia’s winegrape
production takes place in regions that may be too hot for producing high-quality wine with
these key varieties.?

The first two columns of Table 1 show the area of each variety that falls (in 2023) and
used to fall (in 2002) within the ‘ideal” GST range of 12 key varieties. While the share of the
area under the ‘ideal’ GST for these 12 key varieties has increased over this period, it still
represents in aggregate only a bit more than one-third of the nation’s total area of these
varieties. And there are big differences across varieties: the area under ‘ideal” GST ranges is

3 That said, Puga et al. (2022b) show that much of the winegrape quality/price differences between cooler and
hotter regions can be attributed to the nature of their production systems.



higher for some red varieties and lower for most white varieties. The white varieties include
Chardonnay, which was also widely planted at the beginning of this century, as well as Pinot
Gris, which is the most dramatic of the ‘emerging’ varieties (Anderson and Puga, 2023a).

[Location of Table 1]

With climate change, precipitation is projected to change in different directions across
regions, while all of them are expected to become hotter and more arid (Remenyi et al.,
2020). Figure 2 also shows how these climate change projections may change the cumulative
distribution of area under a certain GST assuming the area planted in each region does not
change. These distributions would be way further apart from Jones (2006) ‘ideal” GST ranges
for the most planted varieties. The third and fourth columns of Table 1 show the area of each
variety that would fall within the ‘ideal’ GST range for 12 key varieties assuming their
regional areas remain unchanged. Strikingly, this combined area share would decrease to
10% by 2050 and to 1% by the end of this century.

Implications and conclusions

This study shows that the climates of Australia’s wine regions are relatively warm (or hot)
and dry and that expected future climate change represents a major threat to high-quality
wine production. This suggests Australian winegrowers will need to strengthen their
adaptation efforts.

Winemaking strategies and technologies also can contribute to maintaining quality
through new processes such as Accentuated Cut Edges (ACE) skin fragmentation and by
lowering alcohol concentration with water addition (Kang et al., 2020). Membrane-based
technologies also can be used to lower alcohol concentration in wines and increase their
acidity (Dequin et al., 2017). However, these and other strategies will not be sufficient to
adapt to the projected changes in climates. Thus winegrowers will need to consider more-
appropriate plant materials and/or relocate their vineyards as long-term adaptation strategies
(Santos et al., 2020).

Adaption strategies for vineyards that are already bearing consist of primarily
changing varieties to those better suited to hotter conditions by top-grafting or replanting.
When planting new vineyards, growers will want to choose plant material (i.e., varieties,
clones, or rootstocks) that are more suitable for drier and warmer climates subject more often
to extreme weather events. Indigenous varieties from places such as Cyprus have proven to
be well-suited to hot climates and lower water availability, and may have the potential to be
popular in the Australian wine market (Copper et al., 2019). Yet, during this century
Australian vineyards have become more concentrated in a few (mostly French) varieties,
better suited to cooler conditions. True, the area of so-called ‘alternative’ or ‘emerging’
varieties better adapted to heat has been increasing recently, but it still represents only a tiny
fraction of Australia’s winegrape area (Anderson and Nelgen, 2021; Anderson and Puga,
2023a).

Vineyard site selection is and will be even more important than in the past. In
mainland states, only limited areas may have optimal temperatures for high-quality wine
production from the nation’s currently most-planted varieties. However, there are
opportunities to plant in more appropriate climates at higher elevations and closer to the
southern coastline where water availability may represent a smaller problem in the future (as
compared with that for hot irrigated regions that draw on the Murray-Darling river system).
While accounting for only 1 % of the nation’s vineyard area, Tasmania will continue to
represent an excellent opportunity for more high-quality winegrape production.

While this study is based on a supply-side analysis, changes in the demand for wine
also will affect the Australian wine industry. In recent decades, the demand for wine has



shifted towards higher-quality products (Anderson et al., 2018). If this shift in demand
persists, the industry will be under even more pressure to adapt to the negative effects of
climate change on wine quality.
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Figure 1: A- Growing season precipitation (GSP) and growing season average temperature
(GST) of the Australian wine regions, with the size of each bubble being proportional to the
winegrape area of each region; B- GSP and GST of the world wine countries, with the size
of each bubble being proportional to the winegrape area of each country, and Australia being
coloured black.

Source for A: Authors’ compilation from data in Anderson and Puga (2023b). Source for B: Authors’
compilation from data in Anderson and Nelgen (2020a) and Puga et al. (2022c). Notes for A: Some
very minor regions with a growing season precipitation higher than 600mm are not plotted in this
figure. Notes for B: The climate data is for the 1989-2018 and based on locations, hence different to
the climate data from Remenyi et al. (2020) used in all other figures and analyses in this study
(including panel A). GSP and GST are area-weighted averages across the regions of each country.
There are some countries not plotted in this graph with higher GSP or with lower or higher GST, but
all these countries have very small winegrape areas.
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Figure 2: Accumulated winegrape area under a certain growing season average temperature (GST), based on either 2002 or 2023 regional areas,
and the present, mid- or late-century climate projections from Remenyi et al. (2020); and Jones (2006) ‘ideal” GST range for each of the seven
most planted varieties in Australia.
Source: Authors’ compilation from winegrape area data in Anderson and Puga (2023b) and climate data/projections in Remenyi et al. (2020). Notes: The seven
thick horizontal lines for individual varieties represent Jones (2006) ‘ideal” GST ranges for producing high-quality wine. The four vertical dotted lines represent
the area-weighted GST for each area-climate combination (in terms of 2002 or 2023 regional areas, and 1997-2017, 2041-2060, or 2081-2100 climate).
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Figure 3: Evolution of the shares of area, production, and revenue by climate type.

Source: Authors’ compilation from winegrape area data in Anderson and Puga (2023b). Notes: The
climate types are based on what Jones (2006) considers ‘cool’ (less than 15°C), ‘temperate’ (15 to
less than 17°C), ‘warm’ (17 to less than 19°C), or ‘hot’ (19°C or more) for winegrape production.



Table 1: Shares of Australian winegrape area in 2002 and 2023 within what Jones (2006)
considers the ‘ideal’ growing season average temperature range for high-quality wine
production of 12 key varieties

Climate data: 1997-2017 1997-2017 2041-2060 2081-2100 @ Area 2023

Surface year: 2002 (%) 2023 (%) 2023 (%) 2023 (%) (%)
Cabernet Franc 49 57 19 1 0.2
Cabernet Sauvignon 54 61 23 1 18.4
Chardonnay 7 7 3 3 14.8
Cot (Malbec) 36 27 5 0 0.4
Garnacha Tinta (Grenache) 55 77 0 0 1.3
Merlot 29 22 7 0 5.6
Pinot Gris 0 3 0 0 3.4
Pinot Noir 12 19 18 0 4.2
Riesling 3 5 4 0 2.2
Sangiovese 26 57 18 7 0.3
Sauvignon Blanc 16 6 4 3 4.4
Syrah (Shiraz) 39 49 7 0 30.1
All of the above 33 36 10 1 85.3

Source: Authors’ compilation from data in Anderson and Puga (2023b) and Remenyi et al. (2020).
Notes: The ‘ideal’ growing season average temperature (GST) ranges are based on what Jones
(2006) considers optimal for producing high-quality wine. ‘All of the above’ are area-weighted
averages.



