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The aim of this ar7cle is to describe the climates of the world’s wine regions and discuss 
implica7ons of climate change for those regions. In doing so, we summarise a recent 
scien7fic journal ar7cle: Puga et al. (2022). However, we also incorporate insights from other 
work – part of which is first published here.  

In Puga et al. (2022), we analysed data on 16 climate variables for more than 800 of the 
world’s winegrape regions. We used those data for doing a principal components analysis 
(PCA) for data reduc7on and then used the principal components from that in a cluster 
analysis. That led us to a three-group classifica7on of the 800+ regions.  

Figure 1 shows this three-group classifica7on. Each bar denotes a region, and the height of 
each bar is propor7onal to its surface area of winegrapes: the larger regions have higher 
bars. The colour of each bar represents the group to which that region belongs.  

 
Figure 1: Three-groups clima4c classifica4on of the world’s wine regions. 
Notes: Authors’ compilation based on the data and analysis of Puga et al. (2022). Each bar denotes a region, and 
the height of each bar is proportional to its surface. The scales are different in the four maps. Orange group: 
WARM and DRY, high day-night temperature differences, high vapor pressure deficit, high solar radiation. Green 
group: WARM and WET, low day-night temperature differences. Blue group: COOL, mostly wet, low day-night 
temperature differences, low vapor pressure deficit, low solar radiation. 

The blue group is the coolest of the three and it include regions that are both dry and wet. 
From the other two warmer groups, the orange one is drier than the green group. This 
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orange group also has higher differences between day and night temperatures, higher vapor 
pressure deficit, and higher solar radia7on than the other two groups. The blue group, which 
is the weUest, has the lowest levels of solar radia7on. 

Each of these three groups account for about one-third of the regions, and there are 
premium wine regions in every group — no7ng there is climate varia7on within each group. 
That suggests that high-quality wine can be produced in a wide variety of climates.  

We also looked at the following ques7on: Have the climates of these three groups already 
changed? For answering this ques7on, we compared two three-decade periods, a recent 
one with an older one.  

There have indeed been changes, most of them sta7s7cally significant. Annual precipita7on 
has decreased a bit in all groups, while the precipita7on in the growing season has 
decreased slightly in the driest (orange) group and increased in the weUer (green and blue) 
groups. In all groups, temperatures have increased, especially in the warmest months, while 
the differences between day and night temperatures have decreased. These changes in 
temperatures are usually detrimental for wine quality (Santos et al., 2020) and explain part 
of the changes in the vapour pressure deficits, which have increased across the three 
groups. 

Figure 2 shows that much of the global winegrape area takes place in areas with 
temperatures that are hoUer than ‘ideal’. Each of the grey bars in this figure shows the 
‘ideal’ growing season temperature range for producing high-quality wine of each of these 
varie7es, according to Jones et al. (2006). The ver7cal lines in this figure show the mean 
growing season temperature for each group. The orange and green groups have mean 
growing season temperatures that are higher than what may be ‘ideal’ for producing high-
quality wine from the varie7es. 
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Figure 2: ‘Ideal’ growing season temperature (GST) ranges for producing high-quality wine, 
average GST for each group, and area share planted to each variety under its ideal GST 
range. 
Notes: Authors’ computaFon based on the data and analysis of Puga et al. (2022) and Anderson and Nelgen 
(2020ab). ‘Ideal’ GST ranges according to Jones et al. (2006). The area shares planted to each variety under its 
ideal GST range are in parentheses. 

The numbers in parentheses in this figure show the area of each variety that is planted 
within these ‘ideal’ temperature ranges in the world. Some varie7es, like Cabernet 
Sauvignon, have a large share under their ‘ideal’ temperature ranges. Others, like Zinfandel, 
have a very low share.  

The 21 varie7es in Figure 2 account for close to half of the global winegrape area. For these 
varie7es, 44% of their area is cul7vated outside these ‘ideal’ temperature ranges for high-
quality wine produc7on – mainly in places that are too hot rather than too cold.  

These ‘ideal’ temperature ranges are of course conten7ous, as there is research showing 
that high-quality wine of these varie7es can be made outside these temperature ranges (van 
Leeuwen et al., 2013). Indeed, our research shows the same. But it is s7ll a good figure for 
illustra7ng the point that many of these mainstream varie7es are planted in regions that are 
probably hoUer than ideal. That may become even more of an issue, for two reasons: one is 
climate change, and the other is that the global demand for wine is favouring higher-quality 
products.  

van Leeuwen et al. (2024) provide a more detailed assessment of the changes in suitability 
levels across major wine regions. They also review and recommend climate adapta7on 
strategies for the wine industry. 

More of the data used in Puga et al. (2022) are available in the Supplementary Data of that 
paper. That includes the area-weighted average growing season temperature for more than 
1,700 varie7es. As well, more data can be freely downloaded as Excel files from the website 
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of the of the Wine Economics Research Centre of the University of Adelaide 
(hXps://economics.adelaide.edu.au/wine-economics). 

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. 

References  

Anderson, K., & Nelgen, S. (2020a). Database of Regional, National and Global Winegrape Bearing Areas by 
Variety, 1960 and 2016. Wine Economics Research Centre, University of Adelaide. (First version by K. 
Anderson and N.R. Aryal, 2013, revised 2014.) https://economics.adelaide.edu.au/wine-
economics/databases#database-of-regional-national-and-global-winegrape-bearing-areas-by-variety-
1960-to-2016 

Anderson, K., & Nelgen, S. (2020b). Which Winegrape Varieties are Grown Where? A Global Empirical Picture 
(revised ed.). University of Adelaide Press. 

Jones, G.V. (2006), ‘Climate and Terroir: Impacts of Climate Variability and Change on Wine’, in Fine Wine and 
Terroir: The Geoscience PerspecKve, edited by R.W. Macqueen and L.D. Meinert, Geoscience Canada 
Reprint Series Number 9, Geological AssociaFon of Canada, St. John's, Newfoundland. 

Puga, G., Anderson, K., Jones, G., Doko Tchatoka, F., & Umberger, W. (2022). A climatic classification of the 
world’s wine regions. OENO One, 56(2), 165–177. https://doi.org/10.20870/oeno-one.2022.56.2.4627 

Santos, J. A., Fraga, H., Malheiro, A. C., MouFnho-Pereira, J., Dinis, L. T., Correia, C., Moriondo, M., Leolini, L., 
Dibari, C., Costafreda-Aumedes, S., Kartschall, T., Menz, C., Molitor, D., Junk, J., Beyer, M., & Schultz, H. 
R. (2020). A Review of the PotenFal Climate Change Impacts and AdaptaFon OpFons for European 
ViFculture. Applied Sciences, 10(9), 3092. hXps://doi. org/10.3390/app10093092 

van Leeuwen, C., Schultz, H. R., de Cortazar-Atauri, I. G., Duchene, E., Ollat, N., Pieri, P., …, & Delrot, S. (2013). 
Why Climate Change Will Not DramaFcally Decrease ViFcultural Suitability in Main Wine-Producing 
Areas by 2050. Proceedings of the NaKonal Academy of Sciences - PNAS, 110(33), E3051–E3052. 
hXps://doi.org/ 10.1073/pnas.1307927110 

van Leeuwen, C., Sgubin, G., Bois, B., Ollat, N., Swingedouw, D., Zito, S., & GambeXa, G. A. (2024). Climate 
change impacts and adaptaFons of wine producFon. Nature Reviews. Earth & Environment, 5(4), 258–
275. hXps://doi.org/10.1038/s43017-024-00521-5 


