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Abstract 

Over the last decades, climate change has been playing an increasingly significant role in 

humanity and has greatly affected world wine-producing regions. There are already 

remarkable changes in wine production (for example, plantation of new heat-tolerant grape 

varieties, growing wine grape varieties in cool climates, and expanding vineyards in cool 

climate regions). The article aims to investigate the effects of climate change (the change in 

annual average temperature and the variability of precipitation) on the wine sector between 

1961 and 2023, focussing on cool climate regions of the world. Descriptive statistics and a 

panel data analysis are applied to explore the impacts of climate change on the global wine 

sector (66 countries), considering countries with cool climate (11 countries). Panel 

econometrics research on climate change effects in cool climate countries is limited, with 

few studies examining grape and wine production in these regions. Thus, the originality of 

the research lies in the use of large-sample longitudinal data analysis to examine the impact 

of climate change on wine production considering cool-climate regions, focussing on an area 

that has been ignored in previous research. According to the results, an increase in 

temperature has a negative effect, while an intensification in precipitation has a positive 

impact on wine production in the examined countries, suggesting that global warming may 

be balanced by precipitation, especially in drought-prone areas. Furthermore, countries with 

cool climates are not yet significant players in the global wine industry, but they have great 

potential for a change in vineyard areas due to climate change and its consequences.  
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Introduction 

Over the past decades, climate change has played an increasingly important role in the 

environment, and this phenomenon also significantly affects global wine production. In 

recent years, the topic of climate change in the wine industry has been frequently 

investigated. Some crops (for example, wheat, corn) have broader climatic and geographic 

ranges, while for wine, its ranges are much more limited. Numerous temperature-based 

indicators (e.g., mean temperature of the warmest month, temperature of the average growing 

season) have been used to determine the optimum criteria for climates of grape production 

(Gladstones, 1992; Jones et al., 2010). As the temperature increases, the amount of 

precipitation decreases; the major wine-producing regions are also suffered from different 

impacts of changing climate; however, depending on location (coastal or continental), these 

regions are subjected to different types and frequencies of extreme weather events (Blanco-

Ward, Queijeiro and Jones, 2007).  

Several authors (White et al., 2006; Hannah et al., 2013; Roehrdanz and Hannah, 2016; 

Mutascu, Lessoua and Murgea, 2024; van Leeuwen et al., 2024; Enjolras and Viviani, 2025) 

state that famous wine-growing areas such as Bordeaux or Napa Valley are in great danger 

due to climate change and the areas will become less and less suitable for grape growing in 

the future. As a consequence, remarkable changes can be observed in wine production 

(increasing proportion of alcohol, plantation of new heat-tolerant grape varieties, growing 

wine grapes in cool regions, and expansion of wine production in cool climate countries). 

Wine production is generally considered more risky in cold climate regions, but producers in 

countries with cooler climates are also investing additional sources in winemaking 

(Ashenfelter and Storchmann, 2016; Anderson, 2017). Regarding a cool climate region or 

country, according to the literature, there is currently no consensus on this description. There 

is agreement that the average temperature, the amount of precipitation, the wind or the hours 

of sunshine all matter to identify the characteristics of a cool climate (Jones and Schultz, 

2016; Anderson, 2017).  

Optimal conditions for premium wine production are generally found between 30th and 50th 

degrees latitude/parallel in the northern and southern hemispheres. Within this range, 

geographical regions that are at or close to the 50th latitude are usually considered cool-

climate wine regions (Stevenson, 2011). With climate change, wine regions that are currently 

cold are expected to become warmer and regions that were once too cold to grow grapes to 

be able to ripen grapes (Jones and Schultz, 2016). In this research, we focus on countries with 

a cool climate located north of the wine belt in the northern hemisphere of the Earth because 

the wine production of these regions is the most significant worldwide. The research covers 

cool-climate regions located in northern Europe and Canada that could become emerging 

wine regions as a result of changing wine production.  

The climate suitability for wine production in France, Spain, Germany, and Romania has 

changed, with higher-altitude regions allowing better adaptation. Low-elevation regions, 

located in the southern part of them, are more vulnerable to climate changes, and new 

grapevine varieties and wine types are emerging (Irimia et al., 2024; van Leeuwen et al., 

2024). In contrast, cooler regions at higher latitudes and elevations are becoming more 

suitable for grape cultivation. Areas such as the United Kingdom or parts of Scandinavia are 

emerging as new wine producing regions, thanks to the warming climate (Irimia et al., 2024; 

van Leeuwen et al., 2024). However, these regions often lack the established infrastructure 
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and expertise of traditional wine producing areas, which presents new challenges for 

winemakers. 

Climate change has an increasingly significant impact on the global wine sector, especially 

in traditional wine producing regions, where rising temperatures and decreasing rainfall 

challenge producers. At the same time, the conditions for wine production in cool climates 

can become increasingly favourable, creating new market opportunities. The contribution of 

the study to the existing literature is that it examines the effects of climate change on wine 

production in cool-climate countries using a panel econometric approach, which has been 

less present in the literature so far. Although the impact of climate change has been widely 

analysed in major wine regions, especially in France, Italy, Australia, or California (Blanco-

Ward, Queijeiro and Jones, 2007; Anderson, 2017; Puga, Anderson and Doko Tchatoka, 

2023), the role of cool-climate countries in the global wine sector has remained under-

represented so far.  

Using a multidecade data series (1961-2023), it conducts a statistical analysis that allows for 

more accurate and generalisable conclusions about the impacts of climate change in these 

countries. The theoretical contribution of the research is that it provides a new geographical 

and economic perspective for modelling the impact of climate change on winemaking. 

Furthermore, from a practical perspective, the study could provide a new perspective for wine 

market players and investors planning long-term strategies, as climate change could make 

cool-climate regions, such as northern Europe and Canada, more advantageous, allowing new 

wine producing countries and organisations operating these countries to enter the market.  

Therefore, the objective of the article is to investigate the effects of climate change on the 

wine sector in the most important wine producing countries between 1961 and 2023. More 

specifically, the study addresses the following research question: How do climate change and 

its consequences (average temperature and precipitation change) affect wine production, 

especially in countries with a cool climate? To address these questions, the first part of the 

article provides a review of the relevant literature and formulates research hypotheses. This 

is followed by a detailed exposition of the methodology and data analysis, along with the 

presentation of the panel econometric results. Finally, the article summarises and synthesises 

the findings in the conclusion, highlights the implications for policy and the wine industry, 

and makes suggestions for future research. 

 

1. Review of the scientific literature and formulation of the hypothesis 

Since 2000 a wide range of studies have addressed the investigation of the effect of climate 

change on the wine industry. Most studies compare countries and regions based on 

temperature (Blanco-Ward, Queijeiro and Jones, 2007; Tonietto and Carbonneau 2004; 

Ashenfelter and Storchmann, 2016; Torres et al., 2021). A Spanish study proved that 90% of 

the spatial variation in climate types is explained by three main components: temperature, 

precipitation, and frost risk variations across the region (Blanco-Ward, Queijeiro and Jones, 

2007). Grape growing in countries with cold climates is much more difficult and can involve 

more expenses. In countries with a cool climate, there is usually more precipitation, a higher 

chance of a front in spring or fall, and a shorter growing season also carries dangers. Lower 

yields increase production costs (per ton), and large differences can be seen in individual 

vintages (Anderson, 2017). Global warming is seen as the most important driver of 

investment in viticulture and winemaking in cool climate regions, including producers in 
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warmer areas looking to supplement supplies that can help them maintain their current styles 

of wines as well as add new ones (Ashenfelter and Storchmann, 2016). Regions that are 

getting warmer are not able to produce the same styles of wine as they used to. In these places, 

for example, it is possible to seed vineyards at higher or higher altitudes or latitudes. 

Ashenfelter and Storchmann (2010a; 2010b) examined the Moselle region of Germany for 

wine production and concluded that an increase of up to 1 degree Celsius in average growing 

season temperature could increase the gross amount of wine produced from Riesling by 30%. 

Merloni et al. (2018) suggest that elevated temperatures can adversely affect the yield and 

quality of grapevines. Based on the empirical literature mentioned above, the following 

hypothesis is elaborated for the world wine industry.  

H1: Increasing the average surface temperature is risky for the wine industry as it causes a 

decrease in wine production at the global level. 

Another important element is the decrease in precipitation, which can have impacts on 

freshwater ecosystems. In many parts of Europe, irrigation in vineyards is not as important 

as in other parts of the world. However, this will undergo significant changes due to climate 

change. Drip irrigation could help to grow sustainable yields under increasingly dry 

conditions, but consideration must be given to associated impacts on the environment or 

water resources (Orang, Scott Matyac and Snyder, 2008; Hannah et al., 2013; Roehrdanz and 

Hannah, 2016; van Leeuwen et al., 2019; Monteverde and De Sales, 2020). For example, 

Californian results reveal that by 2050 the surface air temperature will increase by 

approximately 1.2° C on average and the average precipitation will decrease by 11% 

(Roehrdanz and Hannah, 2016; Smith et al., 2024). Phenological timing and moisture deficit 

stress could lead to decreased yields. Several methods can be proposed to overcome the lack 

of precipitation, for example, planting heat-tolerant grape varieties, moving vineyards to 

areas at higher altitudes that are more suitable in the future, or adopting dry farming 

techniques. The following hypothesis tests the impacts of precipitation on wine production 

in line with the scientific publications discussing this topic: 

H2: The rise in annual precipitation is damaging the climatic conditions for winemaking and 

decreasing wine production at the global level. 

Wine production statistics show that global warming in warm wine regions will result in 

lower wine prices (Webb, 2006). This could strengthen the competitiveness of the countries 

in the ‘cooler wine growing zones’ on the international wine market. Californian analyses, 

on the other hand, reached the opposite result, with the greatest warming occurring at night 

and during the spring, climate changes in coastal California may have benefited the premium 

wine industry (Nemani et al., 2001; Lobell, Cahill and Field, 2007). In contrast, Jones et al. 

(2005) find that with increasing temperatures, wine growing regions in northern France and 

Germany will produce higher quality wine, but that winegrowing regions, for example, in 

California (Roehrdanz and Hannah, 2016; Smith et al., 2024), may experience a decline in 

wine quality. The latter findings were confirmed by many authors, including Cahill et al. 

(2007), Diffenbaugh et al. (2011) and Roehrdanz and Hannah (2016). An US-wide analysis 

showed that climate change shifts most of the premium wine production north and a need for 

stronger pest management due to fungal diseases (White et al., 2006), and warmer and longer 

growing seasons would shift production towards more climate resistant varieties and lower 

quality wines (Cahill et al., 2007; Ruml et al., 2012).). 
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Jones et al. (2005) and Jones et al. (2010) suggest that future climate change will likely bring 

numerous potential impacts for the wine industry, such as added pressure on increasingly 

scarce water supplies, additional changes in grapevine phenological timing, further 

disruption or alterations of balanced composition and flavour in grapes and wine, regionally 

specific changes in varieties grown, necessary shifts in regional wine styles, and spatial 

changes in viable grape growing regions. One of the most visible changes of global warming 

is that wines contain an increasing alcohol level compared to wines produced in the twentieth 

century. Higher temperatures and water stress lead to an increase in sugar content and 

decreased acidity in grapes, which can result in wines with higher alcohol levels and lower 

acidity (Dominguez et al., 2024; Gerbi and Paolis, 2025).  

Furthermore, the importance of the planting of new grape varieties is increasing in wine 

producing regions where they are not usually planted. Hotter temperatures threaten global 

wine production, and multiple studies predict that more than half of the regions suitable for 

the planting of wine grapes could be lost due to climate change. Swapping out grapes for 

more drought and heat tolerant varieties can offer a solution for winemakers (Anderson, 

2016). The researchers suggest that late-ripening varieties (Syrah, Grenache and Mourvedre) 

becoming much more widespread in current winegrowing regions if temperatures rise by 2 

degrees. Early-ripening grape varieties, such as Chasselas, Pinot Noir, and Chardonnay, may 

become more widespread globally if new Nordic regions (e.g., Canada, northern Europe) 

open up.  Cardell, Amengual and Romero (2019) reached a similar result. They suggest that 

wine grape growing will be negatively affected in southern Europe due to thermal stress and 

dryness during the growing season. Furthermore, the ever-decreasing amount of precipitation 

in Old Wine World countries calls for the appearance of irrigation systems.  

Global climate change will result in the fact that these high-quality areas for viticulture will 

extend significantly northward in Europe (Maciejczak and Mikiciuk, 2019; Jacobs et al., 

2014; Droulia and Charalampopoulos, 2021; Naulleau et al., 2022). In South America, 

similar to Europe, winegrowing regions of cold climates could be favoured, while 

winegrowing regions of warm climates could be disadvantaged (Cabré and Nuñez, 2020). In 

North America, the wine sector also plays an increasingly important role thanks to the shift 

of grape cultivation further north (Frigon, Doloreux and Shearmur, 2020). Morales-Castilla 

et al. (2020) projected that under a 2 ° C global warming scenario, 51% of all areas identified 

as climate-suitable for wine growing in the world would be lost. Taking into account a 4 ° C 

warming scenario, losses may reach 77% of global vineyards. Furthermore, Smith and Alston 

(2024) investigated the relationship between climate, weather, and collective reputation in 

terms of their impact on the price and quality of California wines. Their findings indicate that 

extreme temperatures negatively affect wine prices and quality, particularly for Napa Valley 

Cabernet Sauvignon, suggesting that a lack of adaptation could lead to significant economic 

losses. Lamonaca, Santeramo and Seccia (2021) concluded that higher annual temperatures 

in both Old and New World countries are beneficial for expanding vineyard areas. In turn, 

heavy rainfall is significantly associated with lower vineyards in the New World, while the 

Old World was less affected. 

H3: New World wine producers have increased their production as a result of better climatic 

conditions induced by climate change. 

Puga, Anderson and Doko Tchatoka (2023) examined climate change (average temperature, 

precipitation, and frost risk) impacts on grape production in Australia. The research used 

panel data, similar to this research, to estimate the relationship between weather and grape 
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yields and assess the potential impacts of the projections of climate change. The results 

suggest that by 2050, climate change could increase yields in most of the cooler regions of 

Australia, but decrease yields in the largest and hottest regions. The study also analyses yield 

reductions in warmer regions and adaptation strategies, highlighting the importance of long-

term adaptation in viticulture. Their most important results suggest that Australian wine 

production should shift to cooler regions. Gustafsson and Mårtensson (2005) describe the 

potential of grapevine cultivation in cool-climate regions in Scandinavia, highlighting 

advantages and challenges, including grape varieties, training, pruning, and plant protection 

measures. Optimising harvest dates, using temperature fluctuations, and stimulating aromatic 

production are key to producing high-quality wines. To capture this effect at the global level, 

the last hypothesis is formulated as follows. 

H4: Cool-climate countries expanded their vineyards and wine production due to better 

climatic suitability via global warming. 

Puga and Anderson (2022) classified the world's wine-growing areas based on their climatic 

characteristics. The authors used principal component analysis and clustering with data from 

climatic variables from wine regions to identify the main climate groups. The analysis reveals 

that premium wine regions are found in all types of climate, but climate change requires wine 

producers to adapt, for example, by changing grape varieties or moving plantations to other 

climates. Furthermore, Mozell and Thach (2014), Ashenfelter and Storchmann (2016), 

Alonso Ugaglia and Peres (2017), or Naulleau et al. (2021) provided an extensive review of 

the literature on the impact of weather and climate on grapes and wine describing how climate 

change is likely to affect wine production. Puga and Anderson (2025) explored statistical 

methods for quantifying the effects of climate change on grape and wine production. They 

reviewed different approaches, including cross-sectional, time-series, and panel data models, 

and described their application in the grape and wine sector. Models derived from panel data 

have more substantial identification properties than time-series data. Thus, with the existing 

scientific works, investigating the effect of climate change in countries with cool climates at 

the global level using the econometric method is scarce in the economic literature.  

 

2. Research methodology 

In this study, a panel data analysis is applied to explore the effect of climate change on the 

global wine sector (including 66 wine producer countries) focussing on the countries of the 

world with a cool climate. Wine sector data obtained from FAOSTAT (2025) and OIV 

(2025), and climatic statistics retrieved from the Climate Change Knowledge Portal of the 

World Bank, are available from 1961 to 2023 (t=62). The sample comprises 29 New Wine 

World and 11 cool climate countries selected that are located north of the wine belt in the 

northern hemisphere (Belgium, Belarus, Canada, Czech Republic, Great Britain, Germany, 

Luxemburg, Netherlands, Poland, Russia and Sweden). Table no. 1 presents the description 

of the variables applied. 
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Table no. 1. Description of variables used for the analysis 

Variable Explanation Source 

Dependent 

Wine_production annual wine production expressed in tonnes FAOSTAT (2025) and OIV (2025) 

Independent 

Temperature  annual average temperature change in a 

meteorological year in degree Celsius 

Climate Change Knowledge Portal 

(2025) 

Precipitation annual change in precipitation in a 

meteorological year in millimetres 

Climate Change Knowledge Portal 

(2025) 

New_World equals 1 if a country is located in the New 

Wine World, 0 otherwise 

own composition 

Cool_climate equals 1 if a country is located in a cool 

climate, 0 otherwise 

own composition 

Source: own composition based on FAOSTAT (2025). OIV (2025)  

and Climate Change Knowledge Portal (2025) 

The following wine production function is estimated in this analysis to capture the effect of 

climate change on the wine industry:  

ln(Wine_productionit) =  α+ β1ln(Temperatureit) + β2ln(Precipitationit) + β3 New_Worldit 

+ β4Cool_climateit + εit                                               (1)  

where 𝑖 denotes the number of countries included, t is a given year, 𝛽 measures the 

coefficients for country at a year, α is a constant and ε is the error term.  

The wine production indicator is selected as a dependent variable for the analysis. The 

explanatory variables capture the impact of global warming, precipitation, and a structural 

break included for the New Wine World countries and cool climate countries. The selected 

variables were also tested for unit roots using the Fisher Test for panel unit roots with an 

augmented Dickey-Fuller test (Table no. 2). Test results for 0-1 lags confirm that variables 

are stationary (do not have unit roots).  

Table no. 2. Fisher Test for panel unit roots using an augmented Dickey-Fuller test 

Fisher Test ln(Wine_production) ln(Temperature) ln(Precipitation) 

p value (0 lags) 

Inverse χ2 0.000 0.000 0.000 

Inverse normal    0.000 0.000 0.000 

Inverse logit t 0.000 0.000 0.000 

Modified inverse χ2 0.000 0.000 0.000 

p value (1 lags) 

Inverse χ2 0.000 0.000 0.000 

Inverse normal    0.000 0.000 0.000 

Inverse logit t 0.000 0.000 0.000 

Modified inverse χ2 0.000 0.000 0.000 

Source: on composition based on FAOSTAT (2025), OIV (2025),  

and Climate Change Knowledge Portal (2025) data 
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Based on the Breusch and Pagan (1980) Lagrangian multiplier test for Random Effects, 

Random Effect panel estimation is more consistent than simple Ordinary Least Squares 

(OLS). Moreover, Hausman (1978) specification test for panel Fixed Effects estimation (p= 

0.489) points out that Random Effect is more appropriate than Fixed Effects model. Based 

on the test results, we applied Random Effects (RE), regression with Driscoll-Kraay standard 

errors (SCC), and linear regression with Panel-corrected Standard Errors (PCSE) as 

estimation methods (due to cross-sectional dependency). 

 

3. Results and discussion 

Figure no. 1 shows the evolution of mean temperature and precipitation in cool-climate 

countries. The amount of precipitation fluctuates between 600 and 900 mm between 1961 

and 2023. The average temperature, on the other hand, is increasing. At the beginning of the 

1960s, the mean annual temperature was between 5.5 and 6 degrees Celsius in cool-climate 

countries, and it has already reached or even exceeded 7-7.5 degrees Celsius by the 2010s 

and beginning of the 2020s. 

 

Figure no. 1. Mean temperature and precipitation trends in cool climate countries 

(1961-2023) 

Source: own composition based on Climate Change Knowledge Portal (2025) data 

In the correlation matrix (Table no. 3), a significant positive correlation can be observed 

between wine production and precipitation (0.1357), temperature and New Wine World 

(0.3868), precipitation and New Wine World (0.4355), and precipitation and cool climate 

countries (0.0772). On the contrary, the relationship between wine production and cool 
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climate countries (-0.0459), temperature and precipitation (-0.1562), temperature and cool 

climate countries (-0.4642), and New Wine World and cool climate countries (-0,2262) is 

negative significant at 5%. 

Table no. 3. Correlation matrix 

  
ln_Wine_ 

production 

ln_ 

Temperature 

ln_ 

Precipitation New_World 

Cool_ 

climate 

ln(Wine_production) 1.0000         

ln(Temperature) -0,1812* 1.0000       

ln(Precipitation) 0.1357* -0.1562* 1.0000     

New_World 0.0355* 0.3868* 0.4355* 1.0000   

Cool_climate -0.0459* -0.4642* 0.0772* -0.2262* 1.0000 

Note: *p<0.05, source: own composition 

Source: on composition based on FAOSTAT (2025), OIV (2025) and Climate Change Knowledge 

Portal (2025) data 

The regression result (Table no. 4) reveals that a negative significant relationship (-0.9 and -

1.2) exists between the average temperature increase (ln_Temperature) and wine production 

(ln_Wine_production) globally during the analysed period. It suggests that global warming 

does not stimulate wine productivity (indicates a lower quantity of wine produced) at global 

level during the analysed period (H1 is accepted). This is supported by the literature, since 

increasing average surface temperature was disadvantageous for the wine industry, especially 

in Europe (Cardell, Amengual and Romero, 2019) by causing decreasing wine production at 

the global level. These findings are also in accordance with White et al. (2006), Hannah et 

al. (2013), Roehrdanz and Hannah (2016), Mutascu, Lessoua and Murgea (2024), Enjolras 

and Viviani (2025) or van Leeuwen et al. (2024), because the distinguished wine-producing 

regions (e.g., Bourdeaux and Napa) will face more and more problems because of the ever-

warming climate. Furthermore, in traditional wine producing regions, vineyards are being 

established at higher altitudes to escape the heat and drought associated with climate change 

(Tscholl and Vigl, 2024). However, this phenomenon occurred in different ways in the two 

main regions of the world. Although the New World countries were able to boost their wine 

industry, the Old World suffered from negative trends in temperature change. In conclusion, 

New World Wine producers can increase their production due to changing climate, 

improving climate conditions (Table no. 4). 

The literature indicates (Ashenfelter and Storchmann, 2016; Anderson, 2017) that grape 

growing and wine production are not yet decisive in cool-climate regions, but growers will 

gradually discover the varieties, clones, and styles they can produce most profitably, allowing 

investment in these regions to expand. Many new potential cool regions and countries, such 

as the United Kingdom or Scandinavia (Mårtensson, Karlsson and Gustafsson, 2013; Rauhut 

Kompaniets, 2022; Irimia et al., 2024; van Leeuwen et al., 2024), are emerging due to the 

impact of climate change, and in parallel, existing cool climate regions are becoming more 

suitable as the temperature rises. For example, in the Moselle region of Germany, an increase 

of up to 1 degree Celsius could increase the gross amount of wine produced (Ashenfelter and 

Storchmann, 2010a; 2010b). The results show that increasing the average surface temperature 

is risky for the wine industry, increasing uncertainty, and leading to a decrease in wine 

production at the global level (Anderson, 2017). 
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Regarding annual precipitation, the results suggest that global warming may be balanced by 

precipitation, their estimated coefficients of -0.0269 or 0.248 (Table no. 4), (H2 is rejected), 

especially in drought-prone areas. However, a higher precipitation level can be advantageous 

for wine production, the increase in rainfall also leads to new diseases and pests, in addition 

to a drop in production quality. It requires several actions, such as the use of disease-resistant 

cultivars (White et al., 2016; Comte et al., 2024). The main limiting factor that affects 

viticulture productivity in cold climates is spring frost, which can destroy vineyard 

production because flowers and leaves can be damaged and this will reduce yield (Hannah et 

al., 2013; Monteverde and De Sales, 2020). 

If a country can be considered a producer in the New Wine World, it has a positive effect on 

wine production (H3 is accepted), with estimated coefficients of 0.304-0.455. As the annual 

temperature rises, more extensive vineyard areas can be involved in grape cultivation. More 

specifically, higher summer temperatures lower grapevine production, while increased 

precipitation benefits the early growing season but may negatively impact late growing and 

harvest times. Climate change primarily impacts grapevine yields in the New World, while 

Old World producers appear unaffected (Lamonaca, Santeramo and Seccia, 2021).  

Based on the estimation results, cool-climate countries were not remarkable players on the 

global wine market between 1961 and 2023 (limited vineyard area, low level of wine 

production, high production costs, legal restrictions). Their estimated coefficients were 

negative significant with values of -1.214 and-1,505. Their potentially warming climate was 

still not significantly inspiring the opening of new wineries and the expansion of vineyards 

from a global perspective (H4 is rejected). It can be hindered by limited viticulture 

knowledge, limited demand, and undeveloped regulations (Mårtensson, Karlsson and 

Gustafsson, 2013; Rauhut Kompaniets, 2022). 

In Europe, irrigation is not yet widespread in vineyards (Hannah et al., 2013; Roehrdanz and 

Hannah, 2016; van Leeuwen et al., 2019), which may undergo significant change in the 

coming years. But the notion of terroir wines does not allow for adaptations to a changing 

climate, where a grape and its variety are expressed in terms of certain land and weather 

characteristics. Furthermore, the results confirmed that climate change is an important factor 

in winemaking and investment in viticulture. Producing wine in cool climate regions is more 

difficult and more costly, since it results in lower yields and high production costs in line 

with Blanco-Ward, Queijeiro and Jones (2007), Irimia et al. (2024), Mårtensson, Karlsson 

and Gustafsson (2013), and Anderson (2017).).). Furthermore, cool climate wine regions 

such as Canada and Russia experience higher rainfall, lower average grape yields, and higher 

production costs (Anderson, 2017; Lamonaca, Santeramo and Seccia, 2021). 
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Table no. 4. The results of the panel regression 

 (1) (2) (3) 

 RE SCC PCSE 

VARIABLES ln(Wine_production) ln(Wine_production) ln(Wine_production) 

    

ln(Temperature) -0.957*** -1.199*** -1.199*** 

 (0.16) (0.14) (0.109) 

ln(Precipitation) -0.026 0.248*** 0.248*** 

 (0.0724) (0.0418) (0.0312) 

New_World 0.455 0.304*** 0.304*** 

 (0.666) (0.114) (0.0824) 

Cool_climate -1,505 -1.214*** -1.214*** 

 (0.976) (0.0783) (0.0615) 

Constant 13.14*** 12.42*** 12.42*** 

 (0.727) (0.623) (0.462) 

    

Observations 3,134 3,134 3,134 

R-squared 0.0625 0.062 0.062 

Number of countries 66 66 66 

    

Note: RE – Random Effects, SCC – Regression with Driscoll-Kraay standard errors, PCSE – Linear 

regression with panel-corrected standard errors. Standard errors are in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1 

 

Conclusions 

The paper analysed the effects of climate change on the global wine sector focussing on the 

cool climate countries in the world. It applied descriptive statistics and panel regression 

analysis to model the potential impact of climate change captured by precipitation and global 

warming on the wine industry. The findings indicate that increasing average temperatures 

have had a negative effect on wine production worldwide for the period analysed, while 

increased precipitation appears to have a compensatory role, particularly in drought-prone 

regions. This suggests that climate change is changing the geography of wine production, 

potentially increasing the relevance of cool-climate countries in the industry. However, 

despite the changing climatic conditions, the country-level result shows that cool-climate 

countries have not significantly increased their potential for wine production at the global 

level. They are not considerable players yet in the global wine industry. The potentially 

warmer climate conditions in cool-climate regions have not yet been significant enough to 

motivate the opening of new wineries and development of the grape plantation in cool climate 

countries.  

The contribution and importance of the study are multiple. First, research contributes to the 

literature by providing empirical evidence on the effects of climate change in underexplored 

cool-climate wine producing regions, an area that has received limited attention in previous 

studies. It analysed the effects of climate change on the wine sector globally between 1961 

and 2023. Second, the analyses also focused on the effect of global warming in the cool-

climate countries along with the Old and New Wine World. From a practical perspective, the 

results can support policymakers and industry stakeholders in developing climate adaptation 

strategies, such as selecting climate-resistant grape varieties, implementing sustainable 
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vineyard management practices, and considering the expansion of wine production in 

emerging cool-climate regions. These steps could help mitigate the impact of climate change 

on wine production and reduce climate-related risks in the sector. 

However, the study has some limitations and possible future research directions. In the case 

of some post-soviet countries, the wine production data were available only from the 

beginning of the 1990s. Additionally, grape cultivation and winemaking are not only 

determined by temperature or precipitation, but are also influenced by many other factors 

(e.g., altitudes or latitudes). The analysis does not account for other key factors that influence 

wine production, such as soil composition, specific grape varieties, or vineyard management 

techniques. Furthermore, while the study provides a broad country-level assessment, it would 

also be worthwhile to conduct this study at the level of wine regions located within each 

country. Further research should address regional-level analysis to provide more accurate 

results on the climatic determinants of wine production. Therefore, with local data, more 

accurate effects of climate change could be discovered. The sample size selected is not fully 

representative of the global wine industry. This could limit the generalisability of the findings 

and may not capture the full range of climatic conditions around the world. In conclusion, 

while climate change presents significant challenges for traditional wine regions, it also 

creates opportunities for cool-climate countries. Future research should further explore the 

long-term viability of these emerging wine regions and assess the economic, social, and 

environmental implications of shifting wine production patterns. 
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