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ABSTRACT 

Grape berries and their yields can be strongly affected by the 

complex connections and interactions between the grapevines 

and the conditions of the local environment. In areas of known 

wine production, the yield and quality are usually improved by 

considering the climate, planting the best grape variety, and 

using specific agricultural techniques. Thus, sustainability in the 

winemaking sector worldwide is under pressure due to ongoing 

climate change, requiring adaptation at multiple levels. Portu-

guese vineyards will experience increasingly dry and warm con-

ditions due to climate change, with varying degrees of intensity 

and frequency of weather extremes. Nevertheless, the potential 

effects of these extraordinary occasions and their effects on viti-

culture in the future are not well known. In this research, we cal-

culated seventeen climate extreme indices for the Portuguese 

wine denomination of origin regions/subregions (Figure 1) in the 

historical period (1981–2010) and future periods (2041–2070 

and 2071–2100), under the Representative Concentration Pa-

thway 8.5, and based on a five-member ensemble of Regional 

Climate Model-Global Climate Model chain simulations. Moreo-

ver, a principal component analysis was performed for both pre-

cipitation and temperature extremes independent of each other. 

All of Portugal's wine regions experienced an increase in tempe-

rature extremes, predominantly in the westernmost regions. 

When it comes to the precipitation extremes, they show a de-

crease in the future and a general decline in precipitation but 

still are a major risk in the northeastern regions. In contrast, the 

dry extremes, likely bringing on severe droughts, will become 

much stronger. Finally, it was then possible to recognize which 

wine regions will be the most vulnerable to extreme weather 

conditions in the future. This information is essential for 

enabling smarter choices in the sector, including for long-term 

planning, climate change adaptation and risk reduction. 

FIGURE 1. Hypsometric map with Portugal mainland location, and denomination of 

origin regions in mainland Portugal. 
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FIGURE 3. Leading principal component values of (a, b, c) precipitation extremes and (d, e, f) temperature extremes in Portuguese wine-denominated origin sub-regions. 

FIGURE 2.  Zone statistical mean of (a, b, c) CDD – consecutive dry days and (d, e, f) CSU – consecutive summer days for the (a, d) historical (1981–2010) and fu-

ture periods (b, e) 2041–2070 and (c, f) 2071–2100, for the Representative Concentration Pathway 8.5.  

METHODOLOGY 

A recently developed high—resolution daily dataset, Iberia01, 

was used for this study. This dataset, which is accessible at a 0.1° 

horizontal resolution, was produced using a dense network of 

stations over the Iberian Peninsula for the period 1971–2015.  

The data was extracted for mainland Portugal and for the period 

between 1981 and 2010.  For future periods, a five-member en-

semble of General Climate Model and Regional Climate Model 

chain experiments was considered to cover inter-model variabil-

ity and reduce single model uncertainties in the final dataset re-

sults. Bias correction approach was done based on the quantile 

mapping method by calculating daily differences/ratios for tem-

perature/precipitation, respectively, between the Iberia01 and 

each one of the five-member ensemble over the historical peri-

od 1981—2010, based on quantiles of the empirical probability 

distribution function. A total of seventeen indices of climate ex-

tremes were selected, of this set, ten indices refer to precipita-

tion and seven to temperature. Zonal statistic means using the 

denominated areas of origin as boundaries were calculated 

based on the climate indices' extreme results (Figure 2). A total 

of two principal component analyses were carried out, with one 

being dedicated to precipitation indices and the other to tem-

perature indices, both of which were standardized.  

RESULTS 

The variance explained by the leading principal component for 

precipitation (ratio between the variance of the principal com-

ponent and the total variance) was 83%. The distribution (Figure 

3 a,b,c) shows a positive (red) north-west / south-east spatial 

pattern of rate and chance of precipitation in the Portuguese 

wine regions. 

The variance explained by the leading principal component for 

temperature was 77%, and shows (Figure 3 d,e,f) an  east-west 

gradient, where a larger impact on the eastern wine regions of 

Portugal is likely to occur. 

For the Euclidean distance analysis (Figure 4), the results show a 

variation between 0.5 and 8 (distance between each tempera-

ture vs precipitation score point), where zero is the lowest sus-

ceptibility and eight is the highest. Most of the interior wine sub

-regions will witness the greatest impact. 

FIGURE 4. The Euclidean distance of the leading principal component 

scores of both precipitation and temperature extremes of each Portuguese 

wine sub-region . 
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CONCLUSIONS 

Grapevine varieties have high adaptability to various climatic 

conditions and are relatively resilient to water and heat stresses, 

their growth and development are still susceptible to the im-

pacts of extreme weather events. Presently, many wine regions 

in Portugal and across Europe are to be at or near their optimum 

growing climate thresholds. The results presented in this study 

suggest that future climate will increase the pressure on Portu-

guese wine regions, progressively affecting the balanced ripen-

ing of the grape of the existing varieties, thus affecting the phe-

nology, development, growth, yields, and ultimately each region 

typicity. Consequently, some Portuguese wine regions could be-

come more optimal in terms of climate regimes for the produc-

tion of different cultivars, becoming more advantageous to 

different grape growing and wine production, more suitable 

growing climate in northern regions (with more annual precipi-

tation) or western regions (more temperate climate).  
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