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Additional details on methods

To scale from regional data to our gridcells and above, we performed a suite of aggregations and
checks. Our defined list of regions comes from Anderson & Aryal (2013), and we then geolocated
these regions following methods in Wolkovich et al. (2018), with some regions scored as difficult
to locate due to dispersed or rare vineyards (e.g., current winegrowing in the United Kingdom) or
over very complex terrain (e.g., regions near Mendoza, Argentina); we excluded these from analyses
reported here. When multiple regions spanned a single climate gridcell we summed hectares. When
a gridcell contained multiple countries (rare, but occurred for some European regions, especially
near the Alps) and we were aggregating by country, we assigned the gridcell to the country based
on which country occupies a larger proportion of the gridcell. We considered only regions where
both the no variety diversity and with variety diversity estimates reached maturity (excluding 16
of 385 gridcells). Finally, we performed a series of checks on the resulting data, including for
trends with latitude, mean temperature and growing season length. Based on this we excluded 5
gridcells (three in Australia, one in Thailand and one in Myanmar) where values seemed anomalous.

Methods and results using ERA5 data

Our primary results use daily temperature data available from BEST. BEST provides the most
complete, global gridded estimates of daily temperature derived directly from surface observations
(Rohde & Hausfather, 2020). While the spatial scale is relatively coarse (1 x 1 degree; ~100
km? at the equator), there is no equivalent global dataset for daily temperatures at the global
scale. The only finer-scale estimates available come from reanalyses that assimilate diverse sets of
meteorological observations into a forecast model. To extend and compare the BEST results, we
repeated our analyses using one reanalysis product, ERA5 (0.5 degree resolution Hersbach et al.,
2020), which we downloaded from KNMI Climate Explorer (Trouet & Van Oldenborgh, 2013).

Results using ERA5 (see Tables L-V; Figs. G-I) were broadly similar to those using BEST (Ta-
bles A-K and see Figures in main text). Mean, GDD and metrics of heat extremes showed the
largest changes, with Europe shifting the most, though absolute numbers varied. Unexpectedly,
estimates from ERA5 suggested cooling minimum temperatures around harvest for South America



and Oceania (Fig. H) and substantially less warming for Oceania that we found using BEST. We
found little warming in Australia considering long-term trends in mean temperatures (results not
shown), in contrast to multiple reports of aggregated data across Australian winegrowing regions,
and concomitant shifts in earlier harvests (Webb et al., 2012; Jarvis et al., 2019).

As ERAS5 data are based on modeled estimates (Horton, 2022), with a substantial change in the
data underlying the model near 1980 (Bell et al., 2021; Romps, 2024) they may not provide robust
estimates for our analysis. While gridded climate datasets often do not agree perfectly in which
regions have warmed the most (Nita et al., 2022), estimating changes before 1980 is especially
difficult and data products before 1980 are produced far less often. As ERA5 data in the range
we used (1950-2018) was only very recently released (Soci et al., 2024) and has not been fully
validated against other gridded datasets, we focus here on results using BEST and GPCC, which
have been more repeatedly verified. The differing results from BEST and ERA5, however, highlight
the complexity of understanding how the climate has shifted with anthropogenic climate change,
especially in places with fewer weather stations, such as South America and Oceania.



Tables based on BEST/GPCC data

Table A: GDD (base temperature of 10 °C) calculated using BEST data between estimated budburst
and harvest dates assuming no variety diversity (estimated assuming all regions plant Pinot noir)

and including different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 4 1557.44 83.59 1680.28 86.83 1634.01 85.05 1762.70 88.86
Australia 41  1319.68 225.17 1447.27 232.44 137491 249.15 1507.00 257.77
Austria 4 888.76 210.59 1019.61 217.74 888.34 212.39 1019.43 220.80
Bulgaria 5 1356.36 213.18 1476.86 205.45 1401.66 228.16 1528.62 220.33
Chile 7 966.36  194.07 1086.62 197.01 1000.87 209.21 1127.25 214.24
China 4 176249 206.74 1817.67 196.61 1820.68 245.09 1878.23 233.25
Croatia 8 1258.66 113.84 1418.22 117.78 1295.85 123.33 1460.94 129.10
Czech Republic 2 825.74 59.11 957.40 63.37 823.46 56.05 955.02 60.17
France 49 1064.37 239.29 1218.96 243.59 1090.67 258.29 1249.57 264.47
Germany 9 853.05 80.34 997.15 83.09 851.44 80.77 995.69 83.29
Greece 11  1706.11 142.89 1824.32 139.90 1792.54 154.83 1916.50 151.70
Hungary 8 1221.37 151.28 1346.27 158.85 1237.10 159.59 1365.36 168.54
Italy 47 1393.97  397.63 1568.22 404.90 1463.11 426.01 1644.55 434.76
Japan 4 1363.60 402.07 1437.13 408.33 1399.46 426.28 1476.96 434.83
New Zealand 7 816.31 306.95 893.56  350.63 836.33  321.58 915.11 366.82
Portugal 6 1339.82 137.04 1484.83 132.60 1383.54 134.64 1537.92 130.62
Romania 8 1145.24 276.67 1250.77 289.93 1162.59 294.94 1270.52 309.92
Slovakia 3 915.18 131.93 1036.68 143.47 916.65 135.71 1040.01 148.10
Slovenia 2 972.75 509.49 1155.27 529.78 1002.47 542.77 1190.34 565.57
South Africa 4 1262.30 122.04 134297 120.92 1157.29 194.70 1237.78 205.98

Spain 28 1468.01 287.04 1636.61 283.15 1524.49 307.73 1700.92 307.11
Switzerland 616.15 223.23 763.48  236.80 620.04 226.39 769.05 242.48
Turkey 1715.66  249.71 1834.05 236.91 1804.71 282.14 1930.58 271.08
United States 41 1247.95 361.81 1336.63 364.65 1281.43 385.35 1373.03 389.51
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Table B: High temperature GDD (GDD with base temperature of 30 °C) calculated using BEST data
between estimated budburst and harvest dates assuming no variety diversity (estimated assuming

all regions plant Pinot noir) and including different plantings of each region (for which we had data,
‘MultiVar’).
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Argentina 4 001 002 000 000 00l 002 0.00 000
Australia 41 005 017 020 064 005 018 0.20 0.63
Austria 4 000 0.0 0.00 000 000 0.00 0.00 0.00
Bulgaria 5 0.00 0.0 000 000 0.00 0.00 000 0.00
Chile 7 0.00 0.0 000 000 0.00 0.00 000 0.00
China 4 0.00 0.0 0.0l 002 000 000 0.0l 0.02
Croatia 8§ 0.00 0.00 0.0 000 000 0.00 0.00 0.00
Czech Republic 2 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00
France 49 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
Germany 9 0.0 0.00 0.00 000 000 0.00 0.00 0.00
Greece 11 0.00 0.00 006 010 0.00 0.0 006 0.10
Hungary 8§ 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Ttaly 47 0.00 0.0 0.02 0.05 000 0.0 0.02 005
Japan 4 000 0.00 0.00 000 000 0.00 0.00 0.00
New Zealand 7 0.00 0.0 000 000 0.00 0.00 000 0.00
Portugal 6 0.00 0.0 0.04 009 000 0.00 0.04 0.09
Romania 8§ 0.00 0.00 0.0 0.00 000 0.00 0.00 0.00
Slovakia 3 000 0.00 0.00 000 000 0.00 0.00 0.00
Slovenia 2 000 0.0 0.0 0.00 000 0.00 0.00 0.00
South Africa 4 000 0.0 0.0 000 000 0.00 0.0 0.00

Spain 28 0.01 0.03 039 079 0.01 0.03 0.39 0.80
Switzerland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Turkey 0.00 0.00 0.03 0.06 0.00 0.00 0.03 0.06
United States 41 0.056 020 021 096 0.05 0.19 0.22 0.97
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Table C: The number of days where maximum daily temperatures were >=35 °C, calculated using
BEST data between budburst and harvest dates assuming no variety diversity (estimated assuming
all regions plant Pinot noir) and including different plantings of each region (for which we had data,
‘MultiVar’).
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Argentina 4 029 034 022 032 029 034 0.22 0.32
Australia 41 0.73 0.99 3.15 3.40 0.74 1.02 3.21 3.47
Austria 4 0.00 0.00 0.08 0.08 0.00 0.00 0.08 0.08
Bulgaria 5 0.01 0.02 1.07 0.62 0.01 0.02 1.07 0.62
Chile 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
China 4 1.03 143 1.20 1.07 1.03 143 1.20 1.07
Croatia 8 0.00 0.01 0.28 031 0.00 0.01 0.28 0.31
Czech Republic 2 0.00 0.00 0.08 0.11 0.00 0.00 0.08 o0.11
France 49 0.00 0.00 0.30 0.24 0.00 0.00 0.30 0.24
Germany 9 0.00 0.00 0.09 0.11 0.00 0.00 0.09 0.11
Greece 11 029 034 3.07 172 0.29 0.35 3.09 1.74
Hungary 8 0.01 0.03 0.77 043 0.01 0.03 0.77 0.43
Italy 47 0.04 0.10 1.35 1.58 0.04 0.10 1.36 1.59
Japan 4 0.17 034 040 0.42 0.17 034 0.40 0.42
New Zealand 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Portugal 6 0.03 008 093 123 0.04 0.09 094 1.25
Romania 8 0.01 0.02 050 063 0.01 0.02 050 0.63
Slovakia 3 0.00 0.00 0.05 0.05 0.00 0.00 0.05 0.05
Slovenia 2 0.00 0.00 0.09 013 0.00 0.00 0.09 0.13
South Africa 4 0.00 0.00 0.02 0.04 0.00 0.00 0.0 0.03

Spain 28 1.05 183 3.38 5.16 1.04 1.85 3.39 5.22
Switzerland 0.00 0.00 0.01 0.01 0.00 0.00 0.01 o0.01
Turkey 0.78 137 221 177 0.78 137 223 1.80
United States 41 113 361 150 4.17 114 3.64 151 4.21
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Table D: Peak maximum daily temperature, calculated using BEST data between budburst and
harvest dates, assuming no variety diversity (estimated assuming all regions plant Pinot noir) and
including different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 4 33.30 1.00 33.20 0.77 33.31 1.01 33.21 0.78
Australia 41  32.74 2.03 35.34 2.00 32.74 2.02 3535 2.00
Austria 4 2735 156 31.18 1.45 2735 156 31.18 1.45
Bulgaria 5 30.63 1.58 33.84 1.24 30.63 1.58 33.84 1.24
Chile 7 2826 1.63 27.57 149 2826 1.63 27.57 1.48
China 4 3391 131 34.19 0.88 3391 1.31 34.19 0.88
Croatia 8 2994 0.75 3253 0.83 29.94 0.75 3253 0.83
Czech Republic 2 2890 175 31.85 1.11 2890 1.75 31.85 1.11
France 49 28.89 1.63 32.00 1.70 28.89 1.63 32.00 1.70
Germany 9 29.74 0.82 31.78 0.74 29.74 0.82 31.78 0.74
Greece 11 33.02 140 3541 1.09 33.02 1.40 3541 1.09
Hungary 8 30.27 1.00 33.34 1.09 30.27 1.00 33.34 1.09
Ttaly 47 30.82 2.87 33.16 2.85 30.82 2.87 33.17 2.85
Japan 4 3241 210 3286 191 3241 210 32.86 1.91
New Zealand 7 26.06 148 25.84 2.05 26.06 1.48 25.84 2.05
Portugal 6 31.51 126 33.74 1.19 3156 1.26 33.75 1.19
Romania 8 29.73 190 32.21 209 29.73 190 32.21 2.09
Slovakia 3 2824 0.65 31.30 1.02 2824 0.65 31.30 1.02
Slovenia 2 2783 3.19 3061 3.13 27.83 3.19 30.61 3.13
South Africa 4 30.54 1.67 31.09 1.34 29.96 0.60 30.58 0.35
Spain 28 32.67 2.50 34.47 2.08 32.65 248 34.45 2.09
Switzerland 4 26.59 223 29.03 2.13 26.59 2.23 29.03 2.13
Turkey 4 33.36 152 34.77 0.86 33.36 1.52 34.79 0.87

United States 41  31.52 258 3213 249 31.55 258 3213 249




Table E: Mean daily temperature, calculated using BEST data between budburst and harvest
dates, assuming no variety diversity (estimated assuming all regions plant Pinot noir) and including
different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 4 1995 0.73 20.73 0.77 19.86 0.72 20.63 0.76
Australia 41 18.09 1.70 1887 1.77 18.00 1.68 18.77 1.75
Austria 4 15.15 1.75 1596 1.79 14.81 194 1560 1.98
Bulgaria 5 18.65 1.44 1942 1.40 1844 1.50 19.20 1.46
Chile 7 1552 1.21 16.23 1.21 1542 1.25 16.14 1.25
China 4 2196 130 2234 1.23 21.83 1.55 2220 1.48
Croatia 8 1776 0.74 1875 0.75 17.66 0.77 1864 0.79
Czech Republic 2 14.82 0.14 1563 0.15 14.55 0.06 15.33 0.07
France 49 16.10 1.59 17.01 1.60 1592 1.72 16.83 1.72
Germany 9 1492 0.56 1580 0.57 14.81 0.58 15.68 0.60
Greece 11 20.71 1.00 21.44 0.99 20.68 1.00 21.42 0.99
Hungary 8 17.64 1.11 1842 1.16 1740 1.19 1817 1.25
Ttaly 47 18.34 292 1942 292 1823 292 19.29 2091
Japan 4 1853 295 19.01 298 18.50 3.05 19.00 3.09
New Zealand 7 1421 261 1471 278 13.99 2.86 14.49 3.01
Portugal 6 18.05 1.06 1892 1.03 17.94 1.02 1883 1.01
Romania 8 17.14 2.04 1780 2.13 16.79 2.18 1744 2.28
Slovakia 3 1552 095 16.27 1.02 1524 1.02 1597 1.09
Slovenia 2 1581 332 1697 3.39 15.64 3.35 16.78 3.41
South Africa 4 18.19 095 1871 0.95 17.67 0.29 1822 0.33
Spain 28 18.79 2.07 19.79 2.06 18.64 2.03 19.64 2.03
Switzerland 4 12.52 245 13.47 247 1240 2.82 13.35 2.85
Turkey 4 20.78 158 21.52 1.50 20.76 1.62 21.51 1.55

United States 41 1739 2.64 1793 2.67 1720 266 17.74 2.69




Table F: The number of days where with minimum daily temperatures below -6.7 °C, calculated
using BEST data between 30 days before and 30 days after the budburst date assuming no variety
diversity (estimated assuming all regions plant Pinot noir) and including different plantings of each
region (for which we had data, ‘MultiVar’).
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Argentina 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Australia 41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Austria 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bulgaria 5 0.01 0.03 0.00 0.00 0.01 0.02 0.00 0.00
Chile 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
China 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Croatia 8 0.00 0.01 0.01 0.04 0.01 0.02 0.01 0.04
Czech Republic 2 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
France 49 0.01 0.04 0.00 0.00 0.01 0.05 0.00 0.00
Germany 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Greece 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hungary 8 0.01 0.02 0.00 0.00 0.01 0.01 0.00 0.00
Italy 47 0.06 0.24 0.02 0.10 0.08 0.27 0.02 0.10
Japan 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
New Zealand 7 0.01 0.04 000 0.00 0.01 0.03 0.00 0.00
Portugal 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Romania 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Slovakia 3 0.02 0.03 0.00 0.00 0.03 0.03 0.00 0.00
Slovenia 2 012 0.17 0.00 0.00 0.11 0.16 0.01 0.02
South Africa 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Spain 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Switzerland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Turkey 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
United States 41 001 0.03 0.00 0.00 0.00 0.02 0.00 0.00
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Table G: The absolute minimum daily temperature, calculated using BEST data between 30 days
before and 30 days after the budburst date assuming no variety diversity (estimated assuming all

regions plant Pinot noir) and including different plantings of each region (for which we had data,
‘MultiVar’).
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Argentina 4 3.08 0.61 4.02 0.86 2.74 0.47 3.76  0.82
Australia 41 3.17  1.17 3.99 1.31 2.99 1.17 3.81 1.31
Austria 4 -0.64 0.61 0.19 0.59 -0.39 0.64 0.46 0.60
Bulgaria 5 -0.99 0.65 -0.04 0.56 -0.43 0.76 0.41 0.74
Chile 7 1.38 1.79 2.36 1.77 1.31 1.70 2.25 1.75
China 4 -0.44 2.04 1.48 1.44 0.90 1.23 2.69 0.78
Croatia 8 -0.77 1.12 0.31 1.21 -0.62 1.22 0.47 1.25
Czech Republic 2 -126 124 -048 1.03 -1.14 1.26 -0.31 1.12
France 49 -0.16 1.11 0.59 1.13 -0.17 1.12 0.59 1.13
Germany 9 -0.83 0.25 0.09 0.36 -0.75 0.24 0.15 0.37
Greece 11 1.64 1.59 2.16  1.50 1.88 1.45 231 1.38
Hungary 8 -0.75 0.23 0.51 0.26 -0.53 0.27 0.66 0.29
Ttaly 47 0.85 2.01 1.48 1.92 0.71 2.08 1.34 2.02
Japan 4 -0.21 0.54 0.54 0.58 0.64 0.29 1.24 0.30
New Zealand 7 -0.27 240 1.11  2.16 -0.28 2.30 1.02 2.05
Portugal 6 1.92 0.93 2.71 1.15 1.62 0.90 2.42 1.04
Romania 8 -0.19 0.62 0.49 0.78 -0.01 0.59 0.65 0.74
Slovakia 3 -1.17 0.58 -0.18 0.53 -1.23 0.57 -0.24 0.51
Slovenia 2 -169 344 -112 330 -1.54 329 -0.87 3.16
South Africa 4 4.30 1.49 5.05 1.34 4.11 1.49 4.81 1.37

Spain 28 1.95 199 284 230 1.78 1.84 265 212
Switzerland -0.61 101 026 104 -0.79 044 0.07 0.48
Turkey 1.50 233 201 217 152 237 206 219
United States 41 0.27  2.02 1.24 2.08 0.26 1.89 1.20 1.99
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Table H: The absolute minimum daily temperature (calculated using BEST data), during the
dormancy period assuming no variety diversity (estimated assuming all regions plant Pinot noir)
and including different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 4 -0.58 0.61 0.04 0.65 -0.58 0.61 0.04 0.65
Australia 41 1.21 1.74 2.06 1.80 1.21 1.75 2.06 1.80
Austria 4 -12.46 098 -11.31 1.08 -1246 0.98 -11.31 1.08
Bulgaria 5 -10.15 0.81 -9.94 0.96 -10.15 0.81 -9.94  0.96
Chile 7 -0.73  2.70 0.01 2.83 -0.72  2.72 0.02 2.84
China 4 -16.40 2.75 -13.66 243 -1640 2.75 -13.66 2.43
Croatia 8 -8.56  2.67 -7.55  2.45 -8.56  2.67 -7.55  2.45
Czech Republic 2 -1290 0.35 -11.55 0.27 -1290 0.35 -11.55 0.27
France 49 -6.66 2.71 -6.00 2.57 -6.66 2.71 -6.00 2.57
Germany 9 -10.31 0.87 -8.83 1.01 -10.31 0.87 -8.83 1.01
Greece 11 -2.96 3.34 -2.57  3.12 -2.96 3.34 -2.57  3.12
Hungary 8 -12.55 0.93 -10.87 0.66 -12.55 0.93 -10.87 0.66
Ttaly 47 -4.24  4.26 -3.41  4.32 -4.24  4.25 -3.41 4.31
Japan 4  -11.57 4.46 -9.92 4.26 -11.57 4.46 -9.92  4.26
New Zealand 7 -3.21  3.72 -1.93  3.23 -3.12  3.55 -1.84 3.07
Portugal 6 -1.34 1.46 -0.39 1.54 -1.34  1.46 -0.39 1.54
Romania 8 -12.49 156 -11.85 1.38 -12.49 1.56 -11.85 1.38
Slovakia 3 -13.39 1.09 -11.75 0.83 -13.39 1.09 -11.75 0.83
Slovenia 2 -9.07  4.60 -8.60 4.54 -9.07 4.60 -8.60 4.54
South Africa 4 3.16 1.75 3.41 1.64 3.19 1.79 3.44 1.67
Spain 28 -2.01 3.06 -1.45 3.51 -2.01  3.06 -1.45 3.51
Switzerland 4 -10.89 1.56 -9.93 1.64 -10.87 1.53 -9.92  1.61
Turkey 4 -3.83  2.59 -3.03  2.61 -3.83  2.59 -3.03 2.61

United States 41 -7.11  5.57 -6.14 5.33 -7.11  5.57 -6.14 5.33
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Table I: The absolute minimum daily temperature (calculated using BEST data), 30 days before
the harvest dates assuming no variety diversity (estimated assuming all regions plant Pinot noir)
and including different plantings of each region (for which we had data, ‘MultiVar’).

— <
- S o 2 5
+ o e < = >
o =1 © = = = =
a +© o= e} = i) =
= S & = = E=) = E
A k= = = : = o b=t
o [ oo} ! o = 0 :
o ; > = o . > =
> S — o) > S — 0
— 0 45 > — 0 i >
2 5 & oz = % &8 7 7
i B g = B 2 & 2%
5 § S & 2 & 2 § Z
= g n g n g 0 g w0
Argentina 4 1261 0.95 14.42 1.21 1235 1.04 14.00 1.24
Australia 41 12.19 220 13.27 235 11.90 2.15 1290 2.29
Austria 4 1.87 3.42 2.73 3.82 0.36  3.91 1.13  4.03
Bulgaria 5 9.31 1.70 9.97 1.75 7.25 1.86 773 1.89
Chile 7 6.77 2.13 8.38 2.41 6.31 2.43 7.78 2.67
China 4 11.22 3.81 12.20 3.82 8.98 3.46 9.95 3.60
Croatia 8 8.89 1.64 9.88 1.68 7.63 1.63 8.58 1.62
Czech Republic 2 1.64 1.27 2.40 1.63 0.58 1.26 1.18 1.48
France 49 7.01  3.77 7.66 3.63 5.82  4.00 6.51  3.96
Germany 9 3.09 1.02 3.96 1.05 2.51 1.09 3.38 1.13
Greece 11 14.63 257 1553 277 13.07 3.23 1397 3.31
Hungary 8 6.22 2.36 7.39 250 4.88 2.43 592 2.58
Ttaly 47 11.66 5.75 1266 591 1041 5.75 11.40 5.84
Japan 4 7.16 7.49 826 17.35 5.35 6.66 6.40 6.57
New Zealand 7 4.38 5.95 5.69 5.92 3.79  6.37 5.09 6.25
Portugal 6 13.34 1.78 14.32 191 1295 1.98 1393 2.13
Romania 8 5.35  4.10 5.93 4.04 3.65 4.12 4.03  4.30
Slovakia 3 2.62 2.19 3.65 2.13 1.46 2.20 2.28 231
Slovenia 2 7.27  3.90 8.00 3.93 5.36  4.16 6.13 4.20
South Africa 4 11.56 1.06 12.85 1.02 1093 0.60 12.12 0.53
Spain 28 1296 3.96 13.84 4.15 11.85 4.35 12.73 4.54
Switzerland 4 -1.84 532 -0.87 535 -221 554 -1.23 5.64
Turkey 4 14.05 237 15.23 246 1291 242 13.95 2.53

United States 41 8.74 5.36 9.41  5.47 7.61 5.70 8.26 5.82
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Table J: Precipitation (mm) in the month of harvest (calculated using GPCC data), assuming no
variety diversity (estimated assuming all regions plant Pinot noir) and including different plantings
of each region (for which we had data, ‘MultiVar’).
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Argentina 4 40.12 21.44 48.46  25.55 39.09 23.01 46.06 27.74
Australia 41 41.74  28.02 38.62 22.40 40.90 26.96 37.92 21.35
Austria 4 48.20 13.04 50.48 12.42 48.20 13.04 50.48 12.42
Bulgaria 5 42.41 7.69 51.52 3.93 43.69 6.04 49.77 2.53
Chile 7 19.47 16.78 20.92 18.01 24.20 26.69 28.76  35.11
China 4 52.39 14.97 50.76  16.83 4493 19.77 41.84 20.38
Croatia 8 86.49 23.15 100.31 25.40 88.99 2547 101.02 27.94
Czech Republic 2 41.62 4.21 39.89 2.50 41.11 3.48 40.41 3.23
France 49 76.23  20.18 84.01 22.08 78.08 21.29 88.51 19.63
Germany 9 55.15 5.68 67.92 13.34 56.16 6.75 67.96 13.18
Greece 11 32.42 19.16 33.24 21.70 43.15 34.30 40.86  32.64
Hungary 8 42.79 6.09 52.38 8.70 41.11 5.43 47.71 6.75
Italy 47 69.19 24.71 71.24 21.07 71.49  26.96 74.38 23.65
Japan 4  138.65 39.41 148.56 53.83 125.08 13.97 129.83 19.55
New Zealand 7 95.36  26.77 93.49 28.96 93.41 28.22 91.87 30.37
Portugal 6 37.75  26.82 41.63  26.08 38.59 25.71 41.55 2545
Romania 8 41.42 5.80 48.52 6.61 40.16 5.94 45.39 7.53
Slovakia 3 45.78 5.56 53.11 4.90 47.31 5.78 51.20 7.95
Slovenia 2 13795 1897 137.32 21.78 133.41 25.04 153.49 29.97
South Africa 4 16.06 7.42 12.24 5.49 16.62 6.35 13.53 3.31

Spain 28 46.15 33.26 44.79  30.62 50.92  36.23 52.11 34.24
Switzerland 4.67 94.33 6.36 81.48 6.03 93.24 5.89
Turkey 13.78 21.72 13.85 22.96 14.67 22.72  15.04
United States 41 52.61 48.33 52.77  48.79 55.80 54.43 57.00 56.22
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Table K: Precipitation (mm) in month before and the month of harvest (calculated using GPCC
data), assuming no variety diversity (estimated assuming all regions plant Pinot noir) and including
different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 4 82.31 43.74 101.33 56.29 81.32 45.57 99.99 57.19
Australia 41 84.31 59.24 76.22  47.62 83.24 57.08 75.12  46.25
Austria 4 101.66 21.83 115.20 20.54 101.66 21.83 115.20 20.54
Bulgaria 5 84.06 12.38 93.08 8.17 85.35 11.57 97.15 4.74
Chile 7 27.33 27.27 31.43 30.03 35.28  44.42 42.02 53.48
China 4 199.54 65.99 174.77 59.58 161.22 81.98 148.62 74.12
Croatia 8 166.65 34.90 174.63 37.98 171.60 41.51 186.49 45.52
Czech Republic 2 89.41 4.69 91.64 0.29 87.98 2.67 90.46 1.39
France 49 143.98 36.26 152.32 44.00 148.08 36.26 159.96 39.75
Germany 9 114.58 12.07 130.56 19.96 115.31 12.77 130.91 20.37
Greece 11 47.01 26.98 47.71  29.01 63.91 53.53 63.01 53.75
Hungary 8 100.90 14.99 111.64 18.16 87.74 10.89 102.23 14.44
Italy 47 120.73 55.83 117.30 53.14 124.16 57.82 123.06 56.48
Japan 4 299.43 72.26 306.13 85.16 288.83 57.96 298.33 72.99
New Zealand 7 184.11 42.19 172.87 44.07 183.14 50.07 173.54 51.37
Portugal 6 50.28  38.42 55.29  36.55 51.35 37.12 55.14 3597
Romania 8 93.46 1147 101.84 11.94 86.34 9.90 96.68 13.87
Slovakia 3 97.19 8.16 111.83 5.79 94.85 12.84 108.89 9.20
Slovenia 2 270.80 51.04 259.35 5858 269.04 46.64 287.20 56.74
South Africa 4 26.37 12.40 26.49 12.18 28.83 7.89 29.15 7.48

Spain 28 73.53 58.51 68.38 51.14 83.29 64.03 79.54  56.25
Switzerland 1549 170.29 13.18 188.15 12.88
Turkey 17.32 32.67 21.13 33.16 19.61
United States 41 85.52  79.56 82.96 78.98 89.88  87.37 89.06  88.78
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Tables based on ERA5 data

Table L: GDD (base temperature of 10 °C) calculated using ERA5 data between estimated budburst
and harvest dates assuming no variety diversity (estimated assuming all regions plant Pinot noir)

and including different plantings of each region (for which we had data, ‘MultiVar’).
—
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= = pe o = = X
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] ! +
& £ A g ¢ 3 g 3
B 4 : 5 : 5 5
= g n g n g n g n
Argentina 11 1797.83 164.88 1840.56 182.22 1892.28 176.96 1933.48 194.37
Australia 69 1367.41 239.43 1380.72 229.29 1423.48 258.10 1436.85 247.89

Austria 4 898.70  332.72 1031.27 351.30 903.43 337.33 1035.57 356.05

Bulgaria 5 1323.26 223.55 1402.62 227.27 1372.64 241.11 1458.19 245.81
Chile 7 1015.11 316.84 1030.35 302.72 1055.77 334.83 1071.54 320.76
China 4 175197 268.16 1857.99 305.79 1811.51 290.59 1921.41 327.28
Croatia 10 1304.85 133.40 1439.48 130.57 1347.90 143.60 1487.81 141.67
Czech Republic 2 963.91 18592 1130.67 184.05 965.48 192.19 1132.24 189.80
France 67 968.94 286.49 1118.74 300.42 997.06 304.62 1151.02 319.71
Germany 13 787.47  110.75 918.43 117.16 787.56 112.16 918.63 117.31
Greece 11  1610.81 148.10 1666.50 143.37 1697.27 159.21 1756.56 155.03
Hungary 21 1265.14 87.77  1384.93 77.63 1284.41 91.75 1406.64 81.40
Italy 96 1274.46 345.25 1406.96 349.41 1337.22 369.22 1474.97 373.28
Japan 4 1020.92 271.02 1075.95 288.28 1044.10 280.61 1101.72 297.81
New Zealand 9 775.78  274.18 784.77  273.75 793.26  289.28 802.72  288.23
Portugal 6 1373.20 248.41 149142 246.83 1420.32 252.75 1546.39 253.17
Romania 7 1240.42 260.97 1345.33 267.75 1264.36 280.98 1372.57 289.59
Slovakia 5 1050.98 172.12 1200.71 183.21 1058.10 178.63 1210.14 190.33
Slovenia 9 1150.92 175.33 1302.65 174.12 1181.81 188.84 1339.74 187.83
South Africa 8 1283.20 108.00 1353.09 102.78 1256.04 175.31 1329.27 192.77
Spain 32 1328.64 332.84 1478.27 336.54 1380.58 353.65 1536.75 359.74
Switzerland 13 580.47  222.35 711.99  246.96 581.14 222.74 713.49 247.89
Turkey 4 1696.87 119.95 1789.87 122.62 1789.25 143.82 1887.37 142.48

United States 68 1478.83 448.08 1583.48 470.34 1527.70 473.55 1634.79 496.99
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Table M: High temperature GDD (GDD with base temperature of 30 °C) calculated using ERA5
data between estimated budburst and harvest dates assuming no variety diversity (estimated as-

suming all regions plant Pinot noir) and including different plantings of each region (for which we
had data, ‘MultiVar’).
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Argentina 11 0.67 0.46 1.98 1.68 0.67 0.46 1.99 1.68
Australia 69 2.82 5.50 3.71 6.63 2.86 5.60 3.75 6.71
Austria 4 0.02 0.04 0.01 0.02 0.02 0.04 0.01 0.02
Bulgaria 5 0.08 0.11  0.17 0.20 0.08 0.11  0.17 0.20
Chile 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
China 4 1.43 1.53 3.62 4.12  1.43 1.53 3.62 4.12
Croatia 10 0.01 0.02 0.03 0.04 0.01 0.02 0.03 0.04
Czech Republic 2 0.02 0.03 0.01 0.01 0.02 0.03 0.01 0.01
France 67 0.00 0.00 0.03 0.06  0.00 0.00 0.03 0.06
Germany 13 0.00 0.00 0.00 0.01  0.00 0.00 0.00 0.01

Greece 11 0.23 0.41 0.38 0.70  0.23 0.41 0.38 0.70

Hungary 21 0.04 0.06 0.05 0.07  0.04 0.06 0.05 0.07
Italy 96 0.04 0.14 0.25 0.64 0.04 0.14 0.25 0.64
Japan 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
New Zealand 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Portugal 6 0.38 0.47 1.67 1.68 0.38 0.47 1.68 1.69
Romania 7 0.01 0.01 0.14 0.24 0.01 0.01 0.14 0.24
Slovakia 5 0.03 0.05 0.04 0.09 0.03 0.05 0.04 0.09
Slovenia 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
South Africa 8 0.07 0.16 0.11 0.28 0.04 0.07  0.06 0.13
Spain 32 0.34 0.82 1.30 291 0.35 0.83 1.32 2.96
Switzerland 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Turkey 4 024 0.47 1.13 1.90 0.24 0.47 1.13 1.90

United States 68 3.63 12.06 6.25 1559 3.65 12.13 6.28 15.70
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Table N: The number of days where maximum daily temperatures were >=35 °C, calculated using
ERAS5 data between budburst and harvest dates assuming no variety diversity (estimated assuming
all regions plant Pinot noir) and including different plantings of each region (for which we had data,
‘MultiVar’).
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Argentina 11 7.44 4.16 11.16 6.37 7.60 4.28 11.35 6.52
Australia 69 6.10 6.80 6.62 6.77 6.22 6.99 6.77 7.00
Austria 4 0.13 0.11 0.21 0.26 0.13 0.11 0.21 0.26
Bulgaria 5 0.72 0.63 1.22 1.10 0.72 0.63 1.22 1.10
Chile 7 0.03 0.08 0.02 0.03 0.03 0.08 0.02 0.03
China 4 3.82 4.20 5.76 6.64 3.81 4.18 5.76 6.64
Croatia 10 0.28 0.38 0.83 0.90 0.28 0.38 0.83 0.90
Czech Republic 2 0.12 0.12 0.55 0.31 0.12 0.12 0.55 0.31
France 67 0.08 0.16 0.63 0.75 0.08 0.16 0.63 0.75
Germany 13 0.01 0.02 0.16 0.18 0.01 0.02 0.16 0.18
Greece 11 1.92 3.56 2.20 3.87 1.93 3.59 2.21 3.91
Hungary 21 0.47 0.42 0.72 0.62 0.47 0.42 0.72 0.62
Italy 96 0.61 1.62 1.37 2.88 0.61 1.63 1.38 2.90
Japan 4 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01
New Zealand 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Portugal 6 5.07 4.01 8.35 6.17 5.15 4.08 8.47 6.25
Romania 7 0.32 0.37 1.08 1.15 0.32 0.37 1.08 1.15
Slovakia 5 0.12 0.16 0.47 0.47 0.12 0.16 0.47 0.47
Slovenia 9 0.05 0.08 0.28 0.42 0.05 0.08 0.28 0.42
South Africa 8 2.70 2.38 4.54 3.14 2.27 1.51 4.16 2.67
Spain 32 3.83 6.65 6.98 9.95 3.90 6.80 7.06 10.13
Switzerland 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Turkey 4 7.13 9.73 10.63 13.41 7.14 9.76 10.72 13.54

United States 68 13.76 17.84 17.22 21.19 13.96 18.10 17.48 21.58
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Table O: Peak maximum daily temperature, calculated using ERA5 data between budburst and
harvest dates, assuming no variety diversity (estimated assuming all regions plant Pinot noir) and
including different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 11 37.13 158 38.00 1.67 37.14 1.59 38.01 1.67
Australia 69 36.37 3.79 36.74 3.70 36.37 3.79 36.75 3.69
Austria 4 3029 274 3146 2.86 30.29 274 31.46 2.86
Bulgaria 5 3342 1.58 34.21 1.59 33.42 1.58 34.21 1.59
Chile 7 2884 3.10 28.73 2.75 2886 3.09 28.75 2.75
China 4 35.38 216 3598 252 3538 216 3598 2.52
Croatia 10 31.61 219 33.13 218 31.61 2.19 33.13 2.18
Czech Republic 2 3148 1.33 3346 0.97 3148 1.33 33.46 0.97
France 67 30.60 2.41 3246 2.65 30.60 241 3246 2.65
Germany 13 29.84 1.02 3152 1.06 29.84 1.02 31.52 1.06
Greece 11 32.89 4.09 33.32 3.96 3290 4.09 33.32 3.96
Hungary 21 32.85 0.92 33.72 0.88 32.85 0.92 33.72 0.88
Ttaly 96 31.42 3.35 32.54 3.27 31.43 3.35 32.54 3.27
Japan 4 28.84 130 29.18 1.54 28.84 1.30 29.18 1.54
New Zealand 9 26.07 160 2554 1.43 26.08 1.60 2554 1.43
Portugal 6 36.10 230 37.31 238 36.14 230 37.33 2.37
Romania 7 3221 194 3332 210 3221 194 33.32 2.10
Slovakia 5 3147 181 3289 1.74 3147 181 3289 1.74
Slovenia 9 29.89 158 3158 1.53 29.89 1.58 31.58 1.53
South Africa 8 3575 3.81 36.37 3.93 3550 3.58 36.20 3.77

Spain 32 3352 3.85 34.75 3.87 33.51 3.89 34.74 3.92
Switzerland 13 2732 247 2855 261 2732 247 2855 261
Turkey 4 3479 323 3536 3.29 3480 3.21 3537 3.27

United States 68 3597 442 36.56 4.64 3599 441 36.57 4.62
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Table P: Mean daily temperature, calculated using ERA5 data between budburst and harvest
dates, assuming no variety diversity (estimated assuming all regions plant Pinot noir) and including
different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 11 2147 116 21.74 1.27 2140 1.18 21.65 1.28
Australia 69 18.29 1.75 1837 1.67 1820 1.72 18.28 1.66
Austria 4 15.02 273 1594 2.76 14.72 289 15.60 2.92
Bulgaria 5 1839 1.57 1890 1.58 18.20 1.61 18.73 1.62
Chile 7 15.67 2.14 1578 2.05 1559 2.14 15.69 2.06
China 4 21.89 187 2261 2.14 21.76 196 2248 2.21
Croatia 10 17.99 091 1885 0.88 17.92 0.92 1878 0.89
Czech Republic 2 1559 144 16.67 1.43 1533 1.52 16.38 1.50
France 67 1527 229 16.23 2.26 15.11 248 16.06 2.44
Germany 13 1435 0.78 15.22 0.81 14.25 0.80 15.11 0.82
Greece 11 20.08 1.04 20.43 0.99 20.09 1.04 20.44 0.99
Hungary 21 17.84 0.60 18.62 0.52 17.65 0.62 18.42 0.54
Ttaly 96 17.50 2.84 1837 2.75 1737 294 18.23 2.85
Japan 4 16.06 2.33 16.46 242 16.05 242 16.45 2.49
New Zealand 9 13.80 234 13.88 230 13.57 2.57 13.67 2.51
Portugal 6 18.19 1.76 1893 1.73 18.09 1.72 1884 1.71
Romania 7 1770 2.01 1838 2.03 17.33 2.17 18.01 2.21
Slovakia 5 16.31 122 1731 1.26 16.04 1.29 17.02 1.33
Slovenia 9 1699 1.12 1796 1.09 16.85 1.19 1783 1.15
South Africa 8 1824 0.84 1869 0.80 17.93 0.60 1839 0.62
Spain 32 17.81 236 1873 236 17.68 232 18.59 2.33
Switzerland 13 12.01 3.21 13.03 3.10 11.74 3.37 12.75 3.27
Turkey 4 20.63 0.78 21.22 0.78 20.64 0.77 21.23 0.75

United States 68 18.68 3.03 19.35 3.14 1852 3.03 19.17 3.13
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Table Q: The number of days where with minimum daily temperatures below -6.7 °C, calculated
using ERA5 data between 30 days before and 30 days after the budburst date assuming no variety
diversity (estimated assuming all regions plant Pinot noir) and including different plantings of each
region (for which we had data, ‘MultiVar’).
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Argentina 11 0.01 0.03 0.01 0.03 0.01 0.03 0.01 0.03
Australia 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Austria 4 0.16 0.17 0.11 0.20 0.13 0.17 0.10 0.18
Bulgaria 5 021 0.12 0.10 0.17 0.18 0.11 0.12 0.21
Chile 7 044 1.13 037 092 043 1.09 0.37 0.90
China 4 0.03 0.05 0.03 0.02 0.02 0.04 0.02 0.02
Croatia 10 0.22 0.21 0.04 0.09 0.20 0.22 0.05 0.11
Czech Republic 2 0.09 0.07 0.00 0.00 0.09 0.07 0.00 0.00
France 67 028 092 0.21 0.82 0.26 0.8 0.18 0.75
Germany 13 0.06 0.11 0.04 0.08 0.07 0.11 0.04 0.08
Greece 11 0.07r 0.11 0.08 0.13 0.06 0.10 0.08 0.10
Hungary 21 0.10 0.05 0.00 0.00 0.11 0.05 0.00 0.00
Italy 96 047 217 035 198 045 2.04 0.33 1.87
Japan 4 135 224 0.75 1.15 0.53 0.75 0.34 0.42
New Zealand 9 0.07 021 0.05 0.14 0.07 020 0.05 0.12
Portugal 6 0.02 0.04 0.00 0.00 0.02 0.04 0.00 0.00
Romania 7 0.04 0.04 0.02 0.02 0.06 0.04 0.01 0.02
Slovakia 5 0.09 0.06 0.00 0.00 0.10 0.06 0.01 o0.01
Slovenia 9 0.12 0.19 0.03 0.07 0.12 0.21 0.04 0.07
South Africa 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Spain 32 0.03 0.04 0.00 0.02 0.03 0.04 0.01 0.02
Switzerland 13 0.51 0.76 026 0.78 047 0.66 0.23 0.69
Turkey 4 0.02 0.03 0.03 0.06 0.02 0.03 0.03 0.07

United States 68 0.19 054 0.08 024 0.18 0.53 0.07 0.23
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Table R: The absolute minimum daily temperature, calculated using ERA5 data between 30 days
before and 30 days after the budburst date assuming no variety diversity (estimated assuming all
regions plant Pinot noir) and including different plantings of each region (for which we had data,
‘MultiVar’).
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Argentina 11 0.78 1.00 0.13 1.03 0.57 0.97 -0.04 1.03
Australia 69 2.50 2.80 2.67 291 2.38 2.80 2.56 291
Austria 4 -3.03 157 -2.10 130 -2.80 1.57 -1.85 1.23
Bulgaria 5 -3.14 086 -2.32 1.19 -244 1.19 -1.88 1.33
Chile 7 -0.60 520 -049 5.21 -0.75 5.06 -0.62 5.18
China 4 -291 116 -1.69 1.66 -1.77 1.64 -0.58 2.04
Croatia 10 -1.87 192 -0.74 194 -1.60 2.01 -0.59 1.99
Czech Republic 2 -2.69 025 -194 0.27 -2.61 0.17 -1.81 0.12
France 67 -244 229 -1.72 232 -239 222 -1.67 2.25
Germany 13 -2.86 0.66 -2.74 060 -2.86 0.66 -2.63 0.61
Greece 11 1.75  4.03 2.22  4.08 2.03 391 2.40  3.90
Hungary 21 -205 071 -1.13 0.71 -191 0.68 -0.99 0.72
Ttaly 96 -1.02 364 -0.35 3.68 -0.94 353 -0.32 3.56
Japan 4 -6.27 353 -535 276 -526 2.15 -4.51 1.79
New Zealand 9 -0.58 3.76 -0.30 3.97 -0.58 3.70 -0.36 3.86
Portugal 6 0.99 1.98 1.72  1.90 0.63 1.82 1.35 1.80
Romania 7 -1.87 065 -1.15 0.63 -1.73 0.66 -0.94 0.60
Slovakia 5 -2.66 047 -1.75 0.50 -2.67 0.52 -1.72 0.48
Slovenia 9 -1.53 263 -0.76 221 -1.27 288 -0.56 2.40
South Africa 8 2.38 281 2.98 2.74 215 2.84 2.76  2.80
Spain 32 0.17 4.07 1.04 3.88 -0.00 3.90 0.87 3.72
Switzerland 13 -433 1.63 -3.23 194 -420 159 -3.04 191
Turkey 4 -0.30 292 -0.10 2.82 -0.23 292 -0.06 2.90

United States 68 -1.37 330 -0.20 3.20 -1.38 3.23 -0.23 3.11
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Table S: The absolute minimum daily temperature (calculated using ERA5 data), during the dor-
mancy period assuming no variety diversity (estimated assuming all regions plant Pinot noir) and

including different plantings of each region (for which we had data, ‘MultiVar’).
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R
] g n g n g n g n
Argentina 11 -3.80 1.39 -3.61 1.35 -3.80 1.39 -3.60 1.33
Australia 69 0.96 3.24 1.08 3.37 0.96 3.25 1.09 3.37
Austria 4 -1793 238 -16.50 2.80 -17.93 2.38 -16.50 2.80
Bulgaria 5 -16.09 1.68 -15.76 231 -16.09 1.68 -15.76 2.31
Chile 7 -3.54  6.39 -3.51  6.47 -3.53  6.39 -3.51  6.47
China 4 -18.79 3.05 -14.86 2.33 -18.79 3.05 -14.86 2.33
Croatia 10 -12.30 4.64 -11.10 4.30 -12.30 4.64 -11.10 4.30
Czech Republic 2 -1734 094 -14.70 046 -17.34 094 -14.70 0.46
France 67 -10.25 4.84 -8.47 4.45 -10.24 481 -8.45 4.39
Germany 13 -15.62 144 -12.59 236 -15.62 1.44 -12.59 2.36
Greece 11 -4.12  6.93 -2.90 6.13 -4.12  6.94 -2.90 6.13
Hungary 21 -15.61 0.72 -14.13 0.86 -15.61 0.72 -14.13 0.86
Ttaly 96 -7.03  6.53 -5.92  6.12 -7.02  6.50 -591 6.11
Japan 4 -18.18 441 -16.87 4.09 -18.18 4.41 -16.87 4.09
New Zealand 9 -4.45 5.68 -3.37 5.58 -4.31 5.49 -3.26  5.44
Portugal 6 -2.04 194 -1.20  1.80 -2.04 194 -1.20  1.80
Romania 7 -18.75 2.63 -17.08 260 -18.75 2.63 -17.08 2.60
Slovakia 5 -1828 1.52 -15.35 143 -18.28 1.52 -15.35 1.43
Slovenia 9 -13.58 5.67 -11.58 5.22 -13.58 5.67 -11.58 5.22
South Africa 8 0.58 3.18 1.11  3.21 0.64 3.17 1.16 3.21
Spain 32 -3.55  5.00 -2.30  4.57 -3.55  5.02 -2.29  4.58
Switzerland 13 -16.73 3.33 -14.66 3.82 -16.65 3.16 -14.64 3.76
Turkey 4 -5.58 3.56 -5.17 3.7 -5.58  3.56 -5.17 317

United States 68 -8.12  7.60 -7.03  7.28 -8.12  7.60 -7.03 7.28
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Table T: The absolute minimum daily temperature (calculated using ERA5 data), 30 days before
the harvest dates assuming no variety diversity (estimated assuming all regions plant Pinot noir)
and including different plantings of each region (for which we had data, ‘MultiVar’).

— <
- S o = 5
+ o e < = >
s) = - = > E o
a +© o= e} = o =
= S & = = E=) = E
A k= = = : = o =

= [ o 1 = = @
B : > S 53] i > o
> = — ) I S — o
— 3] 45 > — 0 L >
2 3 & 5 I ¢ g8 gz 7
i B g = B 2 & 2%
5 § 2 § £ § 2 £ Z
= g n g n g 0 g w0
Argentina 11 12,57 1.19 11.77 0.96 12.00 1.39 11.55 1.04
Australia 69 10.68 2.26 10.32 2.34 10.43 242 10.02 2.49
Austria 4 1.71  4.37 2.34 4.83 -0.33 4.76 0.43 5.22
Bulgaria 5 7.49 2.68 8.65 2.35 5.41 2.32 6.42  2.46
Chile 7 7.93 4.43 8.03 4.73 7.16  5.09 7.36  5.39
China 4 10.30 4.29 10.83 4.28 7.88 3.91 8.23 3.84
Croatia 10 9.42  2.47 9.90 2.21 8.10 2.35 8.89 2.15
Czech Republic 2 2.03 2.55 2.84 2.66 0.99 2.00 1.51  2.65
France 67 5.56  4.82 6.26 4.92 4.32 5.68 496 5.66
Germany 13 2.67 1.32 3.36  1.22 2.06 1.19 2.79 1.16
Greece 11 15.66 4.37 16.03 4.47 14.12 5.06 14.73 4.99
Hungary 21 6.43 1.82 7.33 1.67 5.25 1.90 6.01 1.96
Ttaly 96 10.80 6.46 11.33 6.25 9.46 6.90 10.08 6.65
Japan 4 4.38 7.41 4.81 7.29 1.95 6.63 2.82  6.09
New Zealand 9 3.97 6.54 4.18 6.70 3.19 7.19 3.54 7.10
Portugal 6 12.13 2.16 12.96 2.07 11.82 228 12.73 2.26
Romania 7 4.69 4.12 5.43 4.46 2.79 4.17 3.57 4.68
Slovakia 5 2.93 2.54 3.88  2.62 1.78 2.55 2.57 2.66
Slovenia 9 7.25 3.01 8.44 2.84 6.09 2.90 6.98 2.91
South Africa 8 11.23 2.02 11.75 1.94 10.73 2.06 11.25 2.04
Spain 32 11.20 490 12.05 4.88 10.28 5.25 11.07 5.28
Switzerland 13 -240 759 -154 7.81 -3.27 7.68 -2.59 7.84
Turkey 4 1433 294 14.76 2.98 1279 3.00 13.40 3.01

United States 68 8.30 4.59 8.91 4.75 747  5.02 792 5.15
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Table U: Precipitation (mm) in the month of harvest (calculated using ERA5 data), assuming no
variety diversity (estimated assuming all regions plant Pinot noir) and including different plantings
of each region (for which we had data, ‘MultiVar’).
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Argentina 11 83.13 20.03 66.38 17.85 78.13  20.66 67.50 18.90
Australia 69 35.63  25.29 37.94 23.60 34.43 25.11 37.64 22.07
Austria 4 55.76 7.42 67.72 8.92 54.23 11.47 62.80 9.51
Bulgaria 5 37.98 6.11 43.02 6.00 42.53 2.73 48.30 4.50
Chile 7 16.10 16.15 22.66 21.48 19.12 17.64 27.01 25.16
China 4 122.56 25.88 95.33 27.94 88.58 17.41 73.95 18.77
Croatia 10 90.06 36.07 96.72 32.14 94.49 39.19 101.22 37.31
Czech Republic 2 43.83 0.15 50.30 6.20 41.35 0.92 47.56 4.86
France 67 78.60 19.50 80.47 24.73 81.08 21.07 85.10 24.14
Germany 13 56.23 6.64 69.24 8.28 56.51 6.72 67.83 8.38
Greece 11 27.58 20.92 22.81 19.95 35.29 27.05 31.21 28.24
Hungary 21 48.41 4.59 66.27 7.09 49.25 4.65 60.96 5.25
Italy 96 82.55 43.49 75.57  47.47 84.00 41.68 82.23 45.82
Japan 4 204.85 57.85 185.83 48.86 197.31 5858 184.91 51.24
New Zealand 9 91.19 16.55 91.48 18.79 90.98 20.76 89.68 19.61
Portugal 6 18.05 23.65 19.21 22.82 22.05 28.65 24.43 28.81
Romania 7 47.48 7.22 56.33 9.24 44.13 3.92 54.65 7.55
Slovakia 5 49.92 5.13 61.14 5.08 49.25 3.65 57.89 4.48
Slovenia 9 117.05 39.79 131.61 36.46 126.44 46.66 132.98 43.54
South Africa 8 22.55 7.57 21.60 7.27 23.70 7.94 22.72 5.90
Spain 32 38.86 30.89 33.84 26.85 42.99 31.92 39.21  29.95
Switzerland 13 101.46 15.99 116.44 13.06 99.37 15.52 113.68 15.14
Turkey 4 19.66 13.08 16.67 10.57 22.73 15.45 20.83 12.57

United States 68 30.98  38.10 28.64 36.54 35.53 41.70 33.00 39.68
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Table V: Precipitation (mm) in month before and the month of harvest (calculated using ERA5
data), assuming no variety diversity (estimated assuming all regions plant Pinot noir) and including
different plantings of each region (for which we had data, ‘MultiVar’).
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Argentina 11 155.15 41.52 140.89 36.86 154.62 40.16 137.83 3591
Australia 69 73.03  48.08 76.74  45.28 72.00 48.18 76.91  44.89
Austria 4 123.07 19.47 147.58 21.77 11495 21.44 140.67 16.24
Bulgaria 5 81.05 14.54 88.00 14.66 84.75 10.36 89.33 11.82
Chile 7 29.33  29.40 39.84 36.68 32.34  30.71 43.82  39.78
China 4 342.59 59.87 258.63 59.56 275.19 35.85 21556 46.34
Croatia 10 153.86 52.00 155.64 42.22 166.88 61.08 168.12 49.54
Czech Republic 2 95.34 4.83 110.56 15.25 90.24 2.00 106.64 13.87
France 67 150.71 41.79 146.16 46.34 153.66 40.70 152.32 45.67
Germany 13 124.80 17.64 140.38 17.20 122.37 16.34 138.71 17.25
Greece 11 39.44  29.08 37.24 30.98 50.54 39.16 46.65 40.24
Hungary 21 107.14 1044 128.36 11.43 106.37 10.68 124.18 10.50
Italy 96 140.58 89.98 129.56 89.06 148.79 87.87 141.05 88.90
Japan 4 395.14 66.79 360.40 62.65 394.81 82.77 365.09 71.70
New Zealand 9 171.50 28.22 175.52 34.01 173.05 35.24 176.39 35.83
Portugal 6 27.87 33.13 30.73  36.33 32.98 41.37 36.35 43.53
Romania 7 10494 1429 11582 17.95 98.20 11.37 110.87 15.82
Slovakia 5 107.49 8.93 129.66 6.50 103.46 6.67 125.09 6.62
Slovenia 9 220.71 60.69 225.48 45.47 23241 73.07 238.74 59.97
South Africa 8 38.64 12.14 42.22  12.52 41.84 12.35 45.57 11.16
Spain 32 64.16 54.79 56.46  48.61 70.67 56.43 63.59 51.71
Switzerland 13 223.74 30.02 247.58 30.50 215.78 30.48 240.49 28.45
Turkey 4 31.42 21.25 29.86  20.06 35.81 24.51 34.32  21.67

United States 68 50.22  64.46 45.59 62.85 56.44 68.45 51.95 66.56
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Figure A: Comparisons of climate metrics (in natural units using BEST data) before (1950-1979)

and after significant anthropogenic climate change (1980-2018) for three additional metrics we

consider but do not report in main text figures.
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\Phenology—based climate extraction approach

monthly precipitation 1951-2018
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Figure B: Schematic illustration of the approach to extract climate for each wine producing region
based on two phenological scenarios. In scenario (A), each region is assumed to plant only Pinot
noir, a widely planted early variety. For each region, we use the model for Pinot noir as param-
eterized in Morales-Castilla et al. (2020), to project its mean budburst date across the 1970-1979
period. We then extracted climate variables based on daily temperature and monthly precipitation
values around that mean budburst date for the 1951-2018 period. For each climate variable we
calculated a pre-1980 average and a post-1980 average. In scenario (B), we approximated the phe-
nology of the varieties planted in each region. First, as in (A), we use the model for Chasselas (early,
reference variety) and Cabernet-Sauvignon as parameterized in Morales-Castilla et al. (2020), and
projected its mean budburst date across the 1970-1979 period. Second, for the varieties planted in
a given region, and for which there are not parameterized models (e.g., varieties i*" and j*), we
estimated a standardized budburst date according to historical records in the INRAE Domaine de
Vassal collection. We did so by calculating the distance between the i** budburst date and that of
Chasselas recorded within Vassal and then projecting that distance to the regions using projected
budburst for Cabernet-Sauvignon and Chasselas (see eqn. 1). Finally, using standardized phenol-
ogy we proceeded to extract climate variables for the 1951-2018 period, as done in scenario (A).
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Figure C: Map showing all locations from from Anderson & Aryal (2013) that plant Pinot noir.
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Figure D: Comparisons of two climate metrics (GDD from budburst to harvest and precipitation in
the month of harvest) for each gridcell (points for both before and after 1980) weighted by hectares
(vertical) or not (horizontal) using the ‘with variety diversity’ dataset (there is no effect of weighting
in ‘no variety diversity’ dataset) using BEST data. We report all further estimates unweighted.
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Figure E: Locations of winegrowing regions included in our analyses with ERA5 data (see Figs.
G-I), grouped by the United Nations geographical subregions.
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Figure F: Shifts in climate metrics in natural units before (1950-1979, in blue) and after significant
anthropogenic climate change (1980-2018, in red) using BEST data. Means (dots) and 1 SD (lines)

shown. See Fig. 5 for plots showing all gridcells separately.
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Figure G: Comparisons of climate metrics (in natural units: °C, days or mm) assuming a single
variety’s phenology (Pinot noir) for all regions (horizontal-axis), versus adjusting by a region’s
variety plantings (vertical-axis), colored by world regions (as show in Fig. 2), using climate data
from 1980 onward from ERA5. We show the 1:1 line and the root mean square error (RMSE, also
in natural units).
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Figure H: Shifts in climate metrics in standardized (standard deviation—SD) units after significant

anthropogenic climate change (1980-2018) standardized to a baseline of 1950-1979 climate (gray

line at 0) using ERA5 data. Means (dots) and 1 SD (lines) shown.
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Figure I: Comparisons of climate metrics in natural units (°C, days or mm) before (1950-1979) and
after significant anthropogenic climate change (1980-2018) for major metrics using ERA5 data,
colored by world regions (as show in Fig. 2). For a version of this figure showing only means and
SD see Fig. F.
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