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Extended Data Fig. 5 | Spatial correlations between the summer EU JSL 
reconstruction and gridded July-August climate reconstructions for 
Europe. (a) July-August 500 hPa geopotential height (Z500)35 for 1659–1999 ce; 
(b) July-August temperature36 for 1766–2000 ce; (c) July-August precipitation36 
for 1766–2000 ce; and (d) June-July-August Old World Drought Atlas (OWDA) 
self-calibrating Palmer Drought Severity Index (scPDSI)37 for 1300–2004 ce. 

Panels in the far-left column show the entire period of overlap between the 
climate data and the EU JSL reconstruction, followed by the data over three 
roughly 100-year subperiods: the 18th, 19th, and 20th centuries (from left to 
right). Colored correlation maps are shown only where p ≤ 0.1 and areas with 
statistically significant values after controlling for the false discovery rate 
(αFDR ≤ 0.1) are cross-hatched.



Extended Data Fig. 6 | Influence of summer EU JSL extremes on historical 
grape phenology and instrumental grape yield. (a) Boxplots showing the 
distribution of NEMED grape phenology (grape ripening date, vine date, and 
wine quality) data during historical northern (red) versus southern (blue) 
summer EU JSL extremes in NEMED region (data for BRIT not available). We 
determined EU JSL extremes by calculating D90 and D10 values over the period 
of overlap between grape phenology records and the EU JSL reconstruction. 
Wine quality deviation values were inversed for visualization purposes. Details 
of the grape phenology series, such as locations, references, period, and 
proxies can be found in Extended Data Table 5. (b) Boxplots showing the 
distribution of instrumental grape yield (1961–2018 ce) during northern (red) 

versus southern (blue) summer EU JSL extremes in BRIT and NEMED. We 
determined EU JSL extremes by calculating D80 (north, n = 12 years) and D20 
(south, n = 12 years) values over the instrumental period 1961–2018 ce. Grape 
yield data are derived from the Food and Agricultural Organization (FAO) and 
were detrended using a 20-year smoothing spline (see Methods). In panels (a) 
and (b), we calculated statistical significance in grape phenology and yield 
distribution using a Wilcoxon signed-rank test. Significant results are 
represented by one (p ≤ 0.05) and two (p ≤ 0.01) asterisks in panel (a) and by 
p-values in panel (b). The lower and upper extremes are indicated by whiskers, 
and dots on each boxplot represent outliers.
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Extended Data Fig. 7 | NEMED chronology, chronology adjustment, and 
comparison of raw and adjusted chronologies. (a) The NEMED tree-ring 
maximum latewood density (MXD) chronology and sample depth (horizonal 
gray lines). The tree-ring chronology was truncated to the year with an 
expressed population signal (EPS) value above 0.85. The regional curve 
standardized (RCS) chronology is shown in black, and the low-pass filter 
(50-year smoothing spline) version of the chronology is shown in blue. Panels 
(b)-(e) show the scheme of chronology adjustment performed to remove the 
thermodynamic trend from the tree-ring chronology. The example shown here 
is for the NEMED chronology. Panel (b) shows interannual (black) and low-
frequency (blue) variability of extra-tropical annual Northern Hemisphere 
(NH) temperature anomalies averaged over 0-360°E and 0-90°N (CRU ts4.05 
dataset68) and then calculated using a 100-year loess smooth filter. Panel (c) 
shows the regression lines between the NH low-frequency temperature 
anomalies and the NEMED tree-ring chronology. Dots represent the raw data; 
the blue and red curves represent linear and non-linear regressions, 
respectively. Panel (d) shows the difference in low frequency variability of the 
original NEMED tree-ring chronology before (black) and after (blue) removing 
the thermodynamic effect caused by greenhouse gas forcing. In panel (e), low-
frequency variability was highlighted by using a 50-year low-pass filter 
smoothing spline. Panel (f) shows the comparison between raw BRIT, NEMED, 
and ALP tree-ring chronologies (gray) and the same tree-ring chronologies 
adjusted after removing the thermodynamic trend (blue). Low-frequency 
variability of the adjusted chronology is shown in black and was calculated by 
low-pass filtering the original series using a 50-year smoothing spline. Further 
information on each chronology can be found in Extended Data Table 2.



Extended Data Table 1 | Years with extreme summer EU JSL position for the instrumental period (1948–2018 ce)

D80 (north) and D20 (south) represent the 80th and 20th percentiles of the instrumental summer EU JSL values, respectively, corresponding to data shown in Fig. 1.
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Extended Data Table 2 | Summarized information for the tree-ring chronologies used for the summer EU JSL reconstruction

The unfiltered adjusted chronologies were used in the final summer EU JSL reconstruction. MXD represents tree-ring maximum density, RW represents tree-ring width, and BI represents 
tree-ring blue intensity. #Indicates that a high-pass filter (the difference between the current year and the previous year) was applied. r represents Pearson’s correlation coefficient. **Represents 
significance level p ≤ 0.01 and *represents significance level p ≤ 0.05 in the table. Data from refs. 31,32,79–82.



Extended Data Table 3 | The stepwise multiple linear regression model selection and calibration and verification statistics 
for the July-August EU JSL reconstruction

Table 3a shows the model selection and the coefficients of the final model. Df, Degrees of freedom; RSS, Residual Sum of Squares; AIC, Akaike Information Criterion; and Std. Error, standard 
error. Table 3b shows the adjusted R2 (R2

adj), AIC, reduction of error (RE), and coefficient of efficiency (CE) values for the split-period calibration and verification.
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Extended Data Table 4 | Years with extreme negative and positive values for each century of the reconstructed summer EU 
JSL (1300–2004 ce)

D10 and D90 represent the 10th and 90th percentiles of the reconstructed EU JSL values, respectively. The bold and italic years are the extreme summer EU JSL years that occur in both the instru-
mental record (Extended Data Table 1) and the reconstruction. The total number of years in each category is provided in the bottom row.



Extended Data Table 5 | Information on the temperature, precipitation, flood, crop price, grape phenology, wildfire, 
epidemics, and human mortality data used for the group comparison analyses for BRIT (blue) and NEMED (red) (Figs. 4, 5, 
and Extended Data Fig. 6)

The “events” column gives the total number of events in each record and “na” represents not available data; in the “resolution” column, “C” indicates a continuous dataset, C* indicates a 
continuous dataset with some missing values, whereas “D” indicates a discrete dataset (i.e., a list of discrete event years) and “categories” indicates that the data are classified by their degree 
of extreme; and in the “proxy” column, “Ins” indicates an instrumental dataset, whereas “Doc” indicates a documentary dataset (i.e., a historical record from documentary data). †36 is the total 
number of events in all included wildfire studies, which were combined into a single list of events for the analysis. Data from refs. 28,36,40,45,51–62,92–94.




