





Article

Extended DataFig. 5|Spatial correlationsbetween the summer EUJSL
reconstructionand gridded July-August climate reconstructions for
Europe. (a) July-August 500 hPa geopotential height (Z500)* for1659-1999 CE;
(b) July-August temperature>® for 1766-2000 CE; (c) July-August precipitation
for1766-2000 CE; and (d) June-July-August Old World Drought Atlas (OWDA)
self-calibrating Palmer Drought Severity Index (scPDSI)* for 1300-2004 CE.

Panelsinthe far-left columnshow the entire period of overlap between the
climate dataand the EUJSLreconstruction, followed by the data over three
roughly100-year subperiods: the 18,19, and 20" centuries (from left to
right). Colored correlation maps are shown only where p < 0.1and areas with
statistically significant values after controlling for the false discovery rate
(aFDR <0.1) are cross-hatched.
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Extended DataFig. 6 | Influence of summer EUJSL extremes on historical
grape phenology and instrumental grapeyield. (a) Boxplots showing the
distribution of NEMED grape phenology (graperipening date, vine date, and
wine quality) dataduring historical northern (red) versus southern (blue)
summer EUJSL extremes in NEMED region (data for BRIT not available). We
determined EUJSL extremes by calculating D90 and D10 values over the period
of overlap between grape phenology records and the EUJSL reconstruction.
Wine quality deviation values were inversed for visualization purposes. Details
ofthegrape phenology series, such as locations, references, period, and
proxies canbe foundin Extended Data Table 5. (b) Boxplots showing the
distribution of instrumental grape yield (1961-2018 CE) during northern (red)

versus southern (blue) summer EUJSL extremesin BRITand NEMED. We
determined EUJSL extremes by calculating D80 (north, n=12years) and D20
(south, n=12years) values over the instrumental period 1961-2018 CE. Grape
yield dataare derived from the Food and Agricultural Organization (FAO) and
were detrended using a20-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 resultsare
represented by one (p < 0.05) and two (p < 0.01) asterisks in panel (a) and by
p-valuesin panel (b). The lower and upper extremes are indicated by whiskers,
and dotsoneachboxplotrepresent outliers.
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Extended DataFig.7|NEMED chronology, chronology adjustment, and
comparison ofraw and adjusted chronologies. (a) The NEMED tree-ring
maximum latewood density (MXD) chronology and sample depth (horizonal
graylines). The tree-ring chronology was truncated to the year withan
expressed population signal (EPS) value above 0.85. The regional curve
standardized (RCS) chronologyis showninblack, and the low-pass filter
(50-year smoothing spline) version of the chronology is shownin blue. Panels
(b)-(e) show the scheme of chronology adjustment performed to remove the
thermodynamictrend 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
dataset®®) and then calculated using a100-year loess smooth filter. Panel (c)
showstheregressionlines between the NH low-frequency temperature
anomalies and the NEMED tree-ring chronology. Dots represent the raw data;
theblueandred curvesrepresentlinear 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 oneach chronology canbe foundin Extended Data Table 2.



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

1951 1958 1962 1985 1986 1988 1992 1994
2006 2007 2008 2010 2012 2015 2018

D80 (North)

1955 1957 1959 1964 1966 1970 1971 1972
1976 1977 1979 1981 1984 2002 2005

D20 (South)

D80 (north) and D20 (south) represent the 80™ and 20" 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

r with July-August r with EU JSL for the

temperature adjusted chronology
. . . Tree-ring Number (1901 -present) (1948-present)
Region Code Period Species parameter of series Reference i i
raw High-pass raw High-pass
filtered? filtered®
NEMED  NEMED 7602015  Pinus heldreichii MXD 425 Th";;}ggy; 049" 062" 047" 0.44"
Alps ALP 755-2004 Larix decidua MXD 180 32 0.55" 0.59" 0.36" 0.19
British BRIT 1300-2010 Pinus sylvestris RW /BI 679 31 0.61" 0.72" -0.27° -0.36"

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 Bl 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<0.01and *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

a)
. - Final model: EU JSL ~ NEMED + BRIT + ALP,
Model: EU JSL ~ NEMED + BRIT + ALP F = 12.73; Df = 53, Reaq =38.5%, p < 0.001
Sum of Estimated Std.
Drop Df square RSS AIC coefficient Error tvalue Pr>It))
None 194.68 78.014 (Intercept)  -0.0897 0.2637 -0.340 0.7351
BRIT 1 18.161 221.84 81.097 NEMED 0.9165 0.3125 2.933 0.0049
NEMED 1 31.604 226.28 84.588 BRIT -0.8036 0.3614 -2.224 0.0305
ALP 1 49.932 226.61 89.028 ALP 1.1333 0.3074 3.687 <0.001
b)
Calibration Verification
Period
R2a; AIC R2ag; RE CE
1948-1975 34% 40.03 41% 0.37 0.28
1976-2004 41% 41.27 36% 0.32 0.21
1948-2004 38.5% 78.01

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 R? (R?,), 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 ck)

1300-1399 1400-1499 1500-1599 1600-1699 1700-1799 1800-1899 1900-2004
D90 D10 D90 D10 D90 D10 D90 D10 D90 D10 D90 D10 D90 D10
1317 1305 1401 1461 1566 1501 1615 1601 1746 1711 1802 1812 1902 1914
1348 1307 1405 1470 1532 1650 1619 1772 1716 1804 1813 1903 1955
1349 1310 1431 1496 1538 1660 1641 1781 1723 1807 1814 1905 1972
1382 1320 1436 1498 1539 1662 1646 1782 1730 1877 1815 1909 1975
1386 1327 1438 1540 1652 1784 1735 1879 1816 1917 1976
1387 1331 1439 1542 1669 1797 1738 1881 1817 1920
1394 1353 1441 1557 1675 1799 1740 1885 1819 1921

1366 1443 1563 1676 1741 1892 1821 1922
1377 1445 1571 1685 1894 1825 1923
1482 1578 1686 1895 1833 1927
1488 1587 1688 1835 1928
1589 1689 1837 1930
1592 1690 1838 1932
1699 1850 1934
1852 1942
1857 1943
1858 1945
1859 1946
1950
1951
1952
1956
1958
1961
1962
1985
1986
1993
1994
1998
7 9 1" 4 1 13 4 14 7 8 10 18 31 5

D10 and D90 represent the 10" and 90" 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)

ID Parameter Season Region Period Events Resolution Proxy Ref.
Temperature (Fig Hot / Cold
4a)
van Engelen Temperature Summer Low 1300-1999 75174 Cé& Ins & Doc 51
Countries categories
Manley Temperature Summer Central 1659-2004 35/35 C Ins & Doc 56, 57
England
Casty Temperature July-August Britain 1766-2000 24124 (o} Ins & Doc 36
) Hungary
Kiss Temperature May-July (Koszeg) 1618-2005 36/39 C Doc 55
. Hungary
Bohm Temperature May-July (Budapest) 1780-2006 23/23 C Ins & Doc 58
Casty Temperature July-August NEMED 1766-2000 24124 C Ins & Doc 36
Camuffo Hot summers Summer ICtaargece & 1500-2005 17/ na D Ins & Doc 52
Precipitation/floods
(Fig 4b) Dry / Wet
Cole & Marsh Aridity index Summer Eya%:easnd & 1766-2003 12/na D Ins & Doc 53
Murphy Precipitation August Ireland 1711-2005 29/30 (o} Ins & Doc 59
Alexander & Jones Precipitation July-August s\gfsnd & 1711-2016 25/25 C Ins 60
Casty Precipitation July-August Britain 1766-2000 24124 C Ins & Doc 36
Casty Precipitation July-August ~ NEMED 1766-2000 24 /24 C Ins & Doc 36
Pavese Floods Summer Italy 1500-2000 na/28 D Doc 54
Grain price (Fig 5a) Low / High
Clark (wheat) Wheat price Annual England 1300-1800 56 /53 C Doc 62
Clark (barley) Barley price Annual England 1300-1800 51/49 C Doc 62
Ljungqvist (wheat) Wheat price Annual BRIT 1300-1800 50/ 50 C Doc 40
Ljungqvist (wheat) Wheat price Annual Italy 1300-1800 50/ 51 C Doc 40
Harvest of grapes
(Fig 5b; Extended Good / Bad
Data Fig 6a)
) . ) Hungary . C"and
Kiss Wine quality Summer (Koszeg) 1740-1874 16712 categories Doc 55
) Church tax — Hungary ) .
Kiss wine date Summer (Koszeg) 1708-1874 171714 C Doc 55
) ) Hungary ~
Kiss Vine date Summer (Koszeg) 1618-1874 23127 C Doc 55
; Grape ripening Hungary .
Kiss date summer (Koszeg) 1618-1874 16/13 C Doc 55
. Poor  grape Carpathian
Réacz quality Summer basin 1500-1850 na/9 D Doc 61
. Poor  grape Carpathian
Réacz quantity Summer basin 1500-1850 na/16 D Doc 61
Wildfire (Fig 5¢)
Christopoulou Wildfire Annual Greece 1845-1940 36t D Tree rings 92
Vasileva & ) . "
Panayotov Wildfire Annual Bulgaria 1450-1940 36t D Tree rings 93
Sahan Wildfire Annual Turkey 1652-1940 36t D Tree rings 94
Epidemics &
mortality (Fig 5¢)
Campbell & Ludlow ~ Human Annual Ireland 1300-1649 49 D Doc 28
mortality
Campbell & Ludlow Epidemics Summer Ireland 1300-1649 40 D Doc 28
Buntgen Plague Annual NEMED 1346-1910 72 D Doc 45

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). t36 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.





