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Supplementary Table 1. Details of tree ring isotope sites

Code Site name Genus Species Altitude Lat Lon First Year Last Year Reference
Vich Mount Vichren Pinus heldreichii 1900 41.46 23.24 1800 2005 1–6

Poll Monte Pollino Pinus leucodermis 1900 39.58 16.16 1604 2003 1–6

Caz Cazorla Pinus nigra 1820 37.53 -2.57 1600 2002 1;2;4–14

Peda Pedraforca Pinus uncinata 2120 42.13 1.42 1600 2003 1;2;4–14

Pina Pinar de Lillo Pinus sylvestris 1600 42.57 -5.34 1600 2002 1;2;4–14

Isib Isibeli Juniper excelsa 1800 37.06 30.45 1850 2005 1;2;4–6;15

Col Col Du Zad Cedrus atlantica 2200 32.59 -5.14 1600 2000 1–6

Vinu Vinuesa Pinus uncinata 999 42.00 2.45 1850 2002 1;2;7;8;16

Cave Cavergno Quercus petraea 900 46.21 8.36 1637 2002 1;2;4–6;17–19

Dles Dleskovska Larix decidua 1700 46.30 14.30 1600 2005 20–22

Renn Renn Quercus robur 100 48.25 -1.70 1751 1998 23–28

Poel Poellau Pinus nigra 500 47.95 16.06 1600 2002 1;2;4–6

Laiz Laizer Quercus petraea 300 48.18 16.20 1600 2003 1;2;4–6;29;30

Inar Inari Pinus sylvestris 150 68.93 28.42 1600 2002 1;2;4–6

Siva Sivakkovaara Pinus sylvestris 200 62.98 30.98 1600 2002 1;2;4–6

Dran Dransfeld Quercus petraea 320 51.50 9.78 1776 2002 1;2;4–6

Pane Panemunes Pinus sylvestris 45 54.88 23.97 1816 2002 1–6

NiepQ Niepolomice Quercus robur 190 50.12 20.38 1627 2003 1;2;4–6;31–38

Suwa Suwalki Pinus sylvestris 160 54.10 22.93 1600 2004 1;2;4–6

NiepP Niepolomice Pinus sylvestris 190 50.12 20.38 1627 2003 1;2;4–6

Vig Vigera Pinus sylvestris 1400 46.50 8.77 1675 2003 1;2;4–6;17;19

Gutu Gutuli Pinus sylvestirs 800 62.00 12.18 1600 2003 1;2;4–6

Font Fontainebleau Quercus petraea 100 48.38 2.67 1600 2000 1;2;4–6;23–28

Wobu Woburn Pinus sylvestris 10 51.98 -0.59 1604 2003 1;2;4–6;39–42

Plie Plieningen Quercus petraea 340 48.42 9.13 1822 1999 1;2;4–6

Loch Lochwood Quercus petraea 175 55.27 -3.43 1749 2003 1;2;4–6;40
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Supplementary Figure 1. Correlations of δ13C records and regional climate variables a,b,e,f,i,j
Monthly correlations with climate variables temperature (a,b), precipitation (e,f) and SPEI-01 (i,j) as spatial
maps of the leading season (a,e,i) and individually for each month (b,f,j). c,d,g,h,k,l Seasonal correlations
with climate variables temperature (c,d), precipitation (g,h) and SPEI-01 (k,l) as spatial maps of the leading
season (d,h,l) and individually for each month (c,g,k). Records are color coded in descending order in red
(Vich, Poll, Caz, Peda, Pina), in blue (Isib, Col, Vinu, Cave, Dles, Renn, Poel), in yellow (Laiz, Inar, Siva,
Dran) in green (Pane, NiepQ, Suwa, NiepP, Vig) and in grey (Gutu, Font, Wobu, Plie, Loch). All correlations
are calculated for the common period of 1901-1998. For the spatial maps (a,e,i,d,h,l), the leading season is
assigned to the highest seasonal/monthly correlation to the closest gridbox within 60 km.
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Supplementary Figure 2. Correlations of δ18O records and regional climate variables a,b,e,f,i,j
Monthly correlations with climate variables temperature (a,b),precipitation (e,f) and SPEI-01 (i,j) as spatial
maps of the leading season (a,e,i) and individually for each month (b,f,j). c,d,g,h,k,l Seasonal correlations
with climate variables temperature (c,d), precipitation (g,h) and SPEI-01 (k,l) as spatial maps of the leading
season (d,h,l) and individually for each month (c,g,k). Records are color coded in descending order in red
(Vich, Poll, Caz, Peda, Pina), in blue (Isib, Col, Vinu, Cave, Dles, Renn, Poel), in yellow (Laiz, Inar, Siva,
Dran) in green (Pane, NiepQ, Suwa, NiepP, Vig) and in grey (Gutu, Font, Wobu, Plie, Loch). All correlations
are calculated for the common period of 1901-1998. For the spatial maps (a,e,i,d,h,l), the leading season is
assigned to the highest seasonal/monthly correlation to the closest gridbox within 60 km.
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Supplementary Figure 3. Comparison of reconstructed and instrumental SPEI-02 (JA) for se-
lected gridpoints Location of individual gridpoints given by insets latitude and longitude, and calibration
CRSQ and verification VRSQ.
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Supplementary Table 2. Correlation of the SPEI reconstruction and long instrumental records
Closest gridpoint correlation of the SPEI reconstruction and long instrumental precipitation and temperature
records prior to the calibration period 1912. Only significant correlations are shown at the 95th confidence level.
.

Station Name Lat Lon Start Start Corr(Temp) Corr(Temp) Corr(Precip)
Temp Precip Europe Local Local

Budapest 47.50 19.00 1780 1841 -0.42 -0.51 0.34
Dahlem 52.60 13.40 1851 1848 -0.45 -0.55 0.35

Debilt 45.40 12.00 1706 1725 -0.32 -0.36 0.39
Greenwich 51.50 0.00 1851 1820 -0.33 -0.60 0.52

Kopenhagen 55.68 12.53 1851 1890 -0.32 -0.56 0.52
Lisbon 38.70 -9.10 1855 1864 -0.32

Marsailie 43.30 5.40 1851 1810 -0.32 -0.51 0.11
Milan 45.50 9.30 1862 1764 -0.54 0.31

Munich 48.10 11.70 1781 1848 -0.46 -0.54 0.60
Oslo 59.95 10.72 1851 1895 -0.25 -0.57 0.26

Oxford 51.70 -1.20 1851 1767 -0.31 -0.55 0.47
Paris 48.80 2.50 1851 1770 -0.32 -0.61 0.43

Prague 50.10 14.30 1851 1805 -0.47 -0.49 0.29
Riga 56.97 24.07 1851 1891 -0.61 0.47
Rom 41.80 12.20 1851 1871 -0.28 -0.26 0.48

Stuttgart 48.80 9.20 1856 1825 -0.44 -0.61 0.25
Uccle 50.80 4.40 1851 1833 -0.39 -0.52 0.52

Warsaw 52.10 21.00 1851 1885 -0.47 -0.62 0.66
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Supplementary Figure 4. Correlations with published reconstructions Point-wise correlation of the
SPEI summer reconstruction with (a) a spatial precipitation reconstruction43, (b) spatial temperature re-
construction44,(c) spatial PDSI reconstruction45 and (d) PDSI tree-ring isotope reconstruction for central
Europe46 prior to 1900.
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Supplementary Figure 5. Impact of volcanic eruptions Composites of reconstructed SPEI during dif-
ferent volcanic eruption datasets. Shown are the composite means with stipplings indicating significance at the
95% confidence level based on bootstrapped sampling. (a-d) SEA1 according to47. (e-h) Northern Hemisphere
eruption years48. (i-l) TVEP eruptions years49.
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Supplementary Figure 6. Comparison of change points Change points of different European recon-
structions of (a) average temperature44, (b) average precipitation43 ,(c) scPDSI for central Europe46 and (d)
average scPDSI reconstruction45. Vertical lines indicate significant long-term (dark, >30 years) and short-term
(light) change points identified in our study.
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Supplementary Figure 7. Comparison of low- to high-frequency variability Representation of high-
to low frequency spectra of observed (a) and reconstructed (e) precipitation43, observed (b) and reconstructed
(f) temperature44, observed (c) and reconstructed (g) summer scPDSI45 and observed (d) and reconstructed
(h) SPEI (this study). Values indicate the beta value according to? .
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Supplementary Figure 8. Principle Components Principle Components (PC) at annual time scale explain
24.5% (PC1 a,) , 20.7% (PC2 b,), 10.7 % (PC3 c,) and 10% (PC4 d,) of the overall variance. Principle
Components (PC) at decadal time scale explain 24.6% (PC1 e,) , 20.7% (PC2 f,), 13.7 % (PC3 g,) and 8.3%
(PC4 h,) of the overall variance.
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