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Abstract. Hot European summers are often preceded by
dry springs such as in 2022, but also in 1473 or 1540,
two well-known summers of catastrophic heat. Spring pre-
cipitation deficits deplete soil moisture levels, which can
amplify extreme summer temperature anomalies in Europe
through land-atmosphere feedback mechanisms and altered
atmospheric circulation. However, the link is not particularly
strong, and hence long time series might help to better elu-
cidate the mechanisms. Starting from documentary data and
an atlas of temperature, precipitation, and atmospheric cir-
culation over Europe for climate extremes in the last 600
years, we explore this relationship in more detail. We anal-
yse the extreme heat summer of 1473, which followed dry
spring conditions in Southeastern Europe related to a posi-
tive East Atlantic pattern. We then use the ModE-RA paleo-
reanalysis and combine it with an analysis of 11 760 years of
atmospheric model simulations as well as other reanalyses
and reconstructions. Using a moving climatology approach
with LOESS regressions to calculate anomalies, we identify
significant negative correlations between winter-spring pre-
cipitation and summer temperatures in all data sets in the
latitude band 36–48° N (strongest over southeastern Europe),
corresponding to known moisture-limited regions. Moreover,
apart from precipitation anomalies, hot summers are pre-
ceded by increased blocking over north-central Europe and a
positive East Atlantic pattern. Conversely, dry winter-springs
are followed by more frequent blocking over northern Europe
and, in model simulations, an increase in frequency and in-
tensity of summer heatwaves. A linear regression approach

for temperature in the northern Mediterranean region shows
that precipitation in April and May has a strong, direct in-
fluence that does not vanish when taking the detailed atmo-
spheric circulation in winter, spring, and summer into ac-
count, and hence cannot be explained by the effect of circu-
lation on both, spring precipitation and summer temperature.

1 Introduction

Some of the hottest recent European summers, such as 2022,
were preceded by dry springs. The latest example is 2026,
when numerous heat records were broken across Europe af-
ter a very dry spring. Spring precipitation deficits play a cru-
cial role in establishing conditions for summer heat extremes
in Europe, primarily by influencing soil moisture levels (see
review by Seneviratne et al., 2010). Reduced spring rainfall
depletes soil moisture, which limits evaporative cooling dur-
ing the summer and thereby amplifies summer temperature
extremes (Vautard et al., 2007; Fischer et al., 2007; Senevi-
ratne et al., 2010; Rousi et al., 2023; Böhnisch et al., 2025).
These feedback mechanisms are particularly prominent in
Southern Europe, where soil moisture is often a limiting fac-
tor for evapotranspiration, creating conditions favorable to
heatwaves that can then propagate northward into Central
Europe through atmospheric circulation patterns (Vautard et
al., 2007; Fischer et al., 2007; Pardo and Paredes-Fortuny,
2024). Studying this connection is relevant for understanding
climate variability and change, but also for seasonal forecast-
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ing. Often compound heat and drought events develop as the
summer starts from an already low water balance.

Several studies have analyzed the relationship between
spring precipitation and summer heat extremes in Europe,
employing various methods to explore the mechanisms.
Many studies rely on model simulations to quantify the con-
tributions of land-atmosphere coupling and soil moisture dy-
namics and explore the potential evolution of these mecha-
nisms under varying climatic conditions (Seneviratne et al.,
2010; Quesada et al., 2012; Rousi et al., 2023; Böhnisch et
al., 2025). Other studies utilize observational data of the past
to explore these relationships over specific time frames, for
example, by analyzing observations from meteorological sta-
tions in central and southeastern Europe (Hirschi et al., 2011)
or by using reanalysis products (Quesada et al., 2012; Träger-
Chatterjee et al., 2013) to examine soil moisture’s impact on
heat extremes. However, due to data limitations, most studies
with observational data do not extend beyond the mid-20th
century.

One exception is the study by Wang et al. (2011) that an-
alyzed observational data spanning 1901 to 2005 to examine
the connection between winter and early spring precipitation
deficits and summer heat extremes in Europe. Their find-
ings highlight how these precipitation deficits, modulated by
the North Atlantic Oscillation (NAO), influence soil moisture
states, subsequently affecting summer temperature variabil-
ity and drought severity, particularly in the Mediterranean re-
gion.

There are, however, several well-documented cases of
spring precipitation deficits followed by summer heat in ear-
lier centuries, most notably the year 1540 (Lipfert et al.,
2026). At the same time, there are equally interesting excep-
tions of hot summers following wet springs (such as in 2024).
Analyzing these years as case studies, as well as statistically,
could furthermore contribute to a better understanding of
present and future summers. A recent publication by Pfister
and Wanner (2021) discusses climatically extreme seasons in
Europe (cold/warm, wet/dry) of the last 1000 years with re-
spect to their impacts. The recent ModE-RA paleo-reanalysis
dataset family (Valler et al., 2024) allows producing an “At-
las of European climate extremes since 1421”, which is the
Supplement to this article, comprising maps of temperature,
precipitation, sea-level pressure (SLP), and 500 hPa geopo-
tential height (GPH) anomalies for a total of 107 described
extreme seasons (Pfister and Wanner, 2021) that overlap with
ModE-RA. We use this atlas as a starting point and select
suitable case studies, as all seasons in the atlas are well cov-
ered with documentary data. Then we use the entire 600-year
time period and combine the ModE-RA products with other
reconstructions and reanalyses to explore the relationship be-
tween dry springs and hot summers in Europe in more de-
tail. Using documentary sources, we extend the time period
even further back, to the early 14th century. We thus cover
the Little Ice Age (LIA) as well as the transition to the era
of anthropogenically caused global warming. Our approach

not only extends the temporal scope, allowing analyses of
hydroclimate and atmospheric circulation over the past 600
years, but also provides empirical evidence for the mecha-
nisms driving these relationships, offering new insights into
past climate variability and its relevance for understanding
future risks.

2 Data & Methods

2.1 Climate data and simulations

To analyze spring precipitation and summer temperatures
across Europe, we use seasonal means from ModE-RA, a 20-
member global gridded monthly paleo-reanalysis spanning
the period from 1421 to 2008, with a horizontal resolution of
approximately 1.8° by 1.8° (T63) (Valler et al., 2024). The
reanalysis integrates an ensemble of transient model sim-
ulations (ModE-Sim; Hand et al., 2023) and observational
data using an offline data assimilation approach (Valler at
al., 2024). Assimilated climate information includes natu-
ral proxies, documentary records, and instrumental measure-
ments. From the late 17th century onward, ModE-RA is in-
creasingly using measurements, leading to an increase in
the reconstruction skill (a decrease in the ensemble spread),
while the influence of the prior (i.e. the model simulations
ModE-Sim) becomes weaker.

We further analyze a 20-member ensemble of the underly-
ing atmospheric simulations ModE-Sim. The simulations are
performed using the ECHAM6 general circulation model.
The model utilizes ten distinct realizations of HADISST2
(Titchner and Rayner, 2014) in addition to ten of their recom-
binations as boundary conditions for sea-surface temperature
(SST) and sea ice from 1850 on. Before 1850, the ensemble
relies on SST reconstructions by Samakinwa et al. (2021).
Radiative and volcanic forcings follow the standard PMIP4
protocol (Jungclaus et al., 2017), while land-surface condi-
tions for ECHAM6 are provided by the JSBACH integrated
land-surface model.

Alongside ModE-RA and ModE-Sim, we investigate
ModE-RAclim, an alternative version of ModE-RA that uses
100 randomly selected years from the ModE-Sim ensem-
ble to generate the prior state, thereby improving covari-
ance estimation. With this approach, the prior and covari-
ance structure are time-invariant. Thus, any time variation in
ModE-RAclim results solely from assimilated observations,
not from model boundary conditions. In contrast, ModE-RA
uses 20 distinct transient members of ModE-Sim, retaining
the impact of boundary conditions (Valler et al., 2024).

In addition to the ModE dataset family, we also used
the reanalysis datasets ERA5 (Hersbach et al., 2020) and
20CRv3 (Slivinski et al., 2019). The latter two were used
to calculate atmospheric blocking. The Tibaldi-Molteni al-
gorithm (Tibaldi and Molteni, 1990) was applied to ERA5
and all 80 members of 20CRv3 (see Rohrer et al., 2020,
for details). Further, we used a reconstruction of seasonal
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mean Tibaldi-Molteni blocks that extends back to 1728 and
is based on the seasonal frequencies of reconstructed daily
weather types (Pfister et al., 2025). The blocking reconstruc-
tion is described in more detail by Brönnimann et al. (2025).

2.2 Documentary data

Investigating dry springs in the pre-instrumental period re-
quires specific evidence. Prior to the early 16th century, this
mainly includes narrative reports, such as “the spring was
dry”, occasionally including observed impacts of droughts
on pastures. In the English countryside, spring was perceived
as an event rather than a season. Summer began when the
growing season started, i.e., at a variable date in April or
May. It lasted until the harvest season, autumn, in August and
September (Pribyl and Cornes, 2020). From 1500, estimated
spring precipitation is available for the Czech Lands (Dobro-
volný et al., 2014) and for other countries increasingly in the
form of the number of rain days obtained from weather di-
aries. From 1665, monthly rainfall is documented for Paris
(Pliemon et al., 2023; Slonosky, 2002). Continuous evidence
on hot summers is obtained from proxy data such as grape
harvest dates (Labbé et al., 2019), evidence of wine-must
quality (Pfister et al., 2024), and wine-must yields (Pfister et
al., 2026). Information on summer droughts is mainly based
on observed duration of periods without effective rain, low
river levels, and drying up of springs. A considerable amount
of evidence comes from the Euro-Climhist database (Pfister
et al., 2017, https://www.euroclimhist.unibe.ch/, last access:
1 October 2026). Seasonal temperature indices are available
from the late 12th century (https://boris.unibe.ch/191962/,
last access: 1 October 2026) but are currently being revised.

2.3 Methods

2.3.1 Atlas of European climate extremes since 1421

The “Atlas of European climate extremes since 1421” (Sup-
plement) shows maps of anomalies relative to the period
1500–1900 for the ensemble means of 2 m temperature,
500 hPa GPH (overlaid contours), precipitation, and SLP
(overlaid contours). Each season includes these four fields for
all three data sets (ModE-RA, ModE-RAclim, ModE-Sim).
All maps of all seasons and all data sets are shown on the
same color scale and contour spacing. Note that maps for
other seasons, for all four variables and all three data sets
can conveniently be generated in ClimeApp (Warren et al.,
2024). The documentary sources listed in the Appendix com-
plement the Atlas maps.

2.3.2 Seasonal precipitation and temperature

For the analysis, we calculate seasonal anomalies in ModE-
RA, ModE-RAclim, and ModE-Sim using a moving cli-
matology. For this, we apply a LOESS (Locally Weighted
Scatterplot Smoothing) algorithm (Cleveland, 1979). This

method performs a series of localized linear regressions. The
smoothing parameter is selected to correspond to a moving
window of approximately 31 years. A key advantage of us-
ing LOESS regression is its ability to include data from both
the beginning and end of the time series. Consequently, we
have more seasons to analyze, and this enhances our ability
to investigate the relationship between dry springs and hot
summers in Central and Southern Europe. Seasonal anoma-
lies were calculated for January–May (JFMAM, January and
February were included since part of the area has snow in
winter, which might contribute to spring moisture), total pre-
cipitation, and June–August (JJA) 2 m temperature. This ap-
proach, using a moving climatology to calculate the anoma-
lies, enables the comparison of temperature and precipita-
tion anomalies across different centuries, providing a ro-
bust framework for historical climate analyses. Note that the
LOESS approach was applied to all variables, fields and in-
dices used in this paper, except when stated otherwise.

The geographical definitions of the European regions used
in this study were based on the IPCC 6th Assessment Re-
port (IPCC, 2021). These standardized regional definitions
ensure comparability with previous research and consistency
in defining climate patterns across different time periods.

We then performed a composite analysis in which we an-
alyzed the relation between JFMAM precipitation and JJA
temperature forward and backward, i.e., we calculated com-
posites of 2 m temperature for all summers following very
dry springs (i.e., JFMAM precipitation anomalies below the
10th percentile). Conversely, we plotted composite maps
for JFMAM precipitation that preceded hot summers (2 m
temperature anomalies above the 90th percentile). For these
composite analyses, all members and years from the ModE-
RA reanalysis dataset were included separately. We also cal-
culated respective composites for the six circulation indices
described in the next section. Statistical testing of the com-
posites was performed with a t-test.

A threshold of 10 percent means we are selecting a one-
in-ten year event. This is an often-used threshold, includ-
ing in the IPCC (2021) report. It corresponds very roughly
to a 1.5 °C warmer summer or a winter-spring season with
30 % less precipitation. These are relevant anomalies, while
at the same time the sample is large and reconstruction qual-
ity good.

2.3.3 Atmospheric circulation

To address atmospheric circulation, we analyzed, in addition
to fields of 500 hPa GPH and SLP, atmospheric circulation
indices, derived from ModE-RA data (Valler et al., 2024).
These comprise three indices based on SLP: the NAO (differ-
ence between 9° W/40° N and 22.5° W/64° N), the East At-
lantic pattern (EA, 30° E/55° N minus 20° W/55° N), and the
Scandinavian pattern (SCA: 15° E/40° N minus 30° E/64° N).
These patterns have been shown to be relevant both for
winter-spring precipitation and summer drought in Europe
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(e.g., Wang et al., 2011; Halifa-Marín et al., 2025). In ad-
dition, three indices of the jet stream over the Atlantic-
European sector describing the strength, tilt, and latitude
(STR; TIL, LAT) of the jet at 500 hPa were used (for de-
tails see Brönnimann et al., 2025; especially jet latitude was
shown to be strongly associated with summer drought). Note
that while the latter indices are close to mutually indepen-
dent, the former are not (NAO is correlated with SCA), and
the former and the latter are correlated, i.e., NAO is cor-
related with STR (r = 0.19 to 0.61 depending on the sea-
son), EA with TIL (−0.69 to −0.71), and SCA with LAT
(−0.15 to 0.51). However, with these six indices, we hope to
capture circulation effects on temperature and precipitation
rather comprehensively. All indices were calculated based
on (non-standardised) anomalies from the long-term (1421–
2008) mean seasonal cycle.

We then used a regression approach to predict JJA 2 m
temperature from spring predictors (see Wilks, 2020). In
addition to monthly precipitation in (January to May) and
the six atmospheric circulation indices (each for January–
February and March–May), the predictors included 2 m tem-
perature anomalies in the Western North Atlantic (35–55° N,
70–40° W, March–May, identified to be linked to European
heatwaves in Lipfert et al., 2024) as well as in the NINO3.4
region (May) and global mean Aerosol Optical Depth at
550 nm in the 12 preceding months (June–May) from PMIP4
(Jungclaus et al., 2017) and Sato et al. (1993). The latter se-
ries is the only one that we did not filter with a LOESS fil-
ter (Wilks, 2020). Note that the same stratospheric aerosol
data were also used in ModE-Sim, which forms the basis of
ModE-RA. A second regression model included the six cir-
culation indices for JJA.

2.3.4 Blocking and heatwaves

Further, we analyzed composites of atmospheric blocking
in the same way as temperature and preciptation, i.e., the
blocking frequency in summers following dry springs and
in springs preceding hot summers. However, as blocking is
not included in ModE-RA, we used three different, shorter
blocking data sets: reconstructions back to 1728 (Brönni-
mann et al., 2025), 20CRv3 back to 1806, and ERA5 back
to 1940. For consistency, the list of dry springs and hot sum-
mers for all data sets was calculated from the ensemble mean
of ModE-RA.

Finally, we also analyzed JJA heatwaves to assess their
relationship with spring precipitation anomalies. In a previ-
ous paper, we thoroughly tested the ability of the ensemble
of atmospheric simulations ModE-Sim to simulate heatwave
variability across the Northern Hemisphere (Lipfert et al.,
2024). The heatwave definition we use follows the standard
heatwave definition requiring a minimum of three consec-
utive days exceeding a 90th percentile threshold based on
an 11 d moving window and a 31-year running mean cli-
matology (Lipfert et al., 2024; note that this is comparable

to the LOESS approach). easonal heatwave characteristics
were calculated for JJA and correlated with JFMAM pre-
cipitation anomalies for 1420–2003 (1436–1993 due to the
31-year running average).

3 Results

3.1 Case studies

Before delving into the statistical analysis of climate data, it
is worth summarizing the documentary sources for the hot
summers that follow dry springs. Pfister and Wanner (2021)
give detailed information on 14 hot summers in Central Eu-
rope after 1421 (1471, 1473, 1536, 1540, 1545, 1556, 1590,
1616, 1666, 1684, 1706, 1719, 1859, 1947), which are there-
fore included in the Atlas. Further summers prior to 1421
can be added. In total, 22 years were classified; detailed de-
scriptions of all of them are given in the Appendix. In 9 years
(1304, 1361, 1393, 1473, 1504, 1516, 1540, 1706, and 1719),
a dry spring was followed by summer heat and drought. In
the 4 years 1375, 1503, 1536, and 1684, the spring drought
preceding the summer drought was limited to May. In the
three years 1590, 1616, and 1947, the summer heat and
drought were shifted in time. Evidence of a relationship be-
tween dry springs and dry summers is thus found in 16 of
the 22 cases. The dry springs in 1420, 1559, 1603, 1638, and
1686 were not followed by a very dry summer, and in 1326,
the relationship is uncertain.

The most prominent examples of very hot summers pre-
ceded by dry springs are 1473 and 1540, with 1473 show-
ing the longest duration and greatest geographical extent.
In a previous article on extreme summers (Lipfert et al.,
2026), we analyzed 1540 and 1590, though not in relation
to spring precipitation. We found that both were associated
with positive 500 hPa GPH anomalies arguably linked to
omega (1540) or dipole (1590) blocking patterns, but differed
clearly in temporal development. Here we analyze the case
of 1473 in more detail, as it was among the most extreme
summers of the past 600 years. In fact, Cook et al. (2022) de-
scribe the period 1400–1480 in Europe as a “megadrought”.
They also address the period around 1800 as a megadrought.

Documentary sources (see Appendix) describe an ex-
tremely dry year in a region stretching from France to Russia.
Rivers dried out and fires ravaged. The dryness lasted until
early the next winter and was followed by locust invasion
in 1474. Anomaly maps of temperature and 500 hPa GPH in
JJA, as well as precipitation and SLP in spring of 1473 (here
we show the climatological spring season, MAM, as in Pfis-
ter and Wanner, 2021) are shown in Fig. 1 from the “Atlas”.
The summer was hot throughout central Europe, extending
east and west. Scandinavia was cold, and southern Europe
was near normal. A large 500 hPa GPH anomaly was cen-
tered over Germany. We find a slightly stronger (in 18 out of
20 members), less tilted (i.e., more zonal, 20 out of 20), and
poleward shifted jet (20 out of 20) over the Atlantic Euro-
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Figure 1. (top) MAM 1473 total precipitation (mm) and SLP anomalies (contour lines) as well as (bottom) JJA 1473 2 m temperature and
500 hPa GPH anomalies (contour lines) for (left) ModE-RA, (middle) ModE-Sim, and (right) ModE-RAclim. Contour distance is 1 hPa for
SLP and 10 GPH for 500 hPa GPH (negatives dashed, zero not shown). Stippling indicates where at least 15 out of 20 members agree in sign.
Minima and maxima in temperature and precipitation are indicated.

pean sector. The preceding spring shows a negative precip-
itation anomaly over Central and Eastern Europe. The SLP
anomaly shows a distinct positive EA pattern. In fact, the EA
index was positive in 19 out of 20 members.

The comparison between ModE-RA, ModE-RAclim, and
ModE-Sim shows that the largest part of the temperature sig-
nal stems from the assimilated observations. This is indicated
by the fact that ModE-RA and ModE-RAclim are very sim-
ilar. However, there is also a forced component (i.e., the sig-
nal arising from model boundary conditions, which arguably
largely stems from volcanic aerosols and SSTs), and there is
also similarity between ModE-Sim and ModE-RAclim, even
though they are mutually independent. ModE-Sim shows a
similar spring precipitation anomaly with the largest deficits
over south-eastern Europe. There is also a slightly positive
EA pattern in spring in ModE-Sim, similar to that in ModE-
RAclim and ModE-RA.

In the following, we analyze the relations statistically and
test, e.g., whether the EA pattern is a frequent precursor of
hot summers and whether the spatial shift (the dry area in
spring is farther east than the hot area in summer) is a recur-
ring feature.

3.2 Correlations across Europe

To investigate the link between spring precipitation deficits
and summer heat extremes across Europe, we first examined
grid-point-based Pearson correlations between JFMAM pre-
cipitation anomalies and JJA 2 m temperature anomalies cal-
culated using the LOESS approach. This analysis was done

for ModE-RA, Mode-RAclim, and ModE-Sim, for each en-
semble member.

The spatial correlations in ModE-RA reveal significant re-
gional variability across Europe (Fig. 2). Correlations are
negative in a band stretching ca. 36–48° N, indicating a gen-
eral tendency for drier springs to be associated with hotter
summers. Although significant, the correlations are around
−0.2 or slightly weaker. Correlation is near zero in northern
Europe. This suggests that spring precipitation plays no sig-
nificant role in modulating summer heat extremes in North-
ern Europe, likely due to weaker land-atmosphere interac-
tions and lower evapotranspiration sensitivity, as supported
by Hirschi et al. (2011). We therefore do not consider the
IPCC region “Northern Europe” further. The significant cor-
relations in West Central Europe (WCE) and the Mediter-
ranean (MED) indicate an association between spring precip-
itation deficits and summer heat extremes, consistent with the
region’s strong land-atmosphere coupling identified in prior
studies (Seneviratne et al., 2010). In several areas (e.g., the
Mediterranean), we see a land-sea gradient. However, by an-
alyzing correlation coefficients, we can capture only linear
relationships and with the grid-point-based approach, we in-
vestigate only co-located spring precipitation deficits and hot
summer temperatures. To address these issues, we conducted
composite analyses.

Correlations in ModE-RAclim are similar to those in
ModE-RA, whereas in the pure model simulations (ModE-
Sim) without observation input, they are somewhat stronger
and positive over the Mediterranean Sea. This comparison
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Figure 2. Gridpoint-based correlations between JFMAM precipitation anomalies and JJA 2 m temperature anomalies for (left) ModE-RA,
(middle) ModE-RAclim, and (right) ModE-Sim, 1421–2008. Stippling indicates significance at the 95 % confidence level. The left figure
shows the IPCC regions NEU, WCE, and MED. The red rectangle shows the region used for the regression approach.

shows that the signal in ModE-RA is largely observation-
driven. In the following, we show results only for ModE-RA,
except for the heatwave analysis (and we exclude the ocean
surface from the interpretation). As ModE-RA and ModE-
RAclim are monthly data sets, heatwaves can only be ana-
lyzed in ModE-Sim.

3.3 Composite analysis

3.3.1 Temperature and precipitation

We analyze composites of ModE-RA JFMAM precipitation
anomalies of all years for which the JJA temperature anoma-
lies exceed the 90th percentile (Fig. 3) as well as composites
of JJA 2 m temperature anomalies for all years where JF-
MAM precipitation falls below the 10th percentile (Fig. 4)
for three specific regions (entire Europe, Western-Central
Europe, and the Mediterranean). Recall that the analysis is
performed per member, thus comprising 20× 588= 11760
years (which, however, are not entirely independent). The
10th percentile thus corresponds to 1176 years per region.
However, the Euler diagrams show significant overlap among
the selected cases across the three regions.

Before looking at spatial maps, it is interesting to note that,
for Europe, 15 % of the selected hot-summer years were also
dry-spring years; for Western Central Europe, the number is
17 %, and for the Mediterranean, even 23 %. Hence, the as-
sociation is strongest in the Mediterranean.

Analyzing the reconstructed fields, we find that precip-
itation in JFMAM in years with hot summers tends to
be anomalously low in South-Eastern Europe but wet in
Norway. Both signatures are statistically significant. The
core region of precipitation deficit exhibits an amplitude
of 1.4 mm d−1. The differences between the regions for
which the temperature percentile is taken (Europe, WCE, and
MED) are small, consistent with the large overlap in selected
cases. For the region Europe, we find significant changes in

atmospheric circulation, such as a positive EA pattern (sim-
ilar to that in 1473), NAO, SCA, and TIL. The signs are the
same for WCE and MED, though generally less significant.
WCE is more closely associated with SCA, whereas MED is
more closely associated with LAT.

Composites for 2 m temperature in summers following dry
springs (Fig. 4) again show very similar spatial patterns, with
significant warming (approaching 1 K) centered over South
Eastern Europe and extending east and west. In contrast to
the JFMAM precipitation composite, the JJA 2 m tempera-
ture composite shows a land-sea contrast over the Mediter-
ranean, although cooling is nowhere significant. Dry springs
are followed by negative EA, NAO, and SCA, thus a sign
change in all three indices with respect to springs preceding
hot summers. No clear results are found for jet indices.

The plots confirm that there is a relation between summer
temperature and winter-spring precipitation, both when ana-
lyzing forward or backward. All composites identify South-
eastern Europe as the region showing the most pronounced
effects. We expect this effect to be strongest in regions where
evaporation is moisture-limited (McVicar et al., 2012), and
this is indeed the case. The affected area is independent of
the study region that we choose for the composites.

3.3.2 Atmospheric circulation and blocking

To better address the atmospheric circulation involved in the
coupling, we analyzed blocking frequency. Given the overlap
among the selected cases, we analyzed only the region of
Europe. Three different data sets are analyzed: a statistical
reconstruction back to 1728, 20CRv3, and ERA5. Note that
the first of these data sets has large uncertainties but covers
most events. The second is clearly less reliable than ERA5,
but is also longer. The consistency between the analyses of
the three data sets nevertheless allows some conclusions.
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Figure 3. Composites of ModE-RA JFMAM precipitation anomalies for all years and ensemble members with JJA 2 m temperature > 90th
percentile in Europe, MED and WCE. Stippling indicates precipitation anomalies larger than two standard deviations. The averages of the
six circulation indices, here standardised for better intercomparison are also indicated (p < 0.05 in italics). The lower right shows an Euler
diagram of the number of cases.

The analysis (Fig. 5) shows that JFMAM blocking fre-
quency preceding hot summers tends to be higher in an area
stretching from West of Ireland to the Baltic states, i.e., at the
southern flank of the storm track extension. This imprint is
typical for a poleward-shifted jet (Brönnimann et al., 2025).
Conversely, JJA blocking frequency following dry JFMAM
is increased in northern Scandinavia. A secondary maximum
over Central Europe is only marginally or not significant.

3.4 Regression analysis

Is the spring-summer link really due to precipitation, or could
atmospheric circulation alone explain it by driving both, the
precipitation deficit in spring and the heat in summer? To test
this, we focused on the identified region with the strongest
correlation, namely 8° W–38° E, 38–48° N. We further con-
sidered only land grid cells and computed regional aver-
ages of precipitation (here treating January–May as sepa-
rate months) and JJA 2 m temperature, which is the pre-
dictand. Further explanatory variables were chosen to cap-
ture oceanic influences, volcanic eruptions, as well as atmo-
spheric circulation (all six atmospheric circulation indices,
each for January–February and for March–May). We then
proceeded with a backward selection until all p-values were

below 0.1, while keeping all five precipitation series. In addi-
tion, we also performed the same procedure for a model that
additionally has all six atmospheric circulation indices for
June–August to test whether spring precipitation arises as a
significant predictor even if summer atmospheric circulation
is accounted for directly.

The two models were similar in terms of the variables re-
tained from the preceding spring: these included volcanic
aerosols, the indices SCA and TIL, and either the NAO
(spring model) or STR (spring-summer model) in MAM.
Some January–February indices were kept (NAO or TIL).
In the summer model, five summer circulation indices were
kept. In terms of precipitation, April and particularly May
were significant in both models (January at p < 0.1 in the
spring-summer model). This brief analysis shows that pre-
cipitation in late spring influences JJA temperature beyond
what is already captured in atmospheric circulation (neither
spring nor summer).

Observed and fitted JJA temperatures are shown in Fig. 6.
The spring-only model explains 19 % of the variance (r =
0.43), the spring-summer model 45 % (r = 0.67). Note that,
although in the former model all predictors lead the predic-
tand, they are not fully independent, particularly in the early
part of the record; hence this result cannot be interpreted as
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Figure 4. Composites of ModE-RA JJA 2 m temperature anomalies for all years and ensemble members with JFMAM precipitation < 10th
percentile in Europe, MED, and WCE. Stippling indicates 2 m temperature anomalies exceeding two standard deviations. The averages of
the six circulation indices, here standardised for better intercomparison are also indicated (p < 0.05 in italics). The lower right shows an
Euler diagram of the number of the cases.

indicating predictability. This is because seasonal observa-
tions such as tree ring width or grape harvest dates are as-
similated using a forward model that may also include April
or May temperatures (which in turn are influenced, e.g., by
the NAO). Note also that the AOD predictor is the same as
that used to force the model, which is the basis of ModE-
RA, and that we use the ensemble mean which smoothes out
variability. Hence, the 19 % explained variance should not be
confounded with a forecast skill.

3.5 Heatwave indices

Finally, we analyzed the connection between different heat-
wave indices and a spring precipitation deficit. For this, we
use the heatwave characteristics calculated in Lipfert et al.
(2024) and calculate them within ModE-Sim, the underlying
atmospheric model simulations of ModE-RA. Results show
the same pattern as for the seasonal means, i.e., negative cor-
relations between heatwave days or frequency with winter-
spring precipitation. As for the ModE-Sim seasonal results,
the correlation reverses over the Mediterranean Seas, and it
is somewhat stronger than for JJA temperature. Again, the
moisture limited regions, and in particular, southeastern Eu-
rope show the strongest negative correlations.

4 Discussion and Conclusion

We find a link between dry springs and warm summers in
climate reconstructions, consistent with other studies (e.g.,
Vautard et al., 2007; Fischer et al., 2007; Seneviratne et al.,
2010; Rousi et al., 2023; Böhnisch et al., 2025, Padro and
Paredes-Fortuny, 2024). Based on documentary data, we find
that 16 of 22 hot summers, were preceded by dry springs.
Analyzing the momentous summer of 1473 in detail, we
find not only a very dry spring but also specific features of
spring atmospheric circulation (positive EA and SCA pat-
terns, positive jet latitude) that are confirmed as typical in
statistical analyses. This also concerns the shift in the area
of hot summer with respect to the area of dry spring. At
the same time, we also note that not all heat summers are
preceded by a dry spring. Statistical analyses of ModE-RA
showed overall rather weak gridpoint-wise correlations. Nev-
ertheless, the signal is consistent across the family of ModE-
RA products, i.e., it appears in the underlying model simula-
tions (ModE-Sim), in a product constrained by observations
alone (ModE-RAclim), and in the combination, the paleo-
reanalysis ModE-RA.

Composite analyses confirm that hot summers (> 90th
percentile) are often preceded by drier-than normal springs
and that dry springs (< 10th percentile) are often followed by
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Figure 5. Anomalies in blocking in JFMAM preceding heat summers in Europe (top) and in JJA following dry springs in Europe (bottom) in
three different data sets (left to right). Blue lines indicate significant (p < 0.05, t-test) anomalies. Numbers in the top left indicate the spatial
average of blocking (italics indicate significance), and the number of cases is indicated in the top right.

Figure 6. Time series of JJA 2 m temperatures in the land area between 8° W and 38° E, 36–48° N in ModE-RA (black) and predicted from
the regression models based on spring-only predictors (purple) and spring-summer predictors (orange). Right: Coefficients (95 % confidence
intervals shaded) for precipitation in January to May in the two models.

hotter-than normal summers. The region whose precipitation
deficit affects Europe most strongly is southeastern Europe.
To further study the interaction over southeastern Europe it
would be useful to have long reconstructions of daily weather
types over this region, or types relevant for entire Europe.
Our blocking reconstruction is based on Swiss weather types
and may not well capture southeastern Europe.

In the correlation analysis, we found the strongest corre-
lations in a latitude band between 36 and 48° N. This cor-
responds well to the area where evaporation is moisture-
limited. A regression analysis of land area temperature in this
region confirms a link that is indeed driven by spring precip-
itation rather than arising from atmospheric circulation ef-

fects on both. Further, the analysis confirmed a result from
the documentary data, namely that April, and particularly,
May precipitation deficits have the largest effect on summer
temperature. Also note that including summer atmospheric
circulation in the analysis did not change the coefficients for
April and May precipitation. Finally, the analysis of daily
data sets shows that dry springs not only lead to hot summers
but also to more intense heatwaves and more frequent block-
ing. As to possible precursors, the most consistent link to
spring atmospheric circulation was to a positive EA pattern.

No direct connection to the LIA is seen. Extreme sum-
mer droughts can be traced back to 1252, i.e. before the start
of the LIA around 1350. However, the LIA was also a pe-
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Figure 7. Correlation between ModE-Sim January–May precipita-
tion anomalies (with respect to a 31-year running mean) and June–
August heatwave days and frequency. Hatching indicates significant
correlations.

riod with more frequent volcanic eruptions, which cause cool
summers due to direct forcing unrelated to winter-spring pre-
cipitation. This could make the composite statistics worse,
but is included in the regression model. The NAO showed
a cluster with negative values in the second half of the 17th
century, but overall does not exhibit a particular behaviour
during the LIA, neither do EA or SCA (Brönnimann et al.,
2024) or the jet indices.

The last phase of the LIA was caused by a series of vol-
canic eruptions in the early 19th century, to which the Earth
system reacted strongly (Brönnimann et al., 2019). The fol-
lowing decades might still have been characterized by re-
covery, while volcanic activity remained high throughout the
19th and early 20th century. There are no notable dry-spring-
hot-summer events in this period.

Establishing the relation between a winter-spring precipi-
tation deficit and summer heat is relevant for understanding
climate variability and change, as the most recent summer of
2026 has demonstrated. The Europe-wide spring precipita-
tion deficit, also covering southeastern Europe, was followed
by an exceptionally hot summer in Western and Central Eu-
rope (a figure showing the anomalies in ERA5 with respect to
1991–2020 is appended to the Atlas, p. 109). In this case, as
in most others, the summer heat was accompanied by a lack
of rainfall, thus exacerbating the already low water balance
and leading to severe compound heat and drought. For the
future, according to the EURO-CORDEX simulations, pre-
cipitation will likely increase in the north and decrease in the
south of Europe with the zero line shifting north from winter
to summer. Southeastern Europe, which was identified as a
key area, is likely to see an increase in precipitation in winter
and spring (e.g., Ivušić et al., 2024), whereas Europe south
of ca. 50° N will suffer from a decrease in summer precipita-
tion.

This work uses an “Atlas of European Climate Extremes
since 1421” which presents an analysis in of climatic ex-
tremes in ModE-RA, as discussed in detail in Pfister and
Wanner (2021). The atlas is published as a Supplement to
this paper.

Although this study investigates a link between dry springs
and hot summers, it should be pointed out that seasonal pre-
dictability was not the focus of the paper and the results can-
not be taken as a measure of it due to our experimental setup.
Nevertheless, we think that a better understanding of this link
is relevant to understanding past and present extreme events.

Appendix A: Documentary data for hot summers that
followed dry springs

All links indicated in this Appendix refer to the Euro-
Climhist Database (Pfister et al., 2017).

1304: Spring dry: summer hot and dry

No winter frost was experienced in Mainz (DE) and in Wro-
claw (PL) (Alexandre, 1987, 428), A hot spring spurred veg-
etation growth. Ripe grapes were already found in Alsace in
early July. Spring and summer were (almost) without rain.
The period between April and July was extremely warm and
dry. Most wells dried up and the Rhine could be crossed on
horseback in several places between Strasbourg and Basel,
just like on the Danube between Klosterneuburg and Krems,
(AT). Large grape harvests of exceptional quality were gath-
ered in Colmar, (FR) Metz (FR) and Rouen (FR). A second
flowering of trees was observed in Tyrol, Austria, indicating
hot conditions in September and October. The entire year was
very warm. (Pfister and Wanner, 2021: 176).

1326: Spring uncertain, summer hot and dry

Paris (FR): No rain during four months in summer. No thun-
derstorm. Low level of rivers. Egmond (NL): no rain dur-
ing summer. Caen (FR), Tournai (BE): Drying up of sources.
Low level of rivers. (Alexandre, 1987: 443).

“Manorial accounts from the Bishopric of Winchester
[. . . ], in southeast England, and Norwich Cathedral Priory
[. . . ], primarily in Norfolk, pasture fell short everywhere, and
this had severe repercussions for milk production; in Norfolk,
trees withered in the dry conditions, and the harvest was very
short” (Pribyl, 2017; Titow, 1960). “In 1326 [. . . ]. there was
such a drought over all of England, in summer as in other
times of the year, that men had to lead their livestock to wa-
ter, in some parts of the country for three or four leagues [ca.
9–12 miles]. Wells and streams, cisterns and marshes dried
out [. . . ] The river Thames was for almost the whole year
salty.” (Pribyl and Cornes, 2019).
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1361: Spring dry; summer hot and dry

Paris (FR): Spring very warm and very dry. Summer “tem-
péré”. Mainz (DE): Summer without any thunderstorm. Con-
stance (DE), Liège (BE), and Wroclaw (PL): Heat and
drought during the entire summer. Zwettl (AT): Parched soil.
In Prussia grain was burning in the fields (Alexandre, 1987:
490; Buisman, 1996: 204). Winchester (UK): As a conse-
quence of severe drought stress, the meadows did not pro-
duce a usable forage yield (Titow, 1970: 319). In England the
spring-summer 1361 had the highest temperature in a recon-
struction based on grain harvest dates for the period 1256–
1431 (Pribyl et al., 2012; Pribyl, 2017).

1375: May dry; summer hot and dry

Mainly sunny and hot from May to August in Mainz (DE). At
full maturity, the grapes were dried out. As in 1540, the start
of the grape harvest was delayed until the next rainy period
in mid-September, which was “useful for the grapes” Good
grape harvest in Constance (DE) (Alexandre, 1987: 514). In
Basel (CH) and Limburg an der Lahn (DE) the period was
almost without rain for 14 weeks. A hot summer (including
spring) and warm autumn were recorded in England (Pfister
and Wanner, 2021: 177).

1393: Spring dry; summer hot and dry

The drought started in April affecting the Low Countries,
the London and Paris basins, Germany, Switzerland, Austria
and the Czech Lands. The vine bloom ended in early June.
Grapes in Beaune were picked extremely early. It didn’t rain
in Zürich, Switzerland, for 13 weeks. The drought lasted un-
til November. Lake Zürich and the Rhine in Mainz dropped
to very low levels. Springs and soils dried up. The Vltava
river in the Czech Lands could be crossed without wetting
the feet. Its water turned green, probably due to algae, which
prevented people from drinking it (Pfister and Wanner, 2021:
177).

1420: Spring dry; summer hot, but not dry

Metz (FR): Spring very warm. Soest (DE): February, March,
April, May hot and dry. Basel (CH): summer drought. Licht-
ensteig (CH): May very hot and dry, pastures dry. Rötteln
(DE): March and April very warm. Stuttgart: good weather
during the year (Alexandre, 1987: 568). Dry spring-summer
in England (Titow, 1970: 337). Drought impacts are not re-
ported in the evidence contained in the catalogue of Alexan-
dre (1987), and the year is not mentioned in the synthesis by
Glaser and Kahle (2020) for Germany and by Brázdil et al.
(2019) for the Czech Lands.

1473: Spring dry; summer hot and dry

The winter of 1473 was rainy in Metz (FR), and without
snow and ice in Basel, Switzerland. Fruit trees began flower-
ing in early March, which points to extremely high temper-
atures during the preceding weeks. April turned so hot, that
vines were already in bloom at the end of this month. In May
people could hardly bear the heat. Ripe grapes were found
in early July. Grapes, mostly white varieties, were picked
from the second half of August in many regions. Indepen-
dent sources report four to five months without noteworthy
precipitation. Not a drop fell in Basel from 29 June to mid-
September. At that time, many trees had already dropped
their leaves and looked “like at Christmas”. The Moselle be-
ing the most important western tributary of the Rhine became
a trickle. Rivers in the Czech Lands, the Danube in Hungary,
the Oder and Vistula in Poland, and rivers in western Russia
could be forded. “Forests, woods, thickets, and forested hills
burned with fire” in Poland and in Belarus. There was no way
to put it out, and it was impossible to extinguish the flame be-
fore the fire devoured the roots (Przybylak et al. 2020).

A second flowering of fruit trees, indicating extremely
high temperatures, was observed in autumn. In December,
“spring-like” temperatures still prevailed and spring flowers
were found. In Metz (FR) the subsequent winter of 1474 was
again rainy without frost. The Basel diarist Johannes Knebel
noted that even the “high mountains” – i.e. probably the peak
of the Black Forest, Germany, at an altitude of 1493 m – were
without snow. A snowfall on 2 March 1474, put an end to
this 14-month-long warm spell. Central and Eastern Europe
were ravaged by wildfires. Large parts of Italy also suffered
from drought, according to selective evidence. In Modena
and most of the other regions of the Po Valley, it did not rain
from the beginning of 1473 until March 1474. Wells within
eight miles of town dried up. A lot of cattle died and grain
harvests failed, which led to famine. Major swarms of lo-
custs (Locusta migratoria) invaded Central Europe in 1474
and 1475 (Pfister and Wanner, 2021: 188).

1503: May dry; summer hot and dry

Temperatures in May and those in summer were extremely
high in Central Europe (Dobrovolný et al., 2010). Precip-
itation was below average in the Czech Lands (Dobrvolný
et al., 2014) and in Switzerland (http://www.echdb.unibe.
ch/selection/occ/en/pf-3458-5, last access: 1 October 2026).
Processions for rain were held in Geneva (http://www.echdb.
unibe.ch/selection/occ/en/pf-4091-1, last access: 1 October
2026). In Eastern France it was the worst drought since 1473.
No rain fell from early May to 12 June, when a rain spell
temporarily refreshed the vegetation. Throughout the sum-
mer, the weather was so hot and dry that there was hardly any
grass in the meadows. Most crops were lost due to the severe
heat and drought. In many places, the vines were scorched
by the dry wind, and trees such as pear and apple trees.
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Rivers were very low. Precipitation was more abundant in
the surrounding hills, probably due to thunderstorms. Veg-
etables, fruit, meat and dairy products were expensive (trans-
lated from old French by Laurent Litzenburger). (Bruneau,
1933: 19, Larchey, 1857: 445f).

1504: spring dry; summer hot and dry

Metz (FR): No rain from 1 April to 15 June, severe damage
to most cultivated crops. Subsequently intensive rain for sev-
eral days”. Summer: low precipitation (Prague Czech Repub-
lic). Midsummer: low water, many springs failed (Mellingen,
Canton Argovia, Switzerland).

1516: spring dry; summer hot and dry

The winter was rainy, without snow and almost without frost
(http://www.echdb.unibe.ch/selection/occ/en/ll-0002-391,
last access: 1 October 2026). The period from April
to October was very warm and dry in Central Europe
(Dobrovolný et al., 2010, 2014) and in Eastern France
(http://www.echdb.unibe.ch/selection/occ/en/ll-0004-22,
last access: 1 October 2026). People thought
that the drought was the worst since 1473 (http:
//www.echdb.unibe.ch/selection/occ/en/pf-4023-3, last
access: 1 October 2026). The wine was excellent (Pfister
et al., 2024). The drought was so persistent that rivers
dropped to very low levels. This made it possible to repair
the bridges (Marchal, 1859). Water had to be fetched
over some distance for 16 weeks in the Swiss town of
Winterthur. Large quantities of fish were sold at the mar-
ket for a long time. Mortality was high in some regions
(http://www.echdb.unibe.ch/selection/occ/en/ll-0004-22,
last access: 1 October 2026).

1536: May dry: summer hot and dry

The heat and drought began in May of this year and lasted un-
til November, when roses were seen flowering for a second
time. In August a procession for rain was held in Paris. For-
est and settlement fires were frequent in Saxony, Germany,
and in the Czech Lands. Cattle died from heat and starvation.
Grape harvests were early, abundant and sweet. Spring, Sum-
mer and Autumn temperatures were extremely high (Dobro-
volný et al., 2010). Annual precipitation was very low (http://
www.echdb.unibe.ch/selection/occ/en/pf-5001-142, last ac-
cess: 1 October 2026).

1540: spring dry; summer hot and dry

This year was the hottest and driest in Western and Central
Europe, next to 1473. Annual temperatures were the high-
est since 1500. The drought covered an area reaching from
western France to Poland and from central Italy to northern
Germany. Estimated annual precipitation both on the Swiss
Plateau and in Krakow, Poland, was only about a quarter of

Figure A1. The the wine-grower Hans Stolz from Guebwiller
(France), provides a detailed report of the weather and its impact
during the drought of 1540 (Stolz, 1979).

the 20th century average. Large rivers became runnels that
could be waded or crossed on horseback, while smaller wa-
tercourses dried out completely. The level of Lake Constance
was so low that the lake floor, with its irregular topography,
was visible. Forest fires became rampant in many parts of
the continent; infernos that nobody could get under control.
Town fires in Germany, were more frequent in 1540 than in
any other peace year since 1000 AD. Cattle all over Europe
died of thirst and hunger. Transport ships carried only a frac-
tion of their usual cargo, while many watercourses were not
navigable at all (Pfister and Wanner, 2021: 199–200). In 1546
and 1547, the Czech Lands and Lower Austria were ravaged
by locust invasions (Brázdil et al., 2014, pp. 348–349, Rohr,
2019).

1559: spring dry; summer hot, but not dry

April was quite warm and rather dry in Central Europe
(http://www.echdb.unibe.ch/selection/occ/en/pf-4097-577,
last access: 1 October 2026), the Swiss precipitation Index
was moderately dry (−0.67) while the Czech Lands were
extremely dry (http://www.echdb.unibe.ch/selection/occ/en/
pf-5001-233, last access: 1 October 2026). Summer was
warm in Central Europe (Dobrovolný et al., 2010), with
Switzerland experiencing a moderately dry season. (http:
//www.echdb.unibe.ch/selection/occ/en/pf-4046-3807, last
access: 1 October 2026). From 18 July onwards, it became
so hot that grapes stopped growing in many places. Everyone
was longing for rain. A period of rain began on 18 September
(http://www.echdb.unibe.ch/selection/occ/en/pf-3168-4, last
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access: 1 October 2026). Precipitation was low in the Czech
lands, but this year is not listed among the droughts in
Germany (Glaser and Kahle, 2020) and in the list by Brázdil
et al. (2019).

1590: spring variable; summer hot and dry

This extremely hot and dry summer is atypical, because it
was not preceded by a warm and dry spring. April was
rather warm in Central Europe, but May was cold (Do-
brovolný et al., 2010) and the first weeks in June were
rainy in Switzerland . The heatwave only began in the last
week of June lasting until the end of August. Water be-
came scarce in the Alps, because not even a drop of dew
fell, as had been the case during the scorching summer of
1540, as the painter and schoolteacher Hans Ardüser from the
Swiss Canton Grisons reports (http://www.echdb.unibe.ch/
selection/occ/en/pf-3177-37, last access: 1 October 2026). In
Slany, in the Czech Lands, no rain fell between 3 June and 21
September. The level of the Elbe and Vltava rivers was low,
and the soil dried out to dust which made sowing in autumn
difficult. Harvests were poor in the Czech Lands (Brázdil et
al., 2019). In Poland the drought lasted from the end of May
to the end of autumn. The Odra river became so shallow that
it could be crossed. The river mills stopped working (Przy-
bylak et al., 2020).

1603: spring dry; summer hot, but not dry

Spring was mainly dry in Switzerland (http://www.echdb.
unibe.ch/selection/occ/en/pf-5006-10, last access: 1 Octo-
ber 2026). Lucerne scientist Renward Cysat reported that
it had never rained much before 6 May that year (http://
www.echdb.unibe.ch/selection/occ/en/pf-2332-327, last ac-
cess: 1 October 2026). He recorded nine very hot days in
June, whereby the hot spell continued into early July (http:
//www.echdb.unibe.ch/selection/occ/en/pf-2332-33, last ac-
cess: 1 October 2026). The first ripe grapes appeared
in early July (http://www.echdb.unibe.ch/selection/occ/en/
pf-2332-332, last access: 1 October 2026). In August, Cysat
recorded 21 hot days, albeit it snowed in the Alps on
the 13th of this month (http://www.echdb.unibe.ch/selection/
occ/en/pf-2332-328, last access: 1 October 2026). Au-
tumn was warm, with fruit trees blooming a second time,
whereby the fruit did not ripen. The warm weather con-
tinued into winter (http://www.echdb.unibe.ch/selection/occ/
en/pf-2332-323, last access: 1 October 2026). In Germany,
thunderstorms were frequent (Glaser, 2001). 1603 is not
recorded as a drought year in Germany (Glaser and Kahle,
2020), nor in the Czech Republic (Brázdil et al., 2019).

1616: spring dry; summer hot and drought spatially
different

This drought mainly affected eastern Central Europe. In Ger-
many, the warm, dry conditions began in mid-April. Tree
rings indicated a 40 % precipitation deficit for spring and
summer. In Switzerland, no rain was reported during the 54 d
period between 6 June and 30 July. In the Czech Lands, the
drought began in April or May and lasted until late Decem-
ber. The soil dried out, pastures and meadows withered and
spring crops failed. The “hunger stone” on the left bank of the
Elbe near Děčín commemorates this disaster. Central Euro-
pean temperatures were 2.7 °C (± 0.49 °C) above the 1961–
90 average (Pfister and Wanner, 2021: 212).

1638: spring dry, summer rather warm, but not dry

April and May were extremely warm in Central Europe,
which spurred vegetation growth (Dobrovolný et al., 2010).
Spring was dry in the Czech Lands, but no impact is men-
tioned. June and July were rather warm in Central Europe
(Dobrovolný et al., 2010), and dry in the Czech Lands (Do-
brovolný et al., 2014).

1684: May dry: summer hot and dry outside the Alps

Spring was extremely dry in Prague and Zurich, accom-
panied by above-average temperatures in Paris and aver-
age temperatures in Central Europe. March was cold there,
April was average, and May was extremely warm and dry
(Rousseau, 2009). The summer was extremely hot in Paris
and Central Europe and extremely dry in Zurich and Prague.
Very high temperatures were recorded in June and August,
while July was somewhat cooler. There was a lot of rain in
the Swiss mountains. A heatwave with northeasterly winds
set in for about five months from early May. Prayers for rain
were already being held in Germany in May. Grain crops suf-
fered in the Czech Lands. Bush and forest fires were rampant.
The sun turned blood red behind a veil of stinking, dry fog,
probably caused by forest fire aerosols. Many trees in Lon-
don dropped their leaves (Pfister and Wanner, 2021: 213).
Water reservoirs dried up in Poland. The drought destroyed
grain and flax, and grass turned to ash. Cattle died due to a
lack of grass and water. The drought began at the end of June
and continued until September (Przybylak et al., 2020).

1686: spring dry, summer average

Spring was very warm and dry in Central Europe (Dobro-
volný et al., 2010, 2014) and rather warm in Paris (Rousseau,
2009). This was mainly due to very high temperatures in
May following average temperatures in April. In Paris the
season was rather warm (Rousseau, 2009). Summer temper-
atures were average in Central Europe and drought impacts
are not mentioned.

https://doi.org/10.5194/cp-22-1863-2026 Clim. Past, 22, 1863–1879, 2026

http://www.echdb.unibe.ch/selection/occ/en/pf-3177-37
http://www.echdb.unibe.ch/selection/occ/en/pf-3177-37
http://www.echdb.unibe.ch/selection/occ/en/pf-5006-10
http://www.echdb.unibe.ch/selection/occ/en/pf-5006-10
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-327
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-327
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-33
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-33
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-332
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-332
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-328
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-328
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-323
http://www.echdb.unibe.ch/selection/occ/en/pf-2332-323


1876 L. Lipfert et al.: Historical climate extremes in Europe

1706: Spring dry; summer hot and dry

Spring (mainly April) was dry in Zürich according to the
number of rain days (http://www.echdb.unibe.ch/selection/
occ/de/pf-4067-28, last access: 1 October 2026) and in
Paris based on instrumental measurements (Slonosky, 2002).
Drought impacts are mentioned for Germany in Glaser and
Kahle (2020), and for the Czech Lands (Brázdil et al., 2019).

1719: Spring dry; summer hot and dry

May was extremely dry in Zürich and Paris (MAM) based on
instrumental measurements (Pfister, 1978; Slonosky 2002).
Drought impacts are mentioned in Glaser and Kahle (2020),
in the Czech Lands (Brázdil et al., 2019) and in Europe (Pfis-
ter and Wanner, 2021: 225).

1947: spring dry: summer hot, dry from late summer

Spring temperatures in Central Europe were 1.4 °C above the
1961–1990 average. The season was dry on the Swiss Plateau
and extremely dry in the Czech Lands. Summer temperatures
were 1.9 °C above the 1961–1990 average (Dobrovolný et
al., 2010, 2014). In general, precipitation deficits were larger
in the Czech Lands than in the Swiss Plateau. In the Czech
Lands, the 1947 event was one of the three most significant
hydrological drought episodes since the late 1880s. Harvests
of cereals and other agricultural crops were very low. River
Elbe discharges at Decín were 50 % below the long-term
mean. The agricultural drought mainly affected fodder crops,
wheat and potatoes (Brázdil et al., 2016).

In Switzerland, the drought only became noticeable as the
summer progressed. When water levels reached their lowest
point in September and October, shipping on the Rhine be-
low Basel was suspended. Smaller rivers dried up much more
severely. In autumn, the city of Bern’s drinking water supply
reached its capacity limit. In agriculture, the drought had the
most severe impact on fodder production (Schorer, 1992). In
many ways, the drought in 1947 appears to be quite similar
to 1590. Several of the above mentioned historical droughts,
were longer lasting and more severe than the event in 1947,
in particular the mega droughts in 1473 and 1540.

Data availability. The ModE-RA, ModE-RAclim, and ModE-Sim
data (Valler et al., 2024) can be downloaded from DKRZ (https:
//www.wdc-climate.de/ui/entry?acronym=ModE-RA, last access: 1
October 2026). ERA5 reanalysis data are available from the Coper-
nicus Climate Change Service Data Store. NOAA/CIRES/DOE
20th Century Reanalysis (V3) data were provided by the NOAA
PSL, Boulder, Colorado, USA, from their website at https://psl.
noaa.gov (last access: 1 October 2026). Euro-Climhist (Pfister
et al., 2017) is available from https://www.euroclimhist.unibe.ch/
(last access: 14 April 2026). The blocking reconstructions (Brön-
nimann et al., 2025) are available from the BORIS Portal at
https://doi.org/10.48620/36384 (Brönnimann, 2025).
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