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Abstract
Droughts and heatwaves are both dangerous natural hazards with a potential significant impact on human societies. In order to
understand these hazards, it is important to examine such extreme events in the past. During the years 1471 to 1474, warm and dry
weather conditions are described in most parts of Europe. Until now, these extraordinary years have not been examined in depth.
Moreover, in spring 1473, a great drought and heat occurred in Europe. This heatwave facilitated a fast phenological development.
During the summer and the autumn, temperatures were unusually high, and extremely dry weather conditions continued. In many
places, the harvest began remarkably early, and there was abundant wine of a good quality. Fruit trees even bloomed for the second
time in autumn. The heat and drought had a considerable impact on the environment and also caused damage to agriculture and society,
including water shortages, harvest failures and rising food prices. The weather conditions of the years from 1471 to 1474 were
outstanding during the fifteenth century and the heatwave and drought, as well as impacts on environment, economy, and society in
the year 1473, were comparable to—if not more severe—than those in the year 1540. Learning from past climate anomalies like the
1473 drought in Europe is important for evaluating more recent and future climate extremes under increasing anthropogenic pressure.
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Introduction

Droughts and heatwaves belong to the most hazardous
extreme weather events for human societies (van Loon

et al. 2016; Wilhite and Pulwarty 2018; Labbé et al.
2019). Recent examples, such as the drought and
heatwave in 2003 (Beniston 2004), in 2015 (Hoy et al.
2017; Laaha et al. 2017) and in 2018 (UFZ 2018) in

This article is part of the Topical Collection on Societal Impacts of
Historical Droughts

* Chantal Camenisch
chantal.camenisch@hist.unibe.ch

Rudolf Brázdil
brazdil@sci.muni.cz

Andrea Kiss
kiss@hydro.tuwien.ac.at

Christian Pfister
christian.pfister@hist.unibe.ch

Oliver Wetter
oliver.wetter@hist.unibe.ch

Christian Rohr
christian.rohr@hist.unibe.ch

Antonio Contino
ntncontino@gmail.com

Dag Retsö
dag.retso@ekohist.su.se

1 Oeschger Centre for Climate Change Research, University of Bern,
Bern, Switzerland

2 Institute of History, University of Bern, Bern, Switzerland

3 Institute of Geography, Masaryk University, Brno, Czech Republic

4 Global Change Research Institute, Czech Academy of Sciences,
Brno, Czech Republic

5 Institute of Hydraulic Engineering andWater ResourceManagement,
Vienna University of Technology, Vienna, Austria

6 Department of Earth and Marine Science, University of Palermo,
Palermo, Italy

7 Department of Economic History and International Relations,
Stockholm University, Stockholm, Sweden

Regional Environmental Change (2020) 20: 19
https://doi.org/10.1007/s10113-020-01601-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s10113-020-01601-0&domain=pdf
http://orcid.org/0000-0002-2107-9681
mailto:chantal.camenisch@hist.unibe.ch


Europe, show how strong such impacts on environment,
economy and society can be.

Catastrophic droughts and heatwaves in Europe, similar to
the recent ones, also occurred in the past, according to docu-
mentary data (Munzar 2004; Brázdil et al. 2013, 2016; Kiss
and Nikolić 2015; Kiss 2017; Garnier 2019) as well as to
dendroclimatological data (Cook et al. 2015; PAGES
Hydro2k Consortium 2017). As an example of a particular
hot and dry event, the year 1540 may be mentioned (Orth
et al. 2016; Wetter et al. 2014; Wetter and Pfister 2013a).
Several publications (Brázdil and Kotyza 1995; Camenisch
2015a; Glaser 2013) showed that extreme heat and drought
patterns in Europe were recorded also in 1473, in the context
of warmer and drier years between 1471 and 1474. This
1471–1474 period may be considered part of the so-called
Little Ice Age (LIA) (e.g. Grove 1988; Matthews and Briffa
2005) whose climatic patterns in Europe were described for its
different time sections in many papers based on a variety of
data (e.g. Luterbacher et al. 2001; Oliva et al. 2018; Pfister
et al. 2018; Brázdil et al. 2019). However, none of these pa-
pers deals specifically with the years 1471–1474.

The aim of the present paper is to close this gap by
analysing the temperature and precipitation patterns of 1473
in the context of the years from 1471 to 1474 in Europe,
applying the methods of historical climatology, and examin-
ing the impacts of the weather conditions on environment,
economy and society. The results are discussed in a long-
term context, comparing the year 1473 with 1540 and
checking these results against reconstructions based on natural
archives.

Data

The archives of society form the basis of any analysis in the
field of historical climatology (Brázdil et al. 2005, 2010). The
documentary evidence available for the late medieval period
includes narrative sources, such as chronicles and annals, as
well as administrative and legislative sources, including ac-
counts or charters. These sources contain descriptions of
weather conditions and their consequences. Also of value
are proxy data, i.e. indirect information concerning events
related to weather conditions, such as plant phenophases.
The documentary texts frequently owe their origins to a mo-
nastic or ecclesiastic context; however, in the late Middle
Ages, the number of laypersons among the authors was also
growing (Rohr et al. 2018). Thus, for example, the Polish
chronicler Jan Długosz (1415–1480) was a priest but also
served as the Secretary of the Bishop of Cracow and as the
diplomatic ambassador of the Polish King before he became
the Archbishop of Lviv. Among other annals of the Kingdom
of Poland Długosz wrote the “Annales seu cronicae incliti
Regni Poloniae” (Bazkowski et al. 2005). In addition to

records of political decisions, dynastic events and wars, these
annals also contain descriptions of weather conditions. The
documentary evidence discussed in this paper is drawn from
Scandinavia; the Low Countries; areas corresponding to mod-
ern Germany; France and Switzerland; Austria as well as
Bohemia; Silesia; Poland; Hungary; Slovakia; Romania;
Serbia; Croatia; Spain; Italy; the Ukraine and Russia
(Table 3 in the Appendix and Fig. 1).

Methods

In order to accurately use medieval texts, it is necessary to
convert the data from the Julian calendar style to the modern
Gregorian style by adding 9 days (Camenisch 2015a). The
Gregorian calendar style will be used throughout the paper.
In addition to this, it is necessary to consider different dates for
the beginning of a new calendar year in order to avoid the
multiplicity of separate occurrences in consecutive years
(Rohr et al. 2018). Moreover, dealing with similar weather
conditions, in a sequence of 4 years, it is necessary to remove
possible dating errors. For example, in the case of the years
1471, 1472 and 1473, a very reliable and eye witness chron-
icler from Lorraine gives three distinct descriptions of dry and
hot weather conditions in each of the 3 years. This is strong
evidence that the dry and hot weather conditions in all con-
secutive years were not a simple dating error. Similar proof is
available for the years 1473 and 1474 in central Europe. To
analyse the existing documentary data, a reconstruction of
temperature and precipitation has been made, based on the
critical comparison of texts from the different areas reported
in the ‘Data’ section.

Results

Weather patterns in Europe during 1471–1474

The year 1471

Sparse evidence from the winter 1470/1471 shows a verymild
season (Camenisch 2015a). As Buisman (1996) points out, the
ship traffic on the Scheldt area of Bergen op Zoom was never
interrupted during this winter. Moreover, the chronicler Jehan
Aubrion in Metz gives an account of the advanced plant phe-
nology inMarch because of the mild temperatures in February
and March (Larchey 1857). This mild weather continued in
spring, according to the description of the plant phenological
development (Camenisch 2015a). The Chronicon monasterii
Campensis (Keussen 1869) mentions high temperatures that
led to the earlier blooming of grapevines in mid-May.
Furthermore, viticultural work in Lorraine began earlier than
in other years (Larchey 1857). In Rotterdam, ripe cherries
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were offered on the market as early as around 6 June (Buisman
1996). Outstandingly hot and dry weather during the summer

of 1471 led to a very early harvest of grain, apple and grapes in
Lorraine, Flanders and Holland (Camenisch 2015a).

Fig. 1 Map with locations, rivers and areas mentioned in the sources.
Areas: Ardennes (ARD.); Rhineland (RH.L.); Black Forest (BL.F.);
Burgundy (B.); Baden Württemberg (B.W.); Lombardy (LO.); Emilia-

Romagna (EM.-RO.); Andalusia (AND.); Thuringian Forest (TH.F.);
Bohemian Forest (BO.F.); Great Hungarian Plains (G.H.P.);
Transylvania (TR.S)
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Similarly, high temperatures and a lack of water were re-
corded in the area of Göttingen and the Black Forest (Glaser
2013). In Hungarian Sopron, near the Austrian border, a con-
temporary insertion to the local ‘Gerichtsbuch’ suggests that
grapes were seen on the vines as early as 29 March and on 20
May, even ripe grapes had been observed (Házi and Németh
2005). A dry spell and high temperatures are also described in
the Varnsdorf and Mimoň towns, both situated in the north of
Bohemia and in Austrian Salzburg and in Polish Wrocław
(Brázdil and Kotyza 1995). Also, in the Novgorod region,
Russia, it was extremely dry, because not a droplet of rain fell
from the sky during the entire summer (Borisenkov and
Pasetskiy 1988). It was only in autumn that early short epi-
sodes of frost and snowfall set in in Lorraine (Camenisch
2015a) and thus ended the warm weather of the previous
months.

The year 1472

The mild temperature and rather dry weather conditions are
likely to have prevailed during the winter 1471/1472, al-
though information on this season is sparse. A Zeeland source
mentions no frost and only little precipitation for the entire
winter (Camenisch 2015a). According to Buisman (1996),
the ship traffic on the Scheldt River was probably not
interrupted at any time during this winter. Similarly, shipping
in ports of the south Baltic Sea in the Öresund straits and in
Gdaňsk started already by mid-February, i.e. 2 weeks before
the average date in this region (Retsö and Söderberg,
manuscript).

In the summer of 1472, temperatures were again higher
than usual (Camenisch 2015a). Jehan Aubrion described
June and July as miraculously warm months (Larchey
1857). Also, in the area of modern Germany, in Bohemia
and in Silesia, summer was dry and hot (Brázdil and Kotyza
1995; Glaser 2013). Furthermore, droughts were reported in
Russia (Borisenkov and Pasetskiy 1988) and in parts of Spain,
especially in Andalusia, where no rain fell from September
onwards (Montes Romero-Camacho 1995).

The year 1473

The year 1473 was outstanding in Europe from the viewpoint
of temperature and precipitation. In Metz, the winter 1472/
1473 started with moderate temperatures and rain, as stated
by Jehan Aubrion (Larchey 1857). The temperature recon-
structions of the Low Countries evaluate this winter either as
normal (Buisman 1996) or rather mild (Camenisch 2015a).
Similarly, normal, mild or very mild temperatures for this
season follow from other reconstructions in modern
Switzerland and Germany (Schwarz-Zanetti 1998; Glaser
2013). It is interesting to add that in today’s border area be-
tween Hungary and Slovakia, there was enough snow at the

end of December 1472 to transport wood on sledges (13
Feb. 1473: HNA DL 17427 HNA DL 1473).

The water levels of the Morava and Danube Rivers were
probably not significantly lower than usual in early March, as
ships were ordered when the army of the Hungarian King
Matthias Corvinus crossed the wetlands in the Marchegg area
along the Danube, and its inflow into the Morava (HNA
DL 1473). It was very warm in March and very hot in April
in Metz.

During subsequent months, the temperatures remained
high, as reports from England and Lorrain suggest (Aston
1994; Larchey 1857). The Danish Roskilde annals speak of
a ‘severely hot and burning summer’ in 1473 (Rørdam 1873),
and in the monastery of Kamp in the Rhineland, a chronicler
emphasises that no one could remember a similar heat
(Keussen 1869). The temperatures were even higher than in
Italy or Lombardy as Philippe de Vigneulles—another chron-
icler from Metz—adds, and it is stated that not even older
people had experienced something similar in their lives
(Bruneau 1932). Because of the detailed description of plant
phenology by Jehan Aubrion and also Philippe de Vigneulles,
the 1473 weather conditions can be assumed to be reliable.
Many further reports from the area of the Low Countries men-
tion high temperatures in spring and summer, and an advanced
growth of plants (Camenisch 2015a). All available medieval
chroniclers used the phenological descriptions to give proof of
the exceptional weather events in 1473 (‘Impacts on the envi-
ronment’ section). In Bohemia, the heat was outstanding and
lasted for a period of about three and a half months (Brázdil
and Kotyza 1995). The hot weather was also mentioned in
Austria, Württemberg and Poland, where the chronicler Jan
Długosz referred to the unprecedented heat and the lack of rain
that prevailed in Europe in this year (Brázdil and Kotyza
1995; Bazkowski et al. 2005; Kiss and Nikolić 2015).

Thus a considerable drought was mentioned in many parts
of Europe. Across Western Europe, independent sources re-
port 4 or 5 months without noteworthy precipitation in many
locations (Ilgen 1895). In Spain, terrible and devastating
drought that started in September 1472 lasted for several
months and—at least in the area of Sevilla—no rain fell from
September 1472 until May 1473 (Mackay 1981; Aston 1994;
Montes Romero-Camacho 1995). Drought reports are also
available from Italy (Borghi 1861) and from the Lower
Rhône Valley in France, where a lack of water—due to the
previous very dry and hot months—was reported at the end of
August (Rossiaud 1994). Even in England, a lack of precipi-
tation was reported, although there was probably no actual
drought (Kington 2010). The chronicler Pierre Impens from
Leuven writes that ‘tanta inaudita et insolita siccitas totum fere
orbem afflixit’ (i.e. an unprecedented and anomalous drought
afflicted the whole world) (Kervyn de Lettenhove 1876). In
Zierikzee, no rain was reported from May to 10 October, and
almost no rain fell for 5 months in Soest, with a statement that
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for more than 5 weeks, there was not a single raindrop at all
(Buisman 1996; Ilgen 1895). Glaser (2013) also presents ev-
idence showing similar outstanding dry weather patterns in
the area of modern Germany. No rain fell for at least 9 weeks
in Basel and for 12 weeks in Zürich (Bernoulli 1895; Dierauer
1900). In Wrocław, the drought lasted from 2 May until 20
November, and Bohemia suffered at least for three and a half
months of the drought. More drought reports exist from
Austria and Poland (Brázdil and Kotyza 1995; Buisman
1996). The mid-sixteenth-century Swiss chronicler
Lycosthenes (1557), and a seventeenth-century chronicle from
Ľubica in modern northeastern Slovakia (all applying late-
medieval source evidence), reported on the extraordinary
drought of 1473. Długosz and Lycosthenes stated as a fact
the occurrence of a ‘great drought’ in (medieval) Hungary.
Furthermore, the chronicle from Ľubica suggested that there
was a great heat and drought from 15 June to 10 November
(Kiss and Nikolić 2015; Kiss 2017). It seems that 1473 was
generally extreme in most parts of the Carpathian Basin, but
more in the north and somewhat less severe in the south (Kiss
2017). In western Russia, there was a similarly severe drought
in 1473 (Borisenkov and Pasetskiy 1988).

The year 1474

A description of the winter 1473/1474 by Jehan Aubrion men-
tions the prevailing rainy weather during this season with no
frost and almost no cold spells (Larchey 1857). In addition,
ship traffic on the Scheldt River was not interrupted during the
winter (Buisman 1996) which meant that no drifting ice oc-
curred due to the normal to mild temperatures. In the Baltic
Sea area, the shipping season seems to have started early; in
Gdaňsk, at least by mid-February and by earlyMarch, the Bay
of Riga (in present-day Latvia) was ice-free. Similarly, the ice
break-up process in the Stockholm archipelago of Sweden
and, on the sea of Åland, was notably shorter than in previous
years (Retsö and Söderberg, manuscript). In the eastern and
south-eastern part of the Great Hungarian Plain (Oradea: to-
day’s western Romania), a swift attack of Ottoman troops,
reported by a contemporary domestic chronicle (Florianus
1884) in cold winter weather, suggests dry conditions in
early/mid-February (Kiss and Nikolić 2015).

The year of 1474 was reported as a dry year in England
(Kington 2010) and in Mediterranean France (Rossiaud
1994). Also, in Poland and Bohemia, and perhaps in
Württemberg, the weather conditions were again dry from
spring to autumn (Brázdil and Kotyza 1995). The Italian
chronicler Antonio Bonfini, who lived in Hungary from the
1480s onwards, mentions in his Hungarian chronicle, a great
shortage of water and perennial drought in 1474, when springs
dried up, and water levels of major rivers were so low that the
Turkish troops could easily cross them and attack the southern
areas, i.e. present-day northern Serbia, southern Hungary and

northern Croatia (Kulcsár and Kulcsár 1976; Kiss and Nikolić
2015; Kiss 2017). In autumn, the Hungarian king Matthias
took advantage of the dry weather when he conducted a mil-
itary campaign against the Polish King in Silesia. The contem-
porary Silesian chronicler, Peter Eschenloer, mentions the low
water level of the Odra River in early October at Krapkowice,
where the Polish army crossed the river (Roth 2003; Kiss
2017). The Polish chronicler Jan Długosz also refers to the
drought before he mentions a flood of the Odra, probably
around November (Bazkowski et al. 2005). Furthermore, the
council of the Swedish realm issued a statute in August 1474,
where the use of watermills was regulated because of repeated
droughts, presumably causing a lack of water. The wording
indicates that the phenomenon had occurred for a number of
the previous years (Hadorph 1676, no. 9).

Impacts of extreme weather during 1471–1474

The effects of dry and hot weather conditions on environment,
human economy and society are various, and dependent upon
the extension, duration and sequence of the weather pattern. In
particular, dry and hot weather conditions can have very pos-
itive but also very negative impacts on the outcomes of agri-
cultural production. This means that extremely hot and dry
anomalies can turn into negative consequences for economy
and society. Moreover, as extremes only occur rarely, people
are less prepared for these types of weather conditions and the
weather impacts and thus do not necessarily have adequate
coping strategies.

Impacts on the environment

The year 1471 As Glaser (2013) shows for the area of modern
Germany, the hot and dry weather had a significant impact on
the level of different water bodies, such as that brooks and
streams dried up and large rivers could be crossed without
danger. The same occurred in the north of Bohemia where
rivers dried up (Brázdil and Kotyza 1995). In May 1471, a
very hard year is mentioned in a letter from Åbo (Turku),
Finland (Hausen 1890 no. 625). It is unclear what exactly is
referred to, but the wording is typical in Scandinavian medie-
val sources for situations of climatically induced stress.

In the same year, plant growth was advanced in several
places, for example, in the Low Countries, Lorraine and in
the area of modern Germany. The grain harvest was generally
early and abundant. In Metz, ripe grapes were already avail-
able on 31 July, and on 12 September, people could buy new
cider in Bruges. In Rotterdam, the wheat and rye harvests
were already accomplished on 3 August; on 1 August wine
grapes were ripe, and on 7 September, new cider was sold in
Rotterdam (Camenisch 2015a). It seems that the fruits harvest-
ed in Göttingen were worm-eaten, but the wine quality was
very good (Glaser 2013).
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The year 1472Not many specific drought and heat impacts on
the environment are known for the year 1472. However, it is
clear that the water level of the Odra River was very low
(Brázdil and Kotyza 1995). The grain and wine harvest were
most probably early and very good again (Glaser 2013; Le
Roy Ladurie 2004; Dierauer 1900). In September, an ongoing
epidemic disease was already mentioned in the area of
present-day southern Hungary and northern Serbia (3 Sep.
1472: Kiss 2020) and in France and Burgundy (Kervyn van
Lettenhove 1870).

The year 1473 In 1473, the lack of water was even more
evident than in 1471. In Leuven, in the Ardennes and also in
Basel, wells dried up (Kervyn de Lettenhove 1876; Bernoulli
1895). The same occurred in Lombardy and Emilia-Romagna
(Borghi 1861; Tatti 1743). Furthermore, in Metz, the Meuse
River dried out to form a narrow stream, in the words of Jehan
Aubrion (Larchey 1857): ‘Mil iiiic iiiixx et xiij. [...] Grant
chailleur. […] Et tellement que la ripvier de Mezelle n’estoit
en aulcuns lieux point plus large que ung russiaulx.’, which
translates to the effect that there was a great heat which was of
such a magnitude that the Meuse River was in no place bigger
than a small stream. In Bohemia, rivers and brooks dried up as
well as in Poland, where a lack of drinking water was reported
(Brázdil and Kotyza 1995). According to Lycosthenes, also in
(medieval) Hungary, rivers dried up and even the Danube
became easily crossable (Kiss and Nikolić 2015).
Furthermore, in western Russia, rivers became shallow
(Borisenkov and Pasetskiy 1988). The water in Zierikzee in
the southern Low Countries started to smell as there was no
rain for a long time (Buisman 1996).

As with the two previous years, the plant growth and rip-
ening was very early in 1473. The fruit trees in Lombardy
were already in bloom at the end of February and in
Augsburg on 26 March. In Lorraine, the lilies of the valley
(Convallaria majalis) were blooming on 10 April. On the
same day, fruit sets of vines and fruit trees appeared. On 30
April, the grain plants were in bloom in Liège. In Lorraine, the
cherries were ripe on 9 May, and 1 day later, ripe strawberries
were sold on the market in Metz. In Soest, the pea harvest
started on the last day of May and at the same time, the first

verjus (juice of unripe grapes) was sold. By the end of June,
vines were harvested in Lombardy and Emilia-Romagna and
also in Dijon, where the harvest started on the exceptionally
early date of 29 August. In Liège, the hay harvest and the
harvest of grain, apples and nuts were reported to be 1 month
earlier than usual. The grain harvest in Augsburg took place
around 14 July and in Baden and in Württemberg, the vintage
occurred already in August and the wine quality was very
good. On 15 August, new French wine was sold in Bruges,
and also in October at several places in the Low Countries. In
western Russia and in Lombardy, a second bloom of fruit trees
was described (Tatti 1743; Bonora 1862; Camenisch 2015a;
Glaser 2013; Borisenkov and Pasetskiy 1988; Le Roy 2004).
These examples of advanced phenological phases (Table 1)
from so many European places demonstrate the unusual
weather conditions.

On the other hand, for many sorts of plants, the drought of
1473 meant great stress. In the Ardennes, which is commonly
a rather wet area, old trees desiccated and died, and roots were
erased by drought, as a chronicler of the nearby Liège recounts
(Kervyn de Lettenhove 1876). A similar phenomenon was
reported in Ľubica (Schmauk 1889; Kiss and Nikolić 2015).
Also, in Lombardy the woods looked as if they had burned
(Tatti 1743).

Different information is available in the sources and the
literature concerning the quantity of the harvest. In the Low
Countries, some chroniclers emphasise that grain, fruit and
vegetable harvests were very small because of the heatwave
and the drought. Other authors did not give information on
harvest quantity or even mentioned a good harvest
(Camenisch 2015a). The further to the east, the more descrip-
tions of harvest failure prevail. In the area of modern Germany
and Switzerland, only little hay, grain and fruit grew (Glaser
2013; Dierauer 1900). Harvest failure was also reported in
Bohemia, where cereals, beetroot, cabbage and other crops
perished completely (Brázdil and Kotyza 1995), and in west-
ern Russia (Borisenkov and Pasetskiy 1988). Cattle suffered
from the heat and drought as not enough grass and hay was
available, and in some regions, there was even a shortage of
drinking water (Brázdil and Kotyza 1995; Camenisch 2015a;
Glaser 2013). Moreover, in Italy, harvest failures of grain and

Table 1 Comparison of vine
phenological data in 1473 and
1540 for Metz (M—white
variety), Beaune (B—Pinot Noir),
Zürich (Z—white variety) and
Schaffhausen (S), DOY—Day of
the year (Litzenburger 2011;
Labbé et al. 2019; Pfister, Rohr
2020, https://echdb.unibe.ch/se-
lection/search/en/ )

Year Flower
ends

DOY Veraison DOY Ripe
grapes

DOY Harvest
white
variety

DOY Harvest
red
variety

DOY

1473 Jun 09
(Z)

162 Jul 11
(Z)

192 Aug 25
(Z)

239

Jul 08
(M)

189 Aug 13
(Z)

226 Sep 05
(B)

249

1540 Jul 05
(S)

187 Jul 16
(Z)

198 Sep 10
(Z)

254 Sep 03
(B)

247
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vines were reported and cattle died due to a lack of water and
grass (Borghi 1861; Bonora 1862; Mafrici 1994). Similar re-
ports exist in Spain, where in Sevilla and Jerez de la Frontera
harvest failure occurred. Due to the lack of grass, people there
even stripped the straw from the roofs of houses and cabins in
order to feed the cattle (Montes Romero-Camacho 1995).
Because temperatures remained high in autumn, even a sec-
ond bloom of fruit trees was observed, and cherries were har-
vested twice during the year (Camenisch 2015a; Tatti 1743).

The wildfires which raged in many places in Europe rep-
resent another serious heat and drought impact on the envi-
ronment. The woods of the Bohemian Forest burned for
18 weeks (Hansen 1887); in the Thuringian Forest, the woods
burned for a long time; and in the Black Forest, there was a
wildfire for about 6 days (Frensdorff et al. 1892). A few
kilometres to the west of Antwerp, an enormous bushfire oc-
curred around 10 August, which was out of control. The fire
produced an ash cloud, which hurt people’s eyes and caused
them to panic (Buisman 1996). In Poland, the soil was burned
by fire even below the earth’s surface (Brázdil and Kotyza
1995). Jan Długosz mentioned fires in many settlements in
this year, while Lycosthenes (1557) also describes wildfires
in Hungary. Furthermore, in Russia, forests and towns were on
fire (Borisenkov and Pasetskiy 1988). In Metz, two granaries
caught fire and burned because of the dry and hot weather. It
would appear that corn weevils found ideal conditions to re-
produce fast in the granaries, which led to considerable losses
of the stored grain (Bruneau 1932).

The epidemic disease of 1472, mentioned above, continued
in 1473, as was reported in the LowCountries (Borman 1902).
Many of the sources link the disease to the heat. Further char-
ter evidence from medieval Hungary, regarding the area of
present Berehove and Mukachevo in modern south-western
Ukraine, and from the west-central Great Hungarian Plain in
modern central Hungary, shows an epidemic disease most
probably in 1473 (and before) and certainly in 1474 (1474,
1475: Kiss 2020). Moreover, in the Low Countries, people
died of the heat, most likely of heatstroke and circulatory
collapses (Buisman 1996). Similar cases occurred in
England, where people died while harvesting in the heat
(Aston 1994).

The year 1474 According to Bonfini, springs dried up in
Hungary in 1474, and also the main rivers of the country
showed very lowwater levels; in this year, probably the south-
ern part of the country was more affected (Kulcsár and
Kulcsár 1976; Kiss and Nikolić 2015). In Bohemia and
Poland, the infernal heat caused damage to the grapes.
Therefore, only little wine but of good quality was produced
in this year. The fruit harvest was abundant (Brázdil and
Kotyza 1995).

Furthermore, in 1473, the heat and drought favoured the
increase, growth and spread of locusts. A chronicler from

Melk in Austria gives an account of a locust invasion in
1474 which came from Moldova and most probably reached
the area of Linz through Transylvania, Hungary and Bohemia.
The locusts caused damage in most of central Europe until
1476 (Pertz 1851; Rohr 2009, 2010; Brázdil et al. 2014) and
in Hungary until 1480 (Florianus 1884; Kiss and Nikolić
2015).

Impact on the economy

The year 1471 In the Black Forest area, the lack of water in
1471 provoked problems with the grinding of flour in the
water mills (Glaser 2013). Because the harvest was good in
most places, it can be assumed that the food supply situation
was positive for people, and food prices were probably rather
low, despite missing evidence in the sources.

The year 1472 As mentioned above, the hay, grain and grape
harvests of 1472 were good at least in Switzerland and again
the prices were obviously rather low (Dierauer 1900).

The year 1473 In 1473, several sources mention harvest
failure (as already discussed in the ‘Impacts on the envi-
ronment’ section). In certain different areas, prices for
food, notably for grain and vegetables, were high, espe-
cially in Germany and Sweden but probably not in France
(Camenisch 2015a; Brázdil and Kotyza 1995; Glaser
2013; Le Roy Ladurie 2004; Franzén and Söderberg
2006). Clearly, apart from the harvest failure, granary
weevils could also have some influence on food prices.
In the case of the 1470s, these weevils are mentioned,
although it is not clear how strong this impact was. In
spite of the description of high food prices, no reports
on dearth or famine are known for most parts of Europe,
neither in 1473 nor in 1474. The reason for this is perhaps
that the harvests in 1471 and 1472 were very good and
plenty of stocks prevented society from a crisis. Parts of
southern Europe, Spain and Italy for example, are an ex-
ception, because their people suffered from severe grain
and bean harvest failures caused by drought, and conse-
quently a famine occurred (Mackay 1981; Borghi 1861).

Apart from the harvest size, other factors could also influ-
ence the availability of food. The watermills could not operate
because of the low water levels (Brázdil and Kotyza 1995;
Bernoulli 1895). The low water levels, such as at the Meuse
River, made trade routes no longer passable (Larchey 1857).
This was a problem for the transport of heavy and bulky
goods, such as grains. Similar problems can be assumed for
the Danube River and the rivers in Poland or Bohemia as well.

Although no economic impact of the wildfires is described,
it may be assumed that the destruction of timber and the losses
of wild game and of their habitat in 1473 also had economic
consequences for the owner of the woods. Moreover, in the
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late Middle Ages, the functions of forests were manifold and
were not only limited to the exploitation of timber (Radkau
2007).

Impacts on society

The year 1473 To cope with heat and drought and to secure the
ending of these extreme weather conditions, people prayed for
God’s help. For this purpose, rogations were organised by the
church to beg for rain, for example in Augsburg (Frensdorff
et al. 1892).

In Spain, where the drought caused terrible harvest failure,
people blamed the “Conversos”—former Jews that became
Christians—for their misery and burned them on the stake.
The reason was that people believed that they were punished
for the sins of parts of the society, and therefore, they wanted
to destroy the origin of the sins in order to receive God’s
pardon (Mackay 1981). This type of behaviour is also known
in relation to cold and wet weather anomalies and their con-
sequences (Behringer 2010; Camenisch 2018).

The year 1474 In February 1474, Ottoman troops took ad-
vantage of the cold and dry weather conditions for an
extraordinary quick military campaign, when they sud-
denly crossed the Danube and devastated Oradea
(Nagyvárad) in the eastern and south-eastern parts of the
Great Hungarian Plain (Florianus 1884). Moreover, the
low water levels of the Danube, Drava and Sava Rivers
weakened the natural defence system of medieval
Hungary and Croatia, and the southern areas were prone
to swift Turkish attacks and devastation (Kiss and Nikolić
2015). Such campaigns were only successful when dry
weather conditions were prevailing. The low water levels
of the Odra River, and the dry and hot conditions in early
October, made military operations easier in Silesia; the
Polish troops, for example, were able to easily cross the
Odra near Krapkowice (Roth 2003; Kiss 2017).

Discussion

The long-term context of 1471–1474

The sources introduced here represent strong evidence for the
proposed chronology of the weather conditions in the years
between 1471 and 1474. This is due to the fact that in most
cases, the descriptions are independent from each other, and
some of them contain recurring records of heat and drought
from consecutive years. Dating errors are therefore not very
probable. The fact that all these chroniclers underline their
descriptions with physical and phenological information
shows that they wanted to emphasise their reports of high
temperatures as not just an individual occurrence, but

something that could be compared with other less outstanding
seasons.

A look into climate reconstructions of the fifteenth century
shows how remarkable the years between 1471 and 1474
were. In a seasonal temperature and precipitation reconstruc-
tion of the Low Countries based on the documentary data
(Camenisch 2015a, 2015b), only two spring seasons of the
fifteenth century were evaluated as extremely warm seasons:
1420 and 1473. With regard to the summer seasons, four
extremely dry summers occurred in 1422, 1424, 1442 and
1473, and three extremely hot summers were observed in
1471, 1473 and 1492. The extremely dry autumn seasons
are documented for the years 1442 and 1473. In addition,
the climate reconstructions by Buisman (1996) and by
Shabalova and van Engelen (2003) show the singularity of
the year 1473 because in these reconstructions; only the ex-
tended summer seasons (May to September) of 1420, 1422
and 1473 were evaluated as extremely warm. A further docu-
mentary-data–based temperature reconstruction by Glaser and
Riemann (2009) confirms a short warm period in the second
half of the fifteenth century which included the 1470s.

A comparison of the years from 1471 to 1474, as re-
constructed from documentary data with reconstructions
based also on natural proxies, shows that the drought pe-
riod also appears there. For example, Cook et al. (2015)
reconstructed a summer self-calibrated Palmer Drought
Severity Index (scPDSI) from tree-rings in form of the
Old World Drought Atlas (OWDA). From their results
(Fig. 2c) follows that the 1473 summer drought affected
almost all of Europe, with the exception of Spain, where
the documentary data suggest a drought period between
September 1472 and May 1473 and not during the sum-
mer. Moreover, the dry summer season in 1474 was re-
constructed for the southern Carpathian Basin (Fig. 2d).
Apart from the OWDA, a reconstruction based on the
isotope analysis of speleothems from north-east Hungary
(Siklósy et al. 2009) suggests a general warm and dry
period around the 1470s. Below average precipitation in
parts of Europe is also shown in the OWDA for the sum-
mer seasons in 1471 (Fig. 2a) and 1472 (Fig. 2b). This
means that the documentary evidence of drought (and
heat) is verified by other independent natural proxies.

Regarding the climatic context of the dry and hot period in
the first half of the 1470s, it is important to emphasise that
these extreme weather events occurred during the LIA, in a
period after the extremely cold 1430s (Camenisch et al. 2016),
and before the very wet and cold years at the beginning of the
1480s and the 1490s (Camenisch 2018). This is an important
difference related to the extremely dry and hot weather con-
ditions that have occurred in more recent times, for example,
in 2003 (Beniston 2004), in 2015 (Hoy et al. 2017; Laaha et al.
2017) and in 2018 (UFZ 2020) in the time of recent global
warming.
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Heats and droughts of 1473 in comparison with 1540

The outstanding warmth and drought in 1473 is roughly
assessed below with reference to the analogous case in 1540
(Wetter et al. 2014; Wetter and Pfister 2013b). The monthly
and seasonal temperature estimates for central Europe from
1500 are found in Dobrovolný et al. (2010) while monthly
measured temperatures for Paris are provided by Rousseau
(2015). Both series are available from the Euro-Climhist da-
tabase (Pfister and Rohr 2020, https://echdb.unibe.ch/
selection/search/en/).

The estimates for 1473 are attempted using phenological
observations (Templ et al. 2018) in combination with the nar-
rative evidence. The most relevant are the phenological data
on stages in the development of vines, such as bud-burst,
flowering, veraison (i.e. the colour change of the grapes) and
the official opening of the grape harvest ban (Labbé et al.
2019). In his pioneering synthesis concerning the climatic,
economic and cultural history of the French city of Metz,
Litzenburger (2015) compiled a set of dates of vine phenolo-
gy, from 1420 to 1526, including relevant evidence
concerning 1473. The Metz vineyards are situated at altitudes
between 160 and 250 m. Comparable evidence is available
from the Swiss Plateau situated at altitudes between 400 and
450 m (Table 1).

In 1473, the flowering of vines in the Zürich area ended at
the latest, on 9 June (Table 1). A corresponding date in the
instrumental period is found for the year 1868, which in Paris
saw the warmest month of May between 1659 and 2010. The
stage of veraison in 1473 was observed in Metz on 8 July,
52 days earlier than that of the fifteenth century average
(Litzenburger 2015), and 3 days later, the first grapes were
already eaten and found ripe in Zürich (Table 1).

The vines in Metz were somewhat more advanced than
those in Zürich, due to the lower altitude of the vineyards.
Today, the white grape cultivars, such as varieties of
Chasselas or local white vines such as the Räuschling in east-
ern Switzerland, are harvested 10 to 14 days earlier than red
Pinot Noir grapes (personal communication by Andres
Altwegg, Brugg). Probably this was also the case of the white
Fromental variety in Metz (personal communication by
Laurent Litzenburger). Due to the lower altitude of Metz,
these grapes were picked 12 days earlier than the Räuschling
grapes in Zürich. Both the vintage dates of 13 August in Metz
and 25 August in Zürich are probably the earliest ones docu-
mented for white varieties in central Europe. The Pinot Noir
grapes in Beaune were picked from 3 September (Table 1), i.e.
3 weeks later than in 2003 (Labbé et al. 2019), which was
probably because of the extraordinary dry conditions. The
oenological research established that under the conditions of
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extreme heat and drought, the development of grapes can be
slowed down or stopped (Keller 2016).

The year 1540 was the warmest year in the central
European temperature series between 1500 and 2010
(Dobrovolný et al. 2010). Concluding from the precipitation
and drought indices reconstructions for Switzerland, Poland
and the Czech Lands (Brázdil et al. 2016; Wetter et al. 2014),
it was also the driest. The comparison with 1473 draws an
outline summarised from Pfister et al. (2018).

The winter in 1540 was moderate, whereby December and
February were warm, albeit not as extreme as in 1473. March
was entirely dry and sunny, but ice was found every morning
because of persistent cold winds, which contrasts with the
description of a record warmth in 1473. April and May were
consistently sunny and extremely hot, whereby drought ef-
fects are mentioned in contrast to 1473. In early June 1540,
the vines had caught up with 1473, considering the end of
flowering (Table 1). The heatwave in 1540 persisted for
45 days from 23 June to 7 August, when the drought was
broken by a rain-spell. The drought in 1473 began somewhat
later, but it lasted considerably longer, and the defoliation of
trees was probably more pronounced. In analogy to 1473, a
second bloom of fruit trees was registered in autumn, includ-
ing the reports of cherries reaching maturity for a second time.
November and December were extremely warm in both years.

The impacts of both droughts and heatwaves on environ-
ment, economy and society look rather similar. In both years,
1473 and 1540, wells and brooks dried up and water levels of
major European rivers were low (Table 2). In addition, feed
and water shortage were described in both drought years,
along with perished cattle, drought stress of trees and vines,

wildfires and disruptions of water-based transport and the use
of water mills (Wetter et al. 2014). A remarkable difference
concerns the agricultural production, because in 1540 grain
and wine harvests were abundant, whereas in 1473, in many
places, grain harvest failures occurred. In regard to the geo-
graphical extent, the duration, the plant phenological advance
and the severity of impacts, it seems probable that the 1473
drought and heatwave were even more severe than that of
1540. This also suggests a similar comparison according to
the maps of 1473 and 1540 of the OWDA (Fig. 2c, e).

Context of impacts of 1471–1474

The described impacts of extreme weather patterns in 1471–
1474 (see the ‘Heats and droughts of 1473 in comparison with
1540’ section) fit with the simplified Climate-Society-
Interaction-Model developed by Daniel Krämer and
Christian Pfister (Krämer 2015; Luterbacher and Pfister
2015), which shows how the interaction between extreme
weather conditions and society worked. In this model, ex-
treme weather—such as a drought—causes first order impacts
on a bio-physical level. These first order impacts include food
production, water availability and so on. In the case of a
drought, it means that mainly grain, fruit and wine
production—the availability of food and water are concerned.
On the second level of impact, prices of food and transporta-
tion are affected. The epidemic and epizootic diseases spread.
Malnutrition and a decline in demographic growth are the
consequences on the third level of impact. On the fourth level
of impact, the cultural responses, such as crisis interpretation,
cultural memory and religious rituals might follow.

Table 2 Comparison of summarized weather patterns and impacts on environment, economy and society for the years 1471, 1472, 1473 and 1474

1471 1472 1473 1474

Weather conditions - Mild winter and spring
- Very dry summer

- Mild and dry winter
- Dry and very hot summer

- Very mild spring
- Extremely hot and extremely dry

summer (several months of drought
and heat wave)

- Wet and mild winter
- Dry spring and autumn
- Very hot and dry summer

(Eastern Central Europe)

Impacts on
environment

- Springs and brooks dried
up, low water levels

- Advanced plant
phenology

- Good harvest

- Low water level of rivers
- Early and good harvest

- Springs, brooks and rivers dried up
- Very low water levels
Lack of drinking water
- Advanced plant phenology
- Second bloom of fruit trees
- Trees died
- Wildfires
- Harvest failure/in few places good

harvest

- Springs dried up
- Low water levels of rivers
- Good harvest
- Little wine but of good

quality
- Locusts

Impacts on economy - Water mills could not
operate, grinding
hampered

- Probably moderate or
low food prices

- Low prices for hay, grain
and wine

- Water mills could not operate,
grinding hampered

- Trade disrupted on water ways
- High grain and vegetable prices
- Famine (Spain and Italy)

Impacts on society - Rogation ceremonies for rain
- Processes against scape goats

- Impact on military
campaigns
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There is a strong link between drought and heat and epi-
demic diseases: especially the plague, dysentery, smallpox
and different fevers are mentioned in this context (Garnier
2019). Depending on the disease, heat, drought and low water
levels could favour the spread of vectors, such as rats and the
development of the pathogenic germs or viruses (Campbell
2016; Pfister 2007, 2018). Unfortunately, it is not possible to
determine what type(s) of disease spread during the 1470s,
because the expression pestis used by the medieval authors
is not limited to plague (Curtis and Roosen 2018), and because
no descriptions of symptoms are available for the 1470s.

Clearly, weather conditions also have a strong impact on
the life cycles of insects. In most cases, there is no evidence on
these in the written sources of the late Middle Ages. In some
cases when the insects appear in very large numbers, or when
they are damaging harvest or stored food in a significant way,
they are mentioned. The granary weevil (Sitophilus
granarius)—a flightless weevil who is specialised in living
in stored grain—belongs to arable agriculture, presumably as
long as it already exists (Plarre 2010). Warm weather condi-
tions favour the development of the weevil and the frequency
of reproduction with it. These conditions can harm the quality
and quantity of stocks to a considerable extent (Jacobs and
Calvin 2001).

Hot and dry weather during a whole year or season also
seems to play an important role concerning the invasion of
migratory locusts (Locusta migratoria) in central Europe. The
development of the locusts is determined by different factors.
In particular, the locusts have two manifestations: during their
solitary phase, they live alone and do not represent any danger.
This changes when the solitary phase transforms into the gre-
garious phase. At the beginning of this phase, the number of
locusts increases rapidly, and they can form huge swarms.
While the younger insects hop close to the ground in swarms,
the older ones fly off the swarms.

According to the ‘Impacts on the environment’ section, a
large locust invasion hit central Europe after the extremely hot
and dry year of 1473, similarly as after 1540. The locust in-
vasions in central Europe are well documented for some years
from the fourteenth to the eighteenth century (e.g. 1338–1341,
1470s, 1540s, 1690s, 1740s). The transformation from a sol-
itary to a gregarious phase presumably took place in the Black
Sea region in modern southern Russia, and then the eastward
journey to the Carpathian Basin and further on to Austria,
northern Italy, Moravia, Silesia, Bohemia, southern and cen-
tral Germany. Thus, easterly and south-easterly winds obvi-
ously favoured those movements. Concerning weather condi-
tions in the target areas, Brázdil et al. (2014) found that during
the years in which the locust outbreaks took place, the season-
al temperature and precipitation patterns in central Europe
showed no particular climatic features compared with the

years without them. Regarding Italy, Camuffo and Enzi
(1991) suggested that great locust outbreaks were usually pre-
ceded by mild winters. Moreover, it could be assumed that the
drought periods might be a trigger for the transformation pro-
cess to a gregarious occurrence in the origin country and in the
transition areas, where the locusts lay eggs on the ground. As
the larvae develop, and in the consecutive year, it is possible
that the locust plague appear again and move forward. This is
true, in particular, if locusts can survive a mild winter,
dropping into a state of lethargy and being able to renew
activity (Camuffo and Enzi 1991 for Italy) such as during
the mild winters of 1472/1473 and 1473/1474. On the con-
trary, when the weather changes to very wet and cold, the
locusts rapidly disappear, as some reports mention (Rohr
2009, 2010). In this way, the weather during the locust inva-
sions is not decisive, but obviously the very dry and hot con-
ditions in the origin and transition regions, combined with
relatively mild winters, in the years before, are of importance.

Conclusions

In 1473, most parts of Europe experienced extreme droughts
and heat, which had a considerable impact on the natural en-
vironment, agriculture and society. The adverse impacts in-
cluded the desiccation of water sources, devastating and
long-lasting wildfires, cattle suffering hunger from lack of
water and fodder and direct impacts on humans in the form
of losses in grain, fruit and vegetable production. These pat-
terns occurred in a sequence of hot and dry seasons between
1471 and 1474. Thus, in 1471, the hot and dry period was
remarkable, whereas 1472 seemed to be less outstanding. In
1474, a dry period was reported mainly in central Europe. The
documentary evidence shows that weather conditions of the
first half of the 1470s were remarkable in relation to the entire
fifteenth century. This period of warm and dry weather can
also be confirmed through the temperature or hydroclimate
reconstructions based on tree-ring and speleothem data. A
direct comparison of the descriptions of the weather condi-
tions and the heat and drought impacts on environment, econ-
omy and society and the OWDAmaps even suggest that 1473
was comparable with, if not more severe than, the outstanding
year of 1540.
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