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Abstract. Based on three drought indices (SPI, SPEI, Z-indec)nstructed from
documentary evidence and instrumental recordssuhemers of 15341540 were identified

as the driest summer decade during the 1501-2Qiddpe the Czech Lands. Based on
documentary data, extended from the Czech scalertival Europe, dry patterns of various
intensities (represented, for example, by dry sp&w numbers of precipitation days, very
low rivers and drying-out of water sources) occdrire1532, 1534-1536, 1538 and
particularly 1540, broken by wetter or normal patsein 1531, 1533, 1537 and 1539.
Information relevant to summer droughts extractechfdocumentary data in central Europe
were confirmed in summer precipitation totals frarmulti-proxy reconstruction for Europe
by Pauling et al. (2006) and further by self-caltied summer PDSI reconstruction from tree-
ring widths in OWDA by Cook et al. (2015). The suempatterns described are consistent
with the distribution of sea-level pressure dewiasi from a modern reference period.
Summer droughts were responsible for numerous ivegatpacts, such as bad harvests of
certain crops, reduction and lack of water souraed,frequent forest fires, while in the
wetter summers central Europe was affected by fiobldwever, there are no indications of
severe impacts of multi-country or multi-year effdgeconstructions based on documentary
data indicate that the summers of 1531-1540 costibe driest summer decade in central
Europe for the past five centuries, between 15@12610 CE.

1 Introduction

Information related to droughts and their impa&swd from documentary evidence
(Brazdil et al., 2018, 2019c) may be used for detieanalyses of individual severe drought
events in the past (e.g. Munzar, 2004; Wetter.e2@ll4; Kiss and Nikoli 2015;

Roggenkamp and Herget, 2015; Brazdil et al., 2026b9a; Kiss, 2017, 2020; Bauch et al.,
2020; Camenisch et al., 2020) and for creationrainge of long-term drought chronologies
(e.g. Martin-Vide and Barriendos Vallve, 1995; Rieli and Colacino, 2001; Dominguez-
Castro et al., 2008; Diodato and Bellocchi, 201478l et al., 2013a; Garnier, 2019; Tejedor
et al., 2019; Przybylak et al., 2020). It is evesgble, by means of documentary-based



temperature and precipitation reconstructionsatoutate long-term series of drought indices
overlapping the pre-instrumental and instrumengaiqals (Brazdil et al., 2016a). Drought
indices may also be reconstructed from droughtiseaghenological series, such as those
for grape harvest dates (Mo ny et al., 2016). Rggmbseries of drought indices further allow
comparison of the severity of drought episodes segeral centuries (Brazdil et al., 2019b),
as well as analysis of the effects of externalifys and large-scale climate variability modes
upon droughts (MikSovsky et al., 2019).

Papers presenting overviews, both worldwide anaean, of documentary-based
drought studies have been published in recent yBaézdil et al., 2018, 2019c). In Europe,
the warm and dry weather of the year 1540 hascéttlaconsiderable attention. Wetter and
Pfister (2013) considered 1540 as exceptionallyftroEurope, comparable with the
outstanding summer event of 2003, when betweer02260d 35,000 heat-related deaths
were recorded across modern Europe (e.g. Schareantttitzky, 2004; Chase et al., 2006;
Fischer et al., 2007). Subsequently, Wetter §28l14) presented 1540 as extremely dry on
the broader European scale, coining the term “nregayiht” for an unprecedented drought
extending for 11 months. This paper and the terragadrought” gave rise to controversy.
Biintgen et al. (2015) questioned its results orddmiimatological grounds, then Pfister et
al. (2015) responded, pointing out the complexitthe whole drought phenomenon, as did
the authors of the first 1540 drought paper. Subsety, Orth et al. (2016) investigated
whether European temperatures in 1540 are comganathl present-day (1966—2015) mean
summer temperatures, while certain other authargwocumentary data returned to the
weather patterns of 1540 (Kiss, 2018; Pfister, 20d@vosad and Olski, 2020).

However extremely dry 1540 proved to be, other semanought episodes also
occurred in the decade of 1531-1540, some of these ¢o one another, resulting in a
notably high frequency of dry episodes in this decaithin the long-term drought
chronology of the Czech Lands dating back to 1581(Brazdil et al., 2013a). Indeed, it may
well have been the driest decade in half a millermof reconstructed series of three summer
drought indices (Brazdil et al., 2016a). Furthedi¢ations of dry summers during the 1531—
1540 decade also follow from documentary data ateded documentary-based
hydroclimatic patterns of some other central Euampeountries, such as Germany (Glaser,
2008) and Poland (Limandéwka, 2001).

This study aim toutilise and analysdocumentary evidence from central Europe
systematically to investigate the hypothesis thatsummers of the 1531-1540 decade could
have be the driest in over the past 500 years. 3gresents the documentary data used
together with European precipitation, PDSI, se&ll@vessure and temperature
reconstructions. After descriptions of methods&ctS3, documentary data for the individual
summers of 1531-1540 are reported, then relategdtal expression of precipitation totals
and PDSI in Sect. 4, further complemented by catoh patterns of the summers
investigated, long-term fluctuations of a numbeclahatological variables, impacts upon the
life of the population, and people’s responsesithsummer weather. The discussion in
Sect. 5 concentrates on the broader context akthdts obtained as well as impacts and
human responses. The last section summarisesshiésref the paper into few concluding
remarks.

2 Data

2.1 Documentary data

Documentary evidence consists of a broad rangewtss containing information about the
weather, related phenomena, socio-economic consegsi@and human responses to them
(Brazdil et al., 2005, 2010; White et al., 2018)eTmain types of documentary sources
related to hydroclimatic patterns appear belowhwiamples from the summers of 1531



1540. Because many of the actual sources were datedding to the Julian calendar, 10
days have been added where appropriate to ex&ssin the more recent Gregorian
calendar (Friedrich, 1997):

() narrative sources

Different types of narrative sources contain dgsicns of weather patterns and their impacts,
including annals, chronicles, “books of memory” gmivate diaries. Large numbers of
sources have already been professionally workeahdppublished as critical editions, but
some still remain in archival collections in handten form. An example of subsequently
published annals may be found in the records obMiks Pol, a town scribe in Silesian
Wroc aw (see Fig. S1 in the Supplement) who wrétsuonmer 1532 (Blsching, 1819, p.
72): “Dry summer. It did not rain for seven weeks. Cexy@ald pastures withered totally.
There was no water in several settlements. In thmiryside, it was impossible to grind
[grain]. People had to go 10, 12, 18 mi[esnverting the Breslau mile, 66, 79 and 119 km]
to [get to] mills. The River O awa dried up and had no watetil\8t. Bartholomew’s Daj3
September].” Councillor scribes from Litonce in Bohemia reported patterns of the 1538
summer in their chronicle (Smetana, 1978, p. 138was very dry[people]walked and

rode [by cart]over the Elbe. The vintage started before Saijit[dil Septembergnd exactly
at [the feast of]Saints Peter and Pa{® July] thegrapes became soft; there had been no year
like it for seventy years

(i) weather diaries

More-or-less systematic daily records kept in weatharies enable calculation of the
frequency of certain characteristics (e.g. numbb@recipitation days) and the use of any
related additional notes. In Polish Cracow, astnoeis systematically entered qualitative
daily weather records into their specialist caleaqaephemerides”). Marcin Biem of Olkusz
(c. 1470-1540), astronomer, theologian, and profemsdrector of the Cracow Academy,
kept daily records for 1531-1540, although from2.&81534 they are incomplete or missing
(Limanowka, 2001). For example, after some quitieamal nice days between 28 July and 2
August 1537, he described the weather in thetBrsdays of August (ibid., p. 30)3:*
Weather nice and hot, strong wind, rain in the nigh Cloudy in the morning, nice weather
from noon, terrible thunderstorm with lightningtime evening. 5. Changeable weather, rain
showers, lightning and wind. 6.—8. Rain every @ayClear with light wind, more sunshine
than rain. 10. Continuous rain and very strong winl somewhat unusual source consists of
the daily military diaries of Turkish Emperor Sutein, who described basic weather
conditions from the central region of the Ottomangitre, through the Balkan Peninsula to
the Carpathian Basin and Lower Austria. For exarnfplethe rainy end of June and
beginning of July 1532 he noted (Thury, 1893, @)35Year 9381532].month[of] Zil-kade
/[...]/ 17 [25 June]Friday. Stationed at Al-Kilise. Much rain fell18 [26 June]Saturday.
Same place. It was raining19 [27 June]Sunday. Stationed &ilie [Rali€?]. Much rain fell

/ 20[28 June]Monday. Stationed at Hisarlik. A great deal of réell]. / 21[29 June].
Tuesday. Arrived in Belgrade. A great deal of rid@ll]. / 22 [30 June]Wednesday. Staying
in place so that the army could cross the bridge3 [1 July].Thursday. The Padishah built a
bridge [opposite]to Belgrade[we] crossed the Sava bridge and settled in the SeraimPI
The Pasha came to meet him with an army of Runselfagreat wind blew and it rained

24 [2 July]. Friday. Stayed in place. It rained. The Anatoliamg crossed the bridge and
stayed in SerinY 25[3 July]. Saturday. Stayed in place. It raind@6 [4 July]. Sunday.
Stayed in place. It rained 27 [5 July]. Monday. Stayed in place. It rainéd

(iif) account books

Books of accounts may contain records of munigiagiments made for work related to
weather and/or its extremes. In the town of Loumyrth-western Bohemia), wages for
municipal work in the previous week were paid ragylon a Saturday (Brazdil and Kotyza,



2000), providing indirect information about weatimapacts. For example, records of harvest
works may indicate wetter patterns (interruptiomafvest, late beginning and end of harvest)
or drier ones (earlier and shorter harvest tinfesl).example, the course of field labour in
1531 was evidently impaired by downpours in thekngefore 25 July whenihtay was pulled
out of the water and driédnd the harvesters were paid wagks three days, for half a day,
not for the whole weéKarchival source AS14ol. 148v). Other detailed account books
helpful to the current study originate from Vien@austria) and Bratislava (Slovakia), where
expenses related to grain and vine-harvesting wirkpmpensation for damage arising out
of weather-related extremes, together with suggesttoncerning the cause (and magnitude)
of destruction, were recorded. Kiss (2018) analybedyrape and grain harvest dates from
Vienna hospital accounts with respect to the exérgear of 1540. An example from the
Bratislava accounts reports a late grape harves26d0ctober 1533:0n the day of Lucfl6
October]the Chamberlain was asked to have the harvestitigeo¥ineyards announcéd.]”
(AS1, K83/135, 176).

(iv) chronograms

Chronograms commemorate significant events or yeaashich people have been heavily
affected. Selected letters (in capital letterandvold type) are interpreted as Roman numbers
indicating the year of an event. An example majoo@d in a commemoration of the 1540
drought in certain German sources (Riedel, 186209):

“EXICCatalLeVIsCVr fLVMI naCerVireqgViris' [“Why do you seek the swift deer when
the rivers have gone dry?”], thus
X+I+C+C+L+V+I+C+V+L+V+M+I€€+V+V+I+]1=10+1+100+ 100
+50+5+1+100+5+50+5+ 1000 + 1+ 10®+#5 + 1+ 1 =1540).

The same sentence also appeared in handwrittemkemade concerning 1540 on calendars
in southern Transylvania (Schuller, 1848, p. 356).

(V) non-contemporaneous sources

There exist considerable quantities of handwritteprinted materials describing a past event
not directly experienced, but based on then-exjstinlost documentary evidence, which may
be characterised as documentary sources. Howéesrrequire a degree of critical work to
establish their reliability and potential for coraplenting information derived from primary
sources. An example may be found in a work by oaei& Gomolcke, printed in 1737,

which includes accounts, usually short, of weatiwerditions together with longer
descriptions of the economic consequences forigilesciety, with additional remarks. For
example, for summer 1534 he noted (Gomolcke, 1FB710-11)*There was a great

drought over Silesia in 1534, and a hot summer feaster[15 April] to St. Bartholomew’s
day[3 September]Water dried outfto the extentthat watermills were out of operation,
everything had to be ground by “Rossmuhl¢miills powered by horseshigh prices
followed]...].” The Chronicle of Gaspar Hain from Lewain Slovakia (Bal et al., 1910-
1913), originating in the second half of the 17ghtary, is particularly reliable for the 16th
century, since the author used official documeotatiom the local town archives, also
providing precise hames of the town mayors or megdrom whose notes he derived his
information.

(vi) weather compilations

Weather compilations may contain information conoey various weather patterns and
phenomena. However, they are often eclectic, gathigom a wide range of evidence that
differentiates neither between primary and secondacounts nor contemporaneous and non-
contemporaneous sources. For example, weathefalait831-1540 appears in several
compilations related to central European counsies as Poland (Walawender, 1932;
Rojecki et al., 1965) and historical Hungary (R¢thl962), but use of their data entails a
critical evaluation against other existing repo&sme collections of historical-climatological



data have been incorporated into generally acdessiéctronic databases, such as the Swiss
EuroClimhist (Pfister and Rohr, s.d.) and the Geri@alMDAT (Militzer, 1998) and
Tambora (Riemann et al., 2015).

2.2 Hydroclimatic, pressure and temperature reconstictions

Three types of hydroclimatic reconstructions wesedito document spatiotemporal
variability of summer (JJA) precipitation and drbtgin central Europe:

(i) Seasonal series of three drought indicese calculatefor what is now the Czech
Republic in the 1501-2015 peri¢@razdil et al., 2016a)Standardised Precipitation Index —
SPI (McKee et al., 1993), Standardised Precipitafgapotranspiration Index — SPEI
(Vicente-Serrano et al., 2010) and Z-index (Palrh865). Reconstructed central European
temperature series (Dobrovolny et al., 2010) anelcEprecipitation series (Dobrovolny et
al., 2015), derived from series of documentary-ddaseperature/precipitation indices and
instrumental measurements, provided the targetfdataese calculations.

(i) Long series of instrumental precipitation me@snents, documentary-based precipitation
indices and natural proxies sensitive to precipitasignals (tree-rings, ice cores, corals and
speleothems) were employed by Pauling et al. (2@06alculate seasonal precipitation totals
throughout Europe for the 1500—-2000 period. Thegpnstruction combines gridded values
(0.5° latitude x 0.5° longitude) for the Europeand-mass (30°W—-40°E, 30—71°N) in the
years from 1500 to 1900 with a gridded reanalysigte years 1901-2000 by Mitchell and
Jones (2005). The data are available at https://made.noaa.gov/paleo-search/study/6342
(accessed on 8 January 2020).

(i) Tree-ring widthsvere usedo calculate gridded (0.5° x 0.5°) summer selfbratied
Palmer Drought Severity Index (scPDSI) Tdre Old World Drought Atla€OWDA) (Cook

et al., 2015)covering the 0-2012 CE period
(http://drought.memphis.edu/OWDA/Default.aspx; @&seel on 8 January 2020).

(iv) Circulation patterns for the summers of 153340 in central Europe may be addressed
via maps of the European mean sea-level pressuR (&ld over the Atlantic-European
sector based on 5° longitude x 5° latitude gridsiegonstructed by Luterbacher et al.
(2002b). Their data are available at https://ww\aaioaa.gov/paleo-search/study/6366
(accessed on 22 May 2020).

(v) Gridded European summer temperature data fhr@mdconstruction by Luterbacher et al.
(2004) are similarly available at https://www.ngttaa.gov/paleo-search/study/6288
(accessed on 22 May 2020).

3 Methods

With the territorial focus on central Europe, regeneted particularly by recent Germany,
Switzerland, Austria, the Czech Republic, Polandy&kia, Hungary and Transylvania
(western Romania), available documentary data ttevarious sources described in Sect.
2.1 were critically evaluated. The first step ceteil of evaluation of the historical credibility
of the source. Primary sources were favoured, épewhen the author was a direct
eyewitness to the event described or preparedaatrigpm a short chronological perspective
or using older manuscripts. Secondary sources ussé only after confirmatory comparison
with primary records or if, from the spatiotemporedwpoint, they accorded with other
information. Historical place names for the locaido which the report or event described
was attributed were updated to their recent egentahndtheir exact positions were
expressed in Figure S1 in Supplemémy archaic terminology within the reports was
translated into modern professional terminology tfocumentary source exists only as a
manuscript or separate print in an archive or fygra is cited as an archival source (AS). If
any of these archival documentary sources havadreeen the subjects of professional



attention and published, the corresponding re@re<ited with respect to the related
publication rather than the original archival s@urc

Because the documentary dataset from central Eusdpgye, only certain selected
reports were used to describe the general charmafcsemmers in individual years during the
1531-1540 period in central Europe (Sect. 4.1oréter to characterise European spatial
precipitation and drought patterns for each sumtherabove documentary-based
descriptions were considered in the light of theesponding European maps of JJA
precipitation totals after Pauling et al. (200&p@ssed as percentage deviations from the
1961-1990 mean, and in terms of JJA scPDSI from @Vailer Cook et al. (2015), in which
negative values describe dry patterns and posiatgsee Figs. 1-10). Mean SLP fields for
individual summers in 1531-1540 were used to desdsipical circulation patterns, together
with their deviations from the 1961-1990 referepedod over the Atlantic-European area
(see Figs. 11-12).

To characterise JJA precipitation and drought padtduring the entire 1531-1540
decade, the corresponding gridded means of pratigittotals and scPDSI were calculated
and expressed as deviations from the 1961-199®refe period that indicated drier or
wetter patterns (see Fig. 13). Precipitation amaigint patterns were complemented by JJA
temperatures taken from the European multi-proggmstruction by Luterbacher et al.
(2004). To show the relationships of the aboveetivariables to SLP patterns, their
deviations from the 1961-1990 reference period w&pressed with respect to SLP
deviations (Fig. 14). Moreover, fluctuations in ddal means for the individual series
investigated were expressed to put the decadesathigto the context of the last five
centuries (see Fig. 15) and the 1531-1540 decadedglin order (from driest to wettest)
within the entire series. This was based on sefiddA SPI, JJA SPEI and JJA Z-index for
the Czech Republic (Brazdil et al., 2016a), on gd&cipitation totals in central Europe after
Pauling et al. (2006), and on JJA scPDSI and JJAIght Area Index after Cook et al.
(2015). The central European region was demardaté&d—25°E longitude and 45°-55°N
latitude.The Drought Area Index (DAI) was defined as thecpatage area presenting values
below a given threshold (Bhalme and Mooley, 198@I was calculated on the basis of
OWDA, using http://drought.memphis.edu/OWDA/Defaaspx (accessed on 8 January
2020) as an area with scPDSI less than or equdl.téurther, the dates upon which grain and
grape harvests began in the Czech Lands, Austugz&land and France during 1531-1540
were included as proxy indicators of summer wegtlatgterns (see Fig. 16).

4 Results

4.1 Weather and related events of the individual samers in 1531-1540

4.1.1 Summer 1531 (Fig. 1)

In early May 1531, the River Elbe flooded in Saxoaiyhough no rain was reported (Weck,
1679). A relatively cold period lasting until Pecst (7 June) was reported from Mihlhausen
in Thuringia (AS9) and other parts of central GemgnéSpangenberg, 1572). In Bohemia,
after a delay in the hay harvest in the Louny regibe course of field labour in 1531 was
evidently impaired by downpours in the week bef2seluly; harvesters were paid for only a
few days, when they dried wet hay. The bad weathpears to have continued for the three
weeks after 22 August, in which field labourers evpaid no wages at all (AS14). Severe
drought around 2 September was reported in Redi&asd south-eastern Poland, associated
with the apparition of a comet, indicating drougint®\ugust (Kronika Marcina Bielskiego,
1764). Summer weather conditions in Switzerlandevgamewhat unsettled, with rain, hail
and thunderstorms in June, but there were also wadrsunny periods in July, then
thunderstorms again in August (AS10). The grapedsdrstarted on 5 October in the
vineyards of the Vienna hospital in Austria (AS1A)good harvest of grain and grapes was



mentioned for Litom ice in Bohemia; the wine was described as “goodiétna, 1978).
Extraordinary demand raised the barrel-price ofenmLitom ice (ibid.). Plenty of wine,
again considered “good” was reported for Wirzbnges, 1713; Engel, 1950), Schweinfurt
(Mahlich and Hahn, 1817), as well as for KitzingeriFranken (Aldenberger, 1615) and
Wirttemberg (Ginschopff, 1631), but also aroundaJ@&woch, 1928). Low wine prices are
confirmed by a contemporaneous chronicler fromingén (Roder, 1883).

In contrast, a bad harvest of grain and famine ardvia are mentioned, without
further specification (Steinbach, 1783), togethéghweports of a poor harvest (Dudik, 1868),
while a severe shortage of grain is recorded bytemsource (Fischer, 1808). A severe
shortage of grain was also mentioned in Silesiand/dw by town scrib&likolaus Pol
(Busching, 1819). High grain prices were reportadcentral Bohemia in the region around

ip Hill (AS6) and for Halle and its surroundingseaastern Germany (Spangenberg, 1572;
Dreyhaupt, 1749), as well as for Mihlhausen in Trigia (AS9). The same problems were
noted for Dortmund (Hansen 1887), Alsace and Swg@pangenberg, 1572), and particularly
Villingen (Roder, 1883). A dearth of hay occurradhe area of Zurich (Switzerland) and
grain was very expensive there (Hauser, 1905).

4.1.2 Summer 1532 (Fig. 2)

Martin Leupold von Léwenthal, the town scribe fdrldva (Moravia), reported that a dry
period occurred between 17 March and 3 July 1532nwthe rain hardly dampened the dust
(d’Elvert, 1861). Although four days of rain (18—2dly) at comparatively higher altitudes
ensured an adequate grain harvest, the dry spnthg@mmer (ibid.) led to a bad harvest in
both Bohemia (Tille, 1905) and Moravia (Dudik, 1868r which Steinbach (1783) also
mentions a dry year. In Trutnov (northern Bohemilapught was recorded as so severe that
fountains ran dry and fires broke out in the wofishlesinger, 1881). In the Louny region,
the barley harvest was early, in the week beforduzte, although the wheat was harvested at
the usual time (AS14). Records kept by Pankraz BBagefrom Cheb in western Bohemia
(Gradl, 1884) may also be attributed to 1532, desuy the year as dry, with a dearth of
grain, when people starved to death (dated errahetm 1531). A similarly bad harvest was
reported in Germany by the Heinrich Hug chroniblgt, the wine was good (Roder, 1883). A
source from the Brandenburg area of Germany (Rid&&2) mentions intense dryness for
many weeks; the soil was dry “knee deep”. In Switzel, the grain harvest was considered
good but a plague of mice destroyed it (Blumer,3)85

A dry summer for 1532 was mentioned for Silesidhwio rain for seven weeks; grass
and standing crops withered. There was such aafedf water that water-mills could not
operate and people had to travel 10 to 18 milesffomc. 66 toc. 119 km) to get their grain
milled. The River O awa was without water up toép@mber. There were also fires in
Silesian towns, noted for 31 July in Wroc aw anfleptember in Legnica (BUsching, 1819).
A severe shortage of grain ingin was recorded by Biermann (1863).

Gaspar Hain, in the SpiS area (Slovakia), recothatithere was no rain for 12 weeks
between 3 April and 21 June: he mentions “greatight’ in gardens, no grass in the
meadows, no pasture for animals, and that watds sould not work. The grape harvest in
Hungarian Tokaj was early (Bal et al., 1910-19H)wever, according to the daily reports
of Emperor Suleiman, August, and probably July el,would have been rainy in Hungary
(Thary, 1893).

4.1.3 Summer 1533 (Fig. 3)

A chronicler for Bohemia records 13 floods beforé&u8/ for Prague, and then another one
(Zilynskyj, 1984). In the Louny region, the yearsnaore or less average for work in the
fields (Brazdil and Kotyza, 2000). In the week bref8 July, however, wages were paid to



labourers who gulled hay out of the wate(AS14, fol. 173v). It appears to have been rainy
in the week before 22 July as well, when wages \pai@ ‘for turning wheat shocksand in

the two subsequent weeks with wagks Spreading grain to dry and making netwock$

(ibid., fol. 174r) and for $preading rye to dry(ibid., fol. 174v). Jan z Kunovic, in his
intermittent daily records, notes rain on 24-26 a8duly (Brazdil and Kotyza, 1996). The
source from Jihlava records severe shortages desgiood harvest of grain (d’Elvert, 1861).
According to surviving data in the Vienna hosp#atounts (AS15), the dates for tjrain
harvest (10 July), oat harvest (4 August) and gregreest (10 October) were the latest of the
decade. A wet June and July are mentioned in atrépo Cracow (Poland) where, after
persistent rains, the River Vistula flooded for fexenth time that year, between 17 July and
1 August (Maurer, 1878). The Silesian chronidlfechael Steinberg (Schénborn, 1878)
describes the summer as wet, with frequent thutalens and hailstorms that damaged the
grain. The story is the same from Wroc aw townkszNikolaus Pol who, in addition,
mentions subsequent famine and a disastrous flod@1629 June on the River Oder
(Busching, 1819).

Southern German sources refer to 1533 in geneml@dd and infertile yedr
(Ginschopff, 1631), they also report sour wine fribra Breisgau and a lack of grain all over
south-western Germany (Roder, 1883). Further gftakelwater level of the River Rhine at
Basel appeared to be high in March, April and Jioeiquet, 1999). Other Swiss sources
describe periods of rainfall that damaged the grathe fields, even leading to shortages
(AS10; Blumer, 1853).

4.1.4 Summer 1534 (Fig. 4)

The barley harvest in the Louny region started eany in 1534, during the week before 23
June (AS14), but haymaking and the harvest of atberals took place around the usual
times (Brazdil and Kotyza, 2000). Harvest work $iméd early, in the week before 11 August.
The peas were picked almost immediately after #nd, the hemp and millet harvested
similarly early (ibid.). The summer proper was ddaesed disastrously dry, with a lack of
fodder for cattle and little water in the Elbe arithva rivers, but there was a good harvest of
grain (Smetana, 1978; Kolar, 1987). After three therof drought, the water in the River
Vitava was so low that people could walk acrosbéd (AS3). The fruit and grape harvests
were good and the year’s wine judged “good” (d’Ely&861;Smetana, 1978). The Vienna
hospital accounts indicate that the grain harvestesd on 5 July, oats on 30 July and grapes
on 2 October (AS15). According to tithe paymertigeré was quite a good grape harvest in
Sopron (Hungary) (AS2).

A severe lack of water, continuing until 1535, wegorted in the Brandenburg area,
leading to high prices and shortages (Engel, 1B$&8]el, 1862). Hordes of caterpillars
appeared in response to the drought. The weimat deuld be crossed on foot (Koch, 1928).
Low water levels and milling problems are known Smhweinfurt on the River Main
(Muhlich and Hahn, 1817Mansfeldische Chronicdescribes the summer as hot and very
dry, due to which the grass in the fields and daés on the trees dried out. The lack of
water also made it difficult to find functioning vea-mills to grind grain (Spangenberg,
1572). Dietrich Westhoff, a chronicler from Dortntymeported an extremely hot summer
and associated it with several city fires, inclydanblaze in Montabaur (Werlich, 1595;
Hansen 1887). The connection between drought aeslifi central Germany was also made
by Spangenberg (1572). There were reports of awargn summer in the Zurich area
(AS10).

A hot, dry summer in Silesia is also on record,dbason lasting from 15 April until
3 September. Streams dried up, mills could notaipeand famine followed (Gomolcke,
1737). This was confirmed by reports of the Rivele©drying up and the use of horse- or



hand-mills to grind grain (Kundmann, 1742). Grgpnasited on 25 April and there was a
good yield of cherries, but spells of great hedtttefires (Bluisching, 1819). Similarly, the hot
summer presaged a lack of grain and fodder in laisaid water mills could not operate
(Roch, 1687; Gomolcke, 1737).

In contrast, Lesser Poland saw floods after sorge dfrain, occurring on 11-12 July
on the rivers Dunajec and Kamienna, as well ahenVistula at Cracow (Krzy ski, 1888).
South-western Germany reported a good grain ha(@sschopff, 1631) and floods on the
rivers Wertach and Lech south of Augsburg (Werlic395). Flood damage was also reported
in central and southern Transylvania (Trauschentél60; Szilagyi, 1893). High prices
prevailed in Transylvania (Trausch, 1847; Gross Sephin, 1903a). Based on another
contemporary local chronicle, severe food shor@gehunger occurred in Sibiu (Vereins-
Ausschuf3, 1851). Historical memories from the 1cg&htury indicate that this dearth lasted
for over three years (Barabas, 1880).

4.1.5 Summer 1535 (Fig. 5)
Bohemia was reported as hot and dry, with the stsedrying up and frequent forest fires
(AS7). This pattern appears to be confirmed bylfiabour in the Louny region, where the
harvest started in the week leading up to 22 Junegs early as in 1534. Haymaking took
place, as usual, in the following week. The ryevhat started in the week before 29 June and
was possibly the earliest for this crop in therenti6th century. A very early start to the
harvest was also recorded for wheat (in the weéiréd 3 July) and for oats (in the week
before 3 August). The harvest was over very ealthe week before 10 August (AS14). The
Vienna hospital accounts report the beginning afrgharvest as 2 July and the grape harvest
as 3 October (AS15).

In Silesia, the drought brought suffering to bodople and livestock. Water mills
could not operate for ten weeks for sheer lackatew The harvest of winter grain was
average and of summer grain, very bad (BuschintQL& week of rainy spells starting on
25 August led to flood on the Vistula in Lesserdal (Maurer, 1878). Brandenburg reported
an extremely hot summer (Riedel, 1862).

In Basel, according to the chronicle of Konrad Stththe summer began with warm
and dry weather, but the weather changed in thélmof August and a rainy period
followed, lasting until November. Nonetheless, #sna productive year with very good grape
and grain harvests (Bernoulli, 1902). This is conéd by historiography from around
Stuttgart (Ginschopff, 1631). In the Mansfelder tamea, west of Halle, harvests were
bountiful and grain prices plummeted to a fiftrwdfat they had been in winter (Spangenberg,
1572). In Arnstadt, Thuringia, the grape harvest plantiful (Olearius, 1701), as was the
grain harvest in Muhlhausen (AS9). However, mucthf was spoiled in Jena by a plague of
caterpillars (Koch, 1937).

There are undated reports of floods in southernSylaania to be found in the
contemporaneous chronicle of Hieronymus Ostermalgerflooded River Olt damaged
Turnu Rou Castle and the River Ghimbav did great damagedarBtiaov area (Gross and
Seraphin, 1903b).

4.1.6 Summer 1536 (Fig. 6)

Summer 1536 was very dry in Bohemia and the watdra River Elbe was low.
Considerable damage was done by an eruption afpilédes. Roses blossomed twice (AS12;
Smetana, 1978; Zilynskyj, 1984 ankraz Engelhart and Andreas B4(erad|, 1884) speak

of a summer drought and heat in Cheb, togetherfnatjuent fires in forests and settlements.
Marek Byd ovsky z Florentina (Kolér, 1987) mentiothy weather, with wells and streams
drying up and frequent fires from April to Christsndn the Louny region, the timing of field



labour did not differ conspicuously from the averagith the exception of mowing the
aftermath, which was delayed to the week beforet®li@r (AS14). The Vienna hospital
accounts indicate that the grain harvest startel duly, oats on 3 August and grapes on

6 October (AS15). Although vineyards froze on 2 Magyund the town of Litomice

(AS12), there was “enough” good wine, whereas there a poor grape harvest in Moravia
(Smetana, 1978). Ample good wine (see also Ko#87), fruit and nuts, are mentioned by
Cheb chroniclePankraz Engelhart, but also a dearth of grain affgwor harvest (Gradl,
1884).

Several sources report a dry summer for Germargh 8&ports come, for example,
from Meissen (an exceedingly dry summier AS8, p. 188; confirmed for Dresden by Weck,
1679), Mansfeld (Spangenberg, 1572), Regensbugjh@rn von Oefele, 1878), Kitzingen
(Aldenberger, 1615) and Halle (Dreyhaupt, 1749)wkleer, the grain harvest was good in
Saxony (Knauth, 1722). A hot summer was reportestirttgart, with dried-up wells and
brooks and a lack of water for people, livestoc# amlling (Ginschopff, 1631). Problems
with milling during the dry summer were reportedgrfurt and the municipality decided to
provideRossmiuhlei.e. mills run by horses (Falckenstein, 1738)Jéna, a single day of rain
in May was worth reporting, since it was the fw§the year (Koch, 1937). Sources in
Pomerania and Silesia reported frequent thundenstarith torrential rains and related
damage, particularly in June—July (Gomolcke, 1 FMhatsch and Arnold, 1968).

Basel chroniclers report a prevalence of very waneh dry patterns during the
summer. The vintage was therefore very good angvihe prices low. However, there was a
dearth of hay and lack of fodder for the cows ked shortage of butter (Vischer and Stern,
1872; Bernoulli, 1902). The chronicler Hans Saksatibed very dry weather conditions in
central Switzerland, where water mills could no¢igbe for a long time for lack of water,
although an abundant harvest was mentioned faretien (Baechtold, 1876).

4.1.7 Summer 1537 (Fig. 7)
Wet patterns in central Germany started with séwiags of rain and subsequent flooding of
the River Saale at Jena, starting on 9 May (Ko6B,/L Rain and flooding continued
throughout May (Roch, 1687; Miller, 1806; Koch, IR3n Bohemia, floods after three days
of rain were reported from 30 May to 1 June. Thmegminated with considerable damage on
2 June (AS5; Zilynskyj, 1984). Similarly, a floocae/recorded on 30-31 May on the Lusatian
Neil3e (Nysa), when it did considerable damageedddtvn of Gérlitz in Saxony (Mdller,
1806; Struve, 1870) and other places (Rojecki.efl8b5). The summer of 1537 was
described as wet in Varnsdorf (Bohemia), and tlagnggrew well (Palme, 1913). This
concurs with similar records for Silesia. There faréher confirmations of a wet summer,
with reports of periods of continuous rain and o for June and July from Wroc aw
(Buisching, 1819). In the Louny region, the begignaf work in the fields took place at the
usual time, with the exception of the hemp har{Bsdzdil and Kotyza, 2000). The start of
haymaking in the week before 3 July was eviderfigcéed by rain, becausahen raking
the hay, everything was soaked with wa{&S14, fol. 223v). The haymaking and the harvest
were interrupted in the week before 7 August, agpidy due to rain, because no wages were
paid for field labour during that time (AS14). TWesnna hospital accounts indicate the dates
upon which harvests started: grain on 6 July, oat89 July and grapes on 2 October (AS15).
A parallel finding consists of reports of many therstorms during summer 1537 in
Saxony (Roch, 1687). For central Germavignsfelder Chronikeports continuous rain in
June (Spangenberg, 1572), and further floodingéntown of Gorlitz in Saxony (Muller,
1806) and in Jena (Koch, 1937). At the end of Jidiiveas so cold that people started to use
their ovens for heating (AS9; Spangenberg, 1578§iréas Baier in Cheb described the
whole year of 1537 as wet (Gradl, 1884). In cerfisaitzerland, after a rainy May, the wheat



and oat harvests were good, as were those of ebennd apples (Baechtold, 1876). A rainy
June with flooding and a cold summer are mentionégslerman sources for Mansfeld
(Spangenberg, 1572), as well as for Regensburgh@fra von Oefele, 1878) and for Jena
(Koch, 1937). Floods were also reported in themoftGermany (Lappenberg, 1861). A good
harvest of crops and fruit was observed arounddztit(Ginschopff, 1631).

4.1.8 Summer 1538 (Fig. 8)

A hot, very dry summer occurred in Bohemia, withei fires in places (ASGradl, 1884),
and in the Erzgebirge mountain range as well (Ain®812). The dry weather evidently led
to a dearth of grain mentioned by Johann Mathg#iGgl). The water in the River Elbe was
so low that the bed could be crossed on foot anchity In the Louny region, the harvest
started early, in the week before 25 June (AS1H¢. Wiheat harvest began in the week before
9 July, the earliest recorded for this crop in16éh century. The peas also ripened very
quickly indeed, and were already being gatherdtenveek before 23 July; accelerated in
similar fashion, the oat harvest began in the Wilhy week and ended in the week before
13 August (AS14). Grapes started to soften on Y dudl the vintage began before

11 September (Smetana, 1978). Ample good wine e@awted (Rezek, 1879). The Vienna
hospital accounts indicate harvest dates for ggrting on 6 July and grapes on 5 October
(AS15).

The summer in Dortmund (Germany) was describedgsilith a negative effect on
crops (Hansen, 1887). Michael Steinberg in Silestations spells of heat before 19 June and
an early harvest, on 3 July (Schonborn, 1878)abteen Pomerania there wasearly no
water’ in the River Vistula (Henneberger, 1595; Curick688). It was a productive year in
Transylvania and prices were low (Gross and Sena@d®03b; Armbruster, 1984). This was
probably the case in other parts of the CarpatBasin as well (Horvath, 1868; Weber,

1894).

4.1.9 Summer 1539 (Fig. 9)
The chronicler Pavel MikSovic recorded a flood atihy after a cloudburst on 24 July
(AS13). In the same region, much of the harvestecemvery early: the haymaking, the
general harvest, the rye, oats, hemp and millgiz@i and Kotyza, 2000). In addition to
satisfactory harvests of grain, vegetables and, fnarrative sources also mention ample good
wine (d’Elvert, 1861 Smetana, 1978). A Silesian source refers to a gpheadry harvest
(Busching, 1819). Vienna hospital accounts inditeterest dates starting on 5 July for grain,
24 July for oats and 4 October for grapes (AS15).

From the intermittent daily weather records keptlag z Kunovic, there is a note for
23 August (tain up to this poiri) and heavy rain fell on 26 August (Brazdil andtitza,
1996). This spell of rain may have been responsibpart for five large floods on the River
Saale recorded for Jena (Koch, 1928, 1937). Otieese had already occurred on 6 August
(Koch, 1937). Only a day later, on 7 August, th@es a major flood in Meil3en, Thuringia
and Franconia (Aldenberger, 1615). Summer 1539aif3kh was marked by a dearth of grain
(Weck, 1679), and a similar situation prevailedusuethe Hartz mountains (Spangenberg,
1572) and, again, in Jena (Koch, 1937). For Erthe,Falckenstein (1738) chronicle reports
sour wine because of a wet autumn and too litthsisune in summer. Intense heat occurred in
Jena, around 2 July (Koch, 1937). Farther weslryigr, the grape harvest was reportedly
abundant, as was the wine from it (Zenz, 1962). Sdme is known of Nurnberg
(Aldenberger, 1615). This contrasts strongly witformation from Dortmund (Hansen, 1887)
that indicates a dearth of grain and outright fathere. Ginschopff's chronicle (1631)
reports good harvests after an average summewilzesland as well, the grain and the grape



harvests were good (AS10; Baechtold, 1876). Ther@styer chronicle mentions relatively
low cereal and wine prices in this year for Tramagia (Gross and Seraphin, 1903b).

4.1.10 Summer 1540 (Fig. 10)

Documentary sources in Bohemia speak above alhot,adry summer, shortages of water,
and forest fires (AS4AS7; AS13; Dudik, 1858; d’Elvert, 1861; Kolar, 1987).the
surroundings of Jihlava, a dry period with bad gsebf vegetables and beet is recorded from
6 April until the end of the year. The harvesttstdibefore 9 July and grain crops were cut
before 11 August (d’Elvert, 1861). Very dry and maconditions with severe shortages of
grain and vegetables occupied much the same tinedda Uhersky Brod (Zemek, 2004).
Pavel MikSovic (AS13) relates that a hot, dry péi@sted from 26 May to 13 October with
rain only on 8 August, and with warm weather uthtéd end of the year. In Cheb, Pankraz
Engelhart (Gradl, 1884) speaks of a dry year, iiciwsowing and work in the fields went
right on until the end of the yeakndreas Baier (ibid.) mentions a dry summer anchwar
weather until the end of the year. For the Lourgiae, the very earliest starts to the harvest
were recorded: the beginning and the end of theglsa(in the weeks before 22 June and

3 August, respectively), the barley harvest (thmesas for the general harvest), oats (in the
week before 20 July) and peas (in the week befdréuly) (AS14). The grain harvest is
described as “poor” (Gradl, 1884; Kolar, 1987) thigb “medium” (AS7) up to “ample” but
with poor yields of other crops (Rezek, 1879). 1843 an excellent year for wine in
Bohemia, with an abundant harvest of grapes (A&7 1A d’Elvert, 1861).

Severe heat and drought in summer and autumntetfliSilesia, where there was
practically no rain for six months. Many streamedrmup and the water in the River Oder
turned green. There were frequent forest fireslimedtock suffered from hunger and thirst
(Busching, 1819). Similarly, severe heat, fora®tdj poor harvest, shortages and famine were
mentioned for Bohemia, Silesia and Lusatia (Gommldk’37). In Greater Poland, summer
and autumn were also very dry; it did not rain luhié beginning of winter. Rivers were
exceedingly low, brooks, ponds and wells dried i thhe land was desiccated to dust
(Rojecki et al., 1965). A hot summer with driedqagnds, and cattle needing to be moved
great distances for water, as well as poor growtlereals were reported for Pomerania and
eastern Prussia (Hubatsch and Arnold, 1968).

Gastainerische ChronicgRohr, 2007) mentions warm, dry weather from the @i
March to mid-August, with a very bad grain harvastl dried-up springs and brooks in the
Salzburg area of Austria; forest fires were repbfte Carinthia. The Vienna hospital
accounts indicate quite an early start to the gregpeest, on 25 September, and the oats
harvest beginning on 29 July. The grain harvestivBiarted on the particularly early date of
26 June was the earliest of all the documenteah dgnaivests of the century (AS15; Kiss
2018). Fabricius (AS8) confirms a very warm and slignmer in Meissen; there was plenty
of wine but a lack of garden produce. A report frili@ Brandenburg area mentions a very hot
summer, during which forests were on fire in malaces and waterways dried up, but the
wine was good (Riedel, 1862).

Several Swiss sources remark upon a notably hptyeshr. In the Lucerne area, the
dry weather led to many forest fires. Water lewvedse low and some fountains even dried up
(Baechtold, 1876). In Basel, according to chromi€ledolin Ryff, it did not rain more than
three times between the beginning of summer anceiber and therefore many water mills
could no longer operate. Moreover, water levelsatew everywhere; it was even possible to
ride or walk across the River Rhine. The wine,tfamnd grain harvests were abundant
(Vischer and Stern, 1872). In Zurich, the heatdd$tom the end of February until mid-
September and not more than six days of rain oedwduring this period. The water levels
were so low that mills could not operate, and wadeflivestock had to be carried great



distances in barrels. Nonetheless, the year wakiptive (Egli, 1904). In the north-east of
Switzerland, the soil looked burnt by the droughd avells as well as fountains dried up.
Mills could not operate either, while trees suftegeeat damage due to lack of water
(Baechtold, 1906).

A contemporaneous calendar inscription from Trareyil suggests that the solar
eclipse on 17 April 1540 was followed by great hedten many springs dried up, while in
other places forest fires occurred (Schuller, 18¥8jting at the time, the historian Ambrus
Somogyi, among others, also referred to a hot mmiser period (Simigianus, 1800). In the
town accounts for Brav, fires were mentioned twice, in summer and auat{Rechnungen,
1889).

4.2 Circulation patterns in the summers of 1531-1%4

SLP maps may be used as indicators of possiblelatron patterns in the decade studied.
The mean JJA SLP field in the Atlantic-Europearaatering the 1961-1990 reference
period, together with deviations for the individgaimmers of 1531-1540 with respect to this
reference, appear in Fig. 11. Mean JJA SLP fielidhéreference period shows the strong
Azores high south-west of Europe with its ridgdnigfh pressure extending to central Europe
(Fig. 11a). Low pressure is especially evidentim $outh-eastern Mediterranean and adjacent
land area. In terms of SLP deviations in the irdlial summers of 1531-1540 (Fig. 11b),
drier summers in central Europe correspond witlssaree increases over the European land-
mass and decreases over the Atlantic Ocean. Tle ocbpressure increases are especially
marked over south-west Scandinavia (1534, 15361840) and extend from there to central
Europe (1532 and 1535). In the dry summer of 1588itive increases run from the south-
west to the north-east (with the core region extenérom the British Isles to south-western
Scandinavia), with one arm continuing to Scandiaard a second arm reaching central and
south-eastern Europe. In somewhat wetter (“nornglifhimers, marked pressure decreases
make up a dominant belt extending from the Brit&bs to central and south-eastern Europe
(1531, 1533, 1537). SLP for summer 1539 indicate®gositive NAO patterns: pressure
decreases south of Iceland and increases southeivbs Iberian Peninsula.

In general, the mean patterns for summer 1531-{g¢012a) are similar to those for
mean JJA SLP field in the reference period (Fig)1Their deviations with respect to 1961—
1990, however, are more interesting (Fig. 12b). Btveler between negative and positive
pressure deviations tends to extend from the neei- (east of Iceland) to the south-east
(central Mediterranean) and divides the Atlanticdpean area into two parts. The decreases
in SLP are located west of this border and the ritgjof them are statistically significant
(particularly in the central part of the Atlantiodain the Iberian Peninsula), while pressure
increases occur towards the east, again at thghiebt in Scandinavia and lower in central and
southern Europe.

While SLP fields explain the exceptional charadtfethe 1531-1540 summers clearly,
the summer index of the North Atlantic Oscillatid$AO), reconstructed by Luterbacher et
al. (2002a), achieves only slightly positive val@est shown). They show no significant
deviation from the previous or subsequent decaddact, they tend to decrease from
positive values at the beginning of the 16th cgntomegative thereafter.

4.3 Hydroclimatic variability of the 1531-1540 sumrars in longer-term context

The spatial precipitation, drought and air temperpatterns of the 1531-1540 summers,
with respect to the summers in the 1961-1990 referperiod in central Europe, appear in
Fig. 13. Lower JJA precipitation totals (Paulingakt 2006) tended to concentrate towards the
south-eastern part of central Europe (eastern Bahdvioravia, southern Poland, eastern
Austria, Slovakia and Hungary). While in westerntcal Europe negative differences with



respect to the reference period were much smalléine northern part of Poland this decade
was identified as rather wetter (Fig. 13a). TurrtimgJA scPDSI according to OWDA (Cook
et al., 2015), spatial patterns in these termsrasttjuite strongly with precipitation. Drier
patterns with respect to the reference period werenstructed for much of Germany (north-
west, south-west, east), the Swiss Plateau andrmBiah&uch wetter conditions were
reconstructed for Austria, the greater part of Rdb)&Slovakia and Hungary (Fig. 13b).
Decadal central European fields of the two hydroalic characteristics show only very weak
parallels, with the Pearson correlation coeffici@inonly 0.08, thus statistically insignificant.
Because PDSI depends not only on precipitationalsat on temperatures, Fig. 18dwows
anomalies of mean summer temperatures comparée same reference. Although this
decade was 0.8°C warmer than the 1961-1990 pehediegree of warming varied over
central Europe. Germany together with western Boacamd a smaller south-to-north belt
over Hungary, Slovakia and Poland, were notablynweasirThe smallest positive temperature
difference extended from northern Italy to Ausarad much of Poland was also characterised
by less marked differences.

Comparing the above three variables (precipitage®DSI| and temperature) with
deviations in SLP over central Europe (Fig. 14)lear significant negative correlation in
precipitation and a significant positive correlatior air temperature are evident. Overall, the
positive correlation between SLP and scPDSI isrdidy weaker, especially during the years
1531 and 1536. This is partly due to the fact thkihough drought is closely related to both
precipitation and temperature, it also dependsigtyoupon their temporal distribution and
the persistency of the periods with low precipdaatand high temperatures.

Based on summer drought indices (SPI, SPEI, Z-inftexhe Czech Republic
(Brazdil et al., 2016a), calculated from documentaased temperature and precipitation
reconstructions for 1501-2015, JJA in the 1531-1detthde was the driest in the past 510
years (Fig. 15a). Drought patterns in 1721-1730Ineaatched those of this decade. A
similar pattern holds for gridded JJA precipitattotals in central Europe (the 5°-25°E and
45°-55°N window), reconstructed by Pauling et 2006) for the 1501-2000 period,
followed by the 1701-1710 decade (Fig. 15b).

The uniqueness of the 1531-1540 decade is weakemau decadal characteristics in
the 1501-2012 period for the same window are caledlfrom OWDA (Cook et al., 2015).
The 1531-1540 decade in terms of scPDSI for JJAgaseaas the ninth driest, while JJA DAI
is the eighth at a threshold of —1 (Fig. 15c]d)is is probably related to the fact that summer
hydroclimatic patterns are only one factor amorge influencing a tree growth. Moreover,
the OWDA, as a spatial reconstruction, is calcddtem numerous tree-ring width series and
is more spatially heterogeneous (see Fig. 13b)s Tihwe compare series of the Czech
drought indices with the mean OWDA series ovenairely large window (5-25°E and 45—
55°N), OWDA seems to be rather smoothed (compar&dhemia and eastern Germany
with wetter south-east Poland and Austria in F&p)1

4.4 Impacts of the 1531-1540 summers and societakponses to them

The documentary sources for central Europe in 15346 are of especial value for their
reports of the impacts of weather patterns on dwgriming, duration and quantity of harvests,
particularly those of grain and grapes. Certaimrgs even enable the tracking of continuous
series of harvest beginnings for the Czech Landstrfa and Switzerland (Fig. 16a). In
general, it may be anticipated that preceding wawand drier patterns contribute to earlier
harvest dates andce versaCzech and Swiss series of grape-harvest datgs1(6b) reflect

this scheme very well, clearly expressed in théedarts for harvesting in 1540. On the
other hand, the Vienna hospital accounts relatntpé grape harvest express, in comparison,
a lower inter-annual variability and only partigllaement. Similar tendencies are also



apparent for the grain harvest in Dobroioe in north-west Bohemia (Brazdil and Kotyza,
2000) and for the winter rye harvest in northernt&sviand/south-west Germany (Wetter and
Pfister, 2011), except for relatively long delagsharvest dates, particularly in 1536 and, to a
lesser degree, 1537 (Fig. 16a). The Vienna semés,smoothed fluctuations, agrees in part
with anticipated trends; more differences appeaeiies of the winter wheat harvest days in
the Czech Lands (Mo ny et al., 2012).

Weather patterns for summers, together with th@vipus winters and springs, were
reflected in good/bad yields of basic crops, inficiag food sources in ways that could result
in rising prices and the onset of starvation, elaenine. For example, Michael Steinberg
(Schonborn, 1878) published the prices of wheatrgadn his chronicle for Silesia, 1532—
1541, unfortunately without further information. 84t was the most expensive in the wet,
cold year of 1533 with prices at 21-28 Groscherc@led white Gr., it means 31,5-42 Gr.),
then in 1534 (18-24 white Gr., it means 27-36 @md in 1538 (16—24 Gr., it means 24—36
Gr.). Rye also commanded its highest price the®e23 Gr.) in 1533, although he reported
25 Gr. for rye in 1534 and 1539). Similarly, NicelRol (Busching, 1819) noted a peak in
prices in Wroc aw for 1533: 25-26 Gr. for wheat &2d-24 Gr. for rye. However, the highest
prices of all occurred in 1540: 26 Gr. for both whand rye. Steinberg in Silesia noted only
16-23 Gr. for wheat in 1540, with no informatiom fge (Schdnborn, 1878).

Severe shortages and very high prices for cereals veported for 1535 in
Transylvania (Schuller, 1848; Vereins-Ausschuf3,1)8Bccording toAlbum Oltardianum
anearly 17th-century chronicle, and also WolfganghBat, a history writer at around the
same time, Transylvania suffered from famine int ylgar (Bethlen, 1782; Trauschenfels,
1860). So great was the hunger that people of $mths and all ages lost their minds,
walking around almost naked and consuming “unctbangs”. Bethlen also mentioned
cannibalism. Thousands of people starved to d€aitpses could be encountered on the
streets, their mouths full of grass (Bethlen, 1782F g ra , desperate poor people turned to
eating dead dogs and cats (Trauschenfels, 186€gnAiry later, the history writers Wolfgang
Bethlen and Matthias Miles considered this threa-yeeriod of hunger in historical Hungary,
especially severe in its northern parts (todayts/&kia) and Transylvania, almost equal to the
greatest known famine of the 16th—17th-centuridsclvoccurred in 1603 (Bethlen, 1782;
Armbruster, 1984). Food availability and priceslIddoe also negatively influenced by plague
as was reported, for example, in 1531 in Hungamsréihs-Ausschul3, 1851), or by other
epidemic diseases, as cited for the same year issSMinterthur (AS10).

Warm, dry summers gave rise to particular problententral Europe. When streams
and rivers fell or dried out, it became difficuttimpossible to grind grain in regions that
relied upon water milld-or examplethe dry summer of 1536 forcélde Erfurt municipality
to consider the creation ofRossmiuhlea mill powered by horses (Falckenstein, 1738).
Watering cattle was also very difficult, a problspecifically mentioned in relation to the
droughts of 1536 in Germany (Ginschopff, 1631) 4640 in Silesia (Buisching, 1819).
However, it should also be pointed out that pebgplé no problems with access to water in
the towns situated near big rivers such as therRiistula in Poland, even in times of
extreme drought. On the other hand, wet summers s@netimes accompanied by floods
that could cause material damage and flooding otaltural land, or even loss of human
lives, as was apparent in 1533 in Bohemia (Zilynpsk§84), Poland (including Silesia)
(Busching, 1819; Maurer, 1878), Switzerland (FouqlL®99) and Transylvania (Vereins-
AusschufR1851; Gross and Seraphin, 1903b), and again i@ itbBohemia (Zilynskyj,

1984), Silesia (Busching, 1819) and Germany (8&pgangenberg, 1572; Lappenberg, 1861;
Freihern von Oefele, 1878; Koch, 1937).

In times of extended and severe droughts, the nuofldges in towns and forests

rose. For example, forest fires were reported 8215 Silesia (Busching, 1819), in 1536 and



1538 in Bohemia (AS7; Gradl, 1884; Kolar, 1987)] am1540 in the Brandenburg area
(Riedel, 1862), Carinthia (Rohr, 2007), Silesiag&ting, 1819), Bohemia, Silesia and
Lusatia (Gomolcke, 1737), and Transylvania (Schull848).

5 Discussion

5.1 The summers of 1531-1540 in European context

The character of the summer weather describedah 4 and 4.3 may be confirmed by
other central European studies. For example, Lim&aad2001) used qualitative daily
weather records from ephemerides in Cracow (Pojaadkring the first half of the 16th
century, to classify temperature-precipitation ga$. She interpreted the summers of 1531
1540 as: 1531, warm, mean precipitation (37 predipn days); 1532-1534, no data; 1535,
cool, mean precipitation (42); 1536, moderate,(86); 1537, moderate, humid (47); 1538,
warm, dry (39); 1539, moderate, humid (42); andQl54ry hot, extremely dry (13).

A range of documentary evidence has been usedexpret the summer patterns of
1531-1540 in Germany (Glaser, 2008) and in SwinerPfister, 1988, 1999). A very
warm, dry summer in 1532 (particularly August) weasorded in southern and eastern
Germany (Glaser, 2008), while a warm June and Augage derived for Switzerland
(Pfister, 1988). Pfister (1988) interprets a wehmer for 1533 in Switzerland, while Glaser
(2008) gives a cooler and wetter summer in GermArnwarm, dry summer for 1534 follows
from the interpretations of documentary data fahkdeermany (Glaser, 2008) and
Switzerland (Pfister, 1988). Glaser’s analysis @d0r 1535 in Germany provides spatially
different intensities of heat in the summer, whi@tame moist towards the end. In
Switzerland (data missing for July), the monthswfie and August were interpreted as
average and June, further, as wet (Pfister, 198&).analysis for 1536 in Germany gives a
mild, dry spring, a very warm and very dry sumnagrg a warm, very dry autumn (Glaser,
2008). For Switzerland, Pfister (1988) mentionsrwanonths from May to November, and
dryness from Julyo October (July—September were classified as alously warm-dry —
Pfister, 1999). Glaser’s analysis (2008) for 158%g a cold and very wet summer for
Germany, particularly in Juné/hile the data for summer 1538 in Switzerland ap®mplete
(Pfister, 1988), Glaser (2008) interprets warm dnydsummer for Germany. Glaser (2008)
speaks of summer 1539 as wet, although with lessmravestern and eastern Germany.
Pfister (1988) mentions a warm June and AugusbWwatzerland but the data for July are
missing. The extraordinary extremity of the yead@ % recorded bipfister (1988) for
Switzerland, who mentions a sequence of warm mdnting April to December and dry ones
from February to October. Similar reports of wamma a@ry patterns also come from Germany
(Glaser, 2008).

Based on the quantitative precipitation reconsimactrom documentary sources for
the Czech Lands by Dobrovolny et al. (2015), sumpnecipitation totals for the 1530s were
lower than in the 1961-1990 reference period, dsw @mpared with the preceding (1520s)
and subsequent (1540s) decades. Further, low pegmp in the 1530s in central Europe was
confirmed in four proxy reconstructions based @ering widths, although they refer to
slightly different seasons (see Fig. 9 in Dobroyadh al., 2018 for further details).

High temperatures in addition to low precipitatmuld also have contributed
significantly to droughts. For example, summer terapures for central Europe reconstructed
from documentary sources (Dobrovolny et al., 20d0icate that the 1531-1540 decade was
0.9°C warmer than the 1961-1990 reference peribd.fdrmer decade was significantly
warmer (at a significance level of 0.05) than thevpus (1521-1530) and subsequent (1541—
1550) decades. Moreover, a majority of the 15 warioroxy reconstructions from central
Europe performed by Brazdil et al. (2013b) haveficored the exceptionally warm character
of the 1530s.



It follows from Figs. 1-1@hat summer weather patterns in western Europe were
similar to those in central Europe. In particutae summers of 1534, 1536, 1538 and 1540
were dry not only in central Europe, but the aféected by drought extended over the
greater part of western Europe. Pribyl and Cor282@) mentioned repeated warm and dry
episodes in the 1530s and a drought in 1540 indalglin the Netherlands, Alsace and
France, summer 1532 was sunny and very dry withoa grape harvest (Bournon 1895;
Buisman, 1998). Summer 1533 in the Netherlandsweasvith prolific rain in June, July and
August. As a result, the water in several rivers Wigh, leading to flooding and burst dikes in
the Nijmegen, Doesburg and Den Bosch areas (Buish®®8). Summer 1534 in the Paris
district was hot and very dry from April until amn and the grain harvest was good
(Bournon, 1895). On the other hand, summer 1535raiag and quite cold in the Paris area
and the Alsace (Buisman, 1998). Summer 1538 wasdhe Netherlands (ibid.). In the
Netherlands and in Alsace, summer 1539 was quitenwath some dry spells, but there
were periods of rain. The hay and grape harvests g@&od in both areas (ibid.). Dry and
warm patterns for 1540 in western Europe have beafirmed by Wetter et al. (2014). In the
Netherlands, this summer was extraordinarily hebdke had not experienced anything
similar for hundreds of years. Fountains dried ng @ven large rivers such as the Rhine,
Maas, Leie and Scheldt ran very low. There was asimo rain at all. Wildfires and town fires
broke out in several places. Harvests were vely,eand while damage to vegetation was
reported in some places, in others the harvests almundant (Buisman, 1998).

Only sparse information concerning drought episadélse summers of 1531-1540 is
available from eastern Europe. In contrast to edmaind western Europe in 1533, severe
drought was reported in Russian annals for the-Easipean Plain. In its central part (the
Moscow area) the annalist wrotéd rain from June to September but drougiatsuchapnd
heavy fodgeneratedpy hot smoke from burnt-out forests and dried-ugt pegs. The sun at
three[in the afternoonjvas red and it was impossible to see By(8hmakin et al. 2013,

p. 53). The situation was similar in the northeant pf the plain (the Novgorod area):
extended spell without rain, dried-up bodies ofevatorest fires, smoke (ibid.).

5.2 Impacts and societal responses to the summersl®31-1540

Partial comparisons may be drawn between the immdarought of drought and society’s
responses to it in central Europe through furtivarlar documentation. For example, in the
Paris region (Bournon, 1895), after a cold andyiiay 1531, the market price of grain was
very high the following summer. A very good vintagas reported in 1532, with an
abundance of wine at market. Hot, dry weather atsmirred in this area in the months of
May, June and July 1534, when a lack of hay anslwat mentioned. However, it appears
that the wheat harvest, was at least sufficienBurgundy and Alsace, the grape, fruit and
grain harvests were early and good in 1536 (Buisrh@88). French grape-harvest days at
Beaune (Labbé et al., 2019) correlate closely thi¢ghgeneral character of the summers of
1531-1540, as well as with that of other centrablgean series (Fig. 16b).

Turning to the consequences of dry weather, ceBtredpean documentary sources
often describe problems with the availability ofteraand activities related to its levels. For
example, during the extremely hot, dry summer &0l the Netherlands, the water levels in
rivers were so low that people could cross subsilamiers such as the Lys, the Scheldt, the
Meuse and the Rhine with “dry feet” (Descamps, 1852

Soon after the 1531-1540 decade examined herelb4iB, locusts invaded central
Europe (Brazdil et al., 2014). However, Count LeGgulaffy, a Transylvanian diplomat,
mentioned in his historical annals, completed i85, &hat the infamous central-European
locust invasion of the early/mid-1540s had alrebegun in 1539 in Transylvania. Although
he was not an immediately contemporaneous autleonvds born in 1557), his dating of such



an early outbreak is worthy of mention, as his wattkerwise contains a correct historical
chronology of political and other events (Szilagy893).

As shown by described individual impacts in Sectdah it follows that there were no
indications of multi-country or multi-year severapacts. It can be related to several
circumstances. Because of the differences in $ebgivf the various agricultural crops to
temperatures and precipitation in different staafabeir development, their yields were
besides summer significantly influenced also bytiwelacourse in other seasons, particularly
spring, but also autumn and winter. Further, drigrgevith possible severe impacts were
broken by years with normal or wetter patterns there was no longer concentration of
worse weather patterns strongly influencing agtizal production on the long term in a
negative way. Moreover, great spatial precipitatianiability meant that not the whole
central Europe was affected by the same way, asdrte extent trade could buffer the
potential negative effects. Moreover, relativelgtdé socio-political situation without wars
and extensive plague epidemics allowed administigt settle regionally limited shortages,
despite the fact that some regions such as thea@aap Basin generally suffered from
Turkish and German attacks, taxation-related econ@sues and internal political
controversies (e.g. Perjés, 1989), which circunt&amalso make it more difficult to single
out the problems primarily caused by unfavouraldativer conditions. In this context we
have to take in account that attention to recordingeather anomalies was sometimes of
secondary importance compared to reporting othget events, i.e. some impacts could
remain unnoticed.

6 Conclusion

The results of this analysis of summer hydroclimpatterns during the 1531-1540 decade in
central Europe may be summarised as follows:

(i) Reconstructions based on documentary dataanelihat the summers of 1531-1540 were
the driest summer decade in central Europe of éiséfive centuries, i.e. following 1501 CE.
Dry patterns were expressed at their clearest 32,15534-1536, 1538 and particularly in
1540, which was extremely dry. Reconstructions thasetree-ring widths tend to attribute
the JJA scPDSI of 1531-1540 to the end offitls¢ ten driest summers

(ii) Drier summers in central Europe corresponchvpitessure increases over Fennoscandia
and central Europe and to statistically significargssure decreases in the central part of the
Atlantic Ocean and south-west Europe. Wetter sursrm@respond with pressure decreases
extending from the British Isles to central Europe.

(iif) The impacts of summer droughts within the 153540 period were reflected in familiar
manifestations, such as bad harvests of certapscreduction or complete lack of water
sources, frequent fires in towns and forests, estitig with floods and all their negative
effects in wetter summers. However, there are dwations that the more severe impacts
were of multi-country or multi-year natures.

(iv) Despite the fact that precipitation totals &SI represent different hydroclimatic
characteristics, the multi-proxy precipitation restsuction by Pauling et al. (2006) and
scPDSI tree-ring width reconstruction by Cook e{2015) indicate only little agreement in
the spatial distribution of drier and wetter patseover (central) Europe in the summers of
1531-1540.

(v) The current study demonstrates the high paikafidocumentary data in the detailed
analysis of weather patterns of past summers inf&urThese occurred in times of only
natural processes. This is very relevant to théuatian of recent and future droughts arising
out of the effects of both natural and anthropogéwricings.
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Archival sources

[AS1] Archiv hlavneho mesta SR Bratislavy, Magistréesta Bratislavy (AMB-A/XXIV.1):
Komarna kniha/Kammerbuch: K1-56 (1434-1500).

[AS2] Gy r-Moson-Sopron Megye Soproni Levéltara IV. 1003taAdecimalia.

[AS3] Moravska zemska knihovna Brno, sign. 25368iH& Duchovni o velikych skutcich
Pana Boha vSemohouciho: Roalymi hystoriemi starymi i novymi ozdobend. V ni se
obsahuje vyswuleni: Mohouli arod jnici a arod jnice sami od sebe Pavi, Kroupy,

Bou e, Hromobiti vzbuditi a vyvésti. Z Pisem Svatychitel v K es anskych i Pohanskych
sepsana a nyni v novydana. Od krze Jana Stelcara eletavského z eletavy, totasu
Farde v M ste ku Mnichovicich. Létha Pan MDLXXXVIII.

[AS4] Moravska zemska knihovna Brno, sign. L.VI87t Chronica der kayserlichen freyen
Bergstadt Sanct Jo[a]chimsthal der zuvor die Cagaih genent war. Anhang in Johann
Mathesius, Sarepta oder Bergpostill. Sampt defjdafasztalischen kurzen Chroniken.
Psalm. CXLVIIl. Berg und Thallober den HLRRN. Nuerlg, MDLII.



[AS5] Moravsky zemsky archiv Brno, fond G 21 Shistarych tisk, inv. . 526, sign.
[11/160: Rerum Boemicarum Ephemeris sive Kalendarhustoricum. Ex reconditis veterum
annalium monumentis crutum. Authore M. Procopiodcip [de] Hlavaczov aeo, Pragensi.
Opus nunc primum in lucem editum, una cum coroa®cuplere personarum et rerum
memorabilium indice. In idem kalendarium. Eruta dp@atriae monumenta Lupacius edit, et
bonus est civis, doctus et historicus. Suscitapldicat, manifestat, promovet, ornat,
maiores, patriam, tempora, gesta, duces. M. Béunn. Pragae, Anno M.D.LXXXIIII.
[AS6] Narodni knihovna eské republiky Praha, sign. XVII. B. 14: Urlldastera
doksanskeho zalo eny r. 1522 sepisy listin pravnich zbo i tého klaStera z 16olsti (dor.
1588) a se zpravami kronilskymi z let 1453-1531.

[AS7] Regionalni muzeum Litomice, inv. . SV 14142: Kalend&Historicky. To jest kratké
poznamenani vSech dnuov jednoho ka déhsine pes cely rok. K nim pdany jsou nkteré
pam ti hodné Historiae o rozlnych pihodach a promméach, jak naroduov jinych a zemi v
Sv t , tak také a obzvlaStmérodu i Kralovstvi eského z hodnovnych Kronik. S pilnosti
sebrano, vytiSho a vydano praci a nakladem M. Daniele Adama esfaVina. Vytlaeno v
Starém Mst Pra ském. Leta poslednihoku: MDXC.

[AS8] Sachsische Landesbibliothek — Staats- undiéisitatsbibliothek Dresden, sign.
VW/93/135: Georgii Fabricii Chemnicensis Rerum Mdcsmum libri VII. Electorum Saxoniae
lib. I. Marchionum Misnensium lib. I. Annalium ubMisnae libri Ill. Siffridi Misnensis
presbyteri Epitomes lib. [l. Omnia nunc recensadiipsiae. Curante Ernesto Voegelino.
Cum provilegio.

[AS9] Stadtarchiv Muhlhausen, sign. 61: Anonymugg Blihlh&usischen Alterthimer in
einer Chronica vorgestellet zum Nutzlichen Gebrawarhdie Nachkommen aus vielen Alten
Schrifften und Chronicken zusammengetragen Im Gaisti 1800, Zweyther Theil.
lllustrierte Sammelhandschrift aus dem Besitz vomafia Mohts, geb. Becke.

[AS10] Stadtbibliothek Winterthur: Goldschmid, J.Brzellung seltsammer Natur-
Geschichten ungwohnten Jahrgéngen: theuren undeilehl Zeiten, Sterbenslauffen und
anderen derglichen Sachen so sich bey uns in dérn8interthur zuogetragen haben.
[AS11] Statni okresni archiv Litomice, fond Archiv msta Litom ice, sign. IV B 1la: Kniha
pam tni litom ickych m stskych pisa 1570-1607.

[AS12] Statni okresni archiv Litomice, fond Archiv msta Litom ice, st. sign. 12:
Letopisecké zdznamy v litonmickém pravnim rukopise ze 14. stol. ozesay nov “Das
Magdeburger Recht”.

[AS13] Statni okresni archiv Louny, fond Archiv sta Louny — kroniky, sign. Ch 1:
Chronica civitatis Launensis in Boemia auctore BaMiikssowicz servo consulari.

[AS14] Statni okresni archiv Louny, fond Archiv sta Louny, sign. | E 10: Iste liber pro
hospitali et curia allodiali deputatus inicium sepit post exustam hanc urbem etc.

[AS15] Wiener Stadt- und Landesarchiv, MA 8. 1.7.B 11 — Spitalmeisteramtsrechnung
1531, 1533-1540.
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Figure 1. (a) 1531 JJA precipitation totals in Europe expeesas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620®) JJA scPDSI for 1531 in Europe
according to OWDA (Cook et al., 2015).
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Figure 2. (a) 1532 JJA precipitation totals in Europe expeesas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620®) JJA scPDSI for 1532 in Europe
according to OWDA (Cook et al., 2015).
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Figure 3. (a) 1533 JJA precipitation totals in Europe expeelsas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620@®) JJA scPDSI for 1533 in Europe
according to OWDA (Cook et al., 2015).
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Figure 4. (a) 1534 JJA precipitation totals in Europe expeesas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620®) JJA scPDSI for 1534 in Europe
according to OWDA (Cook et al., 2015).
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Figure 5. (a) 1535 JJA precipitation totals in Europe expeelsas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620@) JJA scPDSI for 1535 in Europe
according to OWDA (Cook et al., 2015).
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Figure 6. (a) 1536 JJA precipitation totals in Europe expeesas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620M®) JJA scPDSI for 1536 in Europe
according to OWDA (Cook et al., 2015).
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Figure 7. (a) 1537 JJA precipitation totals in Europe expeesas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620®) JJA scPDSI for 1537 in Europe
according to OWDA (Cook et al., 2015).
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Figure 8. (a) 1538 JJA precipitation totals in Europe expeelsas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620@) JJA scPDSI for 1538 in Europe
according to OWDA (Cook et al., 2015).



70N

60N

55N

50N 50N 1

45N 45N

40N 40N A

35N 35N ? T T T T :
10w 5W 0 5E 10E 15E 20E 25E 30E 10w 5w 0 5E 10E 15E 20E 25E 30E

Figure 9. (a) 1539 JJA precipitation totals in Europe expeelsas percentage deviations
(x100) from the 1961-1990 mean (Pauling et al. 620@) JJA scPDSI for 1539 in Europe
according to OWDA (Cook et al., 2015).
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Figure 10.(a) 1540 JJA precipitation totals in Europe expeesas percentage deviations

(x100) from the 1961-1990 mean (Pauling et al. 620M®) JJA scPDSI for 1540 in Europe
according to OWDA (Cook et al., 2015).
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Figure 11.(a) Mean JJA SLP field in the Atlantic-Europeaaaaduring the 1961-1990
reference period and (b) anomalies in the meanfeld® of the individual summers in
1531-1540, based on data from Luterbacher et@22 (available at
https://www.ncdc.noaa.gov/paleo-search/study/6a66essed on 23 May 2020).
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Figure 12.Mean JJA SLP field for 1531-1540 (a) and deviaifsom the 1961-1990
reference period (b) in the Atlantic-European aRents indicate grids with statistically
significant deviations at a significance level di®
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Figure 13.(a) Mean 1531-1540 JJA precipitation totals exggdsas percentages of the
1961-1990 mean (Pauling et al., 2006), (b) meai45340 JJA scPDSI according to
OWDA (Cook et al., 2015) expressed as deviatioms fthe 1961-1990 mean, and (c) mean
1531-1540 JJA temperatures according to Luterbaathadr (2004) expressed as deviations
(°C) from the 1961-1990 mean in the central Europegion.
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Figure 14.Relationship between mean SLP anomalies (Lutedraethal., 2002b) and mean
precipitation (a), PDSI (b), and temperature (Qraalies for the individual summers of

1531-1540 in central Europe (the area demarcatddb5°N and 5°-25°E). Data sources:

(a) Pauling et al. (2006), (b) Cook et al. (2018),Luterbacher et al. (2004).




Figure 15. Decadal fluctuations in hydroclimatic charactecst(a) JJA SPI1, JJA SPEI and
JJA Z-index for the Czech Republic, 1501-2015 (Bilgat al., 2016a); (b) JJA precipitation
totals within the 5°-25°E and 45°-55°N window, 15PQ00 (Pauling et al., 2006); (c) JJA
scPDSI of the 5°-25°E and 45°-55°N window, 1501-228dcording to OWDA (Cook et al.,
2015); (d) JJA DAI (threshold —1) of the 5°-25°El &b °-55°N window, 1501-2012
according to OWDA (http://drought.memphis.edu/OWDAfault.aspx, accessed on 8
January 2020). The grey band indicates the 1531-f6dod.



Figure 16.Harvest starting days, expressed as days afnuady, for selected locations and
regions in central Europe and France in 1531-1&)Qrain (1 — Dobromice: Brazdil and
Kotyza, 2000; 2 — Vienna: AS15; 3 — winter whe&zech Lands: Mo ny et al., 2012; 4 —
winter rye — northern Switzerland/south-westernn@ery: Wetter and Pfister, 2011); (b)
grapes (5 — the Louny region: Brazdil et al., 2Q®d Vienna: AS15; 7 — Bohemian
viticulture region: Mo ny et al., 2016; 8 — Switzand: Meier et al., 2007; 9 — Beaune,

France: Labbé et al., 2019).



