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Abstract.  This paper presents a unique 517-yr long 1 Introduction

documentary data-based reconstruction of spring-summer

(MAMJJ) temperatures for northern Switzerland and south-ceregls are the most widely grown crops in Europe since the
western Germany from 1454 to 1970. Itis composed of 25\gjithic Revolution. Bread was the basic food in most Eu-
partial series of winter grain (secale cereale) harvest startlng;Opean societies, and before the advent of the railway, grain
dates (WGHD,) that are partly based on harvest related bookprices were known to be the key indicator of economic activ-
keeping of institutions (hospitals, municipalities), partly on ji (persson, 1999), comparable to oil-prices today (Pfister,
(early) phenological observations. The resulting main Baseb10). Not surprisingly, European archives contain a huge
WGHD series was homogenlseq W|th regard to q.atln.g styleamount of documentation related to grain cultivation that
data type and alt_ltude. _The calibration and verification ap-was, unlike grape harvest dates, hardly yet investigated for
proach was applied using the homogenous HISTALP tem-jimate reconstruction. This paper presents a 517-yr long re-
perature series from 17741824 for calibratior 0.78) and  ¢onstruction of spring-summer (MAMJJ) temperatures from
from 19201970 for verificationr (= 0.75). The latter result 4ocymentary-based winter rye (secale cereale) harvest start-
even suffers from the weak data base available for 1870—|~ng dates covering the period from 1454 to 1970. Doc-
1950. Temperature reconstructions based on WGHD argmentary sources contain two different kinds of evidence,
more influenced by spring temperatures than those based Qfymely: (a) narrative accounts on (unusual) weather spells
grape harvest dates (GHD), because rye in contrast to vinegnq weather-induced disasters; and (b) (bio) physical proxy
already begins to grow as soon as sunlight brings the planfygicators such as advances or delays of vegetation in the

to above freezing. The earliest and latest harvest dates wer§,mymer half yearAMJJAS and the presence or absence
checked for consistency with narrative documentary weatheg frost ice and snow-cover in the winter half ye@ND-

reports. Comparisons with other European documentaryJFM) (Pfister, 1992; Bazdil et al., 2005; Leijonhuvhud et
based GHD and WGHD temperature reconstructions genery|  2010). From the twelfth century onwards, chroniclers
ally reveal significant correlations decreasing with the qis'occasionally referred to (bio) physical evidence as a means
tance from Switzerland. The new Basel WGHD seriess provide data on pronounced temperature anomalies that
shows better skills in representing highly climate changecq,id be compared over time (Wegmann, 2005; Pfister et al.,
sensitive_variations of Swiss Alpine glaciers than availablezoog)_ However, such narratives are singular and relatively
GHD series. short, ending at the latest with the death of the observer (Pfis-
ter et al., 2009). Long-term biophysical evidence was gener-
ated by institutions such as chapters and municipalities in the

Correspondence taD. Wetter context of bookkeeping. If entries allow the precise dating
BY (oliver.wetter@hist.unibe.ch) of weather-dependant agricultural or commercial activities,
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Fig. 1. Location of WPD, TAD, HPD and PNO series in northern Switzerland and south-western Germany.

such information can be used as a climate proxy. In gen- This paper draws on a similar evidence for the start of
eral, accounting procedures remained stable over long perithe cereal harvest from 1454 to 1970 in north-west Switzer-
ods and therefore such institutional sources have the potedand and south-west Germany. The geographical setting
tial to yield century-long series of annual, quantitative andof the 25 locations is shown in Fig. 1. Switzerland is lo-
relatively homogeneous proxy data. Grape harvest startingated in central Europe and divided up into three major ge-
dates (GHD) are the best known example of this kind of dataographic regions, namely the Alps, the Jura Mountains and
(e.g. Le Roy Ladurie, 1967; Le Roy Ladurie and Baulant, their foothills and the intermediate region called the Swiss
1980; Burkhardt and Hense, 1985; Lauer and Frankenberg?lateau, where most of its 7.8 million inhabitants live (BFS,
1986; Pfister, 1988; Souriau and Yiou, 2001; Chuine et al.,2010). The investigation area is situated in a zone of tran-
2004; Menzel, 2005; Meier et al., 2007; Rutishauser et al. sitional climate influenced by both maritime and continen-
2007; B@azdil et al., 2008; Mariani et al., 2009; Maurer et tal air masses. Predominant winds come from the west.
al., 2009). More recently, Leijonhufvud et al. (2008, 2010) Other typical winds are the “bise”, a cold wind from north-
showed that the start of the sailing season each year, as deast being channelled by the Plateau narrowing in southwest,
duced from post-1500 custom ledgers and other documentand the northern alpine “foehn” (downslope wind from the
related to harbour activities in Stockholm, can be used asouth), causing remarkable temperature risings. At same al-
a reliable proxy for January to April (JFMA) temperatures, titude, the temperature decreases from west to east due to a
at least until the beginning of the 1870s. Kiss et al. (2011)more continental-influenced climate. Annual average rainfall
provided a May to July temperature reconstruction of Bu-varies between 800 mm (in the lee of the Jura Mountains) and
dapest based on five vine- and grain-related historical phenomore than 2500 mm in the High Alps, with a summer maxi-
logical series from the town of #zeg (West-Hungary). As mum. The climate in the Jura Mountains, located north of the
there was a sufficient overlap between the proxy series andlps in France, Switzerland and Germany, is colder than that
the (early) instrumental period, the approach of calibrationof the Swiss Plateau (Stéhpp et al., 1978; Encyclopaedia
and verification (Cook et al., 1994) could be used for theseBritannica, 2011). Disregarding the Swiss Plateau (1), the
reconstructions. region of interest concerns the northern foothills of the Jura
mountains (2), the Upper Rhine Valley (3), and the Swabian
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Fig. 2. Start of flowering of apple trees (left panel); begin of winter rye harvest (right panel) between 1936 and 1944 in Germany (1:2 000 000)
by Schnelle (1955).

Alps (4) in south-western Germany (Fig. 1). The Basel area This paper is structured as follows: The first section
— situated at the upper end of the Upper Rhine Plain — enpresents the evidence and addresses its reliability from a his-
joys an exceptionally mild climate, influenced at times by torical and scientific point of view. The steps to merge partial
Mediterranean air currents flowing up the Rhone valley. Theseries of different proxies into main WGHD series consider-
Upper Rhine Plain, framed by the French Vosges Mountaining proxy-type, dating style and altitude are outlined in the
range in the west and the German Black Forest Mountairsecond section. The third section concerns the statistical re-
range in the east, could heat up enormously in the summeconstruction of spring-summer (MAMJJ) temperatures using
half year. Annual precipitation shows windward and leewardthe calibration and verification approach. In the fourth sec-
patterns, caused by both mountain ranges. Temperatures atidn, the results of the reconstruction are presented, discussed
sunshine duration in the Basel area are clearly above those @nd compared with other documentary based temperature re-
the Swiss Plateau region (Sapp et al., 1978). The regional constructions as well as glacier fluctuations in the central
climatic differences are well reflected by plant phenology, asAlps. Conclusions are drawn in the fifth section.
the example from Germany demonstrates (Fig. 2).
The value of WGHD as a proxy indicator for March to .
July temperatures was discovered by Pfister (1979, 19922 The evidence
WGHD were mainly investigated in the northern countries . .
. . i The onset of grain harvesting not only depends on the oc-
where GHD are not available (Tarand and Kuiv, 1994; Tarand . ST
. ) . ) currence of the degree of full ripeness, which is difficult to
and Nordli, 2001; Nordli et al., 2003). Nordli (2001) used : S )
) Yo determine, but also on human decision-making. The onset
proxy data from five farmers’ diaries in central Norway (from .
: : of rainy spells may postpone the start of the harvest. On the
1805) to assess temperatures in Trondheim before the be- . . . :
o "y : other hand, if the grain became overripe, there was the risk
ginning of systematic instrumental measurements in 1858,

The same author provided a summary of the relevant Worl{)f substantial dropouts of grains through the harvesting work

M . L Allen and Lueck, 2002), which clearly limited possible post-
Wefggsevrv;glﬁzzz ilr? tr':l;g?a)::rfl\ll?oerdﬂ,bliogs?g stlj‘llaks(?[m?s’foﬁonement of harvest. For these reasons, the onset of grain

P . P arvest is subsumed by phenologists under the “aprocryphal”
GHDs (Brazdil and Kotyza, 2000; Mozny et al., 2011). Re-

) . . (i.e. questionable) phases (DWD, 1991). This premise mat-
cently, Pribyl et al. (2011) submitted a paper reconstructmgters for discussing the evidence used to create the 517-yr long

April-July mean temperature_s from 1256 to_ 1431 in Nor- series of WGHDs. Four kinds of evidence are distinguished:
folk (England) based on grain harvest starting dates from

administrative records.

www.clim-past.net/7/1307/2011/ Clim. Past, 7, 130326 2011



1310 O. Wetter and C. Pfister: Spring-summer temperatures reconstructed for Switzerland and Germany

30 4

5

— —3S25 PNO +
—S24 PNO +
— —S23 PNO +
— S22 HPD ++++
—S21 PNO ++++
—S20 HPD ++
—S19 PNO ++++
—S18 PNO ++
—S17 HPD +++
— 3816 HPD ++
—3S15 HPD ++
—S14 HPD ++
—S13 HPD ++
—3S12 TAD ++
—S11 TAD +++
—3S10 TAD ++
—S9 TAD +++
—S8 TAD +
—S7 TAD +++
—S6 TAD +++
—S5 TAD ++
—S4 HPD ++
—S3 TAD ++
—S2TAD ++
—S1 WPD +

25 4

20 4

number of series

0€9} -
0591 -
OLQL:
069} -
0LLL A
O€LI,:
OQLL:
OLLL:
OGU:
OLSL:
O€8I,:
OQQL:
0/81 ]
046} -

<190 m asl. - <400 m asl.
> 400 m asl. - <500 m asl.
> 500 m asl. - <600 m asl.
>600 masl. - <770 m asl.

WPD = Wage Payment Data

TAD = Tithe Auction Data

HPD = Historical Phenological Data

PNO = Phenological Network Observation

1-5 = section 1-5

Fig. 3. Composition of Basel WGHD series; consisting of WPD, TAD, HPD and PNO series from northern Switzerland and south-western
Germany.

— Wage payment dates (WPD) (Figs. 3 and S1 in the than a philanthropic institution. For the well-off, the

Supplement

Exploring the account books of the Czech town of
Louny Brazdil and Kotyza (2000), we discovered that
the date of wage payments to day labourers paid on Sat-
urdays could be used as a proxy indicator for temper-
ature. The document lists the weekly wages paid on
Saturdays, specifying the type of work performed, such
as hay and grain harvest, work in the vineyards, cut-
ting of ice on the river, carrying out water from flooded
cellars, etc. The discovery of the two authors matters
for historical climatology. Account books are among
the most frequently available continuous archival doc-
uments and hence it suggested itself to look for simi-
lar data elsewhere. The authors of the present article
looking through the books of daily expenditures kept
by the hospital in Basel (Switzerland) were tapping into
a climate-historical gold-mine. This source contains a
wealth of evidence about the beginning of a multitude
of different kinds of agricultural field and vineyard work
from 1454 to 1705 for the same location (Figs. 3; S1in
the Supplement, Table 1; source 1).

In the early fourteenth century, the Basel hospital,
founded somewhat before 1265, was a municipal in-
stitution managed by a fraternity. Wardens and nurses
elected by the municipality replaced the friars around
1400. Although the hospital was not funded by the
town, both the clerics as well as the secular administra-
tion were accountable to the town council. A hospital
was a profit-orientated enterprise in those days rather

Clim. Past, 7, 1307326 2011

hospital acted as old-age pension and disability insur-
ance in cases of corresponding donations. The hospital
cared for disabled Basel citizens. Sick persons needed
to transfer their entire belongings to the hospital. If
they recovered, they got them back. If they died, they
became property of the hospital (von Tscharner-Aue,
1983).

Under these conditions, the hospital acquired mani-
fold possessions such as tenements, commercial build-
ings, estates, tithes and “bonds”. The town council
granted the hospital exemption from tithe and consump-
tion taxes in 1339. In 1436, the hospital already drew
earnings from estates in 85 villages situated in today’s
Greater Basel Region, including neighbouring France,
Germany and Switzerland. An appropriate bookkeeping
was established in the mid-fifteenth century. More than
240 books of expenditures from 1454 to 1705 have sur-
vived. Potential climate-historical evidence only comes
from estates that were directly farmed by the hospital on
the basis of hired labour. Unlike the weekly payments
customary in the Town of Louny (Bedil and Kotyza,
2000), labourers in Basel were paid at the end of every
single working day. The first appropriate entry thus rep-
resents the actual beginning of the corresponding agri-
cultural activity (Fig. 4).

The books of daily expenditures did not survive after
1705, though they were most probably continued. In
any case, they were not any more archived, contrary
to the annual accounting books. At least we are left

www.clim-past.net/7/1307/2011/
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Table 1. Archival- and edited archival sources.

Sources Originator Title Archive

source 1 Hospital Ausgabeinther 1454-1705 Spitalarchiv F12
of Basel Staatsarchiv

Basel-Stadt

source 2 Gerung, Des Kaplans Niklaus Gerung genannt Blauenstein Fortsetzung der Flores Temporum

Niklaus 1417-1475, in: Basler Chroniken, Band 7, Historische Antiquarische Gesellschaft Basel
(ed.), Hirzel, Leipzig, 1915.

source 3 Bullinger, Chronik 1532-1566 Burgerbibliothek
Heinrich Bern

source 4 Haller, Kalender mit handschriftlichen Exgten, 1545-1576 Zentralbibliothek
Wolfgang Zurich

source 5 Spimngli, Witterungstageicher Burgerbibliothek
J. Jakob Bern

source 6 Kinzli, Chronik Stadtbibliothek
Anton Winterthur

source 7 Steffen, Rechenbuch, angefangen den 24. Jan. Ao. 1791 Stadtbibliothek
Ulrich Winterthur

source 8 Aubrion, Journal Avec une continuation du de Pierre Aubrion. 1465-15¥drokarchey
Jean (ed.), Metz 1857.

source 9 Tschudi, J., Beschreibung des Lobl. Orths und Lands Glarus, Joh. Heinr. Lindinners (ed.),
Heinrich Zirich, 1714.

source 10  Vigneulles, Chronique de Philippe de Vigneullegegar Charles Bruneau, Tome 3 (de I'an 1473
Philippe al'an 1499), Metz, 1932.

source 11  Edlibach, Gerold Edlibach’s Chronik, nebst einem Anhange mit Sorgfalt nach dem Original copirt
Gerold und mit einer gleichzeitig verfertigten Anschrift genau verglichen und aus derselben

vermehrt und er@nzt von Joh. Martin Usterj. Meyer und Zelleiiizch, 279 pp., 1846.

source 12  Cysat, Stationes anorum. Witterung, Missjahre, Teuerung, in: Collectanea pro Chronica
Renward Lucernensi et Helveticae, 1. Bd., 2./3. Teil, Diebold Schilling, Luzern, 898-963, 1969.

source 13  BAchtold, Hans Salat, ein schweizerischer Chronist und Dichter aus der eédtendds XVI.
Jakob Jahrhunderts. Sein Leben und seine Schriften, Bahnmeier, Basel, 1876.

source 14  Kappeler, Chronik von Frauenfeld aus den Jahren 1600-1663, in: Thurgauiséuz Beitr
J. Heinrich vatedndischen Geschichte, Schaltegger, F. (ed.), 55, 1913.

source 15  Brunschwiler, Diarium Fischingense 1616—1654. Stiftsarchiv
Placidus Einsiedeln

source 16  Bourban, Chronique de Caspagdddy, Fribourg, 1894.
Piere

source 17 Monastery of  Zehntenbuch von Beinwil-Mariastein 1588-1672. Klosterarchiv
Beinwil- Mariastein
Mariastein (sign. BMA 92)

source 18 Monastery of  Zehntenbuch von Beinwil-Mariastein 1673-1711. Klosterarchiv
Beinwil- Mariastein
Mariastein (sign. BMA 92)

source 19 Monastery of  Verzeichnis der Zehnten des Gotteshauses Beinwil 1712-1761. Klosterarchiv
Beinwil- Mariastein
Mariastein (sign. BMA 96)

source 20 Monastery of  Zins- und Zehntenrechnungen von Beinwil-Mariastein 1595-1705. Klosterarchiv
Beinwil- Mariastein

Mariastein

(sign. BMA 351)

www.clim-past.net/7/1307/2011/
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Table 1.Continued.

Sources Originator Title Archive
source 21  Monastery of Zehnten- und Bodenzinsrodel von Mariastein 1682—-1688. Klosterarchiv
Beinwil- Mariastein
Mariastein (sign. BMA 253)
source 22  Hofmeister, Untersuchundéver die Witterungsve#itnisse von Lenzburg, Kt. Aargau, in: Neue
R. H. Denkschriften der allg. Schweizerischen Gesellscliaftie gesammten
Naturwissenschaften, Neuenburg, 1847.
source 23  Deutscher Bhologische Beobachtungen zur Winterroggenernte. Referat
Wetterdienst Datenservice
source 24  Pfister, Klimageschichte der Schweiz von 1525-1860 und seine Bedeutung in der Geschichte
Christian von Betlkerung und Landwirtschaft, Bd. 1, Haupt, Bern, 174 pp., 1984.
source 25  Hnni, Tagebicher von Jakob &hni, Bauer zu Grossafoltern, 1824-1869. Private property
Jakob of Hansprg
Hauert,
Grossaffoltern
source 26  Rothen, Die Rhologischen Beobachtungen aus dem Schaffhauser Amtsblatt von 1876-1950,
Marcel BA Thesis, Institute of History (Section WSU), University of Bern, Bern, 55 pp., 2009.

— Tithe auction data (TAD) (Figs. 3, S2-S3/S5-S12 in the
Supplement)
This kind of evidence, first analysed by Pfister (1979,
1992), is related to the payment of the tithe in kind,
which had to be paid to the church. The grain tithe
was usually paid within regions farmed according to
the open-field system with three-year rotation, which
was the prevalent agricultural system in most of Europe
(Titow, 1965; Blum, 1978). Tithe owners were short of
staff to monitor the correct payment due. Selling the
collection of the grain tithe by auction to the highest
bidder, usually to a member of the village elite, was
a convenient solution. The tithe collector could keep
the straw as a compensation for this work. An expert

Fig. 4. “Item fritag nach margarethe in der ernt verlont” “also re-

munerated in harvesting (work) on Friday after Margaret (Day)”
Extract form the book of expenditures of the hospital of Basel (from
1522); Staatsarchiv Basel-Stadt; Spital F12 (sourcel).

with more than 240 volumes of manuscript accounts
for the period from 1454 to 1705, often hardly legi-
ble, to be looked through for the 60 days from mid-
June to mid-August. Only a few books are missing al-
together. Between 1631 and 1673, the accounts con-
cerning grain harvest are not dated, and the date of first
wage payment for the grain harvest is not given in some
other books. The missing date of the earliest harvest
in the outstanding warm anomaly of 1473 was comple-
mented from coherent observations by regional chroni-
clers (Table 1; source 2). Moreover, rye (grain?) harvest
dates from the chronicle of the Swiss reformer Heinrich
Bullinger (1504-1575) (Table 1; source 3) and the di-
aries of the theologian Wolfgang Haller (1525-1601)
(Table 1; source 4) were used to fill gaps in 1540 and
1555.

Clim. Past, 7, 1307326 2011

assessed the minimum value of the crop in every tithe
district by order of the owner as soon as the grain was
approaching maturity. If the minimum value was not
offered in the auction, the owner initiated the collection
of the tithe by his staff at the expense of the village. A
representative of the owner presided over the auction,
which ended in a popular festivity. The acceptance of
the offer was laid down as proof in a written protocol.
Tithe protocols, if they were dated, serve as a climate-
historical source. Where the elite of the emerging states
adopted the reformation, as was the case in a number
of Swiss cantons, they took over the church property
and thus also became owner of the tithes. The supply
of tithes ended when dues in kind were generally sub-
stituted by taxes in money in the early nineteenth cen-
tury. In Switzerland, this became the case in the 1820s
(Pfister, 1979, 1992).

www.clim-past.net/7/1307/2011/
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In the following we review the uncertainties involved
in the use of TAD as a proxy for the starting date of
grain harvest. Two major sources of uncertainty are dis-
cussed: first, the delay between the auction-date and the
start of the harvest; and second, the mean altitude of
the fields in every tithe district, which is needed for the
homogenisation of the series. Sources are silent with re-
gard to the time needed for the procedure of selling tithe
by auction in relationship to the start of the harvest, be-
cause for the agents this fact was irrelevant. We have
reason to assume that time lags were considerable given
the fact that the representatives of the owners had to be
presentin many auctions in a short time. The actual start
of the harvest, decided by the village community after
the auction, depended on several factors such as the ma-
turity of the crop, the observation of holidays and, most
importantly, on weather conditions. Warm and sunny
weather promoted the start of the harvest, whereas rainy
weather led to a delay, because harvesting during wet
spells bore the risk that the grain would not dry in time
and rot in the fields. Tithe auction protocols refer to
crops grown in the “winter field”, where different va-
rieties of winter crops were grown without distinguish-
ing between rye and spelt, which were the main win-
ter crops grown in the area of investigation (Miedaner,
1997). The second uncertainty concerns the mean alti-
tude of the fields, which had to be assumed. The altitude
of the respective village is often a poor approximation,
as settlements were usually situated near brooks in the
valley floor, whereas the respective crops in the classi-
cal three-course rotation were annually moved around
the various fields situated at somewhat higher altitudes.

Historic phenological data (HPD) (Figs. 3, S4/S13-
S17/S20 and S22 in the Supplement)

Data within modern phenological networks are gath-
ered by observers instructed according to standard-
ised guidelines. Prior to the establishment of net-
works, historical plant and animal phenological data
(HPD) were laid down by amateurs at their sole dis-
cretion (e.g. Rutishauser et al., 2007). In this con-
text, we need to distinguish, on the one hand, be-
tween scientifically-motivated early phenologists gath-
ering observations on wild and domestic plants and, on
the other hand, economically-motivated farmers laying
down observations about the time of their agricultural
work. Historical observations are not necessarily of
lower quality. Schnelle (1955) concluded from his vast
experience that the most accurate observations were
gathered by motivated amateurs. However, most early
observers were not aware of the importance to lay down
the metadata (e.g. altitude, inclination, soil, plant vari-
eties) of their plant observation. The lack of metadata is
a major source of uncertainty when working with HPDs.
Most historical phenological observations in Switzer-

www.clim-past.net/7/1307/2011/

land were made before the 1830’s. Subsequent series
are rather short, scattered and hardly overlapping, so as
to make the building up of a main series difficult and
error-prone. The early nineteenth-century discontinu-
ation of all-embracing climate observations in favour
of exclusive measurement and quantification is a gen-
eral trend in climate sciences (Jankovic, 2000), which
severely hampers the application of calibration and ver-
ification techniques in historical climatology (Dobro-
volny et al., 2009). Fortunately, a continuous series of
rye harvest dates could be drawn for the years 1824 to
1869 from a recently discovered privately owned first
class diary, in which the farmer and deputy Jakd@mnhi
(1801-1870) from the village of Grossaffoltern (Can-
ton Bern) on the Swiss Plateau laid down a detailed
account of the weather and his activities on the farm
(Table 1; source 25). An initiative to systematically ob-
serve a set of phenological observations alongside me-
teorological network measurements was taken in Can-
ton Schaffhausen from 1876 (Table 1; source 26). The
evidence was published as an addendum to the official
register of the Canton. About two dozen wild and culti-
vated plants and some wild animals, mostly birds, were
observed until 1950, albeit with gaps. Moreover, two
out of the three original stations stopped their observa-
tions from the early twentieth century (Rothen, 2009).
The original observations are lost, making critical re-
view of the data impossible. The grain harvest dates
are not perfect but of good quality. The parson Johann
Jakob Spiingli (1717-1803) (Table 1; source 5) was the
most outstanding historical phenologist in Switzerland.
Spiingli monitored the flowering of a hundred species
of wild and domestic plants, of nine different fruit trees
and the timing of different works in fields and meadows.
Every spring he reported on the appearance of 28 differ-
ent kinds of animals. Alongside he kept an instrumen-
tal weather diary in which he also noted down the for-
mation and melting of snow-cover locally and also for
the mountains visible from his house. Unfortunately,
he had to move to another parish in his lifetime twice,
i.e. from Zweisimmen (Bernese Oberland) to Gurzelen
near Thun in 1766, and then to the village of Sutz near
Biel in 1784, from where his series of rye harvest start-
ing dates (Figs. 3 and S13 in the Supplement) originates
(Pfister, 1984; Burri and Zefdusern, 2009). The earli-
est series of HPD is provided by Antoriizli (Table 1;
source 6) who regularly listed the beginning of rye har-
vest in Winterthur (Cantoniich) in his chronicle from
1611 to 1644 (Figs. 3 and S4 in the Supplement). The
“Account Book” of the farmer Ulrich Steffen (Table 1;
source 7) in Oberembrach (Cantofirieh) fills some
gaps in the long period from 1816 to 1873 (Figs. 3 and
S16 in the Supplement). A major uncertainty in using
HPDs concerns the applied hand-harvesting technique.
The scythe, originally developed for mowing grass, was

Clim. Past, 7, 130326 2011
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1314 O. Wetter and C. Pfister: Spring-summer temperatures reconstructed for Switzerland and Germany

bine harvester thresher radically changed grain harvest-
ing. A combine requires grain to be ripe 7 to 10 days be-
fore cutting (Allen and Lueck, 2002). This significantly
differs from manual harvests or harvest with grain har-
vest binders, both depending on an earlier physiological
stage of the crop, being more or less around “yellow
ripeness” (Gelbreife). Statistical tests clearly demon-
strated that correlations between temperature and date
of harvest significantly weaken if observations after the
1970s are included. This may be explained with the
difference of harvesting methods (manual or harvest by
binders vs. harvest by combines), the introduction of hy-
brid sorts and the fact that, since the 1970s, a multitude
of completely new breeds exist that were specially bred
for a wide range of different requirements (e.g. earlier
achieving the stage of ripeness to avoid heat and drought
stress of late summer, etc.).

in some cases during an early age used for reaping grain
in place of the traditional sickle, namely from the late
Mediaeval period in Holland and England (Pribyl et al.,
2011) and subsequently in other places on the conti-
nent (da Costa, 1763; Tschiffeli, 1762). The use of the
scythe “allowed for a quicker and less work-intensive
harvest process, but increased waste and loss through
shedding” (Pribyl et al., 2011). During the nineteenth
century, it became usual practice to cut grain by means
of the scythe at an earlier stage of maturity, giving an
eight- to ten-day longer cutting season and thus reduc-
ing the risks of shedding (Collins, 1969), The break-
through of the new reaping practice was achieved dur-
ing the second half of nineteenth century, when grain-
prices declined and labour became scarce and expensive
(Collins, 1969; Dubler, 2011).

Phenological network observations (PNO) (Figs. 3,

S18-S19/S21/S23-S25 in the Supplement) Figure 1 displays the spatial location of the series and
The data situation in Switzerland between 1825 whentheir approximate altitude. The WPD series (1) and the
TADs were not available anymore, and 1951 when theTAD (10) and HPD series (8) are located in Switzerland,
Swiss phenological observations network was foundedWhereas the PNO series (6) originate from south-western
is weak. Germany, in contrast, has a long tradition of Germany. The WPD Basel series and the majority of the
pheno]ogica| network observations. The Historic Phe-PNO from southwest Germany Originate from places situated
nological Database (HPDB) of the German Meteorolog- below 400 ma.s.l. Most of the TAD and HPD series from the

ical Service (DWD) contains about 375000 plant phe- Swiss Plateau region were obtained from places situated at
n0|ogica| observations, Originating from 1460 p|aces in altitudes between 400 and 550 ma.s.l. Three series are situ-
about 80 different regions. HPDB archived more than ated above 550 ma.s.|.

500 species of plant observations between 1530 and

1950, whereas by far most of them originate from 1880
until 1941. Gathering phenological observations be-

came mandatory for the observers of the German Meq, e previous section it was shown that the WGHD evi-
teorological Service in 1936; and such efforts contin- yence consists of a number of partial series involving four
ued to be made, disregarding interruptions during World yiterent types of data. This section addresses the issue of
War I and its aftermath, in both parts of the divided \er4ing these partial series into a 517-yr long main series,
country beyond reunification (DWD, 1991).  The ob- yhich is named Basel WGHD series after its longest and
servation programme is divided into three main groups: y,qt ancient part. The task involved correcting the evidence
wild plants (1), crops (2), fruit-trees and vines (3). Ob- 4 gating style, data type and altitude. Figure 3 presents the
servations are implemented after standardised manuals,mposition of the Basel WGHD series distinguishing be-
thatinclude strict instructions (e.g. the observed place ofyeen five sections of different data quality and coverage sep-
growth from single plants shall be as representative as, ateq with vertical lines. Metadata of the partial series are
possible for the whole area of observance, or observed iained in Table 2. Correlations were calculated from par-
plants shall not differ more than 50m of the mean el- (5 original series, most of which do have a sufficient overlap
evation of the designated area of observance, or obserlss _ 19 values and significantly correlate betweRh=0.4
vations must always be done on the same plant or field,,4 o g (others are marked in red) (Supplement).

during the whole vegetation period and once chosen ob- it regard to the composition of the Basel WGHD series,
servation objects shall be observed for as many yearg periods are distinguished

as possible, etc.) (DWD, 1991). Crop observations,

3 Generation of a homogenised Basel WGHD series

in particular concerning winter rye (secale cereale), are
a matter of special interest for this study. The manual
defines nine different observation categories for winter
rye. The last — “harvest” — is undeniably easy to dis-
cern, whereas observations about physiological stages,
like maturity, are difficult clearly identify (DWD, 1991;
Allen and Lueck, 2002). The introduction of the com-
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— The first 103 yr (1454-1556) of the series are exclu-
sively covered by the Basel WPD complementing miss-
ing data with sporadic HPDs.

— The second period (1457-1662) includes the long gap
in the Basel WPD series which was complemented to a
large extent with 2 TAD and 1 HPD series.

www.clim-past.net/7/1307/2011/
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Table 2. Metadata of partial WGHD series (WPD, TAD, HPD and PNO series). WPD =Wage Payment Data; TAD = Tithe Auction Data;
HPD = Historical Phenological Data; PNO = Phenological Network Observations.

series

location

type coverage alt. n (] std. corr p n source
DOy with value (overlap)
S1(R2)
S1 WPD 1454-1705 Basel 320 164 201 7.9 - - - Table 4; source 1
S2 TAD 1557-1812 Bren (2) 430 135 194 6.5 0.202 0.01 40 Table 4; source 24
S3 TAD 1595-1813 St Pantaleon 520 102 199 6.4 0.585 0.01 30 Table 4; source 17-21
S4 HPD 1611-1640 Winterthur 439 30 192 7.8 0.397 0.05 11 Table 4; source 24
S5 TAD 1640-1825 Erlach 550 171 197 6.2 0.483 0.01 29 Table 4; source 24
S6 TAD 1640-1825 llinau 510 181 196 6.5 0.477 0.01 29 Table 4; source 24
S7 TAD 1651-1825 Frienisberg 530 162 196 59 0.564 0.01 29 Table 4; source 24
S8 TAD 1653-1825 Andelfingen 370 168 193 6.7 0.418 0.01 29 Table 4; source 24
S9 TAD 1658-1825 Sursee 500 163 194 6.1 0.409 0.01 29 Table 4; source 24
S10 TAD 1663-1825 Bren (1) 470 156 196 59 0.468 0.01 27 Table 4; source 24
S11 TAD 1663-1825 Fraubrunnen 505 158 195 6.7 0.564 0.01 29 Table 4; source 24
S12 TAD 1663-1825 Landshut 470 158 195 6.6 0.548 0.01 27 Table 4; source 24
S13 HPD 1788-1801 Sutz 450 13 204 7.1 - - - Table 4; source 5
Si14 HPD 1815-1848 Husen 460 23 202 9.0 - - - Table 4; source 7
S15 HPD 1816-1844 Lenzburg 400 21 200 10.4 - - - Table 4; source 22
S16 HPD 1816-1873 Oberembrach 460 15 199 9.2 - - - Table 4; source 7
S17 HPD  1824-1869 Grossaffoltern 511 46 202 5.9 - - - Table 4, source 25
S18 PNO 1836-1918 Friedrichshafen 408 41 202 7.2 — - - Table 4; source 23
S19 PNO  1842-1909 Schopfloch 764 43 219 8.1 - - - Table 4; source 23
S20 HPD  1849-1950 (Unter-) Hallau 421 76 192 5.9 - - - Table 4; source 26
S21 PNO 1859-1911 Ochsenhausen 614 20 211 6.4 - - — Table 4; source 23
S22 HPD 1876-1915 Lohn 636 31 210 6.9 - - - Table 4; source 26
S23 PNO 1951-1970 Weilam Rhein 280 19 203 6.8 - - - Table 4; source 23
S24 PNO 1951-1968 Merdingen 193 17 198 5.4 - - - Table 4; source 23
S25 PNO 1955-1969 Allensbach 400 12 204 7.8 - - - Table 4; source 23

— For the third period (1663-1869), 10 series of TADs, of temperature estimates using the approach of calibration
overlapping with the WPD series until 1705, and 3 se-and verification.

1315

ries of HPDs are available. The gap of TADs between The following paragraph describes the adaptations re-
1798 and 1801, related to the abolishment of feudalquired to put the partial series on an equal level. This task
dues during the short-lived Helvetic Republic installed concerns dating style, altitude and, in the case of TADs, esti-

by the French Revolutionary armies (Hughes, 1975),mating the start of the harvest after the auction date.
was filled by the first class HPD observations made by

the parson Johann Jakob 8pgli (Table 1; source 5)
(Figs. 3 and S13 in the Supplement).

— Inthe fourth period (1870-1950), the main series hinges,
in some part on isolated partial series of HPDs carried
out by amateurs who often did not provide the metadat
needed for assessing data quality, and in some part o
high quality early PNOs from the German Historic Phe-

nological Database (HPDB).

gathered by standardised methods.

www.clim-past.net/7/1307/2011/

3.1 Homogenisation of dating style

Prior to 1559, dating in the Basel WPD series is given with
reference to the ruling Saint of the particular day. The pro-
cedure is explained from the example of 1522 (Fig. 4). The
deference “Friday after Margaret Day” is decoded by consult-
ﬂ1g the chronology handbook by Hermann Grotefend (Grote-
fend, 2007). The first step is to look up the date of the Saints

Day. In Basel, “Margaret Day” (Margarete) was celebrated
— Section 5: (1951-1970) is completely covered by PNOsO" 15 Ju.ly. In tht_’-} second ste.p,.the Eastgr date .of the year of
interest, in 1522 it was 20 April, is determined using the algo-
rithmic Gaussian Easter Formula (Gauss, 1800). The Saints
In general, the Basel WGHD series is well documented forDay in question is looked up in the Easter table for the cor-
the pre-instrumental period, whereas it is of somewhat loweresponding year. In 1522, Margaret Day was on a Tuesday.
quality from 1870 to 1950, i.e. during a considerable part of The subsequent Friday, on which the grain harvest started in
the instrumental period. This shortcoming affects the resultBasel, was thus 18 July (DOY 199). From 1559, the current
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0E\ble 3. Similar statistical properties of two different notations,

system of months and days was used. Dates before 17 most probably describing the same agricultural activity.

originating from protestant territories (Figs. 3 and S1, S2,
S4-S8, S10-S13 in the Supplement) need to be redated from
the Julian to the Gregorian calendar style by adding ten days,
whereas series from catholic St Pantaleon (Figs. 3 and S3 in
the Supplement) and Sursee (Fig. 3) are altogether dated in

notation  notation
“rye “waged in
harvest” harvest”

Gregorian Sty]e. Mean 199.71 199.81
(DOY)

3.2 Type of grain Standard ~ 8.61 6.79
Deviation

The 103 entries in the Basel hospital accounts explicitly re- (Days)

fer torye peing first harvested, while in 131 cases the source Minimum 177 183

just mentions “remunerated for harvesting work”. As there (DOY)

is no difference between the statistics obtained for the two

denotations (Table 3), it can be assumed that both are equiv- Maximum 227 215

alent. PNO series clearly have to be rated as the most reliable (DOY)

series. The closeness of the statistical properties of the com- n 103 131

piled Basel WPD series to the just neighbouring PNO Weil
am Rhein observations, as well as to all other PNO series (es-
pecially considering mean harvest dates and standard devia-

tions), furthermore supports the supposition of equivalencgjon, January 2011), as well as E. Zechner (personal com-

of both notations and approves the reliability of WPDs.  municaiton, January 2011) — both being renowned experts
o — such differences of ripeness are still observed today and
3.3 Homogenisation of data type may be explained by a multitude of mutual cumulative rea-

) o ~_ sons, like soil type, differences in slope, grain variety, sow-
the distribution of altitude depending mean harvest dates ofjg_p0 jJanuary 2011, Diepenbrock et al., 2005). By ho-
the high quality PNO observations. Uncertainties concernmogenising the HPD and TAD series with the above de-
ing TAD- and HPD series, however, need a somewhat morecriped method (TAD +13, HPD +6 days), a clear significant

accurate consideration, as the means of these series do n@rrelation ¢ =0.92) between homogenised winter rye har-

ure 5b shows that differences between HPD and PNO/WPD

series are not big (light green circles); differences betweers 4 Homogenisation of altitude

TAD (blue crosses) and PNO/WPD series, by contrast, are

somewhat more important. To homogenise TAD and HPDIn a last homogenisation step, the difference of altitudes
series to the reliable PNO/WPD series, it was necessary tpeeded to be “adapted” to the main Basel WPD series. Re-
add +13 days to TAD and +6 days to HPD series (Fig. 5b).garding the fact of such a strong correlation between alti-
The difference of 13 days between TAD and PNO/WPD se-tude and time of harvest (Fig. 5c), this final homogenisa-
ries may be partly explained by the fact that TADs represention step could easily be done by linear regression. Last
another kind of proxy. Tithe auctions needed to be held bebut not least, all available figures needed to be annually av-
fore the harvest took place. It is not known how much time eraged. After having taken these homogenisation steps, we
between the auction and the actual harvest usually passeghay speak from the Basel Winter Grain Harvest Date series
as tithe auction protocols remain silent in this regard. As-(Basel WGHD).

suming an average delay between tithe auction and the ac-

tual harvest initiation of about 7 days, the same difference3.5 Calibration — verification

as between HPD and PNO/WPD turns out (6 days). In do-

ing so, uncertainties about the actual harvest initiation af-The final Basel WGHD series was compared for the period
ter the auction should not be overestimated, given the strond 774 to 1970 with the homogeneous HISTALP temperature
relationship between a sample of 41 local TAD series fromseries (Auer et al., 2007;@m et al., 2010), which yields
1611 to 1825 and Basel spring-summer (MAMJJ) temper-monthly anomalies from the 1901 to 2000 average. The
atures ofr =0.86 (Pfister, 1979). The difference of 6 days area of investigation is situated in the sub-region “North-
between HPD and PNO/WPD series may be related to thevest” (Fig. 6; blue dots). Stepwise linear regression revealed
change from the sickle to the labour-saving scythe duringthat July temperatures were the most important factor, fol-
the nineteenth century (see Sect. 2.3) and/or to differencewed by June, May and March temperatures, which con-
in ripeness. According to V. Michel (personal communica- firms the result of Pfister (1979). The substantial weight of
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structions does not appear here, as the youngest warming

;—L""”-"““';""‘-'""'--\___ o [Summis ]| o e trend after the 1970s is not included in the WGHD temper-
2] WA \ijrg. ~ T ature anomalies reconstruction. For validation reasons we

ole & T should cross check extremes in time series of proxy data, be

e it out of natural or societal archives, with narrative data. It
has been shown that chroniclers frequently referred to pheno-
logical observations to support their descriptions of extreme
temperature anomalies in the summer half-year (AMJJAS).
The subsequent paragraph presents such descriptive evidence
for the positive and negative extremes.

4.1 Warm extremes

The earliest harvests in the instrumental period
(from 1774) are documented in ascending order for
Fig. 6. HISTALP temperature anomalies from 19012000 averages{DOY 186:1822/DOY 187:1868/DOY 188:1846/DOY

(Auer et al., 2007) blue dots (northwest stations); green dots (north189:1842/DOY 190:1862/DOY 191:1811, 1835, 1934).
east stations); orange dots (southeast stations); red dots (southweFhe very early harvests of 1811, 1822 and 1846 were all
stations). connected to spring-summer intervals in which every single
month from March to July was above the twentieth century

h ith the f h , mean resulting in cumulative warm anomalies of TZ0
March temperature agrees with the fact that winter rye (Sey, 1855 11 £C in 1811 and 7.8C in 1846 for the entire

cgle cereale) actu'ally grows du'ring any warmed days of thqnterval. In 1868 a cool spring was overcompensated with
Wlnte_r, whe_n sunlight temporarily brlng_s_the _plant to above an extremely warm interval in May and June resulting
freezmg_ (Dlgpenbro_clf etal, 1999; _W|k|ped|a, 20111tp: in a cumulative warm anomaly of 3. However, the

//en.W|k|ped|a.org/W|k|/Ry)a Calibration was done during early harvest in 1842 documented from two places is not
1774-1824, the first 50 yr of HISTALP temperature anoma’supported with corresponding instrumental evidence (Auer

lies available (Fig. 7a). The result of 0.78 includes a pro- et al., 2007). In 1862 and 1934, all months except June
nounced outlier in March, 1785, when average temperature&,ere’Warrn resulting in a cumul,ative warm anomaly of
were 6'9)9 _bel(_)w the twentieth century mean (Auer etal, 5.40C and 4.6C. In 1835 the slightly too cold March and
2007). Verification was done from 1920-1970 (Fig. 7b). April are overcompensated with warm May, June and July

The gahbr_atéon 1a7n7d4vigf2|c:1at|og Fig’;gdfg; ;pph?-d for dthﬁ temperatures of 24C. The rye harvest date for 1947, the
two sub periods B an " confirmed G, ormest summer in the twentieth century, is missing for

high reconstruction skill of WGHD, which explains 52 % both post-war Germany and Switzerland.

.(r Th0.75) (;f trl.e Va“af‘cg olfgrgg ig%arcg_‘h% terg?erztu:je The earliest data in the pre-instrumental period are doc-
in the verification period ( i ) (Fig. 7b). - Standar umented in ascending order for 1473: DOY 184; 1616:

Error of Estimate is 0.6C. These reconstructed tempera- DOY 185: 1540: DOY 186; 1483: DOY 188: 1686:

ture apomahes needed to be further adjl_Jsteq for a.dn°fer-DOY 189: 1611, 1645, 1718: DOY 190: 1603: 1631:
ence in means of +0°& between the calibration periods DOY 191
of HISTALP (1901-2000) and ours (1774-1824). The bias i . .
, L All of them are connected to narrative documentary evi-
was corrected by subtracting this difference from the recon- : . :
X . dence on warm springs and summers. The grain harvest in
structed series of spring-summer temperatures. It foIIows1473 was the earliest of the 517 vr long investigation pe-
from the reconstruction that a difference of nine days of the’; y 9 9 P

Basel WGHD series corresponds to a change of approxi;rl!Od' Chroniclers report full blossoming of (cherry) trees

matelv 1°C in March—Julv temperature anomalies in February” (Julian Style), i.e. around 9 March in Gre-
y y P ' gorian style (Table 1; source 2), which points to extremely

high late winter temperatures. An outstanding vegetation
4 Result advance of three to four weeks was maintained until late

summer, concluding from the beginning of grain harvest,
The result is a reconstruction of 517-yr mean March-Julythe maturity of (early burgundy?) grapes in early July (Ta-
temperature anomalies, based on 25 homogenised grain hdnte 1; source 8) and the general onset of vintage in early
vest date series from north-western Switzerland and southSeptember. The year was extremely dry concluding from re-
western Germany (1454-1970) (Fig. 8). Figure 8 shows arports of water shortages and forest fires (Table 1; source 9).
11-yr high pass filter of reconstructed temperature anomadune and July 1616 were extremely hot and almost without
lies. Confidence bounds are drawn ott2x Sigma thresh-  rain, after a warm spring, throughout central Europe (Pfis-
old. The “hockey stick”, often seen in temperature recon-ter, 1999; Glaser, 2008). Weather in 1540 was outstandingly
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Calibration 1774-1824
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Fig. 7. (a)Calibration (1774-1824) an(h) verification (1920-1970) of Basel WGHD series with HISTALP temperature anomalies (mean
March—July temperatures); Standard Error of Estimate £0.6
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Fig. 8. Mean March—July temperature anomalies reconstruction basing on Basel WGHD series 1454-1970.

hot and dry from March until Christmas. Water shortageseven in the Alps (Table 1; source 12). Likewise, in 1631 and
and forest fires were frequent. The vegetation was more thaim 1718, the entire interval from March to July was warm and
three weeks advanced (e.g. Pfister, 1999; Glaser et al., 1999ry, also, disregarding a cold phase in March, in 1645. The
Spring in 1483 was slightly cooler than in 1473, to conclude early harvests in 1611 and 1686 are primarily connected to a
from the appearance of florescence in vines at the end ofvarm and dry spring (data in Pfister, 1999).

March (Table 1; source 10). The grain harvest in Basel began

four days later than in 1473. Ripe (early burgundy?) grapest.2 Cold extremes

were sold in Zirich on 20 July (Table 1, source 11).
The latest harvests in the instrumental period (from 1774) are

The spring-summer interval in 1603, according to the documented in descending order for 1816: DOY 222; 1799:
Luzern scientist Renward Cysat , was extremely warm andDOY 218; 1939: DOY 216; 1843, 1824: DOY 215; 1860,
dry with frequent southerly winds leading to water shortages,1855: DOY 214; 1956: DOY 213.
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The harvest in 1816, the famous year without a summer, These discrepancies in the “modern period” disappear
was the latest in the past 657 yr. Temperatures in that yeaif moving 11-yr averages of Basel WGHD- and Swiss
were substantially below the 20th century mean in every sinPlateau GHD series (Meier et al., 2007) are being compared
gle month from March to July, resulting in a cumulative neg- (Fig. 9b). On the other hand, this GHD series remains on
ative anomaly of 7.2C for the entire interval. The very late a “warm” level during the well known period of long term
harvests in 1799, 1824, 1843, 1855, 1860, 1939 and 1956 areooling after 1550 involving far reaching glacier advances
connected to 3-5 cold months during the March to July inter-(Fig. 9b). This inconsistency sheds strong doubt on the reli-
val without compensation of a warm month, disregarding theability of the data for this interval of time.
warm April in 1939. The resulting cumulative cold anoma-  Congruities between Basel WGHD and geographically
lies are, in descending order: 683 (1843), 5.8C (1860), far-off Hungary temperature anomalies (Kiss et al., 2011) are
4.8°C (1956), 4.XC (1855), 3.7C (1824), 3.6C (1799), astonishingly well, even though discrepancies in the “mod-
and 3.0°C (1939). ern period” reappear (Fig. 9c). Weakest congruities of 11-

The latest harvests in the pre-instrumental period are docyr moving averages exist between Basel and Czech Repub-
umented in descending order as follows: 1555 DOY 220;lic WGHD based temperature series (Mozny et al., 2011)
1542: DOY 219; 1614: DOY 218; 1621: DOY 216; 1716: (Fig. 9d). This may be explained by distance and more
DOY 215; 1511, 1608: DOY 214. The date for 1555 is continental influenced climate in Czech Republic. Kiss et
drawn from the diary of the reformer Heinrich Bullinger (Ta- al. (2011) furthermore explain the quite weak congruities
ble 1; source 3). April, June and particularly July were cold between Hungarian and Czech reconstructions with the fact
and very wet in that year. The spring of 1542, in particular that Mozny et al. (2011) only include MAMJ temperatures,
April and May, was extremely cold in Switzerland, conclud- whereas Kiss et al. (2011) — like our reconstruction — ad-
ing from a 4-week delay in the unfolding of beach leavesditionally includes July, which is according to the stepwise
(Table 1; source 13). The vegetation delay even extended tillinear regressions in both cases the most influential month.
early August, when the vines finally came into bloom (Ta- The discrepancies in 17th century are caused by the Thirty
ble 1, source 3). June and July were also very cold in GerYears War and its aftermath (Mozny et al., 2011). As all four
many (Dobrovoly et al., 2010). In 1614, snow cover in the comparisons more or less obviously show a cooler nineteenth
Swiss Plateau, after an extremely long and cold winter, didcentury we have to assume the Basel WGHD reconstruction
not melt before early April (Table 1; source 14). This obser-to be weak in that period, which clearly corresponds to the
vation agrees with the report of another chronicler repeatedlyow availability of data during that period.
mentioning drift ice in small rivers during March (Table 1; The 31-yr moving correlations between Basel WGHD
source 6), which points to extremely low temperatures, postemperature anomalies as well as temperature reconstruc-
sibly as low as in March 1785 (Auer et al., 2007). Unlike in tions from the Czech Republic (Mozny etal., 2011), Hungary
1785, May and June were cold in Switzerland (Dobroyoln (Kiss et al., 2011), Germany (Dobrovgiet al., 2010), Aus-
et al., 2010, which accounts for the extreme delay of the ryeria (Maurer et al., 2009), France (Chuine et al., 2004) and
harvest). After a cool and rainy period in May and June 1621,Switzerland (Meier et al., 2007) also show quite good results
July became a full winter month on the alpine meadows, con{Fig. 10). Nevertheless the 31-yr moving correlations also
cluding from two weeks of continuous snow cover (Table 1; reveal some weaknesses of the Basel WGHD series. There
source 15; Table 1; source 16). Conditions in spring 1511is a clear drop in moving correlations for the period between
are not known, but June and July were cold and wet (Pfister1l479 and 1522. As three series overlapping with the Basel
1999). In 1608, snow-melt in the Alps at altitudes betweenWGHD series (GHD Basel hospital; GHD Burgundy and
1000 and 2000 m was 3 to 4 weeks delayed according to th&®/GHD Czech Republic) show this drop in the correspond-
Luzern scientist Renward Cysat, which points to very low ing period we have to assume the problem is attributable to
spring-summer temperatures (Table 1; source 12). In 1716our series, even though moving correlations with the temper-
all months from March to July were very cold (Pfister, 1999). ature index for Germany remains high during that time. The
In conclusion, cross-checking the extremes with reports fromdrop of moving correlations of the Austrian temperature re-
narrative sources, disregarding the case of 1842, yielded coreonstruction between 1541 and 1580 seems to be caused by
clusive results. the Austrian series as all other temperature reconstructions
show good correlations during this period and the authors of
the Austrian temperature reconstruction also stated that there
were significant changes of practices in viniculture which in-

. fluenced their data during that time (Maurer et al., 2009).
The 11-yr moving average curves of Basel WGHD and Bur_The drastic drop of correlations between the Czech and our

gundy GHD (Chuine et al., 2004) show qite similar Coursestemperature reconstruction in the 17th century is associated

gi:rlwge.tj:r:ih Ig;(:tLE;sanC|es emerge in the second half of theWith the effect of the Thirty Years War (1618-1648) that

drastically affected the rural workforce and the overall qual-
ity of agricultural practice and led to longer term economic

5 Discussion
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Fig. 9. (a) 11-yr moving averages of Basel WGHD (red) and Burgundy GHD reconstructed temperature anofbaliek:yr moving
averages of Basel WGHD (red) and Swiss Plateau GHD reconstructed temperature ango)dllegr moving averages of Basel WGHD
(red) and Hungary temperature anomalies reconstructed temperature anofdpliésyr moving averages of Basel WGHD (red) and Czech
Republic WGHD reconstructed temperature anomalies.

disruption and poverty in the Czech Lands (Mozny et al.,caused by our temperature reconstruction due to the weak
2011) in contrast to the neutral Swiss Confederation. Thedata availability for the period after 1825 in Switzerland.
reason for the parallel drop of correlations between 1740 and’he improvements of moving correlations of all tempera-
1760 with the Austrian, Czech and Hungarian temperatureure reconstructions in the 1880s, however, clearly correlate
reconstructions and the steady improvements between 176dith the better quality of phenological data in Switzerland
and 1809 has to be left unanswered, as the Swiss Plateau Rand south-western Germany. Best overall correlations are
gion and Burgundy, on the other hand, correlate best duringichieved with geographically neighbouring temperature re-
this same period (1740-1809). The slow drop of correla-constructions, and correlations furthermore clearly decrease
tions between 1810 and 1869 of all temperature reconstruceorresponding to increasing distances (Table 4).

tions (except the Swiss Plateau temperature series) is clearly
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Fig. 10.31-yr moving correlations between Basel WGHD- and other European temperature reconstructions Swiss temperature reconstruction
by Meier et al. (2007) French temperature reconstruction by Chuine et al. (2004) Austrian temperature reconstruction by Maurer et al. (2009)
Hungarian temperature reconstruction by Kiss et al. (2011) Czech Republic temperature reconstruction by Mozny et al. (2011) German
temperature reconstruction (T-Index by Glaser) in Dobroyeinal. (2009).

Table 4. Overall correlations between Basel WGHD temper- . . . .
) ) - summer and winter half-year. Their fluctuations are primar-
ature anomalies reconstruction and temperature reconstruction;

from Switzerland, Germany, Austria, France, Hungary and |?y influenced by air temperature, while precipitation is the
Czech Republic. second most important climatic factor (Oerlemans, 2001). A

comparison with glacier fluctuations may thus be well suited
to further investigate the characteristics and validity of the

Type of series  Origin Correlation  Authors . : : )

S . R ———— 067 P ——— WGHD series. At the same time, it may shed light on sea-
rape harves WISS Plateau r=0. eler etal. nal m rature tren in nn with al ier fluctu-

(1480-2006) »=0.01 (2007) sonal temperature trends being connected with glacier fluctu

ations. The Lower Grindelwald glacier in the Bernese Alps,
Grape harvest  Basel, books of r=-0.65  Wetter etal. which has a length of 9 km and a surface area efl8 kn?
(1444-1705)  expenditures  p=0.01  (unpublished)  (pyy| 2003), is appropriate for such a comparison because

EL?;?:II it is close to the area of investigation and, considering the
. second half of the last millennium, is at the same time the

Grape harvest  France r=064 Chuine et al. most in detail researched “historic” glacier worldwide. The
(1870-2003) _ (Burgundy) p=001 (2004) positions of its tongue up to the late nineteenth century were
Grape harvest  Austria r=0.47 Maurer et al. assessed from more than 360 paintings, drawings and pho-
(1523-1879)  (Vienna) p=0.01 (2009 tographs in combination with detailed written narratives from
GHD, WGHD  Western Hungary r=0.47 Kiss et al. village chroniclers and visiting natural scientists (Zurhb
(1618-2010)  (Kszeg) p=0.01 (2011) 1976; Zumiiihl and Messerli, 1983). The fluctuations of
T-Index by Germany =046 Dobrovolny et the glacier length after 1500 can be summarized as follows.
Glaser p=0.01 al. (2010) There was a small advance prior to 1540, followed by a sub-
(1500-1760) stantial melting back. A long-term growth phase from about
WGHD Czech Republic  +=0.36 Mozny et al. 1575 to 1602 resulted in an advance of about 1000 m (Pfister
(1501-2008)  (north western to p=0.01 (2011) et al., 1994; Holzhauser and Zuiittl, 1999). From the mid

whole territory) seventeenth to the mid nineteenth century, the glacier snout

did not melt back behind a local typical rock terrace situated
about 1250 m below its present position. Over this period the
ice advanced at seven times over distances of 400 to 600 m
To further illuminate the characteristics of the new BaseldOWn into the valley floor, peaking ground ,1640,' 1669, 1720,
WGHD reconstruction, the series is compared with fluctu—1740’ 17?9’ 1822 and_ 1856 (see illustrations in Holzhauser
ations of Alpine glaciers. Glaciers in mountain areas area;]rld Zumlmhl,_280|3). ﬁjlmlze t_he encli o;tge I[("é‘ ths tongEe of
highly sensitive to climate changes and thus provide one o e Lower Grindelwald glacier melted back by about 2km to

nature’s clearest signals of warming or cooling and/or dry|ts present.position up in the gorge, with smallgrintermediate
and wet climate periods including both conditions in the advances in the 1920s and 1970s (see graph in Holzhauser et
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al., 2005). The variations of the glacier snout are summa-March to July temperatures in the 1460s and again between
rized according to five-year periods distinguishing between1480 and 1491 (Fig. 11). In general, the Basel WGHD se-
advance, stationary state and melting back to allow visuakies show better skills in representing variations of Alpine
comparison with the WGHD-based March to July tempera-glaciers than both the Burgundy (Chuine et al., 2004) and the
ture reconstruction (Fig. 11). Swiss GHD series (Meier et al., 2007).

The long Burgundy GHD time series (Chuine et al., 2004)
is included for comparison. Ininterpreting Fig. 11, one has to
take into account the lag in the reaction of the glacier to cli-6  Conclusions
matic stimuli. There is disagreement between the GHD Bur-
gundy and the WGHD Basel curve in the 1450s and againThis paper presents a unique 517 yr long documentary data-
between 1518 and 1526, which would need to be disentanbased reconstruction of spring-summer (MAMJJ) tempera-
gled with reference to narrative documentary sources. Theures for northern Switzerland and south-western Germany
long term decline of WGHD from 1540 to the lowest trough from 1454 to 1970 derived from winter grain (mostly rye)
between 1570 and 1600 suggests a pronounced cooling of tHearvest starting dates. The first part of the series (up to 1705)
March to July interval, which, between 1575 and 1602, wasis mainly drawn from the books of daily expenditures kept
followed by a long term advance of the glacier to its fore- by the Basel hospital in which wages paid to harvest work-
most Little Ice Age position. This result agrees better with ers are regularly laid down day by day. The second part of
the model by Steiner et al. (2008) than the GHD series bythe series (from 1706 to 1970) is composed of three differ-
Chuine et al. (2004) and Meier et al. (2007), perhaps becausent kinds of evidence: (i) dates on which tithes (taxes) paid
the decline of spring temperatures played a significant rolgn grain was sold by auction (1706 to 1825), (ii) information
in this advance. Likewise, the advance from 1690 to 1720of harvest work drawn from farmer’s diaries (1824 to 1950),
was primarily triggered by low spring temperatures and highand (iii) phenological network observations (1950 to 1970).
spring precipitation, which also becomes evident through the The evidence for the period 1870 to 1949, somewhat mea-
pronounced delay of grain harvests preceding the advance igre and fragmentary, is only available in the form of pub-
the 1850s. On the other hand, low summer temperatures werdeshed data without any reference to metadata, so that its
the primary drivers of the advances 1770-1780 and 1810-quality can hardly be assessed. This shortcoming, related
1820 (Steiner et al., 2008), which are less clearly reflected irto the abandonment of keeping phenological, ice and snow
the WGHD curve. The end of the Little Ice Age around 1860 observations alongside with instrumental measurements by
stands out by a long term shift towards earlier WGHD that nineteenth century meteorologists, is probably the Achilles
has no equivalence in the GHD series. Despite differences itneel of working with long series of institutional documen-
size and location, the variations of the Great Aletsch and thdary data, as nineteenth and early twentieth century proxy
Lower Grindelwald glaciers show strong similarities over the evidence needed for the calibration/verification procedure, if
last 3500 yr (Holzhauser et al., 2005). From the relocation ofit is available at all, often suffers from qualitative shortcom-
water conduits in the glacier fore-field, Holzhauser (2009)ings. These shortcomings of recent evidence are reflected in
concluded a minor advance of the Aletsch glacier culminat-the different level of correlations between the period 1774—
ing around 1505. It seems to be connected to the cold dips 01869 ¢ =0.69) and 1870-1949- €0.54). In comparison
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with grape harvest dates, WGHD data have 3 advantages: of Climate Fluctuation in the Louny Region in the Fifteenth—
(i) they also include information on March temperatures, Seventeenth Centuries, Masaryk University, Brno, 350 pp., 2000.
(i) they are also available for regions where grapes are noBrazdil, R., Pfister, C., Wanner, H., von Storch, H., and Luterbacher,
grown, and (iii) they have a higher skill in the tempera- J.: Historical Climatology in Europe — The State of the Art, Cli-
ture reconstruction of the pre-instrumental period conclud-_ Matic Change, 70, 363-430, 2005. -

ing from the comparison of both WGHD and GHD series Bra2dil, R., Zahradigek, P., Dobrovol, P., Kotyza, O., Vafsek,
with known Alpine glacier fluctuations since the late fifteenth H.: Historical and recent viticulture as a source of climatological

babl id icul | knowledge in the Czech Republic, Geografie — Shoteske
century. Probably, accounts on wages paid to agricultura geografick spol&nosti, 113, 351-371, 2008.

workers by local authorities (municipalities, hospitals, etc.) gyrkhardt, T. and Hense, A.: On the reconstruction of temperature
may be I’eadi|y available in other archives in Europe and else- records from proxy data in Mid Europe, Arch. Meteorol. Geo-
where. Accordingly, more temperature reconstructions based phys. Bioclim., B35, 341-359, 1985.

on WGHD might become available in the future to improve Burri, M. and Zenkusern, G.: Siiingli und Inderschmitten, Btter
and complete our picture of spring-summer temperatures in aus der Walliser Geschichte, 23, 34-46, 2009.

other regions of Europe. Chuine, 1., Yiou, P., Viovy, N., Seguin, B., Daux, V., and Le Roy
Ladurie, E.: Grape ripening as a past climate indicator, Nature,
Supplementary material related to this 432, 89-290, 2004.

Collins, E. J. T.: Harvest Technology and Labour Supply in Britain,
1790-1870, The Economic History Review, New Series, 22,
453-473, 1969.
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