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6.1 TIFrom weather accounts to climate history

The growing consciousness that the world is undergoing a period of significant warming has
triggered a wave of research activity into past climates. Within this context observations in
historical sources are an essential ingredient of any study dealing with the reconstruction of
climate in the period between the Middle Ages and the beginning of instrumental network
observations in the 19th century.

Proxy data from natural archives cover periods up to hundreds of thousands of years.
However, their time resolution is restricted to individual years or to periods of several months
in the best case. Moreover they respond to a variety of metcorological variables making it
difficult to disentangle the climatic information. Documentary material from anthropogenic
archives, that is highly specific with regard to time, place and meteorological parameter,
covers a period of roughly seven hundred years. This provides a safer basis for assessing the
natural variability of climate than the shorter instrumental period. In particular this holds for
the interpretation of exceptional events, such as the very mild winter 1989-90 in Central
Europe (Pfister 1990).

Seasonal and monthly estimates of temperature and precipitation for the pre-instrumental
period are gbtained from the interpretation of documentary material. They provide a broad
basis for calibrating natural proxy information and a new testing ground for climatic models,
that need still to be much improved regarding regional and scasonal scenarios.

Assessing and modelling impacts of past climates upon past socictics requires a very
detailed record of past changes which is in fact a history of weather. Among agrarian
scicntists and demographic historians there is agreement on the point that monthly tempera-
ture and precipitation data are nceded in order to quantify the influence of meteorological
factors upon yicld formation and upon discases in a meaningful way. (IHanus and Aimiller
1978; Georgelin 1979). This holds also for the climatic interpretation of demographic pat-
terns (Flinn 1981:100). -

The types of data used for the reconstruction of past climates have been described in great
detail by Lamb (1981). Within the same volume Ingram, Underhill and Farmer (1981) have
provided a survey of documentary sources. The classification scheme shown in Figure 6.1
groups the evidence firstly into natural and anthropogenic data according to their origin. The
data fall into descriptive and proxy data with respect to the kind of information which they
contain. The term ‘proxy’ is used to denote any material, that provides an indircct measure of
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Figure 6.1 A survey of evidence for reconstructing past weather and climate.

climate. [t comprises both natural and man-made evidence. One kind of proxy datais related
to geophysical and para-meteorological phenomena, mostly snow-cover and the freezing of
water bodies, the sccond one refers to phenophases or other signs of biological activity.
Anthropogenic data may also be grouped into documentary sources and material sources
according to their form and to the place where they are found. Written sources, manuscript or
printed, arc preserved in libraries and archives or owned by private individuals. Moreover
inscriptions referring to climatic anomalics are sometimes painted on the front of houses. In
some locations the height of floods is marked on buildings, or the level of low water at certain
times is engraved on rocks. Objective data are found in muscums or in the ficld, pictorial data
are stored in libraries, archives and displayed in muscums or on private property.

The present approach attempts to demonstrate, how to bridge the gap between climatic
history and weather history by cross-dating different kinds of documentary proxy data with
descriptive evidence. The aim is to produce a combined record which provides both the
quantitative estimates of temperature and precipitation needed by the scientist, the ccono-
mist and the policy maker and the detailed weather account which the historian requires lor
reconstructing the past. The procedure starts by collecting the smallest bits of evidence
available, weather observations, carly instrumental data and proxy information. "I'he result-
ing ‘weather history’ is coded, homogenized and calibrated according to the type of data and
stored in a data-bank (Figure 6.2). All the evidence is™then boiled down to a numerical
wetness and temperature index for each month. In the fast step this datais converted into a
‘climate history” by computing transfer functions for estimating decennial temperature and
precipitation. The results of the reconstruction of climate and the bearing that climatic
uctuations have upon the cconomy and demography of Switzerland are discussed in con-
stderable detail in the “Klimageschichte der Schweiz” (Phister 198:41) from which this article is
mainly drawn,
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Figure 6.2 Flow diagram illustrating the procedures used in obtaining climatic informa-
tion from historical documents.

6.2 Survey of sources and data

The human evidence which documents the study has originated principally from chronicles,
from personal papers (diaries, calendars) containing intermittent meteorological cntries,
from non-instrumental weather diaries to weather logs, that contain both instrumental
measurements and visual observations. More than 118 manuscripts and over 150 printed
sources with weather evidence were found in the Swiss libraries and archives.

Some of the main observers and sources are briefly described in the following: Wolfgang
Haller (1525-1601), Arch-deacon of the Cathedral of Ziirich. kept a non instrumental
weather diary for thirty years (1545-1576) in which he describes the daily weather with one or
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two words such as ‘rather warm’, ‘rain’. ‘snow’, ‘dull’ ete. Flohn (1949) has shown the decline
of winter temperatures after 1560 from this source. Renward Cysat (1545-1613), Chancellor
in Lucerne, has quite regularly observed a broad variety of meteorological and environ-
mental data, mentioning snowfalls in summer on the summits surrounding the city. Joseph
Dietrich (1645-1704) and Scbastian Reding (1667-1724). who were monks in the monastery at
Einsiedeln, have included an incredible wealth of detailed lengthy weather reports in their
diaries an the end of the seventeenth century. They already distinguished the basic form of
clouds. Heinrich Fries (1639-1718). who was a professor at Ziirich, kept a non-instrumental
diary in which he noted down quite regularly the formation and the melting of snow-cover.
The physician Johann Jakob Scheuchzer (1672-1733), the pioneer of natural history in
Switzerland, was the first in Central Europe to measure precipitation in his garden in Ziirich
(from 1708). Hans Rudolf Ricter (1665-1748), a baker, has left an extremely detailed account
on the weather from 1721 to 1738 which even includes many observations for the night hours.
Most remarkably, he has regularly noted down the time of blossoming and ripening of eight
cultivated plants and trees (beech tree, sweet cherry, pear, rye. barley, strawberry, spelt [a
variety of wheat] and grapes). His record is somewhat older than that of the Marsham family
in Norfolk. England (Kington 1974). Johann Jakob Springh (1717-1803). a parson, made
some 4000 phenological observations between 1760 and 1802. He also collected precise data
on the formation and melting of snow cover in his surroundings and on the Alps.

The data-bank includes more than 33,000 records. The time resolution of a record may
vary from five or ten day periods to a month or a season. The northern and eastern regions in
the Swiss lowlands are better represented than those in the French-speaking part and in the
Alps. About 80,000 daily entries in weather logs were integrated to form monthly sums of
days with precipitation, snow, thunderstorms, fog or clear sky. The data-bank includes some
3000 phenological (i.e. plant) observations and about the same number of observations
concerning snow-cover at various altitudes.

The evidence increases in volume, density and diversity over time. For the period 1525-
1549 the entrics originate mainly from chronicles and annals. Accordingly, weather sequen-
ces arc mainly described at a seasonal level; information is missing for 43% of the months and
the emphasis is on anomalous rather than on ordinary weather. In the second period
1550-1658 monthly data from weather diaries and personal papers are abundant. The few
missing monthly data (7%) arc concentrated in the months from October to December. From
1659 monthly meteorological data are continuous. From 1684 monthly precipitation is almost
thoroughly quantificd cither by counting entrics in weather diarics or from measurcments
(after 1708) and the thermal character of cach month is derived from a body of reliable
para-metcorological and phenological proxy data.

The thermometric evidence dates from 1755 and is based on the Basel series. In order to
document conditions in mountain environments, the thermometric series from the Great St.
Bernard pass (2460 m above sea level) which originates in 1817, was included. Scattered
series ol rainfall measurements (e.g. Zirich, Bern) arc available from 1708, The Geneva
precipitation serics (from 1778 to the present) is the longest continuous record of this kind in
Switzerland. The creation of the national weather service in Switzerland in 1864 was chosen
as a dividing line between the periods of the “historical” and the "modern” data.
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6.3 Data verification

Only a decade ago it was discovered. that documentary sources of information about past
climates are not equally reliable. Compilations often contain a mishmash of valuable and
worthless data. Their main flaws are inaccurate or uncertain dating of particular events,
acceptance of accounts which are distortions or amplifications of original observations and
spurious multiplications of events through mis-dating (Alexandre 1987; Bell and Ogilvie
1978; Ingram et al. 1981, Pfister 1984). An example of mis-dating comes from Central
Europe. The well-known chronicle of Thann (Alsace) which Klemm (1974, p.409) takes to be
“extremely valuable™ has been used again and again as a source of information for recon-
structing past climate. In vain, the editor himself, Abbé Merklen, had cautioned, that the
chronicle contains a lot of contradictory evidence and incorrect dating.

Historians have developed a standardized methodology for evaluating sources and
rejecting unreliable information. The most important critical tests are those based upon the
principles of contemporaneity, propinquity and faithful transmission. Recorded statements
cannot be regarded as reliable and valuable, unless it can be shown either, that the writer
lived close in time and space to the events he purports to describe, and recorded his
observations immediately or within a short space of time after these events had taken place,
or that he had access to first hand oral or written reports and can be presumed to have
accurately transmitted the information derived from them. (Ingram et a/. 1981). In the
context of the Klimageschichte der Schweiz (Pfister 1984, 1985a) non-contemporary material
was not completely rejected. Where a reliable picture of weather patterns had already been
obtained from contemporary data, second hand reports which contributed to the understand-
ing of weather situations were included. In order to clearly mark their lower quality, the name
of the author was omitted in the printout of the data-bank (see Section 6.6).

Accurate dating was one of the thorniest problems. Up to the end of the eighteenth century
the Gregorian and Julian calendars were simultaneously in use, often within the same village
or district. In the data-bank all the dates have been converted to Gregorian style and every
dating correction is made explicit. Apparentcontradictions arise, when weather reports from
catholic and protestant cantons refer to the same month. In those cases a time resolution of
the individual records from ten days to ten days, such as it is provided in the CLIMHIST
data-bank, becomes indispensable for an appropriate interpretation. Moreover the reference
to ten day-periods is very convenient for handling the dating related to Saint’s days, which do
not fit into the scheme of calendar months.

For events in ‘winter’, dating becomes a problem particularly when the source gives just
one year for identification. Then it must be derived from the context or from other sources,
whether the *old’ or the ‘new’ year is meant in order to prevent spurious multiplication of
events. The term of *Winter’ itself was related to the duration of snow-cover rather than to
specific months. Likewise ‘Herbst” (autumn) described the time of the vintage.

0.4 Calibration of proxy data
The following types of data are included in the data-bank:
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1 Miscellancous observations from descriptive sources

Purely descriptive data
2 Non-serial proxy data

) —

L.

1.2.1 Freezing of water bodics
1.2.2  Snowfall and snow-cover
1.2.3 Phenological data

1.2.4 Floods and low water levels

| ST S R S |

Daily non-instrumental observations

Monthly frequencies of rainy, sunny, foggy, snowy days etc. obtained from weather logs
Instrumental records for precipitation

Instrumental records for temperature

Serial proxy-data:

o\ B W

6.1 Dates of auctions of tithes paid in grain
6.2 Grapevine harvest dates

6.3 Grapevine harvest yields

6.4 Phenological series

6.5 Dendroclimatic data

The descriptive evidence (without the ‘serial’ data) was standardized by the use of a
numerical code (Pfister 1981a). Calibration has to be done separately for each type of data.

6.4.1 [Freezing of water bodies

From the cases documented with thermometric measurement it has been established, that lakes
in the alpine borderland freeze in a specific rank order, according to their surface, depth and
individual characteristics. The freezing is primarily a function of the sum of below-freezing-point
daily mean temperatures, plus such other factors as wind-speed. Frequently it is specificd in the
sources, whether the ice was thick enough to carry men and cargoes and how long the ice-cover
remained. This provides an additional clue. For the Lake of Ziirich, which has the highest
number of entries in the CLIMHIST data-bank. it is known that a sum of at least 350°(C) freezing
degree days is needed to form an ice cover which is thick enough for a safe walk.

The freezing of rivers cannot be properly calibrated, because in the past these events are
not adequately documented with thermometric measurements. Morcover river-beds have
been changed because of river regulation schemes in the nineteenth and twentieth centuries.
However. it may be hypothesized from the scanty thermometric evidence, that such events
did occur, when temperatures were between =25 and -30°C. Temperatures in this range were
also associiated to the formation of frost cracks in trees. This produces repeated claps similar
to gunfire which are described in some sources as symptoms of a bitter cold.

6.4.2  Snowfull and snow-cover

The ratio of the number of snowy days to the number of rainy days may be computed from
weather-logs and used as a proxy for temperatures in winter (Flohn 1949). Morcover

123



HISTORICAL AND DOCUMENTARY EVIDENCE: CENTRAL EUROPE

frequent snowfalls reported for October, November, March and April point to below
average temperatures in those months.

Snow cover is an eye-catching meteorological element used in chronicles to describe
extremely long winters. From the end of the seventeenth century the formation and melting
of snow-cover has been quite regularly described in weather logs. For the Mittelland (250 m
to 600 m a.s.l.) there is at least one observation for 271 out of 306 winters from 1684 to the
present: from the mid-eighteenth century the date of thaw is knc vn for higher elevations, too
(Pfister 1985b, 1990).

The persistence of snow-cover is related to the sequence and duration of weather situations
favouring accumulation or ablation. In most cases this may be drawn from weatherreports. A
very small number of days with snow cover is mostly related to warm winters, occasionally
also to dry and cold anticyclonic situations. For the pre-instrumental period the hypothesis of
warmth needs, therefore, to be supported with observed signs of vegetation activity. Altitude
and orographic factors (such as windward or leeward slope) of the locations of observation
were considered in interpreting the data (Schiiepp 1980; Witmer 1986). N

For calibrating the series from the Mittelland a separate model has been developed for
every winter month, which yielded fair estimates for temperatures (Pfister 1977). The date of
alpine thaw, which depends primarily on temperature and radiation patterns, was compared
among stations in the Swiss alps located at similar altitudes. It turned out to be highly
correlated and closely related to phenological data, such as flowering and ripening of the
vine, (Pfister 1985b).

6.4.3 Phenological data

In order to describe temperature patterns during the vegetative period observers in the
pre-instrumental period frequently referred to stages in the growth and maturity of cultivated
plants, which were known to be more accurate yardsticks of warmth and coldness than
impressions of individuals.

The evidence enables the development of long phenological series, that cover almost the
entire vegetative period: blossoming of sweet cherries (from 1721), the bloom of grapevines
(from 1702), the start of rye harvest (from 1557), the ripening of early varieties (“Aeugstler™)
and ordinary varieties of the red burgundy grape (from 1721), the beginning of the wine
harvest (from 1370) (Pfister 1988).

Two conditions must be met for interpreting and calibrating pre-instrumental
observations.

1 Corresponding phenophases should have been regularly observed for at least ten years
close to a meteorological station, where temperature, precipitation and duration of
sunshine were measured.

2 Phenophases for the pre-instrumental and for the instrumental period should be com-
pared in order to determine, whether significant shifts did occur in the averages. More-
over the knowledge of averages within the pre-instrumental period allows for the
interpretation of isolated observations for anomalous years.

Calibration of the historical data was based upon series of corresponding phenophases
carried out at three meteorological stations in the Canton of Schaffhausen from 1875 to 1950.
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[t turncd out that most phenophases ave significantly correlated with temperature patterns:
the beginning of cherry blossom depends on conditions in March and April the beginning ot
vine flower is primarily an indicator of temperatures in May. the beginning of the rye harvest
is tied to temperatures in May and June, the ripening of both varictics of the red burgundy
grape is a function of temperatures in June and July.

In the central frame of Figure 6.3 the average dates of ten phenophases observed in the
pre-instrumental period are given below the line. The corresponding averages from the
Schaffhausen serics are represented above the line. The days of the year are marked on the
x-axis. There is a good agreement between the two sets of observations, when differences in
altitude are considered. The advanced blooming of vine in the eighteenth century is bound to
the specific climatic conditions of the period.

Above the frame. the earliest phenophases known from 1325 are provided. For those
observations which fall into the instrumental period the deviation of temperatures from the
1901-60 mean in the months preceding the phenophases is marked by means of horizontal
bars. The bars indicating positive deviations point to the left. The merger of evidence from
the two periods allows us to compare the carliest known springs and summers within the
pre-instrumental period with those which are documented with thermometrical series.

Below the frame. the latest phenophases and thus the chilliest springs and summers known
from 1525 are shown in the same way. The horizontal bars pointing to the right indicate
negative deviations from the 1901-60 mean in the months preceding a given event.

In the following those extremes are discussed.

Cherry flowering: advances by two weeks or more are mostly connected to summerlike
temperatures in February or March (1822, 1897, 1794). In 1990 sweet cherries began
flowering around March 20 which is equivalent to the carliest springs which arc known
(Pfister 1990). A delay of flowering by three weeks or more suggests that the March-April
period may have been more than 5°C below the 1901-60 average. March 1785 was 8°C below
this average!

Vine flowering: we should consider the observations which were carried out in an open
vineyard only. Plants which are sheltered by the wall of a house will flower considerably
carlier. Differences in varicties, however, can be neglected prior to the late nincteenth
century. The first flower is advanced or delayed mainly according to temperatures in May, an
carly flower may also follow a very warm April (c.g. 1811, 1893) and, according to descriptive
cvidence, in 1723, The times of the full bloom and the last flower vary with temperatures in
both May and June. Extreme delays (1542, 1627, 1628, 1642, 1675, 1740) were much more
frequent and much more pronounced than extreme advances.

Start of the rye harvest: While the three-field system was inuse (i.c. until the carly nineteenth
century) agreement was reached jointly by the farmers of a village to begin the harvest. The
maturity ol ryeis controlled by temperatures in June and, to alesser extent. by those in May'.

Wine harvests: Inall those years for which an early Howering of vine or an carly cereal harvest
wis reported (eog. 15340 1616, 1636-38. 1660, 1718 1719, 1811, 1822) wine harvests through-
out Central and Western Zurope were also very advanced. On the other hand the latest wine

125



i

"

h
Yo

1340
7 reey Jn!)

oo

o

el d.-'-‘- <7 1 - n-H').!H H ,, .T ?
s 26 |:J-"'1'c‘\ e \].‘,. | 82z ’.,-snu!'[{g.u “wes ] iBel (Jrars 23 3 e -o.|.- .r\d:
! 1 ;i_x; ?&-‘- &'.'m. (7™} ; -lul,” -m, -Jllu -u!‘?soo J:‘ﬁﬂ? ulmr :E:,E ! mu’ -sso.* ’.., |
o |2X e i y v |ess 4 0 . .
e Yo el o s e =n P . o '“*”‘.:‘;:
early ] < e f [n] - ) ] ’ T- T' |
s 4.-; _!wu \{u( w9y ‘\Ma ina] £223 ’J-m- a2 |was LI
[ "ia
::\;:nf:«q;;munuuun‘ : ‘_I_: _T ‘ Y 1 ! [IJ L g . =K |_* REE _—
;lalunml w‘rrv_n;ansl ﬁn‘i:?- » \]\]-. s ,,._,! *5, ".., T". _ﬂ“h *..
L okl Ve bl LE L T N L& - ‘:R'I' ;
e S 2 T I T 1 - ol
w3z e s
late ""? Y -wkﬂ w7 ‘.Yﬁs mzr! Yho ?ﬂ-ﬂ\r‘n Yu- \f.:.u ":” - ’ w"* *
e i B ety LT Tl & "'s
q.;oh_ n‘_sL_‘ '"L \F'“; I ! 1) (Bel o, S,
= )
o s T i 4 { | = vl
SN N R R N R T . R S o
4.—: I Com a-\lc Ter Sehy a1 gt 1o Testember 13T Oulober 1o Woermar 1

e

Voul vlort ot natset fE]

Gropes e Bus gundy
thangs coigur

ne sl tgwer

Veant (Parry Tl Homer

181 tower

me il Tlowar

Fra atact of harvest

arapes Lorly Burquaay
changs Coiour

st grope ripened (Lorly Busgundy)

-

St =

] o
——cn rneion

Figure 6.3  Dates of phenological events in Switzerlund. Central pancl shows the average date
historical period (below center line) compared with the corresponding averages in the pe

Tampyrarers mows

deeighon from mesn 1901 60 (*C)

- =
| ‘:-:.l_!—ﬂ;,‘luzm
-H' \li‘ P
ai]15¥

L

PRI W ie) D MR UM TN OuNe

Pa allitude ronge 400 - 300m

Bo  Bosai 256m

Bo Datwiamden 0E 47Am (718
e (arn 84¢m 78O
Gr e hm

G Gueaswn BT B w1766
Mo Machees GR S34m o 1797
N o aarm 700
W Wt  aCim e
Su Swir OC wimo 7m0
RO adim
- aesm vz

riod 1876-

]
82r

188
50
1o

- 1803

aa
38

s of ten phenophases observed in the
1950 (above center line) based on

obscrvations in the Canton of Schaffhausen. Symbols above central pancl indicate the earliest phenological events since 1523, those below
the line indicate the latest events. For further explanation of symbols, sce text.



C. PFISTER

harvests go along with a delayed bloom of the vine or a delayed cereal harvest (1542, 1555,
1573, 16.;.7. 1628, 1675, 1698, 1740, 1816. 1879. 1980). This corroborates the results of
statistical analyses that show the time of wine harvest is controlled by temperatures in May
and June to a large degree (Pfister 1984; Flohn 1985). The timing of the latest wine harvests
shows almost no variation, because at the end of October or at the beginning of November
grapes had to be picked before the onset of winter. even if they were not mature yet.

In addition to focusing upon the analysis of specific phenophases, the whole pattern of
phenophases from spring to autumn may be examined. A large shortening and lengthening of
the period between phenophases, as compared to ordinary years, may be interpreted in terms
of temperature anomalics. To take an example, a drastic shortening of the interval between
the first vine flower and the start of the ryc harvest (about two weeks compared with
thirty-three days on average) occurred in 1616. The rye reached maturity even six days earlier
than in 1822, which was the hottest Junc since 1755. This early date suggests that the
heat-wave in June 1616, which is impressively described in the sources, was the most severe
since 1525 at least.

On the other hand major delays between phenophases point to temperatures far below
average. In 1628, to take an extreme case, the duration of vine flowering was some thirty-five
days instead of nineteen, on average. This suggests an extreme cold spell in midsummer
which is consistent with the high number of snowfalls reported from the alpine pastures.

6.4.4 Serial proxy data

Flohn (1985) has carefully investigated and cross-correlated long proxy data series from
Switzerland, southern Germany and France. He advises that a careful examination of
historical series would require the following checks:

1 the homogeneity of all records by comparison with adjacent records

2 the spatial representativity of the data. Area averaged scries are preferable if their

coherency can be warranted.

3 the time and the type of response to climate parameters, which they may represent.

In the following, the three types of proxy data — tithe auction dates, grapevine harvest
yields and tree-ring densities are discussed. For wine harvest dates the reader is referred to
Legrand (1979) Le Roy Ladurie and Baulant (1980) and Flohn (1985).

Tithe auction dates The date on which the tithes paid in grain were sold by auction is
regularly listed in some records from the mid-sixteenth century. [t has been shown, that the
date of the auction was closely related to the time of maturation of rye which was the carliest
winter grain. In most cascs the rye harvest immediately followed the auction of the standing
crops. 42 local scries, mainly from central and castern Switzerland, were combined into an
arcaaveraged series from 1611. An analysis of both modern phenological observations on the
beginning of the rye harvest (the Schatfhausen data) and the historical series of tithe auction
dates has revealed that both primarily reflect the temperatures in May and June. The
correlation of the tithe auction dates with the Basel temperature series over the period
1755-1825 is r=-0.8 (significance <0.001). A comparison with the Central England tempera-
ture series over the period 1659-1758 has still yiclded an astonishing r=-0.68 (significance
<0.001) despite the large distance between the two countries. It follows from the model that
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an advance or a delay of the mean tithe auction dates of seven days corresponds roughly to a
positive or a negative deviation of temperatures of 1°C in May and June taken together.
The area averaged series of Swiss tithe auction dates is highly correlated (r=>0.70) with the
arca averaged series of wine harvest dates (Le Roy Ladurie and Baulant 1980) which shows
again that the latter are primarily tied to temperature patterns in May and June (Flohn 1985).

Grapevine harvest vields Until very recently (Pfister 1981b; Lauer and Frankenberg 1986)
very little research has been devoted to fluctuations in grapevine harvest yields in historical
times. This may be due to the fact, that modern investigations focus upon conditions in single
vineyards. where local weather conditions, in particular late frosts, prevail over the large scale
effects of temperature and rainfall. Moreover, reliable data from the pre-instrumental period
are difficultto find and their interpretationis controversial. For the analysis long area-averaged
series had to be established as a first step. Most of the secular series found in Swiss archivesrefer
to vineyards owned by public institutions and authorities, which were cultivated by tenants
according to share-cropping agreements. The production was divided between the tenant and
the landlord, the latter’s part being listed in the document. Some series give also the acreage of
the vineyard. The earliest long record beginsin the early sixteenth century; asufficient number
of series are available for the period after 1550.

Fourregional series for different parts of the Swiss plateau, compiled from 17 local series, for
which the acreage is not known show highly significant correlations (from r=0.56 to r=0.76)
between each other. A Swiss area-averaged series was compiled from those four regional
series. Likewise an area-averaged series was established from 20 local series, for which the
acreage is known. In turned out that the two main series were highly correlated (r=0.85)
(Pfister 1981b). Thus we may conclude that the former series, which goes farther back in time
and which represents a larger volume of wine harvested, also reflects yields per acre for the
most part. A stepwise regression analysis of this multisecular area-averaged series with the
Basel temperature record yielded that July had the greatest weight, with R*=0.29, June had
R?=0.16 whereas July of the previous year had R*=0.13. The coefficients for August are not
significant.

According to present day knowledge yearly fluctuations in wine yields are chiefly related to
weather patterns in summer. High yields can be expected if temperatures in midsummer
(June-July) are high, unless the water supply is deficient. On the other hand, cool and wet
weather during and after flowering will hamper fertilization and the flowers may drop in the
following. It must be stressed, however, that the effects of a widespread late frost, if it occurs
repeatedly canalmostannihilate the harvest, even whentemperatures are favorable for growth
and maturity in the following period. The statistical models should therefore always control for
years with severe late frosts which are well known from the descriptive record. Flohn (1985)
who from his models advised to use wine yields only cautiously as climatic indicators, did not
exclude the years with heavy late frost. This was the reason while his results were not that
convincing.

To conclude, the grapevine has three major advantages as a proxy:

I The plant remains the same for twenty to fifty years. No annual planting is required.
2 Theentirelengthofthe growing scason from March-Aprilto September-Octoberis needed
to bring the grapes to maturity.
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3 Harvest date. vield per acre and sugar content can be used as climatic proxy evidence for
three different periods of the growing season: late spring-early summer, midsummer and
late summer-early autumn (Pfister 1981b).

Dendroclimatic data Representative results can be expected from trees at the alpine
timberline. where the temperature of the short vegetative period controls the growth rate.
Significant progress has been made through the Roentgen density measurements of wood,
which allow the evaluation of a quantitative parameter such as the density of late wood which
is produced mainly during late summer. This data is a good proxy for temperatures in July,
August and September (Schweingruber 1983; Flohn 1985). The well known series from
Lauenen (Bernese Oberland) is included in the CLIMHIST data-bank (Schweingruber et al.
1978). A cross correlation with the Basel temperature series has revealed a weakness of these
data. Whereas low densities are very reliable indicators for cool summers, some of the hottest
summers in the last 450 years (1616, 1719, 1947) do not stand out in the record (Pfister 1985c).
This suggests that cross-checking with anthropogenic evidence would certainly be helpful in
the interpretation of tree-ring density data in this region.

6.4.5 Survey of proxy-data used as substitutes for thermometric measurement

Table 6.1 gives a survey of the proxy-information which has been used as substitutes for
thermometric measurements. The data type taken as the best indicator for the temperature of
an individual month is underlined. The winter months are primarily documented on the basis
of snow and ice features, while plant indicators are the best evidence for the vegetative
period. Most of the biological proxy-data used reflect the temperature pattern over a period
of several months. The longer the period involved, the higher the precision of the estimate.
No equivalent proxy exists for October and November. Moreover even descriptive observa-
tions are sometimes missing for those months before 1658.

6.5 Proxy substitutes for measured precipitation

6.5.1 Weather logs

Weather diaries can easily be quantified by counting the frequencies of events such as rain,
snow, thunderstorms etc. Whether it pays to attempt the cumbersome operation of counting
depends on the quality of the observation. Comparing frequencies based on qualitative data
with frequencies based on measurements provides a useful check of reliability. We may rely
on the assumption that the meteorological framework does not change dramatically over
time. Yearly averages of days with precipitation obtained from the weather-logs of careful
observers differ only insignificantly from those which are based upon measured daily preci-
pitation of >0.3 mm. The quantified historical data may therefore be compared to 1901-60
statistics from the same or from a neighboring station. However, considering the diary of
Wolfgang Haller (1545-1576) it turned out that the average was ¢ven somewhat below the
days with measured precipitation of >1mm. In order to get at least a source-specific rough
criterion for assessing the wetness of the individual months from this unique evidence the
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Table 6.1 Survey of indicators used for the determination of the
thermal charater of individual months.

Month Cold Warm

Dec., Jan. Uninterrupted snow cover Scarcity of snow cover
freezing of lakes signs of vegetation

March Long snow cover, Sweet cherry first
high snow frequency flower (£ 1.3°)

April Snow cover and snow beech tree leaf
frequency, beech tree emergence (tithe
leaf emergence, sweet auction date)

May Tithe auction dates (+0.6°)

Vine first flower (£1.2°)

Barley harvest beginning
June Tithe auction dates (4+0.6°)

Vine full flower (+1.2°)

Vine last flower

Coloration of first grapes

July Vine yields (+0.6°)
Coloration/maturity of first grapes
April-July Wine harvest dates (+0.6°)
August Wine yields (+£0.6°)
Tree ring density (£0.8°)
September Vine quality
Tree-ring density (+£0.8°)
October Snow cover, snow Reappearance of
frequency spring vegetation
(cherry flowering
etc.)
November  Long snow cover, high No snowfall,
snow frequency cattle in
freezing of lakes pastures

The figures give the standard error of estimate in °C.

duodecile distribution (cf. Table 6.4) of the days with observed precipitation in the diary was
computed for every calendar month.

6.5.2 Floods and low water levels

Evidence that bears on floods and low water marks is found in written sources and also in
form of marks on buildings. From the cighteenth century water-gauges have been installed on
the major rivers and lakes. In order to exclude local events the analysis has focussed upon the
large rivers (Rhine, Rhone, Aare) and on the major lakes in the Swiss lowlands.

A quantitative estimate on floods may be obtained by cross checking marks of historical
floods on buildings with measured discharge or precipitation. In Basel, where the Rhine
drains almost two thirds of the surface of Switzerland, monthly discharge of the river has been
measured since 1808. Some hundred meters upstream from the water-gauge the level of some
of the major floods within the last few centuries is marked on the building located at Oberer
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Rheinweg 93. A comparison of this evidence allows ‘calibrating” the descriptive data with the
measured discharge record. Moreover, the old observers often compared the observed floods
to previous ones. sometimes in quantitative terms or with reference to marks on buildings
which have since been pulled down. Combining all the existing evidence has allowed the rank
order of the most severe floods at Basel since the mid sixteenth century to be established.

In interpreting flood records it is essential to consider the time of the year and the nature of
the drainage basin. Heavy floods of the major Swiss rivers in early summer are sometimes the
result of the melting of unusually large amounts of snow in the mountains (e.g. 1817).
Therefore we must also consider the snow record in order to assess the relative proportion of
snow-melt and heavy rainfall for the event. The interpretation must also allow for corrections
of the river and for changes in the level of buildings which might have occurred over time.

Low water levels are quite reliable indicators of precipitation patterns. They occur mostly
in winter and spring during long spells of anticyclonic weather. Because they had almost no
economic impact they are less frequently described in the sources than floods. Sources specify
for some cases, how far one could walk in a river-bed which had partially dried up. Occa-
sionally, extremely low water levels were marked on rocks which emerged. when the water
was very low. This evidence is again ‘calibrated’ by comparing the older marks to more recent
ones and to that of water-gauges.

6.6 Coding and editing the evidence: the CLIMHIST data-bank

The collected material was analyzed by a set of computer programs which had been speci-
fically developed for this purpose. The descriptive evidence was converted into numerical
form by means of a comprehensive code. Those observations which couldn’t be expressed by
the code, were literally written on a specific file to be included into the final version of the
output in form of footnotes. Moreover, each type of serial proxy-data had to be homogenized
and calibrated by means of standard software, before it was included into the data pool.
Finally the entire evidence was pre-processed and sorted according to time, type of data and
region. Subsequently the resulting data-bank was reconverted into a weather chronology
called CLIMHIST-CH. It lists each of the 33,000 records including all the attributes, that are
necessary for the interpretation, such as place and altitude of observation, name of the
observer (if the data is contemporary) the style of the original observation etc. (Pfister and
Schwarz-Zanetti 1986). Weather patterns and their impacts upon the hydrosphere, the
biosphere and society (agricultural prices, diseases etc.) are given in a temporal frame of ten
day periods, months or seasons. Serial information such as the number of days with preci-
pitation or early instrumental measurements is compared to that of the 1901-60 reference
period. The date of phenological observations is converted to days of the year. Serial
proxy-data are given as deviations from their average or in terms of standard deviations.

The program sequence conveniently allows for error-correction or updating when new
evidence is discovered, cven including new footnotes (Pfister 1985a). At present four
routines are availble that reconvert the numerical code into English, French, Italian or
German. Routines for any additional language might be set up from corresponding transla-
tions of the code-book. Originally the program was tailored to Swiss data. In the meantime
improved versions have been devised that handle data from all over Europe.
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Table 6.2 provides the information for August 1723 as an example. Each record is
explained by a number of attributes: R indicates to the meteorological region in which the
place of observation is located. If the name of the observer is listed, this means that the data is
contemporary. S is related to the source number in the bibliography. F followed by a number
would refer to a footnote in the appendix.

Table 6.2 Example of an entry in the CLIMHIST data bank (Pfister 1985a)
(see discussion of coding in text).

1723 August

Ist ten day period

Warm/Hot. Preponderantly sunny (shorter periods of rain). R:2 Winterthur: 442m (Rieter,
S 90).

Continuing rain (no statement). R:10 Stans:452m (Buenti, S 146)

2nd ten day period

Warm. Preponderantly sunny (isolated thunderstaorms). R:2 Winterthur: 442m (Rieter, S
90)

Preponderantly sunny (no statement). R:10 Stans: 452m (Buenti, S 146).

First red berries 8 11th (223) R:2 Winterthur:442m (Rieter, S 90)

3rd ten day period ‘
Hot. Preponderantly sunny (isolated rain). R:2 Winterthur:442m (Rieter, S 90).
Preponderantly sunny (no statement). R:10: 452m (Buenti, S 146)

Entire month

Hot. Continuing rain. R:8 St. Blaise NE:433m (Peter, S 220)

Warm. Preponderantly sunny. R:5 Baetterkinden, Be: 473m (Wieniger, S 268).
Dry 87mm (mean:132mm). R:6 Zuerich:408m (Schuechzer, S 237)

Dry 10 days of PR (M:14 days) Warm R:2 Winterthur:442m (Rieter, S 90)

Temperature Index: 2, Warm. Precipitation Index: -2, Dry.

The first three paragraphs in Table 6.2 give information which is available according to ten
day-periods (five day-periods are separated with a slash). The last paragraph is related to the
data that refer to the entire month. In the example, rainfall at Zirich measured by
Scheuchzer, and the number of days with precipitation computed from the Rieter diary, are
compared to the duodecile statistic for the period 1901-60 at the same place. The thermal and
wetness indices listed on the last line are estimates for temperature and precipitation derived
from all the evidence by the interpreter (see the following section).

6.7 Deriving monthly indices

Estimates for temperatures and precipitation are estimated from regression models, that
include series of proxy data and instrumental measurements. Significant results are obtained
for periods of two or three months only. The models cannot account for shorter periods,
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because the variety of the underlying pattern of cold and heat spells is too large. However,
this missing information is obtained from descriptive sources. To take an example, the
opening of the first vine flower in a vineyard is bound to temperatures in April and May. An
early flowering at the end of May may occur after an exceptional heat-wave in April followed
by an average temperature in May, or after a long warm spell in May preceded by average
weather in April. Based upon detailed descriptive evidence we might be able to decide which
of the two patterns is more likely to have occurred. This then allows a monthly temperature
profile, i.e. the ‘excess of warmth’ to be estimated for the entire period from the regression
attributed to an individual month in an interpretative way. This takes into account all the
quantitative and qualitative information available for the period. From this example it has
been demonstrated, how the two kinds of evidence, proxy data and descriptive sources,
control and complement each other. We may conclude that they form a coherent body of
information, from which estimates of monthly temperature and precipitation patterns are
obtained, based upon a synthesis of statistical reasoning and contextual interpretation.

Two types of indices, a weighted and an unweighted index, have been derived. For the
weighted index, the frequency distribution of monthly means for the period from 1901-1960
was adopted as the standard of comparison (Table 6.3).

Table6.3 The definition of the weighted temperature and precipitation index
values over the period 1901-1960.

lowest <---—-- e > highest
8.3% 16.6% 16.6% 16.6% 16.6% 16.6% 8.3%
Duodecile 1 3 5 7 9 11

Index -3 -2 -1 0 +1 +2 +3

The value of 0 was used for ‘normal’ weather conditions and for all months for which the
evidence is missing. The values of +3 and -3 were applied to those cases which can unmistaka-
bly be considered as “extreme” by twentieth century standards. The values of +2 to -2 were
adopted for the less marked gradations. The values of +1 to -1 were applied to all months for
which only descriptive evidence is available as well as to those months which according to
proxy information fall in the corresponding range of temperature and precipitation (cf. Table
6.3).

For precipitation two separate indices have been computed. The first, a frequency index,
draws from the number of rainy days in Basel and Geneva, while the second, a rainfall index,
is based upon measured precipitation at Geneva, Ziirich and Bern. Subsequently, the two
indices have been niierged (cf. Pfister 1984, Table 1.26). Within the instrumental period the
indices were computed from measured temperature and precipitation according to the
duodecile distribution of the values (cf. Table 6.4). The unweighted index downgrades all the
positive or negative weights to three gradations: +1, 0 and -1. Accordingly this index is more
homogeneous than the weighted one, but is does not fully exploit the informative potential of
the data. Which of the two indices is more ‘realistic’ depends on the quality of the evidence.
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Table 6.4 Standard errors in estimating temperature
(°C) and precipitation (%) from indices for the period
1864-1979.

Month/ Temperature Index Precipitation Index
Season unweighted weighted umweighted weighted
January 0.4  '0.26° 12.8% 6.5
February 0.34° 0.26° 12.6% 11.4%
March 0.28° 0.18° 11.6% 9.2%
April 0.21°  0.11° 9.8% 9.6%
May 0.29*  0.16° 8.2% 7.1%
Tune 0.22° '0.16° 7.5% 6.7%
July 0.21° 0.11° 8.0% 6.6%
August 0.22° 0.14° 3.8% 5.0%
September 0.25° 0.14° 7.0% 11.7%
October 0.27° 0.13° 18.9% 18.1%
November 0.34° 0.19° 18.8% 13.7%
December 0:55> '0.3%° 13.8% 12.6%
Spring 015%™, 1041y 1.7% 7.2%
Summer 0.15%  0.1* 4.2% 2.9%
Autumn 0:15> 10.13° 9.4% 7.5%
Winter 25% 10,27 9.5% 7.5%
Year 0.12°  0.08° 6.4% 5.2%

An earlier version of the indices has been published in Pfister (1981a). However, the indices
have been considerably improved since, as new evidence has been found. The reader is
therefore referred to the values published in Pfister (1984) and to the CLIMHIST data-bank
in which all the basic evidence can be scrutinized (Pfister 1985a).

6.8 Estimates of temperature and precipitation from transfer functions

In order to bridge the gap between the history of weather and the history of climate, monthly
temperature and precipitation patterns for the pre-instrumental period have been estimated
from the indices. For every calendar month and for every season a model has been set up
which, for the period of network observation from 1864. compares the weighted and
unweighted indices (computed from the record) with the record itself. This has yiclded a set
of transfer functions for estimating temperature and precipitation patterns on the basis of the
indices.

For temperatures, the deviations of the Basel serics (1755-1979) from the 1901-60 average
were included in the regression model . Precipitation series covering the whole country for
the entire period, were not available in sufficient number. Instead the analysis was done by
means of six series from the Swiss *Mittelland” — Geneva. Bern. Zirich. Basel, Einsicdeln and
St. Gallen —where precipitation has been measured from 1864 to 1979. It turned out that the
models yielded execessively large standard errors for individual months. Thus estimates were
attempted for decennial averages only. In interpreting the standard errors for the decennial
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averages (Table 6.4) we should bear in mind, that they are obtained from the transformation
of measured data. For the pre-instrumental period, the ‘true’ standard deviations are cer-
tainly larger for the weighted indices. because the nature of the evidence and the process of
interpretation involves additional biases. On the other hand, they are probably smaller than
those obtained for the unweighted indices (Table 6.4). because the evidence allows for more
than just simply distinguishing between ‘warm’, ‘cold” and "average’ months (provided that
we ignore the period prior to 1550 and the data for autumn prior to the late seventeenth
century).

6.9 Patterns of temperature and precipitation since the time of the
Reformation

The results of the reconstruction will only briefly be discussed. Figure 6.4 shows deviations
from the means of the 1901-1960 reference period in form of 11 year moving averages.
Positive temperature deviations are shown above the line, negative deviations below. Preci-
pitation is shaded and shown in the same way as temperature.

Considering the long time-scale temperature and precipitation patterns, no clear pattern
emerges for the four seasons and the year. A ‘Little Ice Age’, that might be associated with
the known fluctuations of glaciers, is hard to detect. In contrast to the twentieth century three
features are common to the preceding centuries :

1  Winter and spring months tended to be colder and drier. This holds especially for March.

2 The climate was more variable — in particular around 1600 — and in many cases the
extremes were more marked than those registered in the instrumental period.

3 Fluctuations of the same type occurred repeatedly and often simultaneously in winter,
spring and summer (e.g. 1569-1574, 1586-1589, 1688-1694, 1769-71).

However, summer periods were not significantly colder in the ‘Little Ice Age’ than in the
present century, although it is well-known that glacier fluctuations are generally related to
temperature in summer. A tendency towards increased precipitation is apparent, in parti-
cular for the late 16th century and for the 18th century. Quite often a warm and dry period in
August followed after a rainy and cool spell in.June and July.

Temperature patterns in the autumns are rather balanced up to 1670, and this season was
rather dry over this period. Up to the early twentieth century autumns were colder than since
and they included both wet and dry phases.

If changes over time are considered, a marked contrast stands out between the second third
and the last third of the 16th century. Apart from the winters, the weather conditions that
predominated from 1530 to 1560 proved nearly as tavorable as those that have prevailed
during the climatic optimum of the twenticth century. Over the following decades, then,
annual mean temperatures declined by more than 0.6°C. Summers became about 0.8°C
colder and more than 20% wetter. A marked increase in summer wetness was also observed
in northern Germany (Lenke 1968). By the 1580s the broad Denmark Strait between Ieeland
and Greenland was often found entirely blocked by pack-ice during the summer (Lamb
1982). In Switzerland the frequency of severe floods in the last third of the 16th century
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increased fourfold compared with the second third of the century. Some alpine glaciers
advanced several hundred meters within the span of a few years. Also, the variability of the
climate became more marked during the last third of the 16th century.

Drought was the most noticeable characteristic of the 17th century. Wet summers still
occurred, however, particularly during 1600-1630, the 1670s and 1685-1699. Summers were
moderate from 1645 to 1684, and mean temperatures were comparable to those witnessed in
the present century. If winters are disregarded. the amplitude of the temperature anomalies
between 1630 and 1688 was rather small. On the whole. the seventeenth century was not as
cold as Le Roy Ladurie (1971) suggests from wine harvest dates and evidence of glacier
fluctuations.

After the year 1685 temperatures dropped sharply in all seasons. From 1690 to 1699 mean
annual temperatures were almost 1.0°C lower than in the 1901-1960 reference period, in
Central Europe. In Central England they were 0.8°C lower during this period (Manley 1974).
Based upon reports of sea ice and the cod fishery, Lamb (1982) concludes that the ocean
surface temperature between Iceland and the Faroe Islands was probably 5°C lower than it is
today (see also Chapter 5, this volume). This suggests that Arctic cold water had spread far
south to the Norwegian Sea. In the Swiss mountains the vegetative period was noticeably
shortened over this period.

During the first two decades of the 18th century, mean seasonal temperatures rose, except
for winters. For the decade of the 1720s mean annual temperatures were at the level of the
twentieth century. Springs and autumns became cooler in the 1730s. In summer, warmth
persisted and precipitation increased between 1760 and 1790.

The 19th century proved to be the coldest hundred-year period since 1500. This holds true
for all seasons, in particular for autumn and it is also revealed from the known extreme cold
fluctuation from 1812 to 1817. In the second half of the century warm and dry summers
prevailed from 1855 to 1875. Spring temperatures rose above the 20th century means in the
1860s. In winter, temperature and precipitation trends became positive from the end of the
19th century. In the last few decades this season has changed dramatically. Compared to the
long term average of the past half millennium this season has been 1.3°C warmer and 25%
wetter since 1965. The recent succession of three warm winters (1987-88 to 1989-90) with
almost no snow-cover in the lowlands is unique in the last seven hundred years (Pfister 1990).

6.10 Comparing temperature trends in Central England and in
Switzerland since 1659

Lauterburg (1990) has examined the spatial variability of climatic change in Europe over the
period 1780-1960. Using cluster analysis (Ward’s method) he defined arcas of similar year-to-
year fluctuations of climatic parameters for the three sub-periods 1781-1840, 1841-1900 and
1901-1960. The regions that emerge from the procedure turn out to be relatively stable over
time from one sub-period to another for spring and summer, whercas they change somewhat
for autumn and winter.

Based upon the Swiss temperature indices and the Central England temperature series
(Manley 1974) this comparison was extended back to 1659. From this year the Manley series
begins, and monthly weather in Switzerland is described continuously, i.e. the serics of

137



HISTORICAL AND DOCUMENTARY EVIDENCE: CENTRAL EUROPE

temperature indices doesn’t include any missing months. The entire period of three hundred
years was split into three sub-periods of approximately equal length for the analysis. In the
first one (1659-1754) the Swiss indices are based upon descriptive and proxy data. The second
period (1753-1863) is covered by instrumental measurements. The third period (1864-1960) is
that of the detailed observational network.

The Central England series was transformed into indices to adjust it to the level of
measurement of the Swiss series (cf. Table 6.5). The Gamma coefficient (which is a svm-
metrical measure forassociation of two ordinal variables) was used for the correlation, because
of the Pearson correlation coefficient is not appropriate for ordinal data. Gamma can achieve
limiting values of -1.0 or + 1.0 regardless of the number of ties (Loether and McTavish 1974).

All coefficients between the two series are highly significant, even those for the first period.
which is not covered by instrumental measurement (Table 6.5). This confirms the reliability
of the Swiss data. However, the seasonal and yearly correlations (autumn excepted) are
somewhat lower for the first sub-period 1659-1754. This is almost certainly due to the
semi-quantitative evidence on which the Swiss indices are based. On the other hand it might
also be due to changes in the frequency of weather patterns to some extent. Considering
correlations of monthly variables, the difference between the first sub-period and the two
others is particularly large for July and August. This might be related to the fact that
phenological indicators for summer temperatures are more related to June than to July and
August (tree-ring densities excepted).

Table 6.5 Gamma correlation coefficients between the
Central England temperature series and the Swiss temperature
series 1659-1960.

1659- 1755- 1864- 1959-
Month 1980 1754 1863 1960
January 0.669 0.594 0.734 0.668
February 0.645 0.578  0.648 0.677
March 0.612 0.544  0.667 0.653
April 0.667 0.619 0.678 0.678
May 0.609 0.501 0.682 0.635
June 0.471 0.452  0.490 0.540
July 0.658 0.467 0.664 0.786
August 0.540 0.396  0.560 0.619
September 0.571 0.502  0.650 0.600
October 0.498 0.483  0.478 0.566
November 0.461 0.467 0.391 0.510
December 0.548 0.588 0.564 0.589
Winter(12-2) 0.552 0.509 0.582 0.564
Spring 0.544 0.496  0.598 0.588
Summer 0.461 0.374 0.487 0.530
Autumn 0.438 0.437  0.436 0.455
Year 0.484 0.431 0.554 0.499

Significance: < 0.0001 for all pairs of variables
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Surprisingly. correlations for October. November and December are somewhat higher in
the first sub-period. when the Swiss series is based on semi-quantitative data. compared to the
second one. when it is based on measured temperature. This might be related to prevailing
weather patterns that differ somewhat from those prevailing in the preceding and the
following period.

6.11 Beyond time series analysis: establishing historical weather maps

Most reconstructions of climate from natural or man-made archives are presented in the form
of time series. The climatic variations shown refer to areas, that have the dimension of a
German Bundesland, an Italian Province or a small nation such as Switzerland. The focus is
primarily on improving the time resolution of the findings down to seasons and month and on
interpreting the results by the means of statistical techniques that become more and more
sophisticated.

Compared to time-series analysis the investigation of the spatial dimension of climatic
change has been neglected so far. It has not been sufficiently realised that regional time serics
are not isolated pieces of evidence, which may be interpreted for their own sake, but that they
should be related to a larger entity which is the global climate system. A comparison cannot
be done just by comparing fluctuations in time series as it has been done so far. In order to
provide a coherent picture of climatic change in space and over time we need to focus upon
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Figure 6.5 Weather map of the cold winter 1407-08 in Europe. This winter was
similar to that of 1962-63. (Schwarz-Zanetti and Pfister. in preparation).
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the analysis of this system. All reconstructions of climatic change that have already been
obtained at a regional scale need to be compared on acommon basis. This requires a common
standard of representation for scholars from all over Europe. On this continental level,
analysis of climatic change should be represented in terms of historical weather maps. that
show the spatial dimension of outstanding anomalies (Figure 6.5) and trends related to
coherent regions (Lauterburg 1990).

In order to initiate international cooperation directed towards this goal, a workshop was
held recently by the European Science Foundation (E.S.F.) at the Academy in Mainz.
Scholars from 14 European countries and from Japan discussed the standardization of
historical climatology and the creation of an international data-bank for the history of climate
which might become the basis for a new spatial image of climatic change (Frenzel and Pfister,
in preparation).
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