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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
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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

138



C. PFISTER

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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