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INTRODUCTION

The history of early-instrumental meteorologicalsetvations in Poland is
quite rich and is among the longest in the worlde Tirst observations were made
in Warsaw in late 1654 or early 1655, while the pjenature series described and
analysed here is the second oldest instrumentalsser Poland. Temperature and
atmospheric pressure observations were made in tsWoBreslau, nowadays
south-west Poland) from April 1710 to December 1Bg1the physician David
von Grebner and both series are now the longegtving Polish series of their
kind (Grebner 1723pr more details see also Przybylak 2010).

David von Grebner used the Florentine thermométberfmometrum Acade-
miae Florentinae), which had a brass scale wittamiis the middle, above which
were 80 degrees and below which were 100 degresasdéberg 1983). The re-
sults of his observations are available in unpuklisform in the Library of Wro-
ctaw University. For purposes of comparison, ano¥veoctaw physician — Jo-
hann Kanold (1679-1729) — began meteorological nreasents in Silesia (e.qg.
Wroctaw, Otlawa, and Legnica) and in other Europeamntries in 1717. He re-
corded measurements in Wroctaw up to 1726, and fiteem 1727 to 1730 they
were continued by Andreas Elias Blchner (1701-1,7&9rofessor of medicine
at Wroctaw University (Brazdil and ValaSek 2002, idar 2003, Brazdiet al
2008). These included measurements of air temperadir pressure, wind direc-
tion and general descriptions of weather. Measungsnsere taken three times a
day and the results were published in an encycttipageriesSammlung Von
Natur- und Medicin-, Wie auch hierzu gehdrigen Kunmd Literatur-Geschi-
chten(the so-calledreslauer Sammlung Wroctaw Collection).

In the early-instrumental measurement period oleserused thermometers
with unknown individualised scales which are difficto convert to the scales
used in present-day instruments. That is why coisparof temperature changes
between historical times and the present-day reradifficult. At the first half of
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the 18" century all over Europe, thermometers based oflrentine thermome-
ter (Magnum Thermometrum Academiae Florentinae)ehaften been used.
However, these instruments were different from ¢hosginally constructed in
Italy. For example, in Europe (including Italy) Fémtine thermometers with 180-
degree, 200-degree or even with 360-degree scaes used (Middleton 1966,
Quinn and Compton 1975). Moreover, the two fixeithfsoused in the construc-
tion of today’s thermometers (freezing and boilpants) were not used in these
thermometers. That is why, even comparison of teatpee measurements made
by different thermometers of the same type camipossible, if the instruments
were not identical and more research is still ndddesolve the problem of con-
verting the old scales to new ones. Some work lieady been done on this issue
(e.g. Camuffo 2002a, 2002b, Cocheo and Camuffo R0@Rvever, similar inves-
tigations are needed for other copies of thermorsefd present the only way we
can compare the historical and present climateyiading the index method for
available temperature measurements (for more dethibut this method see, e.g.
Pfister 1992r Przybylaket al. 2005).

For the purposes of describing the present temyreraharacteristics in Wro-
ctaw the following studies have been used: Kosit@48), Pyka (1991, 1998),
Dubicka (1996), Dubicka and Pyka (2001).

DATA AND METHODS

Temperature data for Wroctaw (Fig. 1) used in thesent paper generally
cover the period from 18April 1710 to 3% December 1721. The series, how-
ever, contains two big gaps: i) fror{ 3
September 1712 to $680ctober 1713 - A
and ii) from 24" July to 3% August 4
1717. As a result, years with incom- [
plete data have been excluded from
this analysis. In the source documents
there is no information about the pre-
cise location of these measurements,
the exposition of the thermometer or
its height above ground level (Lands-
berg 1983, Pyka 2003). However, it is

quite possible that the thermometer
was installed in a window. Fig. 1. Location of Wroctaw in Poland and Europe
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Air temperature measurements were made once audamlly in the morn-
ing), but during periods when there were extremathar changes measurements
were made more frequently, i.e. two to three timeakay or more (Fig. 2). Com-

plete data, however, only exist for the morning sp@nd therefore it is only
these which have been used for the analysis.
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Fig. 2. Example of source data document for Wroctaw (1¥7101) (Grebner 1723)

The Florentine thermometer had a brass scale diviite 180 sections with
a star in the middle (Fig. 3). In addition, thelechad descriptions of different
categories of thermal sensations (Tab. 1). Data waitised and their quality
was checked. All standard statistical calculatiasese conducted and the results
were shown in Florentine degrees (hereafter deg.).
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Table 1. Thermal sensation descriptions on the scale oFtbeentine thermometer used in Wro-
ctaw, 1710-1721

Thermal sensation RangefnS. deg.

Hot and dry (ad calidissimuy >60

Very warm (‘ad magis caliduri) 40- 60
Warm (“ad calidumni) 20-40
Moderation (temperaturf) 0-20

Cold (“ad frigidunt) -20-0

Very cold (“ad magis frigidurf) —-40--20
Frost (‘ad frigidus Magnur?) —-60--40
Sharp frost (&d frigidissimu¥) <-60

Fig. 3. Magnum Thermo-

RESULTS AND DISCUSSION

The absolute range of air temperatures in the ghedy
riod oscillated from —91.0 (31Dec. 1711) to 55.0 (¥3
Jul. 1712) Florentine scale degrees. Annual meatesan-
perature in the period 1710-1721 (excluding theoiimc
plete years 1712, 1713 and 1717) reached —12.6Q@eg.
average, the warmest month was July (20.1 deglg e
coldest was January (-46.4 deg.) (Fig. 4). In thmeeths
air temperatures of above +20.0 deg. (July) andvbel
20.0 deg. (January) were recorded with the greditest
guency of occurrence.

The coolest year in the study period was 1711
(-17.8 deg.) and the warmest was 1719 (—7.8 degthe
warmest year both winter and summer were also the
warmest with mean temperatures of —-36.0 deg. and
26.4 deg., respectively. On the other hand, thg ceid
averages of 1711 were the result of very low wirzed
autumn temperatures, the lowest of the whole stusly

metrum Academiae Flo- riod. On average, autumn (-11.6 deg.) was warne th
rentine  (www.freunde- gnring (—14.4 deg.) (Tab. 2). Only for summer whas t

alteretterinstrumente.de;

06.2010)

mean air temperature above 0.0 deg (Fig. 5).
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Fig. 4. Annual courses of air temperature in Wroctaw, 171 (upper graph) and 1970-1981
(lower graph). (Explanations: J, F, M, ... — Janu&ghruary, March,

Table 2. Mean seasonal values of air temperature in Wwogiathe period 1710-1721 in Florentine
Thermometer Scale degrees

Month deg Month deg Month deg Season deg
Jan. -46.4 May 3.3 Sep. 5.3 Winter -41.9
Feb. -43.7 Jun. 14.9 Oct. -12.1 Spring -14.4
Mar. -33.0 Jul. 20.1 Nov. -27.1 Summer 17.3
Apr. -13.4 Aug. 17.1 Dec. -36.0 Autumn -11.6
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Fig. 5. Year-to-year courses of mean seasonal valuesr démiperature in Wroctaw, 1710-1721.
(Explanations: DJF, MAM, ... — winter, spring, ...)

Anomalies of annual mean air temperatures (witerezfce to the whole pe-
riod) show two periods with positive values, andlably three periods with
negative values (Fig. 6). The patterns of occueenictemperature anomalies in
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autumn are similar to those of annual anomalies.tl@n other hand, winter

anomalies increased gradually from the beginninthéoend of the study period.
A similar increase (though not quite as clear) loarobserved for the summer air
temperature anomalies. The spring was clearly wammeghe second part of the
study period.

.
o

1710 171117121713 1714 1715 1716 1717 1718 1719 1720 1721

(Florentine Scale degrees)
<)

Fig. 6. Year-to-year course of mean annual air temperanmmalies in Wroctaw in the period
1710-1721

The thermometer scale had descriptions of thermasation which are set
every 20 deg. Based on these descriptions the dreguof occurrence of each
category was calculated (Fig. 7). In winter, terapamres of below -20.0 deg.
dominated with a frequency of 99%. The highestuesgy of “sharp frost” was
noted in January and February. In summer tempestabove +20.0 deg. oc-
curred with a frequency of 97%. The extreme warerrttal sensations “hot and
dry” occurred only in July and August.

Due to the difficulties in scale conversion, a dethcomparison of the tem-
peratures in Wroctaw in the study period with camperary temperature condi-
tions is still not possible. However, it is possilth compare some features of the
annual courses. The comparison of such data frenhistorical period with con-
temporary data from the 2@entury (1970-1981) shows similar annual runs of
air temperature; in both cases the highest anddbmean monthly temperatures
occurred in July and January, respectively (Fig. 4)

From the literature we know that the beginningtaf 18" century is colder
than the second half of the "2@entury (Przybylak 2007, 2008). This period is
considered as the close of the Little Ice Age (Lat®77, after Brazdil et al.
2005). The first twenty years of the™&entury are about 0.5°C cooler throughout
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Europe than the 30century (Brazdilet al 2005). This is confirmed by the high
frequency of occurrence of categories of thermakatons described as “very
cold”, “frost” and “sharp frost”, during winter ithe period 1710-1721. However,
we should remember, that the analysed data arerfroming measurements, and
therefore should be compared to minimum temperatatteer than to the daily
mean. The comparison of the data measured withmmuimi temperature from Wro-
ctaw is being tested and results of this work tdlpublished in a separate paper.
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Fig. 7. Frequency of occurrence of specific categorigb@fmal sensations based on the scale used on
the Florentine Thermometer (Wroctaw, 1710-172yp{&nations as in Fig. 4 and 5, respectively)
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CONCLUSIONS

1. The thermal conditions in Wroctaw in the period Q1721 were cool,
with a high frequency of temperatures lower tha@.82leg. In the study period
mean annual temperature values show an increasidgncy.

2. Winter air temperature had the strongest influeaceannual mean air
temperature in Wroctaw, which was coldest in thielest year and warmest in the
warmest year in the period 1710-1721. Winter aimgerature maintains this in-
fluence in the present climate.

3. There is a great need to convert the scale of iwitine thermometer
used in Wroctaw (1710-1721) into Celsius. Attemotsio this up to now have
not met with any success.
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