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Abstract. The article presents a description of an early-
instrumental series of meteorological measurements made in
Wrocław (SW Poland) in 1773–1781 and its importance for
improving knowledge of climate and climate change in Sile-
sia, Poland, and Central Europe. The series is the third-oldest
available for Wrocław and is based on observations made
by Johann Ephraim Scheibel on the premises of the Gym-
nasium that belonged to the Church of St. Elizabeth (cen-
tral Wrocław). Meteorological observations of air tempera-
ture were made three times a day: in the morning immedi-
ately after sunrise; in the afternoon between 1 and 2 o’clock;
and in the evening 1 or 2 h after sunset and were published in
the newspaper Oekonomische Nachrichten der Patriotischen
Gesellschaft in Schlesien, issued weekly in Wrocław in the
years 1773–1781. The quality of the original sub-daily tem-
perature data was assessed in accordance with WMO recom-
mendations. In addition, mean daily and monthly values were
compared and validated against time series from other sites
located near Wrocław (Żagań, Jelenia Góra, Prague, Berlin
and Warsaw). Air temperatures in Wrocław during the period
1773–1781 were 1.4 and 0.5 °C warmer than in the respective
equivalent periods 100 and 200 years later (i.e., 1873–1881
and 1973–1981) but 1.9 °C colder than in the most recent
period (2013–2021). The increase in temperature between
the study period and the most recent period was greatest in
summer (2.7 °C) and winter (2.4 °C) and smallest in autumn
(0.8 °C).

1 Introduction

Historical climatology is a dynamically evolving discipline
of science, particularly in recent decades (for details, see,
e.g., Brázdil et al., 2005; Brönnimann et al., 2018, 2019).
One of its main goals is to find, in libraries and archives, his-
torical sources (e.g., written records such as sagas, chroni-
cles, maps and early-instrumental measurements) that con-
tain meteorological measurements or weather descriptions
and then to record them, preferably in digital form. Such ac-
tivity, often referred to as “data rescue activity”, significantly
enhances existing meteorological databases, thereby improv-
ing knowledge about weather and climate in historical pe-
riods (i.e., before the beginning of regular observations) for
many regions around the world. Early-instrumental measure-
ments, including the late-18th-century series of air tempera-
tures from Wrocław analysed here, are primarily important
for deepening our understanding of climate and its variabil-
ity, as well as for calibrating existing climate reconstructions
derived from proxy data and models.

In Poland, knowledge about historical climate has in-
creased significantly since the 1990s (e.g., Sadowski, 1991;
Majorowicz et al., 2004; Przybylak et al., 2005, 2010, 2020,
2023; Filipiak and Miętus, 2010; Przybylak, 2010, 2011,
2016; Przybylak and Marciniak, 2010; Hernández-Almeida
et al., 2015, 2016; Filipiak et al., 2019; Ghazi et al., 2023a, b,
2024, 2025). Thorough and comprehensive reviews of the
work on this topic have recently been published by Przy-
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bylak (2010, 2016), Przybylak et al. (2010) and Opała-
Owczarek et al. (2021). The analysis of these works reveals
that the search for early-instrumental observations in Poland
has spanned more than a hundred years and intensified at the
beginning of the 20th century. From the most important pub-
lished articles at this time, we should mention those of, e.g.,
Romer (1910), Merecki (1917), Birkenmajer and Birkenma-
jer (1918), Hellmann (1918), Pawłowski (1919) and Gor-
czyński (1922). According to Rojecki (1966), the first outline
of the history of meteorological observations was presented
by Baranowski (1858) in a foreword he wrote to the Polish
translation of P. Foissac’s book. Following World War II, Pol-
ish scientists continued the search for early meteorological
data. Of the numerous available publications, the most valu-
able results are presented in works written by Rojecki (1956,
1966). In the first of these two articles, Rojecki’s Table 1
presents a list of 30 places where observations were made
before the end of the 18th century. In line with expectations,
within that period, meteorological measurements were taken
most abundantly in the 18th century. Note, however, that we
have information that some measurements were conducted
in certain places and for certain years, but we still have not
found those data. This failure is due, for example, to not all
sources in archives being precisely catalogued – or to some
sources having been destroyed (or lost) due to the frequent
wars that have plagued Poland’s history.

The area of interest in the present paper is Wrocław, where
instrumental meteorological observations began very early,
i.e. at the beginning of the 18th century. For this period,
we have two long-term series of observations: April 1710–
December 1721 (David von Grebner) and 1717–1730 (Jo-
hann Kanold/A. E. Büchner) (see Munzar, 2003; Pyka, 2003;
Przybylak, 2010; Przybylak and Pospieszyńska, 2010). For
the subsequent period lasting until the end of January 1791,
there was no information in any of the above-cited litera-
ture items (old or modern) regarding the availability of mete-
orological observations. Regular observations (thrice-daily)
in Wrocław started in February 1791 at the Astronomical
Observatory, based in the Mathematics Tower of the Uni-
versitatis Leopoldinae Vratislaviensis (the Latin name for
Wrocław University, founded by the Jesuits) (Bryś and Bryś,
2010a, b). The series of air temperature measurements is the
second-longest series of such data in Poland (after Warsaw,
where they started in 1779).

From this brief review of the state of knowledge about
the climate of the historical period in Poland, and despite
over 100 years of many Polish researchers and climatolo-
gists searching for early-instrumental meteorological obser-
vations, no one has yet found evidence of meteorological
observations in Wrocław between 1730 and 1790. Only our
archival and library research conducted while realising the
research project, The occurrence of extreme weather, climate
and water phenomena in Poland from the 11th to the 18th
century in the light of multiproxy data, resulted in the dis-
covery of a new, extremely important long-term series of

meteorological observations made in the centre of Wrocław
in the years 1773–1781. Therefore, the primary objective of
this article is to present the recently discovered series of ob-
servations to a broader scientific audience and to report the
initial climate analysis results, albeit limited to the descrip-
tion of air temperature conditions and changes in Wrocław
at that time. The secondary goal is to compare air tempera-
ture in the period 1773–1781 (9 years) against more recent
sets of nine-year data, including data from the contemporary
period, (1873–1881, 1973–1981 and 2013–2021), as well as
against the longer reference period 1961–1990 used in the
ModE-RA paleo-reanalysis (Valler et al., 2024). Addition-
ally, a spatial coherence of air temperature in this period was
analysed using data series available for Silesia (Żagań and
Jelenia Góra) and the other three closest stations (Prague,
Warsaw and Berlin) located in central Europe.

2 Area, Data and Methods

The 1773–1781 meteorological observations were made by
Johann Ephraim Scheibel on the premises of St. Elizabeth’s
High School, which belongs to the Church of St. Eliza-
beth (central Wrocław) (Fig. 1). Johann Ephraim Scheibel
(b. 1736, d. 31 May 1809) seems to be a typical represen-
tative of 18th-century scientists. Raised in a protestant fam-
ily, he spent his life in Wrocław. There, he studied, at age
23 becoming a professor at St. Elizabeth’s in Wrocław. Typ-
ically for that time, he showed interest in numerous scien-
tific disciplines. His dissertation concerned the friction of
solids; he focused on mathematics, astronomy, physics, and
logic; he also dealt with meteorological phenomena such as
rainbows; however, he was also interested in theology and
described ancient manuscripts, as exemplified by his publi-
cation Codex Quatuor Evangeliorum Latinus Rehdigerianus
(Scheibel, 1763). He was published in recognised scientific
journals of the time, including Oekonomische Nachrichten
der Patriotischen Gesellschaft in Schlesien. In 1791, he be-
came an external member of the Prussian Academy of Sci-
ences. In 1794, he was also elected as a corresponding mem-
ber of the Göttingen Academy of Sciences (Günther, 1890).
These honours were certainly awarded to him in connection
with his intensive scientific activity within the Patriotic So-
ciety in Silesia (orig. Patriotische Gesellschaft in Schlesien),
of which he was a prominent member.

The Patriotic Society in Silesia existed in Wrocław from
1772–1790 and was supported by the Prussian government.
Initially, this association had economic objectives, stemming
from the Schlesische Landschaft, which provided loans to lo-
cal nobility and agriculture. The organisation’s primary goal
was to help agricultural reforms, which was also served by
scientific research conducted in the spirit of the Enlighten-
ment (Harasimowicz and Suleja, 2006, p. 858). These studies
were published in Oekonomische Nachrichten der Patriotis-
chen Gesellschaft in Schlesien, to which Scheibel also con-
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Figure 1. Location of the site of meteorological observations conducted by Johann Ephraim Scheibel in Wrocław in the period 1773–
1781: (upper left) location of Wrocław within Poland; (upper right) location of the Gymnasium on a historical plan of Wrocław from
the period 1776–1780 (source of map: https://polska-org.pl/7719498,foto.html?idEntity=554891, last access: 13 May 2025); (bottom left)
location of historical observation site on a contemporary orthophotomap (source of map: https://geoportal-krajowy.pl/, last access: 13 May
2025); (bottom right) St. Elizabeth’s High School (4, St. Elizabeth St.) and the Rector’s apartment where Scheibel lived and probably made
observations (photo by Rajmund Przybylak).

tributed significantly. From the perspective of the subject of
this article, we note that the Society organised and coordi-
nated weather and climatic research in Silesia. The Society
established several meteorological observation sites in the
area, taking into account, among other factors, various land-
forms (valleys and ridges). The main aim of this network of
stations was to provide data for investigating the impact of
weather and climate on social activities, particularly agricul-
ture.

Throughout the entire period of observation, meteorologi-
cal measurements of air temperature were taken in Wrocław
using a mercury thermometer with Fahrenheit scale (in °F)
three times a day – in the morning, midday, and evening
(see Fig. 2). The other variables were first measured twice

a day (morning and evening) and then, from 1 January 1774,
three times a day. Thrice-daily observations began earlier
(i.e., on 30 April 1773) only for wind direction (8 directions)
and wind force (a 7° scale). The following variables were
measured: atmospheric precipitation (in French inches, stat-
ing the category: rain or snow), atmospheric pressure using a
mercury barometer (in French inches) and humidity (using a
hygrometer invented by Prof. Johann Heinrich Lambert from
Berlin). Atmospheric phenomena and weather were also de-
scribed (Fig. 2). It should be noted that, to our knowledge,
these air humidity measurements are the first to have been
conducted in Poland.

The newspaper Oekonomische Nachrichten der Pa-
triotischen Gesellschaft in Schlesien began publishing
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Figure 2. Example of meteorological observations made on 8–
14 January 1773 and published on page 9 of the newspaper
Oekonomische Nachrichten der Patriotischen Gesellschaft in Schle-
sien on 16 January 1773. Key to content by column: 1. day of the
month and abbreviated day of the week; 2. brief weather descrip-
tions; 3. measurements of precipitation; 4. observed wind direction
and force; 5. phase of lunar and calendar; 6. observations of atmo-
spheric phenomena; 7. temperature measurements; 8. atmospheric
pressure measurements; 9. humidity measurements; Mo – morning;
Mi – midday, Ab – evening.

meteorological data from Wrocław on 9 January 1773
(i.e., in the very first edition of the newspaper). The data
published in this issue were for the period 1–7 January
1773. The quality of this first issue of the newspaper is
poor (the text on the reverse side shows through), so we
attach an example of the second issue of the newspaper
(published on 16 January 1773) (Fig. 2). All of the me-
teorological data from Wrocław were published in the
newspaper Oekonomische Nachrichten der Patriotischen
Gesellschaft in Schlesien issued in Wrocław in the years
1773–1781 (https://www.deutsche-digitale-bibliothek.de/
searchresults?query=Oekonomische+Nachrichten+der+
Patriotischen+Gesellschaft+in+Schlesien, last access: 15
April 2026). In the years 1773–1776, meteorological data
were published in tabular form in each weekly edition
of the newspaper (usually seven days of observations
starting on Friday and ending on Thursday; the newspaper
was issued on Saturday). From 1777 onwards, data were
published for the entire month and, in the last two years,
in three-month blocks. Besides measurements, in the same
source, J. E. Scheibel also published between one and three
pages of weather descriptions for each month or block of
two or three months. The weather description for the first
three years (1773–June 1775) was wider and also covered
(in addition to Wrocław) other areas of Silesia, with obser-
vations being conducted simultaneously at several locations
(e.g., Żagań, Jelenia Góra, Miłowice). For these locations,
Scheibel published monthly tabulated results, including
data from Wrocław (Scheibel, 1773b [pp. 130–131, pp.

314–316], 1774 [pp. 245–247, pp. 265–267, pp. 317–319],
and 1775b [pp. 205–207, pp. 393–398, pp. 417–422]). This
network of meteorological stations operating in Silesia
was organised and coordinated by the Patriotic Society in
Silesia – and probably by Scheibel in person (or at least as
one of those responsible). The newspaper’s numerous texts
describing weather conditions in Silesia often emphasise that
observations were conducted in accordance with detailed
instructions for meteorological observations issued to the
observers (who probably were often Society members).
Presumably, the Society also equipped some observation
points with meteorological instruments or recommended the
use of appropriate, best-available instruments. Observers
were obligated to perform their measurements reliably and
precisely, provide detailed descriptions, and submit them to
the Society in an appropriately designed format. Professor
Scheibel constantly monitored the observations and, in the
event of inaccuracies, corrected erroneous measurements by
comparing results obtained in parallel at several stations.

In one of his last texts, he also specifies the observation
times more precisely than those given in the Tables with data
(Fig. 2). “The observations are recorded three times daily: in
the morning immediately after sunrise, if possible; in the af-
ternoon between 1 and 2 o’clock; and in the evening one or
two hours after sunset” (Scheibel, 1780, p. 62). With this in-
formation, we determined the approximate observation times
based on the average sunrise and sunset times in Wrocław for
each month of the year (local solar time, LST, was used), see
Table S1 in the Supplement.

In the newspaper’s first issue, published on 9 January
1773, Scheibel reports that wind direction was estimated
from the movement of the flag on the tower of St. Elizabeth’s
Church, indicating the tower was visible from the meteoro-
logical measurement site. Our visit to Wrocław’s city cen-
tre, the site where Scheibel made his observations, confirms
this conclusion. From the windows of the building that once
housed St. Elizabeth’s High School, we can see the tower of
St. Elizabeth’s Church with a little flag on top, which allows
us to judge the wind direction (Fig. 3).

The attention paid to the quality of meteorological ob-
servations was extremely high. In addition to the informa-
tion provided earlier, the following information should also
be given. In 1774, Prof. Scheibel wrote in the newspaper,
“All observations were made according to the instructions
so that complete and accurate data could be obtained using
thermometers . . .” In turn, in a 1775 edition (p. 203) (which
probably was read by observers), he wrote, “For accurate
measurements, use a well-calibrated thermometer placed in
a sheltered location away from direct sunlight and other heat
sources to obtain reliable results.” Other important excerpts
documenting the reliability and precision of meteorological
observations and their documentation can be found in the fol-
lowing texts: (i) “Data were organised into tables and regis-
ters, enabling subsequent analysis of results and the drawing
of conclusions” and (ii) “The results were intended to be used
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Figure 3. St. Elizabeth’s Church with a little flag on the top of
the tower, which allowed Scheibel to estimate wind direction. View
from the side of the former St. Elizabeth’s High School building
(photo by Rajmund Przybylak).

both for local meteorological observations and for broader
academic research” (Scheibel, 1773a, pp. 2–4); (iii) “Tem-
perature measurements and observations of atmospheric con-
ditions should be carried out daily and recorded at set in-
tervals in the successive months” (Scheibel, 1775a, p. 34);
(iv) “The data were compared with measurements from other
locations to obtain a unified summary of atmospheric con-
ditions. Thermometers recorded temperatures, which were
then compared with measurements from previous days, ex-
cluding extreme temperatures” (Scheibel, 1775a, p. 34). “All
barometer and thermometer observations, if both instruments
are not properly adjusted, are of no use to us, no matter
how much we would like them to be.” (Scheibel, 1775b,
p. 204). The above quotes show that the observers, who were
members of the Silesian Patriotic Society, were trained and
equipped with calibrated instruments and with instructions
on making observations. (Some of the quoted texts are only
fragments of these instructions.) Members of this Society (in-
cluding Scheibel) studied scientific literature on an ongoing
basis, including information on the latest meteorological in-
struments and their applications. The information provided

here clearly demonstrates that Scheibel and other members
of the Society were exceptionally diligent researchers who
meticulously and continually analysed their measurements.
Therefore, we find no basis upon which to doubt the reliabil-
ity of the meteorological data presented and published in the
Oekonomische Nachrichten der Patriotischen Gesellschaft in
Schlesien, including the air temperature analysed in this arti-
cle.

Nevertheless, to further assure the reliability of the data,
we carried out an independent data quality check. In the
first stage, two digitisers collaborated with the authors of
this article in identifying potential anomalous values, which
were verified by analysing in detail the associated weather
conditions (flow direction and changes, cloud cover, and at-
mospheric pressure). This preliminary analysis resulted in
only two values being corrected that were due to obvious
typographical errors. The second stage involved a more de-
tailed (quantitative) check. To identify outliers in the temper-
ature data, we calculated the differences between all series
(midday minus morning, roughly DTR [diurnal temperature
range]; midday minus evening; and evening minus morning),
as well as day-to-day differences across all three series. For
the first category of calculations, 3 SD (standard deviation)
were used as the threshold value for temperature differences,
i.e., 15.9, 11.7, and 13.8 °C, respectively. In any of the anal-
ysed series, no values were found to exceed the threshold.
Despite this result, we further verified the feasibility of differ-
ences slightly below 3 SD (the highest calculated differences
were 13.3, 11.1, and 12.8 °C, respectively) by analysing air-
mass inflow directions, cloud cover, and atmospheric pres-
sure.

None of these differences provided robust evidence upon
which to doubt the reliability of the data, however – given
that each difference is explicable as resulting from changes
in these meteorological elements. For example, large winter
warming was usually caused by a shift in circulation from
the eastern or northern sector to the western or southern sec-
tor. Toward the end of winter, this also occurred on cloud-
less days (anticyclones) with no advection, or with weak ad-
vection from the south or west. The solar factor in late win-
ter shows the greatest differences when it is associated with
small advection occurring from the northern or eastern sec-
tors. Cooling in winter, on the other hand, was caused by
the opposite circulation conditions to those described above.
Such large temperature differences also occur in summer,
when circulation changing from the southern/eastern sectors
to the western/northern sectors produces cooling, and the op-
posite for warming. A similar effect is also observed due to
solar radiation during cloudless days (great warming) and
night georadiation. In summer, large differences between ob-
servation dates occurred when the circulation shifted from
southern/eastern sectors to western/northern sectors (cool-
ing) or vice versa (warming). The effects of low cloud cover
and intense solar radiation in anticyclonic situations are sim-
ilar to those in winter.

https://doi.org/10.5194/cp-22-1383-2026 Clim. Past, 22, 1383–1400, 2026



1388 R. Przybylak et al.: Air temperature changes in Wrocław in 1773–1781

As mentioned above, we also examined day-to-day
changes in the three analysed air temperature series (morn-
ing, midday, and evening). For this purpose, we again used
the 3 SD threshold, but this time we calculated it for each
month separately. This is necessary because of significant SD
changes throughout the annual cycle. The SD values were
taken from Table 2. We found 23 cases exceeding 3 SD. All
of them were checked using the same procedure described
earlier for checking temperature changes within days. Only
for one value did we find no justification in the analysis of
the weather conditions preceding and following it. This value
was therefore deemed to be an error (more likely one of man-
ual typesetting than measurement-related) and, accordingly,
was corrected by looking at neighbouring values.

In the third stage, we compared temperature observations
in Wrocław with data from other stations in Silesia (Jele-
nia Góra and Żagań), for which Scheibel also provided mean
monthly data for 1773, 1774, and mid-1775. The annual
courses of all these data series are very similar (not shown),
with a correlation of 0.99. In addition, we also compared the
series of mean daily data from 1779–1781 with those from
Warsaw. These also showed very high convergence and no
significant deviations, with a correlation of 0.97. That corre-
lation is even higher than that between the data from Żagań
(near Wrocław) and Warsaw for the period 1781–1792, for
which the observations originated from the Mannheim net-
work (see Przybylak et al., 2014).

In summary, the quality control of the Wrocław data pre-
sented here verified that the data are high-quality, reliable
and accurate. This confirms that Professor Scheibel’s efforts
to ensure that the meteorological observations he conducted
in Wrocław and at other stations in Silesia (under his super-
vision) were reliable and credible and yielded robust results.

In this paper, we present air temperature conditions
in Wrocław from 1773–1781 based on both sub-daily
data (morning, midday and evening) and mean daily val-
ues. The latter were calculated using the weighted mean:
(i) (Tmorning+Tmidday+2×Tevening)/4 and (ii) using re-
constructed probable hours of observations (see Tables S1
and S2 in the Supplement, formulas MDAT12-MDAT15).
In the next step, using hourly temperature data from the
contemporary period (2013–2021), we calculated average
monthly temperature differences between daily means based
on three and 24 measurements per day (the so-called real
daily mean). The differences obtained were (separately for
each month; see Table S2) used to estimate the range of bi-
ases for the formulas MDAT-2-MDAT11 (unknown precise
measurement times) and to correct the historical daily aver-
ages calculated from the three measurement times for which
probable hours of observations were reconstructed (formu-
las MDAT12-MDAT15). For correction, mean biases from
formulas MDAT12-MDAT15 were used (see Table S2). We
have applied this method many times (inc., recently, Przy-
bylak et al., 2024, 2026). It is also recommended by WMO
(Aguilar et al., 2003). These corrected data were then used

for further statistical analysis, including comparisons with
contemporary data. The reliability of the corrected series of
(daily, monthly, etc.) average data was also verified by com-
parison against the analogical data obtained using the three
unknown measurement times.

The lack of information on the exact times of observations
for each individual day in the historical period may introduce
some inaccuracy when comparing their results to averages
calculated for the later nine-year periods (1873–1881, 1973–
1981 and 2013–2021). For the first comparative period, the
exact observation times (morning, midday and evening) are
also unknown, whereas, for the other two periods, we cal-
culated daily means using weighted averages based on data
from 06:00, 12:00 and 21:00 LT. All original historical mea-
surements from the late 18th century were converted to the
thermometric scale currently in use, i.e., °C. The data, thus
processed, are available in the repository of Nicolaus Coper-
nicus University: https://doi.org/10.18150/PYVVWU (Przy-
bylak et al., 2025). Three series of raw data were taken from
this database to calculate standard statistics describing cli-
mate (daily, monthly, seasonal and annual means, and stan-
dard deviations based on sub-daily and daily data; boxplots
and frequencies of occurrence of temperatures stratified into
1 °C intervals). The historical data were compared against
newer data of similar duration (from the 19th, 20th and 21st
centuries) taken from different times of the day, represent-
ing morning, midday and evening hours. For the purposes
of comparison against other neighbouring series (Berlin and
Prague) and against data taken for Wrocław but from the
ModE-RA paleo-reanalysis (Valler et al., 2024), the cor-
rected historical series of daily weighted mean temperatures
were used. If the historical observations were made within
the times 06:00–07:00, 12:00–13:00 and 20:00–21:00 LT
(formulas 7–10), then the biases are very small and on av-
erage do not exceed ±0.2 °C (see Table S2). On the other
hand, maximum biases range from 0.1 °C (December and
January) to −0.5 °C (August–October). The Prague series
was homogenised, while the Berlin series was probably not
homogenised from the 18th century to the mid-19th century,
due to the various relocations of stations and changes in in-
struments without proper documentation (see Cubash and
Kadow, 2011).

Note that the research results presented for Wrocław for
the historical period still contain some uncertainties that
are difficult to determine due to the lack of information on
the thermometer’s exposure. However, the thermometer was
probably placed on the north-west side of the High School
building, where Scheibel lived as the Rector of the school
(Fig. 1).

3 Results

The recently discovered series of meteorological measure-
ments for Wrocław for the historical period 1773–1781 is
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the third-longest series available for the 18th century. Along-
side being the third-longest, this is also, as we mentioned ear-
lier, the third-oldest time series of weather observations for
this place, and, more importantly, the new data partly fill the
data gap in Wrocław that, prior to this study, covered the pe-
riod 1731–1790. The series of data described here allows for
an approximate characterisation of climate conditions at this
time. In this article, we begin our exploration of climatic con-
ditions by examining air temperature, the most important cli-
mate variable in moderate latitudes, including Poland. Other
meteorological elements will be analysed in a subsequent ar-
ticle.

3.1 Yearly, seasonal and monthly resolution

The annual cycle of air temperature changes in Wrocław
in the studied historical period is presented using monthly
means (calculated for all three sub-daily measurement times)
and average daily values corrected using LST (Tables 1
and S3 in the Supplement, Fig. 4). On average, in line with
expectations, the warmest month was July (20.5 °C), and the
coldest was January (−2.9 °C). August (20.0 °C) was only
slightly colder than July. On the other hand, the other two
winter months (December and February) were much warmer
than January, with even positive temperatures of 0.9 and
0.6 °C, respectively (Table S3, Fig. 4). The warmest sum-
mers occurred in 1775 and 1781, with average tempera-
ture of 21.6 °C (Table 1, Fig. 5), whereas the coldest oc-
curred in 1777 (18.6 °C). Winters were warmest and cold-
est in, respectively, 1779 (1.7 °C) and 1780 (−2.8 °C). On
average, the winter temperature was only slightly below
freezing (−0.6 °C), whereas the mean summer temperature
reached 19.8 °C. The annual temperature ranged between
8.5 °C (1777) and 10.8 °C (1773), with a nine-year average
of 9.5 °C (Tables 1 and S3, Fig. 5).

Table S3 and Fig. 4 present the annual cycles of air tem-
perature at three sub-daily measurement times, along with
their highest and lowest mean monthly values. The courses
of curves are generally similar to the mean annual temper-
ature cycle described earlier. The average annual air tem-
peratures at specific measurement times (morning, midday
and evening) were 7.7, 12.3 and 8.8 °C, respectively. The
annual cycle based on mean monthly temperature values
is clearly better approximated by the temperature observed
in evening hours, particularly from November to February
(±0.1 °C), but significantly less in summer months (mean
monthly values ∼ 2 °C greater than evening values; see Ta-
ble S3, Fig. 4). For all measurement times, the highest tem-
perature was recorded in July and the lowest in January. The
annual range between the highest and lowest temperatures
was clearly greatest for midday measurements (24.4 °C) and
smallest for morning measurements (20.5 °C). The absolute
range between mean monthly values measured at midday and
morning hours reached 36.8 °C. The monthly mean temper-
ature was highest (26.4 °C) for August 1781 (midday) and

lowest (−10.4 °C) for January 1776 (morning) (Table 1). On
the other hand, the highest single temperature measurement
(33.9 °C) was recorded for midday of 4 July 1781 and the
lowest (−22.8 °C) in the morning of 27 January 1776. The
preliminary analysis of the values and approximate observa-
tion times provided by Scheibel revealed that data from mid-
day can be treated as the maximum observed value for most
cases. On the other hand, the morning observation appears
to represent approximately the minimum temperature for the
day.

3.2 Daily and sub-daily resolution

The courses of curves representing the different times of
day (morning, midday and evening) and the course of daily
means show very good correspondence in Wrocław dur-
ing the study period (Fig. 6). Midday temperatures were
markedly higher than morning and evening values on almost
all days, with the size of the positive temperature differences
being especially large during the summer months. This is
mainly due to changes in the Sun’s height during the day
being greater in summer than in winter.

The highest long-term (1773–1781) mean daily air tem-
peratures in Wrocław during the study period were recorded
from approximately 5–15 August (> 20 °C), while the cold-
est temperatures were clearly noted in the second half of
January (from about −2 to −4 °C). Furthermore, the tem-
perature is, on most days, lowest in the morning, whereas
the evening temperature most closely approximates the daily
mean (Fig. 6).

The range of change in the annual cycle of the aver-
age temperature at noon (midday) varied in the study pe-
riod from < 0 °C in January to > 20 °C, and on some days
even> 25 °C in July and (especially) August (Fig. 6). Morn-
ing air temperatures exceeded 15 °C (but not 20 °C) in sum-
mer, whereas, in winter, they usually ranged between 0 and
−5 °C. Thermal winter (mean daily temperature < 0 °C) ex-
tended only from the end of December to about 10 February
(i.e., < 50 d). On the other hand, on average, thermal sum-
mer (mean daily temperature > 15 °C) started on 1st June
and ended on about 10 September (i.e., summer was about
twice as long as winter) (Fig. 6).

More details about the distributions of all the studied se-
ries of air temperatures are presented in Fig. 7. Discounting
absolute values, all months are roughly similar to one another
in terms of the range and distribution of groups of analysed
temperature data. This similarity holds even when including
the distributions of outliers (the dots in the boxplots). In all
series, the majority of outliers occurred from November to
January. It is also worth noting that cold outliers are signif-
icantly more numerous than warm ones. In most cases, the
monthly median values are centrally located in the boxes, and
the lengths of the whiskers are similar, except in the winter
months (Fig. 7).
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Table 1. Monthly, seasonal and annual mean air temperature (°C) in Wrocław for three measurement times (morning, midday and evening)
and weighted daily mean (uncorrected, and corrected using LST), 1773–1781.

Period J F M A M J J A S O N D DJF MAM JJA SON YEAR

MORNING

1773 1.0 −4.2 0.8 8.3 14.4 16.6 17.3 17.6 14.6 11.1 4.1 4.3 0.4 7.8 17.2 9.9 8.8
1774 −1.8 0.7 3.6 10.3 13.4 16.3 16.7 15.2 10.7 7.3 −2.5 −2.9 −1.3 9.1 16 5.2 7.2
1775 −2.6 3.0 4.1 4.6 10.0 16.6 18.2 18.5 14.0 9.2 3.8 0.2 0.2 6.2 17.8 9.0 8.3
1776 −10.4 2.4 3.6 6.0 9.5 15.6 17.8 15.8 12.7 6.8 3.1 −1.0 −3.0 6.4 16.4 7.5 6.8
1777 −3.9 −2.5 1.5 4.7 12.3 15.0 16.1 16.2 10.4 6.8 4.7 0.7 −1.9 6.2 15.8 7.3 6.8
1778 −1.9 −2.6 2.7 8.3 12.1 15.8 18.1 16.2 10.6 6.2 4.3 4.1 −0.2 7.7 16.7 7.0 7.8
1779 −3.3 3.3 3.9 8.4 12.8 14.2 15.9 17.5 13.7 10.4 4.4 3.5 1.2 8.3 15.9 9.5 8.7
1780 −4.2 −4.0 4.9 5.6 11.6 14.2 16.5 15.4 11.2 9.0 3.6 −2.3 −3.5 7.4 15.4 7.9 6.8
1781 −3.5 −0.6 3.0 7.4 11.8 17.6 17.3 18.8 14.8 5.5 4.1 −0.1 −1.4 7.4 17.9 8.1 8.0

MIDDAY

1773 2.2 −0.8 4.3 12.6 21.4 22.7 23.3 22.8 20.0 15.4 6.2 5.6 2.4 12.7 22.9 13.9 13.0
1774 −0.2 3.6 8.4 15.9 18.9 22.7 24.1 22.5 15.2 11.1 0.4 −0.6 1.0 14.4 23.1 8.9 11.8
1775 −0.3 5.7 8.7 9.8 16.5 24.8 24.8 24.7 20.8 13.5 6.1 2.2 2.5 11.6 24.8 13.5 13.1
1776 −7.5 6.2 8.0 11.8 15.1 21.1 24.1 22.2 17.6 11.4 6.1 1.4 0.0 11.6 22.5 11.7 11.5
1777 −0.7 0.9 5.1 9.4 17.9 21.1 21.0 22.0 15.4 12.0 7.3 2.3 0.8 10.8 21.4 11.5 11.1
1778 0.6 1.0 7.3 15.0 18.1 21.3 24.8 21.5 14.6 10.2 7.3 5.5 2.4 13.5 22.5 10.7 12.3
1779 −0.7 7.6 9.8 15.9 19.2 19.5 22.1 23.1 19.2 14.7 6.8 4.9 3.9 15.0 21.6 13.6 13.5
1780 −1.4 −0.5 9.9 11.0 17.2 19.7 22.6 22.7 17.6 13.5 5.6 −0.6 −0.8 12.7 21.7 12.2 11.4
1781 −1.2 2.5 6.6 14.1 18.6 24.5 24.2 26.4 20.8 10.3 6.9 2.1 1.1 13.1 25.0 12.7 13.0

EVENING

1773 1.1 −2.4 2.0 9.8 17.1 18.5 19.0 19.4 16.3 12.2 4.6 4.4 1.0 9.7 19.0 11.0 10.2
1774 −2.0 1.2 4.8 11.9 15.1 18.4 18.7 16.8 11.3 7.7 −1.9 −2.6 −1.1 10.6 18.0 5.7 8.3
1775 −2.2 3.3 4.9 5.5 11.5 19.1 19.7 20.6 16.8 9.9 4.8 0.6 0.6 7.3 19.8 10.5 9.5
1776 −9.7 3.9 4.5 7.6 10.5 16.8 19.2 17.0 13.1 7.1 3.7 −0.6 −2.1 7.5 17.7 7.9 7.8
1777 −3.4 −1.3 2.2 5.2 13.5 16.2 16.2 17.0 11.1 7.9 5.4 0.7 −1.3 7.0 16.5 8.1 7.6
1778 −0.8 −1.8 3.4 9.7 12.9 16.6 19.3 17.3 11.4 7.3 4.7 4.0 0.5 8.7 17.7 7.8 8.7
1779 −2.4 4.3 5.4 9.9 14.4 15.3 17.1 19.1 15.0 11.5 5.4 3.3 1.8 9.9 17.2 10.6 9.9
1780 −3.5 −3.3 5.8 6.7 13.4 15.4 17.6 17.4 13.0 10.0 4.3 −1.6 −2.8 8.6 16.8 9.1 7.9
1781 −2.6 0.3 3.4 9.8 13.6 18.6 18.8 21.4 16.4 6.9 4.9 0.0 −0.8 8.9 19.6 9.4 9.3

DAILY MEAN (uncorrected)

1773 1.4 −2.5 2.3 10.1 17.5 19.1 19.7 19.8 16.8 12.7 4.9 4.7 1.2 10.0 19.5 11.5 10.6
1774 −1.5 1.7 5.4 12.5 15.6 19.0 19.6 17.8 12.1 8.5 −1.5 −2.2 −0.6 11.2 18.8 6.4 8.9
1775 −1.8 3.8 5.7 6.4 12.4 19.9 20.6 21.1 17.1 10.6 4.9 0.9 1.0 8.1 20.6 10.9 10.1
1776 −9.3 4.1 5.2 8.3 11.4 17.6 20.1 18.0 14.1 8.1 4.2 −0.2 −1.8 8.3 18.6 8.8 8.5
1777 −2.9 −1.1 2.8 6.1 14.3 17.1 17.4 18.1 12.0 8.7 5.7 1.1 −0.9 7.8 17.6 8.8 8.3
1778 −0.7 −1.3 4.2 10.7 14.0 17.6 20.4 18.1 12.0 7.8 5.3 4.4 0.8 9.7 18.7 8.3 9.4
1779 −2.2 4.9 6.1 11.0 15.2 16.1 18.1 19.7 15.7 12.0 5.5 3.8 2.2 10.8 18.0 11.1 10.5
1780 −3.2 −2.8 6.6 7.5 13.9 16.2 18.6 18.2 13.7 10.6 4.5 −1.5 −2.5 9.3 17.7 9.6 8.5
1781 −2.5 0.6 4.1 10.3 14.4 19.8 19.8 22.0 17.1 7.4 5.2 0.5 −0.5 9.6 20.5 9.9 9.9

DAILY MEAN (corrected using LST)

1773 1.0 −2.7 1.9 10.1 18.1 20.2 20.9 20.6 17.0 12.5 4.5 4.3 1.0 10.0 20.6 11.3 10.8
1774 −1.9 1.4 5.0 12.5 16.2 20.1 20.7 18.6 12.3 8.3 −1.9 −2.6 −1.1 11.2 19.8 6.3 9.1
1775 −2.2 3.5 5.3 6.3 13.0 21.0 21.8 21.9 17.3 10.4 4.5 0.5 0.5 8.2 21.6 10.7 10.3
1776 −9.7 3.8 4.8 8.3 12.0 18.7 21.3 18.8 14.3 7.9 3.7 −0.6 −2.3 8.3 19.6 8.6 8.6
1777 −3.3 −1.4 2.3 6.2 14.9 18.3 18.6 18.9 12.2 8.4 5.3 0.7 −1.3 7.8 18.6 8.6 8.5
1778 −1.1 −1.6 3.8 10.7 14.6 18.7 21.5 18.9 12.2 7.5 4.9 4.0 0.5 9.7 19.7 8.2 9.6
1779 −2.6 4.6 5.7 11.0 15.8 17.2 19.3 20.5 15.9 11.8 5.1 3.4 1.7 10.8 19.0 11.0 10.7
1780 −3.5 −3.1 6.2 7.5 14.5 17.3 19.8 19.0 13.9 10.4 4.0 −1.9 −2.8 9.4 18.7 9.5 8.7
1781 −2.9 0.4 3.7 10.3 15.0 20.9 21.0 22.8 17.3 7.3 4.8 0.1 −0.9 9.7 21.6 9.8 10.1

Clim. Past, 22, 1383–1400, 2026 https://doi.org/10.5194/cp-22-1383-2026



R. Przybylak et al.: Air temperature changes in Wrocław in 1773–1781 1391

Figure 4. Annual cycle of monthly means of air temperature (°C) in Wrocław for three measurement times (morning, midday and evening)
and for daily means: uncorrected (mean), and corrected using LST (mean LST), 1773–1781. Key: tmax – highest monthly, seasonal and
annual value extracted from three measurement times; tmin – lowest monthly, seasonal and annual value extracted from three measurement
times.

Figure 5. Year-to-year changes in seasonal and annual mean air temperature in Wrocław, 1773–1781. Key: solid lines – uncorrected data;
dashed lines – data corrected using LST.

The extent to which the individual daily values measured
in three measurement times (morning, midday and evening)
and mean daily values differ from their monthly mean values
was assessed in terms of the standard deviation (SD, Table 2).
In line with expectations, the day-to-day variability in daily
mean temperatures is smaller than the analogous changes in
temperature between the three measurement times studied.

On average, the highest SDs (greatest variability) of cor-
rected daily mean occurred in winter and spring (3.5 °C)
and the lowest in summer (2.8 °C). In the annual cycle, the
mean monthly SD was greatest in January (4.0 °C) and April
(3.8 °C) and smallest in July and August (2.8 °C). In the
daily cycle, mean annual day-to-day variability was great-
est at midday (3.7 °C) and smallest in the morning (3.4 °C).
In the annual cycle, variability is greatest at midday from

March to October, whereas, in the remaining months, it is
greatest in the morning (Table 2). Finally, we should men-
tion the great instability of day-to-day temperatures in April
and May, which, although seen in the evening, is particularly
evident for midday observation hours.

At all times of observations, the range of air temperature
was greater in winter and autumn (35–40 °C) than in spring
and markedly greater than in summer (when it was about
25–30 °C). One exception here is the midday spring temper-
atures, which ranged by approximately 35 °C (Fig. 8). The
shapes of the temperature distributions for the transitional
seasons are very similar to one another, particularly in the
morning and evening. In summer, the predominant temper-
ature values, grouped in intervals of 1 °C, are those from
15–20 °C during morning and evening observation times,
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Figure 6. Annual cycle of average air temperature in Wrocław based on sub-daily (morning, midday and evening) and daily means (mean
and mean_LST), 1773–1781. Key: solid black line – uncorrected data; dashed black line – data corrected using LST.

Table 2. Mean monthly, seasonal and annual standard deviations (SD) of air temperature (°C) in Wrocław for three measurement times
(morning, midday and evening) and daily mean, 1773–1781.

Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec DJF MAM JJA SON Year

Tmorning 4.5 4.0 3.4 3.6 3.3 2.7 2.4 2.8 3.0 3.3 3.3 3.8 4.1 3.4 2.6 3.2 3.4
Tmidday 4.0 3.9 3.8 4.6 4.5 3.9 3.5 3.3 3.5 3.5 3.3 3.4 3.8 4.3 3.5 3.4 3.7
Tevening 4.3 3.6 3.3 3.8 3.8 3.0 3.0 3.0 3.2 3.3 3.2 3.7 3.9 3.6 3.0 3.2 3.5
Tdaily mean 3.4 3.5 3.5 2.8 4.1 3.3 3.0 3.0 3.0 3.0 2.8 3.5 3.5 3.4 3.1 2.9 3.3
Tdaily mean LST 4.0 3.6 3.2 3.8 3.6 2.9 2.8 2.8 2.9 3.1 3.1 3.5 3.5 3.5 2.8 3.0 3.3

Key: Tdaily mean – uncorrected data; Tdaily mean LST – data corrected using LST.

whereas for midday they range from 22–26 °C. In line with
expectations, the distribution of mean daily temperatures is
more regular and closer-to-normal than the distribution of
morning, midday and evening 1 °C intervals of air temper-
ature values (Fig. 8). The distribution of all analysed fre-
quencies of occurrence of air temperature series is close to
normal, particularly in summer and autumn (see values of
skewness and kurtosis rarely exceeding ±1).

To check whether the period 1773–1781 was warm or
cool, average monthly temperature values were compared
against the nine-year periods starting 100, 200 and 240 years
later (Fig. 9a). Only the most recent period (2013–2021) was
warmer (by, on average, 1.9 °C) than the analysed histori-
cal period. In the annual cycle, the differences between these
two periods were greatest in summer (2.7 °C) and winter
(2.4 °C) and smallest in autumn (0.8 °C) (Fig. 9b). The two
other comparison periods, i.e. 1873–1881 and 1973–1981,
were colder (by, on average 1.4 and 0.5 °C, respectively). The
only month that was colder in the historical period than in the
other comparison periods was January (Fig. 9).

4 Discussion and Conclusions

The discovery of a new series of meteorological observations
made in Wrocław (Poland, central Europe) clearly demon-
strates that, even today, there is a need to visit archives and
libraries to search for early-instrumental meteorological ob-
servations. The significance of the described and analysed se-
ries of measurements extends not only to a better understand-
ing of the region’s climate during the period under study, but
also to the future possible extension of the currently available
series of continuous measurements in Wrocław (which cur-
rently starts at 1791) back to 1773. This is possible because
meteorological data for Żagań near Wrocław are available
for the period 1781–1792 (see Przybylak et al., 2014; Pap-
pert et al., 2021). (This station was called Sagan [in Latin]
within the Mannheim network of stations established for Eu-
rope and North America by the Palatine Meteorological Soci-
ety founded in 1780). This means that, for two years (1791–
1792), parallel meteorological observations were conducted
in Wrocław and Żagań. Przybylak et al. (2014) used mean
daily air temperature data from these years to calculate cor-
relation coefficients (r), which were very high, ranging from
0.91 in summer to 0.97 in spring and autumn. After extend-
ing it to 1773, the air temperature series from Wrocław will
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Figure 7. Boxplots of the distribution of: morning (a), midday (b), evening (c) air temperatures; and mean daily (uncorrected, d, corrected
using LST, e) air temperatures in Wrocław, 1773–1781.

be the longest in Poland; it will be six years longer than the
currently longest series, which is for Warsaw (Lorenc, 2000)
and extends back to 1779.

For the entire period examined in this article, therefore,
no other air temperature data exist for south-west Poland,
making a direct comparison impossible. However, it is possi-
ble to compare them against the closest series of measured
temperatures available for the study period for Berlin and
Prague (Fig. 10). Mean seasonal and annual air temperatures
from the period 1961–1990 at both stations correlate strongly
with those from Wrocław, e.g. correlation coefficients exceed

0.9, except for summer temperature in Berlin (r = 0.85). For
the period 1773–1781, there are also data from Gdańsk, lo-
cated on the Baltic coast (Filipiak and Miętus, 2010; Przy-
bylak, 2010; Filipiak et al., 2019); however, the correla-
tion with the Wrocław data is clearly weaker, particularly in
summer (r = 0.76) and in autumn (r = 0.8), and these data
were therefore omitted from the comparison. Additionally,
as shown in Fig. 11, the pattern of temperature change be-
tween the historical and contemporary periods, according to
the ModE-RA paleo-reanalysis (Valler et al., 2024), differed
between northern Poland and south-western Poland, particu-
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Figure 8. Frequency of seasonal (DJF, MAM, etc.) occurrence of: morning (a), midday (b), evening (c) air temperature; and mean daily
(uncorrected, d; corrected using LST, e) air temperature in Wrocław from 1773– to 1781 stratified according to 1 °C intervals. Key: γ1 –
skewness, γ2 - kurtosis.

larly in winter and spring (as also evident in the annual val-
ues). In Sect. 2, we mentioned also the existence of temper-
ature data for two short sub-periods of the analysed period
1773–1781, i.e., 1773 and 1774 (Jelenia Góra, Żagań) and
1779–1781 (Warsaw), which were used to check the qual-
ity and reliability of this series (high correlation coefficients
were found).

Temperature data from this paleo-reanalysis for Wrocław
for the period 1773–1781 were compared against the instru-
mental observations analysed in this paper (see Fig. 10a).
It can be seen that all monthly means reconstructed by the
ModE-RA paleo-reanalysis were colder than the measured
values, with a maximum difference above 2 °C from April
to June and minimum in January (0.1 °C). On average, the
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Figure 9. Comparison of the annual cycle of air temperature in Wrocław (SW Poland) in historical time (1773–1781) against other more
modern periods (a) and their differences (b). Key: Means for the compared periods were calculated based on data from three measurement
times: 1873–1881 (unknown hours), 1973–1981 and 2013–2021 (06:00, 12:00, and 21:00 LT). Air temperatures from the modern period
were subtracted from those from the historical period.

Figure 10. Comparison of the annual cycle of air temperature in Wrocław in historical time (1773–1781) against other available series in
central Europe (a), and their differences in relation to the 1961–1990 reference period (b). Key: Air temperatures from the reference period
were subtracted from those of the historical period.

annual temperature was 1.5 °C colder. The question arises
as to the reason for these discrepancies. They are certainly
attributable both to the imperfection of the paleo-reanalysis
for Poland and to still-possible biases in the air tempera-
ture series analysed here. It appears that one of the important
weaknesses of the temperatures reconstructed by the ModE-
RA paleo-reanalysis for Poland, including the Wrocław area,
lies in its limited use of proxy data sources from Poland
in the temperature reconstruction. Between 1773 and 1778,
there were only three records for the warm half-year (two
documentary sources from central and south-western Poland
and one instrumental series from Gdańsk) and four for the
cold half-year (in addition to the aforementioned records,
information was available on sea-ice coverage in the Baltic
Sea). Additionally, instrumental observations from Warsaw
were assimilated into the model between 1779 and 1781.
Therefore, we suggest some caution in using the recon-
structed temperatures in the ModE-RA paleo-reanalysis for
Poland (including Wrocław). The presented homogenised

early-instrumental series from Wrocław, despite still entail-
ing some uncertainties should, when assimilated into the
model used for reconstructing temperature, help improve the
quality of this paleo-reanalysis.

Taking into account the above-mentioned reservations re-
garding possible inaccuracies in the reconstruction of air
temperature in Wrocław taken from ModE-RA, as well as
possible biases in the analysed instrumental series related
to, among others, the lack of knowledge about the exact
exposure of thermometers, we also present their compari-
son against temperatures from the closest stations, i.e. Berlin
and Prague (Fig. 10). Data from these stations for the study
period (1773–1781) were assimilated into the model used
for European temperature reconstructions by the ModE-RA
paleo-reanalysis. There is good correspondence between the
corrected series from Wrocław and the series shown for
Berlin and Prague. Wrocław is usually a little colder in the
cold half of the year and warmer in the summer months
(Fig. 10a). The average long-term temperature in Wrocław
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Figure 11. Seasonal and annual mean air temperature anomalies in the European–Atlantic region in the period 1783–1781 relative to 1961–
1990 according to the ModE-RA paleo-reanalysis (ClimeApp – Valler et al., 2024). Black, green, and purple dots mark Wrocław, Berlin, and
Prague, respectively.
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was 9.6 °C, which was 0.2 °C lower/higher than in Prague
and Berlin, respectively. On the other hand, the Wrocław
temperature from ModERA was evidently colder than the
measured data in all analysed instrumental series.

Figure 10b shows the change in air temperature in
central Europe (western Czech Republic, south-western
Poland, eastern Germany), represented by stations in Prague,
Wrocław and Berlin, between the historical period (1773–
1781) and the contemporary period (1961–1990). The refer-
ence period (1961–1990) was the same as that used in the
ModE-RA paleo-reanalysis, which allows for direct compar-
ison of results. The following pattern of temperature changes
is observed: generally (with some exceptions), in the histori-
cal period, warmer conditions dominated from February to
September, with a maximum in the summer months, par-
ticularly in Berlin and Wrocław, whereas all other months
were colder, particularly January (Fig. 10b). More consis-
tent relations exist when seasonal and mean data are taken
into account. According to the instrumental data presented,
the mean annual air temperature between the two peri-
ods changed very little. During the historical period, tem-
peratures in Wrocław and Berlin were, respectively, 0.7
and 0.1 °C higher than now; whereas Prague was 0.2 °C
colder. The temperature changes between the two studied
periods correspond most closely for winter and autumn. In
Berlin, Wrocław and Prague, the winter mean temperature
was colder in historical times than at present (by 0.8, 0.1
and 0.3 °C, respectively). On the other hand, the summer
mean temperature in the historical period was higher than
at present in Berlin (1.0 °C) and in Wrocław (2.0 °C), while
Prague was slightly (0.1 °C) colder. Very good coherence be-
tween seasonal means (winter and autumn) is seen between
the Prague and Wrocław stations (differences range from 0.0
to −0.3 °C). On the other hand, in the warm-half year, more
similar changes were noted between Wrocław and Berlin,
particularly in spring (Fig. 10b).

Generally, the results presented here for temperature
changes from the historical period (1773–1781) to the
present period (1961–1990) based on instrumental mea-
surements are in good agreement, at least in some months
(e.g., January, March, and November), with the change de-
rived from reconstructions available in the ModE-RA paleo-
reanalysis (compare Figs. 10b and 11). Comparison of data
from Wrocław reveals significant discrepancies between re-
sults, particularly in summer and autumn (Fig. 10b). In other
months (particularly January, March, and April), the differ-
ences are smaller. We should assume that the instrumental
data are of higher quality than the reconstructed temperature
presented in the ModE-RA paleo-reanalysis and in other re-
constructions based on proxy data (e.g., historical and den-
drochronological data). Moreover, they have several impor-
tant advantages over proxy data. For example, instrumental
data provide much higher temporal resolution (daily and even
sub-daily) and capture the full seasonal cycle. Proxy series
are restricted to specific parts of the year (most often to sum-

mer or part of it). Therefore, it seems reasonable to state that
assimilating the instrumental air temperature series presented
here will improve the temperature reconstructions available
from the ModE-RA paleo-reanalysis for the study’s histori-
cal period. We hope that such an adjustment will be carried
out in the future, and that this series of early-instrumental
meteorological data, “extracted” and digitised from archival
and library sources, will be helpful.

Summary of key results

The Patriotic Society in Silesia established a local network of
meteorological stations in the years 1773–1781, i.e., several
years before the network of stations organised by the Me-
teorological Society in Mannheim (1781–1792). The main
aim of this initiative was to provide data for investigat-
ing the impact of weather and climate on social activities,
particularly agriculture. Within this network, meteorologi-
cal measurements in Wrocław were also conducted by Prof.
J. E. Scheibel. In the present paper, we analysed one of the
main components of climate, i.e. air temperature. Other me-
teorological elements will be analysed in subsequent articles.

Analysis of available metadata on instrumental air tem-
perature measurements in Wrocław and other sites in Sile-
sia allows for an unequivocal statement that the analysed air
temperature data series (sub-daily and daily) is homogeneous
and of high quality, as demonstrated also by detailed statis-
tical analyses. That series covering the late 18th century is
unique and very valuable, not only for the mentioned rea-
sons, but also because there is no other instrumental data
for the years 1773–1778 for southern and central Poland (the
Warsaw series starts at 1779; Lorenc, 2000). The study of the
Wrocław series provides a credible description of the climate
in SW Poland during the late 18th century. It will also allow
us to extend the available temperature series for Wrocław
(from 1791) back to 1773. This will be possible because, for
the period 1781–1792, air temperature series are available for
Żagań near Wrocław (Przybylak et al., 2014; Pappert et al.,
2021). An important result of this work is the demonstra-
tion that, if air temperature observations were made in his-
torical time immediately after sunrise and sunset and during
the afternoon hours (13:00–14:00 LT), a daily average can
be calculated with a good approximation using the so-called
weighted average. Particularly good results were noted in all
months, except the summer months, when the temperature
had a cold bias (see Figs. 4–6).

The air temperature in Wrocław during the period 1773–
1781 was 1.4 and 0.5 °C warmer than in the respective equiv-
alent periods 100 and 200 years later (i.e., 1873–1881 and
1973–1981) but 1.9 °C colder than in the most recent period
(2013–2021). The greatest increase in temperature between
the studied period and the latter period occurred in sum-
mer (2.7 °C) and winter (2.4 °C) and the smallest in autumn
(0.8 °C) (Fig. 9). The highest monthly temperature (22.8 °C)
was calculated for August 1781 and the lowest (−9.7 °C) for
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January 1776 (Table 1). On the other hand, the highest tem-
perature (33.9 °C) was recorded at midday on 4 July 1781
and the lowest (−22.8 °C) on the morning of 27 January
1776. During the study period, the mean seasonal and annual
air temperatures show no trend. The mean annual tempera-
ture is close to the mean temperature for spring and autumn
(Table S3, Fig. 5). On average, in line with expectations, the
warmest month was July (20.5 °C), and the coldest was Jan-
uary (−2.9 °C) (Table S3, Fig. 4).

Data availability. Datasets for this research were derived from the
following public domain resources:

1. Repository for Open Data (RepOD), Nicolaus Copernicus
University Centre for Climate Change Research collection,
https://doi.org/10.18150/PYVVWU (Przybylak et al., 2025),
as cited in Przybylak and Pospieszyńska (2025).

2. Wrocław – 1873–1881 (https://doi.org/10.12775/bgeo-2010-
0007, Bryś and Bryś 2010b); 1961–1990, 1973–1981 and
2013-2021 – Public database of Institute of Meteorology and
Water Management – National Research Institute (IMGW-
PIB).

3. Berlin – 1773–1781 (https://doi.org/10.1594/PANGAEA.870862,
Kadow et al., 2017), Berlin Tempelhof 1961–1990,
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for Gdańsk, Poland as a source for improved understand-
ing of past climate variability, Int. J. Climatol., 39, 828–842,
https://doi.org/10.1002/joc.5845, 2019.

Ghazi, B., Przybylak, R., Oliński, P., Bogdańska, K., and
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Ghazi, B., Przybylak, R., Oliński, P., Targowski, M., Filipiak, J., and
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Flood occurrences and characteristics in Poland (Central Europe)
in the last millennium, Global Planet. Change, 246, 104706,
https://doi.org/10.1016/j.gloplacha.2025.104706, 2025.
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Łódź, 302–452, ISBN 83-7016-434-X, 1990.

Lorenc, H.: Studia nad 220-letnią (1779–1998) serią temperatury
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Przybylak, R. and Pospieszyńska, A.: Air temperature in Wroclaw
(Breslau) in the period 1710–1721 based on measurements made
by David Von Grebner, Acta Agrophysica, 184, 35–43, 2010.
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riod from 1781 to 1792, Int. J. Climatol., 34, 2408–2426,
https://doi.org/10.1002/joc.3847, 2014.
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Chmist, K.: Newly recovered series of meteorological mea-
surements in SW Greenland (Nuuk) in the period 1806–
1813, Clim. Past, 22, 957–974, https://doi.org/10.5194/cp-22-
957-2026, 2026.

Pyka, J.: Meteorological observations and measurements in
Wrocław, Acta Univ. Wratisl. 2542, Studia Geogr., 75, 11–22,
2003.

Rojecki, A.: O najdawniejszych obserwacjach meteorologicznych
na ziemiach polskich, Przegląd Geofizyczny, 1, 253–257, 1956.

Rojecki, A.: The traditions of meteorology in Poland, from the 15th
to 19th century, Acta Geophysica Polonica, XIV, 3–10, 1966.

Romer, E.: Esquisse climatique de l’ancienne Pologne, Bull. de la
Soc. Vaudoise de Sc. Natur., Lausanne, XLVI, 203–233, 1910.

Sadowski, M.: Variability of extreme climatic events in Central Eu-
rope since the 13th century, Z. Meteorol., 41, 350–356, 1991.

Scheibel, J. E.: Codex Quatuor Evangeliorum Latinus Rehdigeri-
anus, Matthaeus et Marcus, cum textu graeco et editione Vul-
gata collates, Vratislaviae (Wrocław), https://n2t.net/ark:/13960/
t02z1430f (last access: 15 June 2026), 1763.

Scheibel, J. E.: Kurze Anweisung, wie diese Tafel zu ver-
stehen und zu lesen sey, Oekonomische Nachrichten
der Patriotischen Gesellschaft in Schlesien, pp. 2–4,
https://www.deutsche-digitale-bibliothek.de/searchresults?
query=Oekonomische+Nachrichten+der+Patriotischen+
Gesellschaft+in+Schlesien (last access: 15 April 2026),
1773a.

Scheibel, J. E.: Oekonomische Nachrichten der Patriotis-
chen Gesellschaft in Schlesien, pp. 130–131, 314–316,
https://www.deutsche-digitale-bibliothek.de/searchresults?
query=Oekonomische+Nachrichten+der+Patriotischen+
Gesellschaft+in+Schlesien (last access: 15 April 2026),
1773b.

Scheibel, J. E.: Oekonomische Nachrichten der Patriotischen
Gesellschaft in Schlesien, pp. 245–247, 265–267, 317–319,
https://www.deutsche-digitale-bibliothek.de/searchresults?
query=Oekonomische+Nachrichten+der+Patriotischen+
Gesellschaft+in+Schlesien (last access: 15 April 2026),
1774.

Scheibel, J. E.: Oekonomische Nachrichten der Pa-
triotischen Gesellschaft in Schlesien, p. 34, https:
//www.deutsche-digitale-bibliothek.de/searchresults?query=
Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+
in+Schlesien (last access: 15 April 2026), 1775a.

Scheibel, J. E.: Oekonomische Nachrichten der Patriotischen
Gesellschaft in Schlesien, pp. 205–207, 393–398, 417–422,
https://www.deutsche-digitale-bibliothek.de/searchresults?
query=Oekonomische+Nachrichten+der+Patriotischen+
Gesellschaft+in+Schlesien (last access: 15 April 2026),
1775b.

Scheibel, J. E.: Oekonomische Nachrichten der Pa-
triotischen Gesellschaft in Schlesien, p. 62, https:
//www.deutsche-digitale-bibliothek.de/searchresults?query=
Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+
in+Schlesien (last access: 15 April 2026), 1780.

Valler, V., Franke, J., Brugnara, Y., Samakinwa, E., Hand, R.,
Lundstad, E., Burgdorf, A.-M., Lipfert, L., Friedman, A. R.,
and Brönnimann, S.: ModE-RA: a global monthly paleo-
reanalysis of the modern era 1421 to 2008, Sci. Data, 11, 36,
https://doi.org/10.1038/s41597-023-02733-8, 2024.

Clim. Past, 22, 1383–1400, 2026 https://doi.org/10.5194/cp-22-1383-2026

https://doi.org/10.1093/acrefore/9780190228620.013.2
https://doi.org/10.1007/978-90-481-3167-9_21
https://doi.org/10.1007/978-90-481-3167-9_21
https://doi.org/10.18150/PYVVWU
https://doi.org/10.1002/joc.1149
https://doi.org/10.1007/978-90-481-3167-9_6
https://doi.org/10.1002/joc.3847
https://doi.org/10.5194/cp-16-627-2020
https://doi.org/10.5194/cp-19-2389-2023
https://doi.org/10.5194/cp-19-2389-2023
https://doi.org/10.5194/cp-20-1451-2024
https://doi.org/10.18150/PYVVWU
https://doi.org/10.5194/cp-22-957-2026
https://doi.org/10.5194/cp-22-957-2026
https://n2t.net/ark:/13960/t02z1430f
https://n2t.net/ark:/13960/t02z1430f
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://www.deutsche-digitale-bibliothek.de/searchresults?query=Oekonomische+Nachrichten+der+Patriotischen+Gesellschaft+in+Schlesien
https://doi.org/10.1038/s41597-023-02733-8

	Abstract
	Introduction
	Area, Data and Methods
	Results
	Yearly, seasonal and monthly resolution
	Daily and sub-daily resolution

	Discussion and Conclusions
	Data availability
	Supplement
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

