
Swiss Early Instrumental Meteorological Series

G96

Stefan Brönnimann (Editor)

GEOGRAPHICA
BERNENSIA

University of Bern, Switzerland • Institute of Geography



Creative Commons Licences

 
 

GEOGRAPHICA BERNENSIA

©  GEOGRAPHICA BERNENSIA 2022
Institute of Geography, University of Bern, Switzerland

BRÖNNIMANN, Stefan (Editor)
Swiss Early Instrumental Meteorological Series
DOI: 10.4480/GB2022.G96

Front page

Top left: Seasonal temperature in the record from Zug and in a reconstruction (from p. 252 of this volume), top 
right: map of Basel (by Samuel Ryhiner, 1784, UB Basel Maps, Wikimedia Commons) with the measurement 
locations prior to 1864, bottom: manuscript pages from Johann Christoph Schalch with measurements in the 
city of Schaffhausen, 1807 (Bundesarchiv, E3180-01#2005/90#198*).

Published by:

Lecturer of the Institute of Geography, University of Berne, Switzerland

Series:

Series  A African Studies Series

Series  B Excursions, Field Seminars and Courses (in German)

Series  E Development and Environment Reports

Series  G Basic Research (mostly in German)

Series  P Applied Geography (in German)

Series  S Geography in Schools (in German)

Series  U Textbooks in Geography, University Level (in German)

G96

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en


Table of Contents 
 
 
 
 
Preface 5 
Stefan Brönnimann 
 
A Collection of Early Swiss Meteorological Series 7 
Stefan Brönnimann Christian Rohr, Yuri Brugnara, and Franceso A. Isotta 
 
Instruments, Procedures, Processing, and Analyses 17 
Yuri Brugnara, Julian Flückiger, and Stefan Brönnimann 
 
Two Meteorological Series from Geneva, 1782–1791 33  
Stefan Häderli, Stephanie Pfister, Leonie Villiger, Yuri Brugnara, and Stefan Brönnimann 
 
The Series from Geneva, 1798–1863 47  
Stefan Brönnimann, Marcel Bühler, and Yuri Brugnara 
 
The Meteorological Series from Aarau, 1807–1865 61  
Michael Faden, Leonie Villiger, Yuri Brugnara, and Stefan Brönnimann 
 
Two Meteorological Series from Herisau, 1821–1844 73  
Jonas Weber, Yuri Brugnara, and Stefan Brönnimann 
 
The Meteorological Record from St. Gall, 1812–1853 87  
André Hürzeler, Yuri Brugnara, and Stefan Brönnimann 
 
Two Meteorological Series from Bern from Trechsel, 1826–1849, and Benoit, 1837–1853 97 
Julian Flückiger, Angela-Maria Burgdorf, Yuri Brugnara, and Stefan Brönnimann 
 
The Meteorological Series from the Great St. Bernard, 1817-1863 109 
Stefan Brönnimann and Yuri Brugnara  
 
D’Annone’s Meteorological Series from Basel, 1755–1804 119 
Stefan Brönnimann and Yuri Brugnara 
 
Meteorological Series from Basel, 1825-1863 127 
Stefan Brönnimann and Yuri Brugnara 
 
Four Meteorological Series from Zurich Covering 1756 – 1802 139 
Ruben Fritze, Yuri Brugnara, and Stefan Brönnimann 
 



The First Swiss Meteorological Record: Scheuchzer’s Series from Zurich 1708–1733 157 
Yuri Brugnara, Stefan Brönnimann, and Lucas Pfister 
 
Meteorological Series from Neuchâtel, Bern and Gurzelen 169 
Vanessa Wyer, Yuri Brugnara, and Stefan Brönnimann 
 
Zurich’s Many 19th Century Meteorological Records 183 
Yuri Brugnara, Lucas Pfister, and Stefan Brönnimann 
 
Meteorological Observations in Bern and Vicinity, 1777-1834 199 
Chantal Hari, Yuri Brugnara, Christian Rohr, and Stefan Brönnimann 
 
Several little-known Meteorological Series from Basel, 1766-1802 213 
Stefan Brönnimann, Yuri Brugnara, and Lucas Pfister 
 
Daniel Huber’s Meteorological Record from Basel, 1789-1829 225 
Yuri Brugnara and Stefan Brönnimann 
 
A long meteorological series from Schaffhausen, 1794–1845 237 
Stefan Brönnimann, Yuri Brugnara, Sebastian Eggenberger, Lucas Pfister,  

and Christian Rohr 
 
Nineteenth Century Meteorological Records from Vevey, Einsiedeln, Bellinzona, Lucerne,  

Fribourg, and Zug 245 
Stefan Brönnimann and Yuri Brugnara 
 
Early Meteorological Series from Geneva, 1760-1795 261 
Yuri Brugnara, Stefan Brönnimann, Michel Grenon, Jeanne Baumann, and Pascal Wyss 
 
A New Collection of Swiss Early Instrumental Data and Some Applications 275 
Stefan Brönnimann, Yuri Brugnara, and Christian Rohr 
 



 5

Brönnimann, S. (2020) Preface. In: Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological 
Series. Geographica Bernensia G96, p. 5. 

 

 

 

Preface 

 

In the framework of the project “Swiss Early Instrumental Meteorological Data” (CHIMES), 
funded by the Swiss National Science Foundation, and the subsequent project “Long Swiss 
Meteorological Series”, funded by the Global Climate Observing System (GCOS) Switzer-
land, we compiled, imaged, and digitised large amounts of historical weather data. The data 
were subject to quality control using software produced through Copernicus Climate Change 
Service (C3S) Data Rescue Services. All data are publicly available and can be used to study 
the past variability of weather and climate in Switzerland.  

The digitised data enter several national and global data repositories and will be curated 
by the corresponding institutions. The inventory in table form is published as an electronic 
supplement to a journal article where it will be available for future researchers, and it is in-
corporated into C3S databases. The tens of thousands of images taken in numerous archives 
were uploaded to a repository, where they can be accessed publicly. However, there is more 
than that. The measurement data are accompanied by a large amount of additional informa-
tion, so-called metadata. This comprises information on stations, instruments, observers, con-
text of observation, observation times, format and accessibility of original data, reporting 
practices and many other aspects. This information is important to understand the series. It 
should be made available in a way that allows researchers 50 or 100 years form now to use it, 
but posting imaged sources alone is not sufficient. What is required is a short summary of the 
metadata for each series in electronic form, with guaranteed long term archiving and open 
access.  

Geographica Bernensia provides this service and therefore is the ideal platform for this 
kind of publications. This volume collects short papers on the most relevant series compiled 
during the two projects. Each paper summarises the station history and observation context; 
each also contains a short description of the data. Eight papers are published initially, cover-
ing important series from the over 300-year long history of meteorological measurements in 
Switzerland. The volume will be complemented in the future with additional papers. The 
work of searching and compiling the metadata and analysing the data was to a large extent 
performed by students in the framework of their Bachelor or Master theses. They also helped 
in preparing this publication and are first-authors of the papers. I express my sincere thanks to 
the students as well as to the 18th and 19th century observers who dedicated many years of 
their lives to perform these measurements.  

 

Bern, 7 January 2020         Stefan Brönnimann 
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Abstract 

Within the framework of the Swiss National Science Foundation project “Swiss Early Instru-
mental Meteorological Data” (CHIMES) and the project “Long Swiss Meteorological Series” 
(funded by the Global Climate Observing System (GCOS) Switzerland), early instrumental 
meteorological records from Switzerland were systematically searched, collected, imaged, 
and digitised. This volume compiles short papers, each of which describes a series. The vol-
ume accompanies the publication of the imaged sources and of the digitised observations. In 
this introductory paper we provide an overview of the project and of the series comprised in 
this volume. 

 

1. Introduction 

The increasing rate of warming and the awareness of the immediacy and reality of climate 
change generate a need for meteorological data for adaptation and climate risk management. 
Changes need to be assessed in the context of long time series and impact models need to be 
tested for observed events. As a consequence, past weather data become once again an impor-
tant resource. It is no longer just the mean climate (for which reconstructions are available) 
that is of interest, but extremes and variability on weather time scales as well as information 
on a regional level. New numerical techniques such as data assimilation are able to use his-
torical observations to produce comprehensive day-to-day weather reconstructions (Compo et 
al., 2011) from which further products can be derived, thus catering the needs of climate im-
pact research. Other methods can also be used to obtain daily weather information such as 

                                                 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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weather types (Schwander et al., 2017; Delaygue et al., 2019) or analog approaches 
(Flückiger et al., 2017; Pfister et al., 2019b). 

Many studies have demonstrated that historical weather observations can be used for cli-
mate risk assessments (Pfister, 1999; Jacobeit et al., 2003; Glaser and Stangl, 2004; Rohr, 
2013). For instance, model chains can be built (Brönnimann et al., 2019b), starting from 
global reanalyses and dynamical downscaling to the use of specific climate impact models. 
These model chains can make use of other environmental and societal data (Pfister et al., 
2017), thus allowing a much more comprehensive study of past weather and climate events.  

However, vast amounts of historical weather data have still not been digitised, including 
in Switzerland. The Swiss Meteorological Network was initiated in December 1863 and 
maintained by the Swiss Natural Sciences Society and later MeteoSwiss (Hupfer, 2019). 
Three prominent Swiss series that reach further back than 1864, namely Geneva, Basel, Gr. 
St. Bernard, and that have been evaluated in the 1950s and 1960s (Bider et al., 1959; Bider 
and Schüepp, 1961; Schüepp, 1961) have recently been digitised based on the original read-
ings (Füllemann et al., 2011). However, Swiss archives hold many more data records. Infor-
mation on the Swiss measurements before 1864 has been compiled in the late 19th and early 
20th century (e.g., Billwiller, 1927), but the data have never been published. Some authors 
(Gisler, 1984; Burri and Zenhäusern, 2009) have used monthly data for some of the series, but 
the original data have so far not been digitised. However, the climate of the late 18th and 19th 
centuries might hold the key for better understanding decadal climate processes as this period 
encompassed a pronounced warm phase around 1800 (Frank et al., 2007) or the cold period in 
the early 19th century (Brönnimann et al., 2019c).  

In the framework of the Swiss National Science Foundation project “Swiss Early Instru-
mental Meteorological Data” (CHIMES), we have systematically compiled early instrumental 
meteorological series from Switzerland. Over 300 series could be found prior to 1864. A large 
number of them is from a network in the Grisons dating to the 1850s (Hupfer, 2015), but there 
are also many earlier series, the earliest dating back to the year 1708 (Boscani Leoni, 2018). 
The full inventory was published by Pfister et al. (2019a). For many of the series, the data 
could be found, and a large fraction of the series found was imaged. These images are avail-
able publicly at: https://zenodo.org/record/3066836#.XVv-fGRS8-U. A large fraction of the 
imaged series was then digitised. However, a much larger amount of series was found than 
anticipated. Further digitising of long records is now performed in the framework of the pro-
ject “Long Swiss Meteorological Series”, which is funded by the Global Climate Observing 
System (GCOS) Switzerland. The digitised data from the CHIMES project are described in a 
dedicated scientific paper (Brugnara et al., 2019). They are available from the repositories 
PANGAEA (https://doi.pangaea.de/10.1594/PANGAEA.909141), MeteoSwiss, and EURO-
CLIMHIST (Pfister et al., 2017; www.euroclimhist.unibe.ch) and will be integrated into the 
Global Land and Marine Observations Database built under the framework of Copernicus 
Climate Change Service (C3S) (Thorne et al., 2017).  

This volume complements the publication of the data by providing important metadata on 
the series. The metadata comprises information on the stations, observers, instruments, on the 
original formats or the scientific context in which they were taken. We also show the data se-
ries and summarise results of the quality control for each series, which cannot be undertaken 
in an overview publication.  
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The paper is organised as follows. Section 2 briefly describes the inventory. In Section 3 
we introduce the papers that are compiled in this first part of the volume – more papers will 
follow in the near future as digitisation of the data proceeds. Section 4 provides a summary 
and conclusion of the paper and provides an outlook to future work.  

 

2. Summary of the inventory 

The project started with compiling literature and earlier overviews as well as with numerous 
archive visits. This process resulted in an inventory, which has been published by Pfister et al. 
(2019a). It contains 334 entries from 206 locations, which encompass ca. 3640 station years. 
Figure 1 provides an overview of the series inventoried. Urban centres such as Geneva, Bern, 
Zurich and Basel stand out, but also smaller towns (Aarau, Delémont, Frauenfeld, Schaff-
hausen) may have long records. We also find important records from monasteries and hos-
pices (Gr. St. Bernard, St. Gotthard, Einsiedeln), in rural settings (network of the Bernese 
Economic Society in the 1760s), or in early tourist locations (Grisons in the 1850s). The spa-
tio-temporal distribution of the data reflects the history of Swiss climate observations (see 
Pfister et al., 2019a; Hupfer, 2019) and the contemporary political, economic, technical and 
scientific context. Such context information is important for understanding and better inter-
preting climate data (Brönnimann and Wintzer, 2019).  

The first observers were members of the scholarly communities of the Enlightenment. As 
elsewhere in Europe, observational programmes by scientific societies were started and the 
scope was widened. Observers in these networks were not always professional scientists, but 
often also members of the clergy or amateurs. The first network in Switzerland was estab-
lished by the Bernese Economic Society in 1760 (Pfister, 1984). As all other networks of this  
 

 
Figure 1. Location and length (prior to 1864) of the records compiled in the inventory (from Pfister et al., 2019a).  
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Figure 2. Data sheet with meteorological measurements form Bern by Samuel Studer, 1789 (Burgerbibliothek 
Bern: Mss.h.h.XX.5.2, photo: Lucas Pfister). 

time, it could not be sustained. In the early 19th century, many of the Cantonal Natural Sci-
ences Societies tried to establish networks, such as the societies in Aarau, Thurgau, Bern, and 
Neuchâtel. Also the Swiss Society of Natural Sciences had corresponding plans (see Pfister et 
al., 2019a; Hupfer, 2019). Other networks such as that in the Grisons as well as many individ-
ual series also grew out of private initiative (Hupfer, 2015).  

Based on the inventory, daily weather reconstruction for Switzerland should be possible 
back to around the 1760s. At least 15 records should be available at any time from then on-
wards. Note that Schwander et al. (2017) have reconstructed Swiss weather types back to 
1763 using (for the first 100 years) only stations from neighbouring countries. Flückiger et al. 
(2017) have reconstructed daily fields for 1815–1817 using an analog approach based on 
three stations (two in Switzerland). The instrumental information could be further comple-
mented with observations from weather diaries, which we did not systematically compile. 

The series were searched electronically in various online libraries and online resources, 
and were physically searched in numerous archives (including the Swiss Federal Archives, 
Cantonal Archive Aargau, Cantonal Library Aargau, University Library Basel, Burgerbiblio-
thek Bern, University Library Bern, Archive of the Monastery of Einsiedeln, Can-
tonal/University Library Fribourg, Cantonal Archive and Library Geneva, Cantonal Li-
brary/Archive Grisons, University Library Neuchâtel, City Archive Schaffhausen, Cantonal 
Library Vadiana St. Gall, Cantonal Archive Vaud, Cantonal/University Library Lausanne, 
Cantonal Archive Zurich, City Library Zurich). During these visits, the data sheets and meta-
data for the series found were photographed whenever possible.  
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The raw material imaged in numerous archives is often in handwritten form. Figure 2 
shows an example of a data sheet from Bern from the year 1789 in a beautiful handwriting. 
Some handwritings were, however, much more difficult to read. Deciphering these sources 
often requires trained historians. In contrast, some other sources were readily accessible in 
printed format, and digitising was much easier. For further information on the process of res-
cuing data, the reader is referred to Wilkinson et al. (2019).  

The images themselves are an important source of information, since digitising efforts 
were largely restricted to instrumental variables (Brugnara et al., 2019). Wind direction was 
mostly digitised, sometimes rainfall or cloud cover. However, weather descriptions were not 
transcribed, but can be found on the images published. Pfister et al. (2019a) provide examples 
for the additional information that can be gained from such non-instrumental information. 

 

3. Papers in this volume 

The papers in this first part of the volume cover a number of series from five different loca-
tions. The paper by Häderli et al. (2020) compares early series from Geneva from the 1780s 
and 1790s, when two observers took measurements in Geneva. Brönnimann et al. (2020) 
cover the various segments of the Geneva series from 1798 to the start of the MeteoSwiss 
network in 1863. The papers contribute to enhancing this long and famous series from Ge-
neva, which will be further complemented backwards with additional series in the framework 
of the GCOS Switzerland project “Long Swiss Meteorological Series”.  

A long series from Aarau, covering five decades from 1807 to the start of the MeteoSwiss 
network is descried in the paper by Faden et al. (2020). Merged with the station data from 
MeteoSwiss after 1864, this will provide another more than 200 year long series. The paper 
by Weber et al. (2020) deals with two series from Herisau, in the eastern part of Switzerland, 
1821–1844. Hürzeler et al. (2020) describe another potential 200-yr record, namely from St. 
Gall. Their paper covers the years 1812–1853. With a gap of several years (measurements are 
also available for 1857/8 and from 1864 onwards), another 200-year record could be pro-
duced. The last paper (Flückiger et al., 2020) examines two series from Bern, together cover-
ing the period 1826–1853 (see also Flückiger, 2018). Again there is a 12-yr overlap that al-
lows a comparison of the series. Many additional series are available from Bern such that, 
though with two or three gaps of several years, a series could be constructed that reaches back 
to 1760 and thus would constitute one of the longest series in Switzerland. 

The series from Marschlins from the late 18th century is described by Grimmer (2019) in a 
Master thesis written in English and accessible online through a permanent repository. Con-
sequently, there is no article about this series in this collection. The series from Marschlins 
can also be extended to a new long Swiss meteorological series. 

Future papers in this volume will concern the long record of Zurich. Here, the first in-
strumental measurements in Switzerland were performed by Scheuchzer in 1708 (Boscani 
Leoni, 2018), although only available as excerpts. Relatively complete data are available from 
1718 to 1730 and then from the 1750s onwards. The corresponding papers, similar as those 
for the numerous series of Basel (reaching back to 1755), some remaining series from Bern, 
the long series from Schaffhausen (back to 1790), Einsiedeln, Gr. St. Bernhard and others will 
be published in a second part of this volume. In total, when complemented with MeteoSwiss 
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data after 1864, we expect 10 long Swiss series of more than 200 years length plus numerous 
shorter series or series with longer gaps. 

The papers in this volume are all structured similarly. Each paper starts with a biography 
of the observer and a description of the exact location, details on observations and instru-
ments, as well as on other relevant context. Each paper also shows examples of how the data 
were available to us (images of the data forms). The papers then also present the digitised data 
and describe their quality using a standard set of plots. This common structure should facili-
tate the comparison across the papers.  

Many of the instruments are the same or similar for several of the series, and the process 
of converting and adjusting the data or of reducing pressure is the same for all papers (see 
also Brugnara et al., 2019). We therefore begin this volume with a paper (Brugnara et al., 
2020) that describes the instruments, scales, potential quality issues as well as all further 
processing of the data (see also Brugnara et al., 2015). The paper also deals with the quality 
control procedure and the standard plots that are then found in the individual papers.  

 

4. Conclusions and outlook 

This volume describes a number of early instrumental meteorological series from Switzerland 
that were acquired within the framework of the Swiss National Science Foundation project 
“Swiss Early Instrumental Meteorological Data” (CHIMES) and the project “Long Swiss Me-
teorological Series” (funded by the Global Climate Observing System (GCOS) Switzerland). 
The images series as well as the final data are made available in public repositories, accompa-
nied by papers in the scientific literature. The inventory of this project is also published (Pfis-
ter et al., 2019a) and is included in a global inventory of early instrumental meteorological 
observations (Brönnimann et al., 2019d). This volume does not duplicate the work, but pro-
vides much more detailed information on specific series. It is important to preserve this in-
formation, which was painfully compiled during the project, for posteriority as scientists in 
the future may revert back to this material to extract other information.  

Each of the following papers provides the meta-information for one series. Many of the 
papers are the outcome of student works (Bachelor or Master theses). Digitising was done by 
several student assistants and assistants. Subsequently, the data were quality controlled (QC) 
(Brugnara et al., 2019, 2020) using software developed in the framework of the Copernicus 
Climate Change Service project 311a Lot 1 (Brönnimann et al., 2019a; Brunet et al. 2020). 
The data were eventually converted to a standard format, published at the repository PAN-
GAEA (https://doi.pangaea.de/10.1594/PANGAEA.909141), MeteoSwiss, and EURO-
CLIMHIST and they will be incorporated into the C3S Global Land and Marine Observations 
Database (Thorne et al., 2017). In this way, our project contributes to the Atmospheric Circu-
lation Reconstructions over the Earth (ACRE) initiative (Allan et al., 2011).  

Our inventory as well as this volume does not (or at least not systematically) cover non-
instrumental information (see Brugnara et al., 2019). However, observations such as wind 
direction, precipitation, or clouds could contribute to useful information to daily weather re-
constructions. In fact, for Geneva this was demonstrated by Auchmann et al. (2012). Such 
information is available from EURO-CLIMHIST and might in the future be compiled in a 
more systematic way.  
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Abstract 

Each paper in this volume provides the metadata for an early instrumental meteorological se-
ries from Switzerland. However, there are many commonalities. For instance, similar instru-
ments were used at different stations, and practices and reporting were similar. Furthermore, 
the processing and analysis of the data was performed in the same way across all papers. Here 
we summarise information on early meteorological instruments and procedures and describe 
the common processing, quality control, and analysis. The paper also describes potential qual-
ity issues of the different instruments. It ends with a brief description of the format, which is 
recommended for station data in general as it allows the application of readily available Qual-
ity Control Software and the incorporation into the Copernicus Climate Change Service (C3S) 
Repository. 

 

1. Introduction 

Using early instrumental meteorological data for climate science requires understanding how 
and why measurements were made, what instruments were used and what potential sources of 
errors are. While the papers in this volume compile all relevant information for each series, 
some general aspects on early instrumental measurements are summarised in this paper.  

The standardisation of meteorological networks was one of the big achievements of the 
emerging national weather services in mid 19th century. Early instrumental measurements, 
which precede these more systematic measurements, suffer from a lack of standard proce-
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dures and protocols. Although scientific networks such as the Royal Society (or in Switzer-
land the “Naturforschende Gesellschaft”) also suggested procedures, there was no common 
standard across time and even across a small territory such as Switzerland. In Section 2 of this 
paper we describe the measurement principles, instruments and their errors. This Section is 
partly based on two Master theses (Breda, 2010; Flückiger, 2018). In order to make the data 
comparable to present-day data, numerous processing steps are required. Units need to be 
converted and pressure needs to be reduced. This is described in Section 3. Then the data un-
dergo Quality Control (QC) procedures and a set of standard analyses are performed. This 
sequence, presented in Section 4, was undertaken for all of the series mentioned in this book. 
To avoid duplication, we explain the methods here in more detail and only give a brief sum-
mary in the individual papers. Further descriptions are also found in Brugnara et al. (2019).  

 

2. Instruments 

2.1. Thermometers 

2.1.1. Historical overview 

In the 18th and 19th century, liquid-in-glass thermometers were mostly used. They required a 
thermometric substance that expanded with temperature in a linear manner as well as a stable 
glass. By the end of the 18th century, there was a strong consensus to use the freezing and 
boiling points of water to fix a calibration scale, though both remained under discussion with 
regard to the exact methods of calibration. In addition to several Réaumur scales, the scale of 
Micheli du Crest was also in use in Switzerland (e.g., in Basel, Bern, and Zurich), which used 
the temperature in a cellar in Paris as zero point. 

The thermometric substances also remained under discussion (for the following see 
Chang, 2004). Mercury and ethyl alcohol were the two main contenders. By mixing different 
shares of melting ice and boiling water, the Genevan Jean-André Deluc in 1772 was able to 
show that mercury expanded more linearly than any other liquid he had tested, including al-
cohol. Furthermore, the expansion of an alcohol-water emulsion depends on alcohol concen-
tration, which was hard to measure precisely. Deluc’s conviction that mercury was the best 
thermometric substance had gained wide acceptance around 1800. According to Middleton 
(1966) mercury and alcohol remained the standard thermometric substances in meteorology 
until well into the 20th century. Mercury was preferred due to Deluc’s experiments, but Mich-
eli du Crest, for instance, recommended alcohol as mercury, in his view, was more difficult to 
purify (Gisler, 1984).  

Apart from the thermometric substance, which often remains unknown for a given meas-
urement, location and exposure of the thermometer are further sources of errors. In the early 
18th century thermometers were sometimes exposed to direct sunlight, or kept inside a build-
ing. From the 1760s onwards, the two prevailing schools were either to locate the instrument 
at some distance to any building or to fix the thermometer at a north-facing wall of a house 
(Middleton, 1966). However, not only direct sunlight affects the measurements, but also long-
wave radiation from the surroundings, as was shown in 1817 by Jean Baptiste Joseph Fourier. 
During the first decades of the 19th century awareness increased that thermometers need to be  
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Figure 1. A maximum and minimum thermometer by Angelo Bellani, Milano, 1803 (Natural History Museum, 
Geneva, photo Renate Auchmann). 

 

sheltered from radiation. The first protective constructions from the 1830s and 1840s mainly 
served to protect thermometers from direct sunlight and precipitation (Middleton, 1966). Wild 
(1860) listed further sources of inaccuracy such as the heat conductivity of the supporting 
structure, the circulation of the air around the thermometer and the construction of the ther-
mometer itself.  

Maximum and minimum thermometers were invented in the late 18th century by Six and 
Rutherford. An early combined maximum and minimum thermometer is shown in Figure 1.  

 

2.1.2. Temperature: Current standards and errors sources of historical instruments 

According to the World Meteorological Organisation (WMO), temperature should be meas-
ured 1.2 to 2 meters above the ground (WMO, 2008). The site should be exposed to sunshine 
and wind, not shielded by trees or buildings. The thermometer must be protected from radia-
tion by a shield or a screen. The latter must also protect from precipitation while enabling a 
ventilation of the thermometer; otherwise the radiation from the heated shield walls may 
cause errors. The shield walls must be white and made of a high reflective and low heat ab-
sorptive material. 

Historical temperature measurements with liquid-in-glass thermometers can be affected 
by a number of errors such as elastic errors of the glass, changes in the volume of the bulb, 
parallax or reading errors, capillarity, calibration errors caused by the emergent stem, unequal 
expansion of glass and scale, and errors in scale division and calibration. 

Some errors depend on the observer. He or she must read the thermometer as quickly and 
precisely as possible to avoid parallax errors. Some errors depend on the instrument manufac-
turing. Capillarity errors can be avoided if the stem is large enough. The glass expansion with 
temperature is a non-linear effect, but it can be taken into account in the calibration.  



Brugnara et al.: Instruments, procedures, processing, and analyses 

 20 

The first two errors are due to glass stability. Some glasses contract during the first years. 
The consequent rising of the zero point is a known problem of old thermometers, first pointed 
out by Bellani (1808). The cause, namely the composition of the glass, was only found much 
later (Weber, 1888; Wiebe, 1891). Early thermometers used glass composed of a mixture of 
potassium and sodium oxides that tends to contract over several years. From this time until 
today thermometer glass is composed of either potassium oxide or sodium oxide and thus free 
of elastic effects. Old measurements, however, need to be corrected. Homogenising the long-
term temperature series of Hohenpeissenberg, 1781–2006, Winkler (2009) suggested a proce-
dure. He found the error to be 0.5 °R, corresponding to 0.63 °C and corrected temperature 
measurements by a ramp function that increased stepwise by 0.1 °C/year for the first 6 years 
following the manufacture of the thermometer and then remained constant (Winkler, 2009). 
The length of the ramp as well as the rate of change agree well with earlier findings (De-
spretz, 1837; Person, 1845; Recknagel, 1864). This correction was also applied to some of the 
series in this book. Note, however, that this comes with large uncertainties. For instance, 
Hankel (1860) notes that the thermometer of Geneva manufactured by Gourdon showed a 
drift 0.3 °C after 8 months and 0.9 °C after two years, thus larger than indicated by Winkler 
(2009). Also, the error is not a mere offset, but itself depends on temperature (Wiebe, 1885). 

Not knowing the thermometric substance is another source of error due to non-linearities 
in its expansion. According to Deluc (1772), mercury thermometers tend to underestimate 
high temperatures by up to 1.75 °C at 50 °C. Conversely, they tend to overestimate low tem-
peratures. He also found that, depending on the concentration, alcohol thermometers underes-
timated temperature even more, by up to 6.25 °C at 50 °C. More recent studies confirm dif-
ferent departures from linearity for mercury and alcohol in thermometers. Rivosecchi (1975) 
found that, combined with the irregular expansion of glass, mercury thermometers only un-
derestimate temperature by 0.11 °C at 40 °C and overestimates it by 0.17 °C at -20 °C. 

A third important error is the positioning of the thermometer north-facing wall, attached 
to a suspension device a few centimetres from a north-facing wall or standing on its own sev-
eral meters away from the nearest building, protected from direct solar radiation and precipi-
tation. Such historical settings were analysed by Böhm et al. (2010) for the Kremsmünster 
station. They performed observations in an unheated oriel with an automatic station located a 
few meters away in the garden of the building. According to these results, thermometers lo-
cated at or close to north-northeast facing walls tend to overestimate real temperature in the 
morning, particularly between 6 AM and 8 AM during the months of April to September. 
Thermometers located at or close to north-northwest facing walls are affected the most during 
evening hours, with a peak at 4 PM to 6 PM during the same months. Thermometers located 
at or close to strictly north-facing walls show both deviation peaks – morning and evening – 
but less pronounced. This is consistent with results by Chenoweth (1993), who found exposi-
tion-related overestimations in summer of approximately +1.5 °C. For minimum tempera-
tures, Chenoweth (1993) found an overestimation by unscreened thermometers attached di-
rectly to a north-facing wall up to ca. 1 °C, whereas unscreened thermometers attached to a 
suspension device on a north-facing wall showed only minor deviations. This is most likely 
the result of heat stored by the wall the thermometer is attached to. Unscreened thermometers 
attached to a north-facing wall located under an eave or a porch overestimate the minimum 
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temperature even more than others, perhaps because the eave or porch acts as a barrier for 
ascending warm air, warmed up by the wall (Chenoweth, 1993). 

 

2.2. Barometers 

2.2.1 Historical overview 

In the 18th century, different types of mercury barometers were employed for stationary pres-
sure observations. They can be divided into two main categories: fixed-cistern barometers, 
and siphon barometers. In the early 19th century a third category, the Fortin barometer, further 
increased the variety of instruments. 

The fixed-cistern barometer is composed of a cistern filled with mercury, which is ex-
posed to the air. A thin glass tube, closed at the upper end, where a vacuum is created, is ver-
tically immersed into the mercury. This is equivalent to the setup conceived by Torricelli in 
the 17th century. Either on the glass tube itself or fixed externally to it, there is a scale, from 
which – in some cases with the help of a vernier (see Fig. 2) – the pressure can be read off. 
Because of the hydrostatic equilibrium between the mercury and the air, a change of pressure 
in the air causes a change of the level of the mercury in the tube and therefore a smaller 
change in the cistern as well. The dimension of the change in the cistern is dependent on the 
ratio between the diameter of the cistern and the tube. Therefore, a correction needs to be ap-
plied to readings made on the tube to take this level-change into account (Brugnara et al., 
2015).  

In the case of the Fortin barometer, this correction is not applied to the readings, but to 
the level of the mercury in the cistern itself. The mercury is set to zero (indicated by an ivory 
pin above the surface of the mercury) by a screw which pushes against a leather bag contain-
ing the mercury. This type of barometer was invented by Nicolas Fortin around the year 1800. 
It was a portable and precise barometer and its design endured with almost no changes for the 
following 150 years (Turner, 1983; Middleton, 1964).  

 

 

Figure 2. Deluc-type barometer manufactured by Paul, Geneva, 1788 and modified by Marc-Auguste Pictet. 
Modifications include the vernier (close-up) that was attached to the barometer tube (Natural History Museum, 
Geneva, photo: Renate Auchmann). 
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Rather than having a cistern, siphon barometers are u-shaped glass tubes with the closed 
vacuum-containing end on one side. On the other end, a shorter and open leg exposes the 
mercury to the air. The level of mercury in both ends is needed to obtain the pressure value. 
Owing to its rather impractical use, the siphon barometer was often criticised by con-
temporaries (Middleton, 1964).  

Different corrections to the readings of the barometer are necessary due to thermal ex-
pansion of mercury and the change in gravity with latitude. Furthermore, for today’s use, the 
measurement units need to be identified and converted into hPa. For some applications, the 
pressure values need to be reduced to mean sea level pressure.  

 

2.2.2. Current standards and error sources of historical measurements 

From all liquid-in-glass barometers, the mercury barometer is the most accurate and stable 
one. The WMO (2008) recommends the following characteristics for a mercury barometer:  

1. Its accuracy should not vary over long periods; 

2. The barometer should enable a quick and easy observation; 

3. It should not loose accuracy when it is transported; 

4. The bore of the tube should be at least 7 mm large, but preferably 9 mm large; 

5. In the manufacture the tube should be prepared and filled under vacuum. The mercury 
should be double-distilled, degreased, repeatedly washed and filtered, as its purity is of 
significant importance;  

6. The scale should preferably be calibrated at 0 °C; 

7. The meniscus should not be flat, except if the bore of the tube is larger than 20 mm; 

8. The instrument should have marks of 0.1 hPa; 

Pressure measurements are affected by wind, temperature, shocks and vibrations. The ba-
rometer location must therefore be carefully chosen. Ideally the barometer should be in an 
environment with uniform temperature (no stratification), good light, and no strong wind 
variations. It should not be exposed to direct radiation or be close to a heating object. Barome-
ters were mostly fixed on a wall. We can therefore expect that they were not subject to vibra-
tions. Instruments mounted on a window frame might be affected by solar radiation. In gen-
eral, mercury barometers can suffer from a number of errors such as uncertainties in the in-
strument temperature (no attached thermometer, or one that is not representative of the ba-
rometer temperature), defective vacuum space, the capillary depression of the mercury sur-
faces (the convexity of the meniscus changes depending on the ageing of the glass tube, pres-
sure tendency and the position of the mercury in the tube), and lack of verticality, reading er-
rors (the vernier should appear to be touching the top of the meniscus).  

The effect of temperature is further discussed in Section 3. In the following we give fur-
ther details to capillarity. The surface of mercury within the pipe is convex and lower than the 
surface around the pipe. This can be described with the following formula:  
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h=
2σcosΘ

rρgΘ,h
 

where h denotes the difference in height between the surfaces within (read at the top of the 
meniscus) and around the pipe, σ is the surface tension of the relevant fluid, Θ the contact an-
gle of the fluid within the pipe with the pipe, r the inner radius of the pipe, ρ the density of the 
relevant fluid and g the local gravity (Eichler et al., 2016). 

At the beginning of the 19th century the problem of capillarity was known (Cavendish, 
1776) and tables for capillarity correction were published (Laplace, 1812), although assuming 
that the shape of the meniscus and therefore the angle of contact are the same in vacuum as in 
air, which is problematic for thin tubes. Capillarity correction for mercury barometers thus 
remained a problem. Another critical factor was discovered by John Frederic Daniell, who 
experimented with boiled and unboiled glass tubes and found out that the capillarity depres-
sion for mercury was smaller if the tube was boiled before it was filled with mercury. Pro-
gress was also made in the measurement of the angle of contact, but the surface tension of 
mercury was not measurable within a barometer and could not be supposed invariable even 
within the same barometer (Middleton, 1964).  

For the work at hand, this means that capillarity could not have been fully corrected by 
contemporaries. Neither is it possible to correct the historical series today, as there is no series 
in use for the work at hand where the angle of contact is noted separately, nor is it possible to 
know the surface tension of the mercury in retrospective. Nevertheless, if metadata reveals the 
width of the tube, the effect of the capillarity on the results may be approximated.  

 

2.3. Precipitation  

Rain gauges in the 18th and 19th century consisted of a collector and a container. Precipitation 
measurements were measurements of the water depth in the container with known surface 
area. Straight-sided, conical or pyramidal shapes of collectors were in use (see Fig. 3 for an 
example, from the network of the Bernese Economic Society), and the volumes and mounting 
above or at ground varied. The most important error sources were wetting losses, splash into 
or out of the collector, and wind, the latter acting to reduce the measured precipitation amount 
(Strangeways, 2004). Further error sources are evaporation losses and measuring errors. Snow 
was measured in height of newly fallen snow, which then needs to be converted to equivalent 
water by assuming a density of snow (often assumed 100 kg/m3). 

Current WMO requirements for a precipitation gauge are the following: 

1. The rim should have sharp edge and fall vertically on the inside; 

2. The orifice area should be known to the nearest 0.5%; 

3. The gauge should prevent rain from splashing in and out: the slope inside the gauge 
should be steep enough, at least 45%; 

4. The wetting errors should be as small as possible; 

5. The orifice should be narrow enough to minimise evaporation loss; 
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6. The measuring cylinder under the collector should be made of glass or plastic, material 
that has a little thermal expansion; 

7. The measuring cylinder diameter should be less than 33% of the collector diameter; 

8. The reading precision should be 0.1 mm; 

9. The gauge should be above the maximum expected height of snow cover and high 
enough to avoid splashing from the ground. It is often between 0.5 m and 1.5 m; 

To not significantly perturb the wind field, the obstacles should be at least twice their 
height distant from the gauge. The size of the gauge orifice is not very critical but it should be 
at least 200 cm2 to measure solid precipitation. Even today, measuring precipitation is subject 
to errors. Wind field deformation can account for 2-10% underestimation, which can exceed 
50% for solid precipitation (Goodison et al., 1998). Wetting loss in the collector walls and in 
the measuring cylinder when it is emptied account for 2-15 % in summer and 1-8% in winter. 
Evaporation from the container adds another 0-4 %, in- and out-splashing is between 1-2 %. 
In the early instrumental period, experience on precipitation measurements was still limited 
and errors were arguably larger.  

 

 

Figure 3. Design of the rain gauge used in the network of the Bernese Economic Society (Abhandlungen der 
Berner Ökonomischen Gesellschaft, 1761).  
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3. Processing 

3.1. Length units 

Although one result of the French Revolution was the adoption of the metric system, for a 
good part of the 19th century, the foot persisted as a unit of length. Unfortunately, the length 
of the foot differed from country to country. The Paris foot, the most commonly used in con-
tinental Europe and in Switzerland, was divided into twelve inches (1 inch = 27.07 mm), 
which in turn were divided into twelve lines. The British inch (= 25.4 mm), on the other hand, 
is usually divided into tenths or hundredths (see Brugnara et al., 2015, for an overview). 

 

3.2. Time conversion and aggregation 

For the series considered here, the Gregorian calendar had already been adopted, but times of 
day were measured in local solar time and therefore need to be converted to UTC using longi-
tude (λ):  

360/24 λt=t locUTC . 

Sunrise and sunset observations are converted using the R package suncalc.To facilitate 
comparisons and analysis, we need daily and monthly means of the observations. To calculate 
them, we must take into account the climatological diurnal cycle. This is not only the case for 
temperature, but also for pressure; the magnitude of the diurnal cycle of this variable is ap-
proximately 1.2 hPa at the latitude of Bern. For temperature, the amplitude of the diurnal cy-
cle is larger (in the order of 10 °C) and the simple arithmetic average of the observations usu-
ally gives a positively biased daily mean because observations are more representative of the 
daytime than the nighttime. We adjusted the diurnal cycle by using hourly data from the re-
analysis ERA5 Land (Copernicus Climate Change Service, 2019). A different diurnal cycle is 
considered for each month.  

For many records the exact time of the observations is not given. Only the part of the day 
when the observations are made is known (e.g., “morning”, “afternoon”). Our approach for 
calculating daily mean temperatures for these records is summarised in Table 1. For mixed 
cases (i.e., time is known for some of the observations in a day), the diurnal cycle correction 
is applied only if at least two times in a day are known; in this case, observations with un-
known time are not used in the calculation of the daily mean.  

For pressure, when one or more times are unknown no correction for the diurnal cycle is 
applied. The daily mean is calculated as simple arithmetic average of the observations. Note 
that the number of observations in a day can vary from one day to another, so different formu-
las can be used within the same record. 

Monthly means are calculated as the average of daily means. Following the guidelines of 
the World Meteorological Organization (WMO, 2017), monthly means are calculated only if 
there are less than 11 observations missing and less than 5 of them are in consecutive days.  

For precipitation, daily and monthly sums are calculated. Monthly sums are calculated 
only if no daily sums are missing.  
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Table 1. Calculation of daily mean temperature for unknown observation times 

Condition Formula  

3 observations and the 3rd is in the evening  (obs1 + obs2 + 2 obs3) / 4 

3 observations and the 3rd is in the afternoon  (2 obs1 + obs2 + obs3) / 4 

2 observations (morning and evening)  (obs1 + 2 obs2) / 3 

2 observations (morning and afternoon)  (obs1 + obs2) / 2 

daily maximum and minimum temperatures are measured   (Tmax + Tmin) / 2 

only 1 observation daily averages are not calculated 

 

3.3. Thermometer scales 

In the first liquid-in-glass thermometer, the so-called Florentine thermometer (Camuffo and 
Bertolin, 2012), the scale was simply defined by dividing the tube in equal parts, and the 
comparability of thermometers relied on the fact that all thermometers had to be made exactly 
identical. This worked relatively well as long as all instruments were made by the same per-
son, but for the thermometer to become a truly scientific instrument there was a need for bet-
ter reproducibility. One way to do that was to define a scale after one or more fixed points, 
that is by exposing the thermometer to conditions known to be at a constant temperature, such 
as the melting point of ice, and graduating the tube according to the level of the liquid at the 
fixed points. The 18th century saw the rise and fall of dozens of different temperature scales 
based on various fixed points (many of these scales are described by Middleton, 1966). The 
most relevant in the area of today’s Switzerland are those by Réaumur, Fahrenheit, Micheli du 
Crest, and the “centigrade” scale (later attributed to Celsius).  

The Réaumur scale was the most widespread in continental Europe for about one cen-
tury, between ca. 1730 and 1830. Already in the 1740s, however, scholars had realised the 
inadequacy of this scale for a use in meteorology: its definition was ambiguous and the tech-
niques to construct and calibrate the thermometers changed among different makers (see 
Gauvin, 2012). Initially, Réaumur thermometers were filled with spirit, but soon mercury ver-
sions were created. It is difficult to use measurements made with this scale, at least until 
1770-1780, because there were hardly two Réaumur thermometers that would measure the 
same temperature in the same conditions. Things improved rapidly after Deluc’s “Recherches 
sur les modifications de l’atmosphère” was published in 1772. Deluc defined a new Réaumur 
scale with two clear fixed points (melting point of ice and boiling point of water at a constant 
pressure) to be used for mercury thermometers. Measurements made with Deluc’s thermome-
ter can be transformed to the Celsius scale by simply multiplying by a constant factor.  

The Fahrenheit scale went also through some evolution after it was proposed in 1724, but 
by the 1750s it had already reached the modern definition, which is equivalent to that of 
Deluc’s. In Switzerland this scale was not common; the only relevant use was by Frédéric 
Moula in Neuchâtel (see also Brugnara et al., 2019), who already used the modern version of 
the scale.  

The scale proposed by Micheli du Crest in 1741 was intended to define a “universal ther-
mometer” that would overcome the comparability problems of Réaumur thermometers. Mich-
eli du Crest was not only a brilliant scientist, but also a skilled instrument-maker. His ther-
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mometers were in many ways better than Réaumur’s, to the point that the main assistant of 
Réaumur, the Abbé Jean Antoine Nollet, immediately adopted some of the methods described 
by Micheli du Crest (see also Talas, 2002). The thermometer of Micheli du Crest never ob-
tained international recognition in part because of the high reputation of Réaumur in the 
French scientific community, in part because of his choice of using spirit of wine as thermo-
metric liquid. The Bavarian instrument-maker Georg Friedrich Brander was one of the few 
who tried to create a market for Micheli du Crest’s thermometer (Talas, 2002), and was par-
tially successful in doing so in his region (so that this type of thermometer was sometimes 
called Brander thermometer, see Brugnara et al., 2019), but its use gradually subsided at the 
end of the 18th century. The conversion of the Micheli du Crest scale to °C requires a quad-
ratic function (Table 2) because of the non-linear expansion of the spirit. The fixed points 
chosen by Micheli du Crest were the same that were later adopted by Deluc, although his 
scale went from -10.4 to 100, so that the zero would indicate a “normal” temperature in a 
temperate climate, defined as the temperature in the cellar of the Royal Observatory in Paris.  

Some thermometers require specific corrections based on information gathered on the in-
strument. It is the case, for example, for Réaumur thermometers before the 1770s or for in-
struments with a known shift of the zero. These corrections, when applied, are described in 
the single papers dedicated to each record.  

 

Table 2. Thermometer scales in the early instrumental period and their conversion to °C 

Name Use Formulae Reference 

Réaumur (after Deluc) after ca. 1772 °C = Re × 1.25  

Fahrenheit  °C = (°F – 32) × 5/9  

Micheli du Crest  °C = 11.95 + 1.10 × °MdC – 0.0026 × (°MdC)2 Brugnara et al., 2019 

 

3.4. Reduction of pressure 

Mercury expands with temperature, and therefore pressure readings must be reduced to a 
standard temperature of 0 °C for comparison (WMO, 2008). In fixed cistern barometers, the 
mercury rises in the cistern when it falls in the tube and vice versa, so there are two ways to 
properly reduce the pressure to a standard temperature. In one case, a standard-scale is used 
and afterwards, the correction is calculated. In that case, the point on the scale at which the 
barometer has initially been adjusted must be known. In the other case, an appropriately con-
tracted scale is fit to the barometer. In both cases, the ratio between the cross section of the 
tube and the cistern must be known; however, the correction to a standard temperature for 
fixed-cistern barometers with contracted scales was not solved properly until 1914 (Middle-
ton, 1964) and hence our historical measurements need to be corrected.  

Historical pressure series can be divided into three categories, each with its own prob-
lems. In the first case, the correction for temperature is known to have been performed by the 
contemporary user of the barometer himself. Since the metadata rarely reveal the formulas 
and tables employed, the amount of the bias often remains uncertain.  
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In the second case, the contemporary user of the barometer wrote down the pressure val-
ues without stating whether the values were reduced to 0 °C or not. For series in the 19th cen-
tury, in most cases one can assume that the values were reduced to a standard temperature. 
However, there is still uncertainty about the choice of temperature to which barometer read-
ings were reduced.  

In the third case, the contemporary user wrote down pressure values together with the 
temperature of the barometer. In this case, the pressure values were reduced with the formula  

L0= (1− γT )Lmm  

where L0 is the observation reduced to 0 °C (WMO, 2008), γ is the thermal expansion 
coefficient of mercury at 0 °C (1.82 × 10−4 K−1), T is the temperature of the barometer in °C 
and Lmm is the original observation in mm of mercury. Obviously, errors in the thermometer 
readings translate into pressure errors. Additionally, there is an uncertainty for fixed-cistern 
barometers that increases with temperature. Correction requires the ratio between the cross 
sections of the tube and cistern or the neutral point, which is often unknown.  

After the historical pressure readings were translated from inch to mmHg and corrected 
for temperature, they were converted from mmHg to hPa by using the hydrostatic equation  

5
00 10Lρg=P n  

where P0 is the absolute pressure in hPa, ρ = 1.35951 × 104 kg m−3 is the density of mer-
cury at 0 °C, gn = 9.80665 m s−2 is the standard gravity acceleration and L0 is the barometric 
reading in mmHg. Since gravity acceleration varies with latitude and altitude based on the 
geographical coordinates of the barometer, further correction for local gravity is needed:  

Pn=
gφ,h

g0

P0  

where Pn is the pressure corrected for local gravity, g0 is the standard gravity acceleration 
and P0 is pressure reduced to 0 °C. Assuming flat terrain around the station, the local gravity 
gϕ,h can be estimated with the formula  

gφ,h= 9 .80620·(1-0 . 0026442·cos2φ -0 . 0000058·cos2 2φ ) -0 . 000003086·h   

where ϕ stands for the latitude and h is the altitude of the station in meters above sea 
level. For comparability purposes, pressure values from different altitudes can be reduced to 
the altitude of the mean sea level. This is not done for the data delivered within the project 
(Brugnara et al., 2019), but it is performed for some of the analyses using the formula: 





















2

exp
h

a+T

h
R

g

P=SLP

s

hφ,

n  

where SLP stands for sea level pressure, Pn is the station pressure with all the corrections 
applied from above, gϕ,h is local gravity, R = 287.05 J kg−1 K−1 is the gas constant for dry air,  
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a = 6.5 × 10−3 K m−1 is the standard lapse rate of the fictitious air column below the station, Ts 
is the outside temperature at the station in Kelvin and h is the altitude in meters above mean 
sea level.  

 

4. Quality Control and analysis 

4.1. Format 

In order to preserve original data and provide processed data (which requires expert knowl-
edge) plus metadata, we use the SEF (Station Exchange Format), which was agreed upon 
within the Copernicus Climate Change Service (C3S) Project 311a. Quality Control routines 
programmed and published within this service read this format, and the data can be integrated 
into the global surface data repository of C3S in this format. For a description see Brunet et 
al. (2020). 

Since only temperature, pressure, and precipitation data were processed, other variable 
are not provided in SEF. Instead, they were published as an R data frame. All data are avail-
able on the repository PANGAEA: https://doi.pangaea.de/10.1594/PANGAEA.909141 
(Brugnara, 2019).  

 

4.2. Quality Control (QC) 

The Quality Control procedure applied to the series in these papers has different elements. 
First, a QC of the metadata is performed that checks for possible errors in coordinates, station 
altitude or similar. Then the actual data are quality controlled. The sequence of steps applied 
here encompasses range checks, physical plausibility checks, etc. In particular, we applied the 
tests implemented in the R package dataresqc v1.0.0. Suspicious values were checked in the 
original documents and in many cases corrected. The rest was flagged in the SEF files. 

As an additional quality control, we flagged all temperature and pressure observations 
whose difference from the previous or following observation deviated more than 4 standard 
deviations from the mean difference between morning and afternoon observations or between 
afternoon and evening observations, depending on the case. This was necessary because some 
tests in the package dataresqc cannot handle missing observation times.  

 

4.3. Analyses 

After having applied the QC, the last step is to visualise the data. A set of standard plots was 
generated for each series. Additional comparisons and analyses were then performed for indi-
vidual series. The standard plots per station or series include the following:  

 Box plots of each variable and observation time per calendar month (not always 
shown),   

 scatter plots of morning against afternoon (noon, evening) measurements for 
temperature and pressure, 
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 plots of the diurnal temperature cycle in January and July from the nearest loca-
tion in the current MeteoSwiss network (typically data from 1981 to 2010, re-
duced by 1 °C to approximately account for global warming) and of averages of 
the historical temperature data plotted at the time of day of the measurement, and 

 monthly time series plots of each variable (not always shown) 

Additional analyses include: 

 Scatter plot (per variable and observation time) of overlapping segments of two 
series at the same location and 

 monthly time series plots of differences of overlapping segments of two series at 
the same location 

Together, these standard analyses help to better assess the data at hand, the quality of the 
data, the signal-to-noise ratio to be expected for climatological analyses as well as usefulness 
for analysing weather events. 

 

5. Conclusions 

Early instrumental meteorological data are challenging to use in climate science. A thorough 
understanding is required of how and why measurements were made, what instruments were 
used and what the potential sources of errors are. This paper covers general aspects on early 
instrumental measurements. Typical instruments types and associated errors are described and 
related to present-day standards. The paper also describes the procedure which each individ-
ual paper in this collection followed. This encompasses the treatment of time, conversion of 
units, reduction of pressure as well as the formatting of the data. Finally, the paper describes 
the quality control performed and some standard analyses which were done for all of the se-
ries.  

The inventory of all series has been published (Pfister et al., 2019) and the imaged data 
sheets of all series can be downloaded from https://zenodo.org/record/3066836#.XVv-fGRS8-
U. The data are described in Brugnara et al. (2019) and can be downloaded from 
https://doi.pangaea.de/10.1594/PANGAEA.909141. They will be delivered to additional re-
positories, including MeteoSwiss, the Copernicus Climate Change Service (C3S) Repository, 
and EURO-CLIMHIST (Pfister et al., 2017).  
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Abstract 

From 1782 to 1791, two observers performed instrumental meteorological measurements in 
Geneva. Jean Senebier observed at the Musée de l’Académie from 1782 to 1789 for the Me-
teorological Society of Mannheim, Fréderic-Guillaume Maurice observed at the Observatoire 
de Mallet from 1787 to 1791. Here we discuss the recovery and processing of the data and 
compare the two series in their overlapping year, i.e., 1789. This paper accompanies the 
online publication of the data sheets and of the re-evaluated data. 

 

1. Introduction 

Geneva hosts one of the three prominent long-term series of Switzerland, reaching back to the 
1750s (Bider and Schüepp, 1961; Schüepp, 1961). A monthly series back to 1753 was com-
piled by Schüepp (1961) and homogenised by MeteoSwiss, which in its early years however 
uses data from Neuchâtel. Daily data from Geneva starting in 1796 were published 1873 in a 
Supplement to the Annals of MeteoSwiss. Within the project Digihom (Füllemann et al., 
2011), all subdaily data were digitsed back to 1796 (see Brönnimann et al., 2020). Subse-
quently, within the CHIMES project, we complement these series backwards into the 18th 
century. An overview of all series project is given in the Brugnara et al. (2019). 

During the early decades, the Geneva series is composed of many individual series (Tab. 
1). Regular meteorological observations in Geneva reach back to 1760 (Pfister et al., 2019). 
Until 1800, observations were performed at least at seven locations. Here we describe the two  

                                                 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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Table 1. Overview table of historical meteorological measurements in Geneva, 1760-1863. # indicates the number 
of the location in Fig. 1, Alt = altitude in m asl (data from Pfister et al., 2019) 

Location # Lat Lon Alt Observer Start End 
Petit-Saconnex (summer) 
Rue Beauregard (winter)  

 
1 

46.21666
46.19861

6.13083
6.14833

411 
394  

Charles Benjamin de Lu-
bières  

1760 1789

Rue Basse des Allemands-Dessus 2 46.20388 6.14416 376 Guillaume-Antoine Deluc  1768 1800

Observatoire de Mallet 3 46.19916 6.15111 399 
Jacques-André Mallet, 
Abraham? Trembley, Marc-
Auguste Pictet  

1773 1777

Observatoire de Mallet 3 46.19916 6.15111 399 Marc-Auguste Pictet  1778 1788

Observatoire de Mallet 3 46.19916 6.15111 399 Frédéric-Guillaume Maurice 1787 1791

Pictets appartment and Cartigny 4 46.20156 6.14879 396 Marc-Auguste Pictet 1774 1787
Musée de l’Académie 
(Promenade des Bastions 1) 

5 46.19861 6.14527 380 Jean Senebier 1782 1789

Jardin Botanique 3 46.199 6.151 395.6
Marc-Auguste Pictet, 
Vaucher 

1798 1821

Nouveau Jardin Botanique 6 46.20011 6.14523 380 not known 1822 1825
Pont des Tranchées  
(Passerelle de Saint-Antoine) 

7 46.19797 6.15238 394 not known 1826 1835

Observatoire de Genève 8 46.19961 6.15211 401 not known 1836 1863

Genève-Genthod  46.264 6.158 406 Frédéric-Guillaume Maurice 1789 1800
 

series of Jean Senebier (for details see Grenon, 2010) at the Musée de l’Académie, 1782-
1789, and of Fréderic-Guillaume Maurice at the Observatoire de Mallet, from 1787–1791. 

The paper is organised as follows. Section 2 describes the series from Maurice, Section 3 
the series from Senebier. Section 4 describes the processing and shows the data, a comparison 
of the two series for the overlapping year 1789 is presented in Section 5. Conclusions are 
drawn in Section 6. The station metadata are part of an inventory published in Pfister et al. 
(2019), the images (https://zenodo.org/record/3066836#.XVv-fGRS8-U) and digitised data 
(https://doi.pangaea.de/10.1594/PANGAEA.909141) can be downloaded from public reposi-
tories and are available from EURO-CLIMHIST (Pfister et al., 2017) and MeteoSwiss. 

 
Figure 1. Locations of historical meteorological measurements in Geneva, 1760–1863 (numbers refer to Table 1, 
source of aerial photo: Bundesamt für Landestopografie). 
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2. Description of the Maurice series 

2.1. Location and observer 

The meteorological data from the Maurice series were published in the Journal de Genève. 
The measurements took place at the old observatory (Observatoire de Mallet) in the city of 
Geneva (Gautier, 1843; Fig. 1; see Brönnimann et al., 2020, for a historical map), today “Rue 
Charles Galland” (the park nearby is still called “Parc de L’Observatoire”). The observatory 
was located ca. 399 m asl and around 700 metres from Lake Geneva. 

The measurements were made by Frédéric-Guillaume Maurice. He was an agronomist 
(Journal de Genève, 1794), advocate, auditor, castellan and caretaker of a hospital (Bollinger, 
2008). Additionally, he was also a member of the “Conseil des Deux-Cents”.  

Maurice made measurements with different meteorological instruments: thermometer, 
barometer, hygrometer and an electrometer. He read all the instruments three times a day. He 
also observed the wind direction and noted the coverage of the sky. The standard measuring 
times were set at sunrise, 2 pm and sunset. The reason of choice for the measuring times is 
described in an article in the Journal de Genève called “Explications rélatives aux Observa-
tions météorologiques” as follows: 

“On a donc cru rendre les observations qui se feront à Genève plus intéressantes, en 
choisissant trois époques dans la journée qui fussent les mêmes dans toutes les saisons, réla-
tivement à l’influence du Soleil. On observe, 1. Le matin au lever du Soleil; 2. à 2 h. après-
midi; 3. Au coucher du Soleil. La première de ces époques a l’avantage d’indiquer le moment 
le plus froid dans les 24 heures, qui a lieu constamment vers le lever du Soleil. La seconde est 
placée dans le moment de la plus grande chaleur du jour: en forte que ces deux observations 
indiquent pour l’ordinaire les deux extrêmes de température qui auroient pu être observés 
dans les 24 heures. Enfin, la troisième époque, qui répond au coucher du Soleil, offre un mo-
ment, météorologiquement, plus intéressant qu’aucun autre dans la soirée.“ (Journal de 
Genève, 1787, p. 8). 

(It was therefore thought to make the observations in Geneva more interesting, by choos-
ing three times of the day that were the same in all seasons, with regard to the influence of the 
Sun. We observe: 1. in the morning at sunrise; 2. at 2 p. m.; 3. at sunset. The first of these 
times has the advantage of indicating the coldest instance within 24 hours, which is always 
around sunrise. The second is placed in the moment of the greatest heat of the day. These two 
observations usually indicate the two extremes of temperature that could have been observed 
within 24 hours. Finally, the third time, which corresponds to sunset, is a moment that is, 
meteorologically, more interesting than any other in the evening.) 

Maurice also measured once a day the precipitation, the evaporation, the temperature and 
water level of Lake Geneva and the times of the sun- and the moonrise as well as the sunset 
and moonset. In general, no detailed information is available on the instruments used by Mau-
rice. Nevertheless, it is known that Marc-Auguste Pictet bought and modified instruments 
when the Observatory de Mallet was opened in the year 1773 (Grenon, 2010). Therefore, the 
assumption is made that for the period of time between 1787 and 1791, Maurice used the 
same instruments that Pictet had acquired in 1773. 
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2.2. Instruments 

There is not much information available about the thermometer used by Maurice, except that 
its scale was in °R (degrees Réaumur). We can assume, that a mercury thermometer was used, 
as it was standard for this time. Furthermore, no specifications about the exact position of the 
thermometer were found in the metadata. In the middle of the 18th century, a northern setup of 
the instruments was often practiced and the influence of radiation errors was well known 
(Pfister, 1988). 

 

Figure 2. Photograph of a data sheet published on Saturday 10 January 1789 in the Journal de Genève (Journal de 
Genève, 1789). 
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Unfortunately, there is also not much information available on the barometer and its ac-
companying thermometer. We assume that a mercury barometer and a mercury thermometer 
were used. 

 

2.3. Source 

All meteorological data used for this time series refer to the Journal de Genève. The first edi-
tion of the Journal de Genève was published on 12 March 1787. From 4 August 1787, the 
Journal de Genève was published as weekly newspaper, always on Saturday. On the first page 
of the paper, a data sheet containing all the measured meteorological data from the past week 
was printed. Beside temperature and atmospheric pressure data, humidity, wind direction, 
precipitation, cloudiness and other data were printed in the paper (Journal de Genève, 1794). 
A photograph of a data sheet is shown in Figure 2. Although the newspaper appeared until 
1794, the meteorological data sheets were only printed until July 1791. Beside the meteoro-
logical data, the newspaper also contained different reports about the meteorological meas-
urements, reports about the first ascent of the Mont Blanc, the amount of newborn and de-
ceased, new marriages as well as letters from and to the editors of the journal (Bollinger, 
2008; Journal de Genève, 1794). 

The Journal de Genève was consulted at the Swiss National Library in Bern. Further-
more, a second important source of information about the measurements published in the 
Journal de Genève and of information on historical meteorological measurements in Geneva 
for the 18th century was a thin book entitled “Notice historique sur les observations 
Météorologique faites à Genève” (Gautier, 1843). The book was consulted in the Bibliothèque 
de Genève in Geneva. 

 

3. Description of the Senebier series 

3.1. Location and observer 

The meteorological data published in the Annals of the Meteorological Society of Mannheim 
(Societas Meteorologica Palatina) were measured at the “Musée de l’Académie” in the old 
city of Geneva. Nowadays, the building is still used as a university library, the “Bibliothèque 
de Genève”. The library is located at the Promenade des Bastions 1, 380 metres above sea 
level and around 700 metres away from Lake Geneva. 

The observer of the data published by the Meteorological Society of Mannheim for the 
station Geneva was Jean Senebier. He was born in 1742 in Geneva and also died there in 
1809. From 1770 until 1773 he was a priest in Chancy. Between 1773 and 1795 and again 
from 1799 until 1809 he was the city librarian of Geneva. From 1787 until 1791 he also was 
an employee of the Journal de Genève (Cetta, 2014). It is unknown whether Senebier and 
Maurice knew each other and what relationship they had. Between 1782 and 1789 Senebier 
made measurements for the Meteorological Society of Mannheim (Gautier, 1843). 
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3.2. Instruments and measuring times 

The measuring instruments used by Jean Senebier at the “Musée de l’Académie “ were all 
provided for free by the Meteorological Society of Mannheim (Kreutz, 2010). The measuring 
instruments were built in Mannheim by Carlo Artaria. All measuring sites associated with the 
Meteorological Society of Mannheim received two mercury thermometers, a mercury ba-
rometer and a hygrometer (Grenon, 2010). The Meteorological Society of Mannheim recom-
mended standard measurement times for all participating measuring sites. Thus, the measured 
data could be compared with all the other measuring sites. Measurement times in Geneva 
were 7 am, 1 pm and 9 pm, which does not correspond to the standard “Mannheim hours” (7 
am, 2 pm, 9 pm). In addition to temperature and atmospheric pressure, humidity, wind direc-
tion and precipitation were measured as well (Gautier, 1843; Societas Meteorologica Palatina, 
1792). Construction manuals for all provided instruments are described in detail in Latin lan-
guage in the first edition of the annals of the Meteorological Society of Mannheim from the 
year 1783 (Societas Meteorologica Palatina, 1783). 

 

Figure 3. Data sheet from the annals of the Meteorological Society of Mannheim for the station Geneva, January 
1789 (Societas Meteorologica Palatina, 1789, p.172). 



Häderli et al.: Two meteorological series from Geneva, 1782–1791 

 39

To measure the outside temperature, a mercury thermometer was used. The thermometer 
was sited out-of-doors at the “Musée de l’Académie”. The scale of the thermometer was in °R 
(Grenon, 2010). The Meteorological Society of Mannheim advised that the thermometer must 
be placed on the northern side of a building. Furthermore, the thermometer should be pro-
tected from the reflected radiation of surrounding buildings and the ground (Traumüller, 
1885). 

The air pressure was measured with a mercury barometer. A thermometer was installed 
next to the barometer. Both were situated in a room with as little sun as possible. The meas-
urements were noted in three columns with “pouce”, “ligne” and “seizième de lignes du pied 
de roi” as units of length (see Brugnara et al., 2019). There are references in the text which 
lead to the assumption that the air pressure measurements got reduced to 10 °R (Traumüller, 
1885), although it seems that this was not always the case. 

 

3.3. Source 

For every year in which the Meteorological Society of Mannheim collected data, a year book 
with all the data from every measuring station was published. These yearbooks are now 
online available as pdf documents on the website of the Ludwig Maximilian University of 
Munich (http://epub.ub.uni-muenchen.de/). The Meteorological Society of Mannheim col-
lected data from measuring stations all over Europe between 1781 and 1792. For Geneva, 
there are data available for a period of time between 1782 and 1789. However, for the years 
1787 and 1788, only monthly and daily averages are available, respectively. These data are 
not used for the following analyses.  

The data sheets published in the year books of the Meteorological Society of Mannheim 
are the same for every participating measuring station. An example is shown in Figure 3. The 
printed tables contain a row for every day and a column for every type of measurement (So-
cietas Meteorologica Palatina, 1792). 

 

4. Data processing 

After the digitisation of the datasheets of the meteorological measurement series recorded by 
Fréderic-Guillaume Maurice and Jean Senebier, the temperature and atmospheric pressure 
raw data had to be converted into contemporary units. In addition, instrumental and measur-
ing errors were corrected and the quality of the data was checked. In the following, the prepa-
ration of temperature and atmospheric pressure data will be described in detail. 

 

4.1. Temperature data 

In a first step, the temperature data were converted from °R to °C by multiplication with a 
factor 1.25 (see Brugnara et al., 2019, for details). In a second step, measuring errors caused 
by the deformation of the glass over time had to be corrected, which affected the zero-point 
over the first years after production. As in Winkler (2009), we corrected the temperature by 
subtracting 0.1 °C during the first year, 0.2 °C during the second until 0.6 °C was reached (see 
also Auchmann et al., 2012). 
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For the temperature data measured by Maurice, no information about the time of acquisi-
tion of the thermometer was found. Therefore (as already mentioned in Sect. 2), the assump-
tion was made, that the same thermometer still was in use, which Marc-August Pictet ac-
quired for the Observatoire de Mallet in 1773 (Grenon, 2010). This means that for all tem-
perature data entries from the Journal de Genève, 0.6 °C were subtracted to correct for the 
deformation of the glass.  

For the correction of the temperature data measured by Senebier, the following assump-
tion was made: The thermometer was built by Mr. Artaria in 1781 and sent to Geneva straight 
after it was finished. There, it was used from 1782 onward. Thus, for the temperature data 
from 1782, 0.1 °C was subtracted and so on. From 1787 on, 0.6 °C was subtracted. 

 

4.2 Atmospheric pressure 

Measurements were reported in three colums “pouce”, “ligne” and “seizième de lignes du 
pied de roi”. One “pouce” is 27.07 mm and one “ligne” is 2.2558 mm (one “seizième de lig-
nes du pied de roi”, is a sixteenth of a “ligne”, i.e., 0.141 mm. The third column of the Sene-
bier data is in eighth of a “ligne” (0.282 mm). With this information, the air pressure meas-
urements could be converted first in millimetres and then further into hectopascals as de-
scribed in Brugnara et al. (2015, 2019). There is no gap in the air pressure measurements.  

To make the datasets comparable to each other and to other data sets they had to be cor-
rected respectively reduced. Since both measuring series were already reduced to 10 °R (12.5 
°C) (Societas Meteorologica Palatina, 1792; Journal de Genève, 1794) no further reduction to 
0 °C is necessary to be able to compare them among themselves. However, to achieve compa-
rability with other data sets, this would be necessary. Moreover, at times Senebier did not re-
duce pressure to 10 °R but provided the attached temperature instead. For the correction for 
local gravity the latitude 46.2° N and the elevation above sea level were needed. The location 
of the Senebier measurements is 378 m asl, whereas the one of the Maurice measuring series 
is at 394 m asl. The height above sea level was also needed for the reduction to mean sea 
level. In addition, the outside temperature values were required. Where the instrument de-
scription allowed, a cistern level correction for fixed-cistern barometers was carried out. 

Due to the lack of information on the measuring instrument, no cistern level correction 
could be carried out for the Maurice series. For the Senebier series, thanks to the detailed de-
scription of the instruments, a cistern level correction could be made. This required the inter-
nal diameter of the barometer tube (4.5 mm) and the zero level. Since there is no reference in 
the description to another zero level, we used 760 mm. The correction took place before the 
original unit was converted in mm and hPa. The correction caused an average reduction of the 
measured values of 0.59 hPa. 

 

4.3. Analysis of the series 

In the following, the data from the Senebier series are plotted. The quality control of the tem-
perature data led to the flagging of 30 values (out of 6467), corresponding to 0.5% of the val-
ues. Plotting the values for different times of day against each other (Fig. 4) shows high corre-
lations exceeding 0.95 for all comparisons.   
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The quality control for pressure data fagged 113 of 6573 values, corresponding to 1.7% 
of all data points. This is a relatively high fraction, which is most likely due to typos in the 
ephemerides. The non-flagged data from the three measurement times (Fig. 5) for pressure 
also show high correlations, particularly between morning and noon, which is typical for all 
sites. Correlation between morning and evening is smaller due to the larger time difference.  

 

 

Figure 4. Analysis of temperature data from the Senebier series. The top row shows mutual comparisons of morn-
ing, noon, and evening series (the number indicates the Pearson correlation coefficient), the bottom row shows box 
plots for each of the three times of day as a function of calendar month (box indicates quartiles and median, whisk-
ers extend to at most 1.5x the interquartile range from the box).  

 

Figure 5. Analysis of pressure data from the Senebier series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number indicates the Pearson correlation coefficient), the bottom row shows box 
plots for each of the three times of day as a function of calendar month (box indicates quartiles and median, whisk-
ers extend to at most 1.5x the interquartile range from the box).  
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The annual cycle shows a clear minimum in March as well as the expected higher vari-
ability from December to February. In summer, negative outliers (extending more than 1.5x 
the interquartile range from the lower quartile) are common, while positive outliers do not 
occur.  

 

 

Figure 6. Analysis of temperature data from the Maurice series. The top row shows mutual comparisons of morn-
ing, noon, and evening series (the number indicates the Pearson correlation coefficient), the bottom row shows box 
plots for each of the three times of day as a function of calendar month (box indicates quartiles and median, whisk-
ers extend to at most 1.5x the interquartile range from the box).  

 

 

Figure 7. Analysis of pressure data from the Maurice series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number indicates the Pearson correlation coefficient), the bottom row shows box 
plots for each of the three times of day as a function of calendar month (box indicates quartiles and median, whisk-
ers extend to at most 1.5x the interquartile range from the box).  
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Figure 8. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the series from Senebier and Maurice (grey shading indicates nighttime). 

 

The corresponding results for the Maurice series are shown in Figures 6 and 7. Correla-
tions for temperature are clearly worse for the Maurice data than for the Senebier data, par-
ticularly due to the morning measurement. Good agreement is found between noon and eve-
ning temperatures. For pressure, the corresponding plots (Fig. 7) reveal a good agreement, 
again particularly for the noon and evening measurements.  

Figure 8 shows the comparison of the mean temperature values at the different observa-
tion times with the diurnal cycle of the modern MeteoSwiss station at Geneva-Cointrin (1 °C 
was subtracted to take global warming into account). The data from both records match the 
modern climatology very well, with deviations smaller than 1 °C. 

 

5. Comparison of the two series in the overlapping year 1789 

After having analysed the two series individually, they are now compared for the overlapping 
year 1789 (Fig. 9). The agreement for pressure is excellent for all times of the day. Also for 
temperature, a good agreement is found. The morning temperatures were higher in the Sene-
bier series than in the Maurice series during warm days, which is arguably due to the fact that 
Maurice measured at sunrise and Senebier at a fixed hour. Correlations for the noon and eve-
ning series are excellent. This points to a high quality of both series. 

Finally, Figure 10 shows the time series of monthly mean pressure from both series. 
They agree very well in the (short) overlapping year and demonstrated that long series can be 
generated from concatenating the different segments.  

 

6. Conclusions 

From 1782 to 1791, two observers performed instrumental meteorological measurements in 
Geneva. Jean Senebier observed at the Musée de l’Académie from 1782 to 1789 for the Me-
teorological Society of Mannheim, Fréderic-Guillaume Maurice observed at the Observatoire 
de Mallet from 1787 to 1791. Here we discuss the recovery and processing of the data and 
compare the two series in their overlapping year, i.e., 1789. This paper accompanies the 
online publication of the data sheets and of the re-evaluated data. 
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Figure 9. Comparison of temperature and pressure data from the Maurice and Senebier series. Shown are scatter 
plots of pressure (top) and temperature (bottom) for morning (left), noon (middle), and evening (right) series (the 
number indicates the Pearson correlation coefficient).  

 

 

Figure 10. Time series of monthly mean air pressure from the Senebier series (black) and the Maurice series 
(blue).  

 

The quality control and analysis reveals a good quality of the series in terms of internal 
consistency (between the series for different times of the day) as well as in the overlapping 
period. The Maurice series seems to be somewhat worse than the Senebier series as to what 
concerns the internal (time-of-day) correlations of temperature, but better than the Senebier 
series for pressure. Their mutual agreement in the overlapping year is excellent. The Geneva 
series is one of the longest of Switzerland and previous re-evaluations of this series found 
wide applications. However, the series is composed of many short bits. This analysis suggests 
that a good quality can be achieved nevertheless as many of these segments overlap and thus 
allow a quality assessment.   

The digitisation of the Geneva series contributes to GCOS Switzerland and to Coperni-
cus Climate Change Service (C3S) data compilations (Thorne et al., 2017). At a global level, 
the efforts form part of the “Atmospheric Circulation Reconstructions over the Earth” 
(ACRE) initiative (Allan et al., 2011). All metadata are incorporated in a registry (Pfister et 
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al., 2019), the images can be downloaded from https://zenodo.org/record/3066836#.XVv-
fGRS8-U and the Senebier data are downloadable from the repository 
https://doi.pangaea.de/10.1594/PANGAEA.909141. All data will also be available form Me-
teoSwiss and from EURO-CLIMHIST (Pfister et al., 2017) and they will be incorporated into 
the C3S data repository. 
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Abstract 

This paper describes the series from Geneva from 1799 onward as they were digitised and 
published in the DigiHom 3 project. During the first 23 years of the period considered, the 
meteorological measurements in Geneva were performed at the same place – the old botanical 
garden – by the same observer – Marc-Auguste Pictet. These data have previously been used 
to study the “Year Without a Summer” of 1816. In addition to the standard meteorological 
variables, we also describe wind and cloud observations of this segment. In 1822 the observa-
tions were moved to the new botanical garden. Two further changes in location took place 
until 1863. This paper briefly describes the observations in Geneva after 1799.  

 

1. Introduction 

As many long meteorological time series, the series from Geneva, reaching back to 1760, is 
composed of several shorter segments. This is particularly the case in the 18th century. Several 
papers in this volume describe individual segments; an overview of all segments is given in 
Häderli et al. (2020). In this paper we describe the data from 1799 to 1863 with a focus on the 
period December 1798 to December 1821 (see Bider and Schüepp, 1961, for an overview). 
The measurements from this period were published by Marc-Auguste Pictet in the journal 
“Bibliothèque Britannique” until 1815, then in “Bibliothèque universelle des sciences, belles-
lettres, et arts”.  

Because of its climatic relevance – it contains a particularly warm, dry period in the early 
1800s, followed by the “Year without a Summer” of 1816 – the series has been studied in 

                                                 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
 also at School of Agricultural, Forest and Food Sciences HAFL, Bern University of Applied Sciences, 
Länggasse 85, CH-3052 Zollikofen.  



Brönnimann et al.: The series from Geneva, 1799–1863 

 48 

many publications (e.g., Auchmann et al., 2012, 2013; Brönnimann, 2015; Brugnara et al., 
2015; Brönnimann and Krämer, 2016), but only a brief description was given in these papers. 
Here we provide further information on the series and instruments. This paper is largely based 
on a Master thesis at ETH Zurich by Leïla Breda (Breda, 2010) and a Bachelor thesis at Uni-
versity of Bern by Marcel Bühler (Bühler, 2011). We briefly also cover the latter part of the 
series, from 1822 to 1863, which was digitised and processed in the DigiHom project (Fülle-
mann et al., 2011). A description of all series can be found in Schüepp (1961).  

The paper is organised as follows. Section 2 describes the location of the first segment, 
i.e., the old botanical garden. In Section 3 the instruments are discussed. Section 4 describes 
data processing and quality control and presents the data. The Section also describes the cloud 
classification. Conclusions are drawn in Section 5. The metadata are incorporated in a registry 
(Pfister et al., 2019), images are publicly available (https://zenodo.org/record/3066836#.XVv-
fGRS8-U) and the data can be obtained from MeteoSwiss.  

 

2. Locations and observers 

From December 1798 to December 1821 observations were taken at the same location, the 
old botanical garden situated on the Bastion St-Léger, and with the same instruments. Figure 
1 shows the location on a contemporary map and a contemporary view of the city (Auchmann 
et al., 2012); Table 1 gives an overview of the segments until 1863. The old botanical garden 
was well protected from the influence of buildings, according to Pictet (1822b). This botani-
cal garden was constructed in 1793 by the Société de Physique et d’Histoire naturelle and had 
an effective area of 1800 m2 (Sigrist and Bungener, 2008).  

Temperature, pressure, wind direction, and humidity were measured twice a day at sun-
rise and at 14:00 (during the first 13 months also at sunset). These measurements time were 
chosen because they correspond approximately to the minimum (sunrise) and maximum 
(14:00) daily temperature (Pictet, 1796, 1822a,b). Precipitation was measured once a day. A 
qualitative description of the sky was given at sunrise and 14:00 as well as the presence of 
dew or frost at sunrise in addition to the measurements.  

 

Figure 1. Location of the old botanical garden in Geneva (from Auchmann et al., 2012). 
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Table 1. Overview table of historical meteorological measurements in Geneva, 1798–1863 (data from Pfister et al., 
2019; for earlier series see Häderli et al., 2020) 

Location Lat Lon Alt Observer Start End 

Jardin Botanique 46.199 6.151 395.6 Marc-Auguste Pictet 1798 1821 

Nouveau Jardin Botanique 46.20011 6.14523 380 not known 1822 1825 

Pont des Tranchées (Passerelle de 
Saint-Antoine) 

46.19797 6.15238 394 not known 1826 1835 

Observatoire de Genève 46.19961 6.15211 401 not known  1836 1863 

 

By the end of 1821, the station was moved to the new botanical garden (Nouveau Jardin 
Botanique). The observation times remained the same. After only 3 years, the station was 
moved again to Pont des Tranchées (Passerelle de Saint-Antoine) in 1825. Measurements 
times changed to 9:00 and 15:00 local time. After 10 further years, in 1835, observations were 
re-located to the Observatoire de Genève. There, temperature observations were performed 6 
times daily (8:00, 9:00, 12:00, 15.00, 20:00, 21:00) during 10 years and then, from 1846 on-
ward, four times daily (9:00, 12:00, 15:00, 21:00); pressure was observed four times daily 
during the entire period. Observations continued to the start of the Swiss Meteorological net-
work in 1863, although from 1860 to 1863 only daily means are available (a full overview of 
all segments is given in Häderli et al., 2020).  

During the period from December 1798 to December 1821, Marc-Auguste Pictet was the 
observer. Pictet was a scientist, journalist and publisher from Geneva. He was born on 23 July 
1752 and studied at the Geneva Academy. One of his mentors was Horace Benedict de Saus-
sure. From 1776 onward he assisted Jacques-André Mallet at the Geneva Observatory, who 
had started to make meteorological observations only a few years earlier. Pictet was one of 
the observers. In 1786 he became professor of natural philosophy at the Academy, thus suc-
ceeding de Saussure. From 1796 onward Pictet co-published the “Bibliothèque Britannique”, 
which later became the “Bibliothèque universelle”. He published the meteorological meas-
urements in this journal. In addition to the measurements at the Geneva Observatory, Pictet 
also made meteorological measurements at his apartment and later in the botanical garden. 
From 1790 to 1819, Pictet was director of the Geneva Observatory. He initiated the erection 
of a meteorological station at Great St. Bernard in 1817.  

Pictet had a large scientific network, was co-founder of the Geneva and later the Swiss 
Natural Sciences Society and member of various other science societies. He also was politi-
cally active (see Sigrist, 2011). Pictet died on 19 April 1825. 

After the move of the observatory to the new botanical garden and then to Pont des 
Tranchées, different observers from the observatory took care of the station. From 1836 on, 
according to Grenon (2010), observations were made on the northern terrace of the new ob-
servatory of 1830, financed by the city and the canton of Geneva. The observatory had the 
status of a Cantonal Astronomical Observatory and its directors were professors at the acad-
emy (later at the University) of Geneva. The observations, which became more and more 
complex (up to 9 observations per day), were made by the staff of the observatory (see Pfister 
et al., 2019).  
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3. Instruments 

In this section, which is mainly taken from Breda (2010), we provide information on the in-
struments in the first part of the series, 1798 to 1821.  

 

3.1 Temperature measurements 

The temperature was measured by a mercury thermometer with an isolated bulb. It was di-
vided in 80 parts and subdivided to the 100th (Pictet, 1819b, 1822b) in unit of °Réaumur (°R). 
Temperatures were reported at 0.1 °R (corresponding to 0.125 °C). The instrument was in-
stalled 1.30 m above the ground (Pictet, 1822b). The thermometer was orientated towards the 
north behind a small house (Pictet, 1796, 1819b, 1822b).  

We have little information on the manufacture and reading conditions. It is therefore dif-
ficult to estimate the temperature data uncertainty. We have however information on an error 
detected in the thermometer. Pictet (1822b) wrote that the thermometer was tested on the oc-
casion of a site change. It was 0.5 °R higher than other thermometers that mutually agreed. In 
melting ice, it was also 0.5 °R higher (Pictet, 1822b). 

The rising of the zero point of old thermometers is a well-known problem (see Winkler, 
2009) and is caused by the glass composition of early instruments (potassium and sodium ox-
ides). We applied a correction following Winkler (2009). Since the thermometer was used 
from January 1796 onward, we applied a stepwise correction of 0.1 °C/year from 1796 to 
1801; from 1802 to 1821 the correction was kept constant at –0.6 °C. This can probably cor-
rect some of the errors coming from the elasticity of the glass and changes in the volume of 
the bulb.  

 

3.2 Pressure measurements 

Two barometers were used to measure the pressure. However, we have only little information 
on the instruments and their manufacturers. The first one was a fixed cistern barometer with a 
float. The inside diameter was 9.02 mm wide. Hence, errors due to capillarity should be small. 
Observation was performed with a ring and vernier, dividing the line in 32nds. Its precision 
was given to the 16th of a line (Pictet, 1796, 1821). The second barometer was a syphon ba-
rometer with a mobile ruler. The observation was made by looking at the apparent contact of 
the mercury convexity with the inferior section of a ring that had a vernier, dividing the line in 
16th (Pictet, 1819a, 1822b). The precision of a 16th of a line corresponds to a precision of 0.19 
hPa. 

The two instruments were placed side-by-side and had the same absolute height (Pictet, 
1821, 1822b). The barometers were fixed on a wall in a window frame (Pictet, 1822a,b). This 
installation was made to compare the two instruments measurements. All observations were 
reduced to 10 °R (Pictet, 1796). This was done using a mercury thermometer fixed to the ba-
rometer (Pictet, 1822b). Pressure units are inches, lines and 16th of a line.  

From the information on the instrument, we found no clear error in the manufacture and 
the reading of the barometer. The procedure to read the barometer is well described (not 
shown) and made us think that the manufacture of the barometers and the observations were 
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done with great care. Besides, two barometers controlled each other which can avoid some 
errors and demonstrates the aim to be precise.  

 

3.3. Precipitation measurements 

Precipitation was observed with an udometer with a surface of 1055.2 cm2. It had the form of 
a hollow, upside down pyramid. A cylindric container made of glass was placed under it. It 
enables to measure with the precision of the 12th of a line (0.19 mm) (Pictet, 1796). The 
height in the container was 4 times the height of the fallen rain. The measured height was re-
duced to the 1/4 of the apparent depth (Pictet, 1822b). Evaporation might have been a prob-
lem of this rain gauge (limited shielding from solar radiation), but we have no information on 
the gauge material. 

It seems that the snow was mostly measured at the ground because the unit is different: 
precipitation was measured in units of lines and 12th of line and the snow was mainly meas-
ured in inches. As the udometer had no inches graduation, one can conclude that the snow 
was measured as height from the ground. We transformed the snow as water equivalent to be 
able to analyse precipitation in its liquid or solid form equally. Having no information about 
the snow density, we divided the snow height by 10 to have a water quantity because the 
measured snow height was always new snow with usually low density. According to the 
WMO (2008), the water equivalent of fresh snow can be evaluated by dividing it by 10 as a 
long-term average value.  

 

Figure 2. Data sheet from the “Bibliothèque universelle” for April 1818.  
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Figure 3. Data sheet from the “Archives des sciences physiques et naturelles” for June 1853.  

 

3.4 Wind measurements and cloud observations 

The wind direction was observed with a gears and dial weathercock fixed on the roof of a 
building (Pictet, 1796). There were nine possible wind directions: north, northeast, east, 
southeast, south, southwest, west, northwest and calm.  

We have no information on the type of wind vane used for the measurements nor on the 
way to read the wind direction. The wind direction precision being much less accurate than 
nowadays standards, the other requirements are of little importance. In some cases, there were 
two wind directions indicated instead of one, the wind direction was given between two 
classes or there was an undefined character. These cases were simply removed, as there are in 
total only 20 of these cases. The wind strength was indicated nine times as “light”, “strong”, 
“very strong” or “violent”. These indications were not taken into account, because this infor-
mation was not given systematically. Cloud information was taken from the column “Etat du 
ciel”, where often several terms were used for one observation time. The processing of cloud 
information is discussed in Section 4.4.  

 

4. Processing 

4.1. Digitising, processing, and quality control 

The data from Geneva were digitised from the printed sheet in the “Bibliothèque universelle” 
(see Fig. 2 with twice daily measurements for April 1818). This work was performed within 
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the framework of the DigiHom project funded by MeteoSwiss (Füllemann et al., 2011). Tem-
peratures were first converted from °R to °C by multiplication with 1.25. Pressure and pre-
cipitation which were measured in French inches were converted to present day units as de-
scribed in Brugnara et al. (2019, 2020) and pressure was subsequently reduced to 0° C.  

While the station underwent changes in location and measurement frequency, the data 
publication did not. Data were published in the “Bibliothèque universelle” and from 1846 in 
the “Archives des sciences physiques et naturelles”, which was the continuation of the science 
part of “Bibliothèque universelle”. Figure 3 shows a sample data sheet from 1853, now with 
four times daily measurements. 

Visual Quality Control as well as comparisons with neighbouring stations were per-
formed mainly to find digitisation errors. The DigiHom data were then delivered to Me-
teoSwiss, where they are available for download (see Füllemann et al., 2011). In the following 
we present the same standard analyses as performed for the other stations in this volume 
(Sect. 4.2).  

Only instrumental observations were delivered in DigiHom. Wind and cloud cover were 
also digitised. While wind is straight forward (and was used, e.g., in Auchmann et al., 2012) 
cloud cover is not. In this paper we therefore describe the processing of cloud cover and how 
quantitative information can be retrieved (Sect. 4.3).  

 

4.2. Data analysis 

As a first check of the quality of the series we compared the measurements made at different 
times of the day with each other. For the first two periods (1798–1821 and 1822–1825) we 
compared the twice daily series (sunrise and noon). For the third period (1826–1835, three 
times daily series) we compare morning and noon, morning and afternoon as well as noon and 
afternoon measurements. Finally, for pressure data during the fourth period (1836–1859), we 
compare morning to noon, noon to afternoon and afternoon to evening measurements. The 
same comparison is done for temperature, 1846–1859. For those years where temperature is 
available 6 times daily, we compare 8:00 to 9:00, 12:00 to 15:00 and 20:00 to 21:00. 

Pressure shows in general very good results (Fig. 4). None of the correlations is lower 
than 0.96. Already in the first segment of the series, we find a very good correspondence. 
During the last 25 years of the series, correlation coefficients reach very high values and al-
most no outliers occur. Only during the period 1826 to 1835, remaining outliers might be the 
cause of the somewhat lower values. 

For temperature, a more nuanced discussion is necessary (Fig. 5). During the first period, 
correlations are relatively low. Morning and noon correlations in temperature are only 0.86 in 
the first period and even less, 0.84 during the (short) second period. After the move to Pont 
des Tranchées in 1826 (and perhaps new instruments), correlations clearly increase. As ex-
pected, highest correlations are found between the series that were taken at the same location 
one hour apart. Coefficients exceed 0.99. This demonstrates a very high reproducibility of the 
measurements. Correlations then decrease again during the last 15 years, when only four 
times daily measurements could be compared. The observation hours were thus further apart.  
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Figure 4. Analysis of pressure data from Geneva. The panels show comparisons of series from different times of 
day for different observation periods (see Table 1; the number indicates the Pearson correlation coefficient).  

Figure 6 shows the comparison of the mean temperature values at the two observation 
times of Pictet’s record with the diurnal cycle of the modern MeteoSwiss station at Geneva-
Cointrin, 1981–2010 (1 °C was subtracted to take global warming into account). The meas-
urements of Pictet appear of good quality in terms of the amplitude of the diurnal cycle, both 
in winter and in summer.  

In all, this analysis reveals a high quality of the temperature series after 1826 and, for 
pressure, all the way back to 1798 (except perhaps for some outliers). We have not analysed 
the stability of the series. Further segments of the series will be digitised (see also Häderli et 
al., 2020), and the homogenisation of the series will then be attempted when all segments are 
available and can be combined.  

 

4.3. Cloud classification 

Based on the digitised cloud observations, a classification was attempted. The documents 
from 1799 to 1821 use mainly nine different terms (given in abbreviations), but these terms 
were used in 190 different combinations. These nine terms were the following (in brackets: 
number of use): 
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 couvert (overcast) (5970) 

 nuageux/nuage (cloudy) (4425) 

 clair (clear) (3111) 

 pluie (raining) (2187) 

 serein (fair) (1911) 

 brouillard (fog) (1139) 

 brume (mist) (485) 

 neige (snow) (352) 

 soleil (sunshine) (333) 

 

Figure 5. Analysis of temperature data from Geneva. The panels show comparisons of series from different times 

of day for different observation periods (see Table 1; the numbers indicate the Pearson correlation coefficients).  
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Figure 6. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the Geneva series from Pictet (grey shading indicates nighttime). 

 

To obtain a classification that is more comparable to today’s classification, we aggre-
gated the 190 classes. This was made difficult by the fact that the terms used at that time were 
not explained, and at times different abbreviations were used. A specific problem was fog. 
Two of the terms brouillard (fog) or brume (mist) can be used for fog, often the abbreviation 
“br” is used, which in this case is ambiguous. We therefore combined the two categories into 
one. Still, combinations such as “brume serein” (fog, clear) are difficult to interpret. Likewise 
“soleil” does not necessarily mean no clouds. A further complication was that the use of terms 
was obviously inhomogeneous within the 1799–1821 period.  

We first classified individual observations into six categories (clear, fog/clear, 
sun/clouds, overcast/clear, clouds, overcast) and then reduced this classification to three cate-
gories – clear, partly cloudy, and overcast – by classifying entire days. If two of the three ob-
servations fell into the former category “clear” or “overcast”, then the days were classified as 
“clear and overcast”, respectively. All other days were classified as partly cloudy. In this way 
we could find a stable classification. Following are the classes:  

 clear (cl, cl serein, cl sol, serein, serein sol, sol, tres-cl, un peu cl)  

 fog/clear (brouil cl, brouil serein, brouil serein ton, brouil sol, brume cl, brume serein, 
brume sol pâl, cl pom, cl qq brouil, pâl, pâl serein, pâl serein sol, pâl sol, pom, pom 
sol, serein vap, sol faible, sol vap, vap) 

 sun/clouds (brouil cl nua, brume cl nua, brume nua serein, cl nua, cl nua serein, cl nua 
sol, cl nua ton, cl qq nua, éclaircis, nua serein, nua serein sol, nua sol, nua sol ton, qq 
nua) 

 overcast/fair (brouil, brouil épars, brouil faible, brouil givre, brouil léger, brouil neige 
pluie serein, brouil pluie serein, brume, brume pluie serein, cl couv, cl couv nua, cl 
pluie, cl pluie neige sur Sal, couv nua sol, couv serein, couv sol, éclaircis, neige pluie 
serein, neige serein, pluie serein, pluie serein ton, pluie sol) 

 clouds  (brouil nua, brume nua, cl nua pluie, couv léger, couv nua pluie sol, couv pet 
pluie sol, nua, nua pâl, nua roul, nua, nua pâl, nua ton, nua vap) 
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 overcast (brouil couv, brouil couv gresil, brouil couv neige, brouil couv nua, brouil 
couv pluie, brouil couv pluie ton, brouil neige nua pluie, brouil nua pluie, brouil nua 
pluie ton, brouil pluie, brume couv, brume couv neige, brume couv pluie, brume couv 
serein, brume neige nua, cl neige nua, cl neige sur Jura, couv, couv dégel, couv éclair 
pluie ton, couv givre, couv grêle, couv grêle pluie ton, couv gresil, couv gresil pluie, 
couv neige, couv neige pluie, couv nua, couv nua pluie, couv nua pluie ton)  

Results of the classification into three categories are shown in Figure 7. The series is 
clearly not homogeneous prior to ca. 1811. However, the data for the later period clearly re-
veal, for instance, the increase in cloud cover in the 1816 “Year Without a Summer” (e.g., 
Auchmann et al., 2012).  

 
Figure 7. Annual mean time series of cloud cover in Geneva based on the three categories “clear” (0%), “over-

cast” (100%) and “partly cloudy” (50%) for morning (blue) and noon (orange).  

 

5. Conclusions 

The series from Geneva is one of the prime series in Switzerland. It has been used in numer-
ous studies and, together with the series from Basel, serves as a reference for estimates of 
long-term climate change in Switzerland. Moreover, the data from 1798 to 1821 have been 
used in several studies, in particular for studying the “Year Without a Summer” of 1816 
(Auchmann et al., 2012). This paper describes the series in more detail, including a descrip-
tion of instruments, locations, and procedures. In addition to the standard meteorological vari-
ables, we also describe the wind and cloud observations. Cloud cover was described by com-
binations of several terms. As a step towards quantification, we classified cloud cover into six 
classes and further into three classes. 

We show that particularly form 1826 onward, the data are of high quality. The 1798 to 
1821 data are internally homogeneous and of also of good quality. Precipitation, however, 
shows a clear inhomogeneity in the 1820s. Cloud cover, despite the fact that the observer did 
not change, shows an inhomogeneity around 1811. The digitised data described in this paper 
are available from MeteoSwiss.  
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Abstract 

Heinricht Zschokke, a politician and reformer, started meteorological measurements in Aarau 
in 1807. The measurements were continued by his son until the start of the Swiss National 
network in 1863. In this paper we describe the observations for this period of almost five dec-
ades. Together with existing station data after 1864 from Buchs-Aarau, a 210-yr time series 
can be generated. This paper provides the detailed information accompanying the publication 
of the inventory of early Swiss series, of the imaged data sheets, and of the digitised and qual-
ity-controlled data series.  

 

1. Introduction 

Until recently, only few early instrumental series from Switzerland were known and studied 
(Pfister et al., 2019, see also introductory chapter by Brönnimann et al., 2020, in this book). 
Searching for series that could help to understand the “Year Without a Summer” climate of 
1816 in Switzerland, Brugnara et al. (2015) discovered a previously little-known series from 
Aarau. Further research brought to light an almost complete series from 1807 to 1863, the 
start of the Swiss meteorological network. The series was continued by the Natural Sciences 
Society of Aargau and in fact is still continued, but after 1864 the corresponding MeteoSwiss 
series Buchs-Aarau provides a better reference for climate applications. Together, the series 
form Aarau might eventually provide a 210-year long meteorological time series.  

In this paper we describe the meteorological series form Aarau from 1807 to 1863. We 
provide information on the observers, instruments, data processing, and quality control. This 
paper accompanies the publication the inventory of early Swiss series (Pfister et al., 2019), of 
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the imaged data sheets (https://zenodo.org/record/3066836#.XVv-fGRS8-U), and of the digi-
tised data (Brugnara et al., 2019; https://doi.pangaea.de/10.1594/PANGAEA.909141). The 
data will also be available from the Copernicus Climate Change Service surface data reposi-
tory (Thorne et al., 2017), MeteoSwiss and EURO-CLIMHIST (Pfister et al., 2017). 

The paper is organised as follows. Section 2 gives a summary of the station history. The 
instruments and data source are described in Section 3. Section 4 discusses the processing and 
quality assurance of the data. Conclusions are drawn in Section 5.  

 

2. Station history 

2.1 Heinrich Zschokke, founder of the meteorological station of Aarau 

From published meteorological data, it is known that Heinrich Zschokke maintained a mete-
orological station in Aarau during the years 1807 to 1816. Moreover, documents in his son’s 
estate (Theodor Zschokke) imply that Heinrich continued his measurements after 1816 until 
(most likely) his son took over. A detailed bibliography of Heinrich Zschokke’s life is given 
in Ort (2013). The most important dates are summarised in the following paragraphs.  

Heinrich Zschokke was born in Magdeburg on 22 March 1771 as son of Gottfried and Doro-
thee Elisabeth Schocke. During his education Heinrich visited the convent “Unserer Lieben 
Frauen”, the school “Friedrichschule”, the high school “Altstädter Gymnasium”, and finally 
the university in Frankfurt an der Oder. There he studied theology and philosophy and be-
came lecturer for philosophy until 1795 after his graduation. In the following two years 
Heinrich travelled through Germany, France and Switzerland. His travel came to an end in 
 

 

Figure 1. Map of the location of historical meteorological measurements in Aarau, 1807–1866, as well as the cur-
rent station of MeteoSwiss (excerpt of the topographic map of the Canton of Aargau 1:25000, 1837–1843, by Ernst 
Heinrich Michaelis, data: Canton of Aargau). 
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Table 1. Summary of the station history of Aarau until 1865 

Period Coordinates Alt. (m asl) Observer Adress / Location 

Jan 1807 – Jun 1807 47.41, 8.08 377.6 Heinrich Zschokke Schloss, 5023 Biberstein 

Jun 1807 – Dec 1816 47.39, 8.04 383.7 Heinrich Zschokke Rain 18, 5000 Aarau 

1817-1865 not known not known Heinrich Zschokke 

Theodor Zschokke 

probably Villa Blumenhalde

1826-1836 not known not known Franz Xaver Bronner not known 

 

1796 when he accepted the head teacher position at the “Seminar Reichenau” in the canton 
Graubünden. Following the French occupation of Switzerland and due to his political activi-
ties, he had to flee to Aarau in 1798. In 1803 he moved to the castle Biberstein (see Fig. 1) 
near the city Aarau to take up a post as supreme forestry and mining advisor (“Oberforst- und 
Bergrat”). During this period, Heinrich Zschokke started his activities in meteorology by tak-
ing measurements (Ort, 2013).  

In 1804 Heinrich married the preacher’s daughter Anna Nüsperli. Two years later their 
first son Theodor was born. In 1807 the family moved into a house in Aarau at Rain 18 (Fig. 
1). In the garden of this house, Heinrich built a meteorological station according to the current 
knowledge of that time. During the period of 1807 to 1816, Zschokke carried out meteoro-
logical measurements and published them in different journals. In 1818 the family moved to 
Villa Blumenhalde (Fig. 1).  

Besides operating his personal weather station Heinrich Zschokke founded the “Aar-
gauische Naturforschende Gesellschaft” (Natural Sciences Society of Aargau) in the year 
1811. Shortly after its foundation, the Society designed a project that envisaged Aarau as the 
hub of a European meteorological observation network. Stations were planned along a North-
South and a West-East transect, including Florence, Gr. St. Bernhard, Andermatt, Thun, Paris, 
Torino, Naples, Weimar, London, Frankfurt, Prague, Lemberg and Charkow. However, nu-
merous difficulties arose. Instruments arrived broken or not at all at some of the destinations, 
at others no observers could be motivated. Experienced observers, in turn, refused to change 
their observation scheme as was requested by the Society. The project, which had begun with 
high expectations, was abandoned as early as 1818. Several stations (e.g., Pisa, Naples, 
Torino, Gr. St. Bernhard) sent their data from 1814 to ca. 1817 to Zschokke, who however 
never published them but sent the material to London (Zschokke, 1823; Custer, 1869). In the 
1850s, the Society made another attempt to launch an observation network, this time limited 
to the Canton, where measurements were carried out at 22 stations (Custer, 1869). Most sta-
tions operated for less than 3 years, and the data were never published (see Pfister et al., 
2019). 

As to the series for Aarau, Table 1 gives an overview of the station history. A map of the 
locations mentioned in the text is given in Figure 1.  

 

2.2. The meteorological station Aarau after 1818 

After ten years of continuous observations, in 1818, the family Zschokke moved out of the 
city to the Villa Blumenhalde (Fig. 1). There Heinrich Zschokke died on 27 June 1848 at the 
age of 77 years. Today his estate can be found in the public records of the canton Aargau. 
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Measurements continued from 1818 to 1866. The data could be found in Theodor Zschokke’s 
estate in the public record of Aargau (Kanton Aargau 2016a, 2016b), which contains unpub-
lished data (“Meteorologische Tabellen (1817-1838)” and “Meteorologische Tabellen (1839–
1859)”). These tables contain measurements of pressure, temperature, precipitation, wind and 
other variables three times per day for the period 1817 to 1859. This indicates that Heinrich 
Zschokke continued his measurements after the family moved to Villa Blumenhalde. It seems 
likely that Theodor Zschokke resumed Heinrich Zschokke’s work at some point, as Theodor 
Zschokke is mentioned to be the observer of the station Aarau when it was integrated into the 
network of the “Eidgenössiche Meteorologische Commission” in 1863 (Aargauische Natur-
forschende Gesellschaft, 1878), and his entry in the “German Biography” indicates that he 
made meteorological observations for 30 years (Zschokke, 1900).  

According to the Natural Sciences Society of Aargau, Theodor Zschokke maintained the 
station until his death in December 1866. Professor Gouzy became Theodor’s successor in 
spring 1867, carrying out measurements until summer 1872. When Professor Gouzy took over 
the station the instruments were replaced with new ones from the Meteorological Commission 
(the predecessor of MeteoSwiss). During that time the observations were published in the 
“Aarauer Blatt” on a daily basis, furthermore they were sent to the Meteorological Com-
mission each month (Aargauische Naturforschende Gesellschaft, 1878). After a short gap, 
Professor Dr. Krippendorf resumed the meteorological measurements in 1873 at Telli near 
Aarau. Those measurements can be found in the volumes of the “Schweizerische Meteorolo-
gische Beobachtungen” published by the “Meteorologische Centralanstalt der schweize-
rischen naturforschende Gesellschaft”. In this paper we only consider data up to 1865. 

In addition to the data from Zschokke, we also analyse a short series from Franz Xaver 
Bronner, covering the late 1820s. Franz Xaver Bronner (1758–1850) was a priest, poet, and 
scientist who came to live in Aarau in the early 19th century. Here he worked as a teacher until 
1827 and from 1829 onward as state archivist. He took measurements from 1826 to 1836, 
although only the data from 1826 to 1830 could be found (Pfister et al., 2019). The years 
overlap with three times daily measurements from Zschokke. However, during these years, 
the latter data have no time stamps, which therefore makes analysis (particularly for 
temperature) difficult. The Bronner data thus could eventually substitute the Zschokke data 
for these years. 

 

3. Instruments and data source 

The following description of observation times and instruments for different variables refer to 
the observations made by Heinrich Zschokke from January 1807 to December 1816. Only 
very limited information about the instruments could be found. An example of the data source 
for that period is shown in Figure 2.  
 

3.1. Pressure (“Barometer”)  

Pressure was measured twice a day, in the morning and in the afternoon. Starting in the year 
1809, observation times are more precisely stated, namely at sunrise and at sunset. The ba-
rometer was a “Heberbarometer”, which belongs to the class of siphon barometers. It was in-
stalled 28 feet (“Schuh”) above ground (Zschokke, 1810) and kept at a constant temperature 
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of 15 °R (Zschokke, 1816a). The observed pressure was written down in three columns with 
the units “Zoll” (equal to 27.07 mm), “Ligne” (equal to 2.2558 mm), and a tenth of a “Ligne” 
(equal to 0.22558 mm) (see Brugnara et al., 2015, 2019, 2020).  

 

3.2. Temperature (“Thermometer”)  

Similar to pressure, temperature was noted in the morning, at noon and in the afternoon. 
Those measurement times were specified in 1809 as sunrise, 2 pm and sunset (Zschokke, 
1816a). The instrument used was a Deluc thermometer, probably referring to Jean André 
Deluc, a swiss scientist who – besides many other interests – developed meteorological in-
struments (Hübner, 2010). This information tells us that the thermometer was filled with mer-
cury. The thermometer was placed suspended freely in the shade and 28 feet above ground 
(Zschokke, 1810). The temperature was measured and written down in degrees Réaumur (°R).  

 

3.3. Precipitation (“Schnee oder Regen”)  

Precipitation was observed in the morning, in the afternoon and during the night. The ob-
server did not give any information about the amount of precipitation that fell, but it is speci-
fied whether the precipitation was snow (“Schnee”, “Schn.”), rain (“Regen”, “Reg.”) or hail 
(„Hag.“). Furthermore, a number next to the precipitation denotes the time at which it set in. 
In May 1810, Zschokke started to use of a fourth term, called “Stbreg.” or “Str.” (“Staub-, 
Schwefelregen”) (Zschokke, 1810, p. 184). It represents rain containing dust and pollen, pos-
sibly coloring the floor yellowish (Zschokke, 1812).  

 

3.4 Wind (“Winde”)  

The direction of the wind was observed in the morning and in the afternoon. Besides the di-
rection of the wind, a qualitative description of its strength is given. One star represents very 
strong winds, while two stars describe a wind storm or winds that are able to cause tree up-
rooting and the destruction of rooftops (Zschokke, 1816a).  

 

3.5. Other observations  

Other observations were also noted once per day, including dew (“Thau”) or frost (“Frost”). 
Similarly, the observer noted the presence or not of fog as well as its duration: morning, after-
noon, or whole day (denoted “Vorm.”, “Nachm.”, and “G.T.” or “ganz.T”; Zschokke, 1816a). 
Finally, three terms were used to describe cloud cover (“Himmelsbeschaffenheit”). The first 
one, “bewölkt”, describes a period of continuous cloud cover. The second term, “halbheiter”, 
represents a period in which the sunlight reached the Earth’s surface undimmed several times. 
The third, “heiter” stands for a period with only few clouds, with sunlight continuously reach-
ing the Earth’s surface undimmed (Zschokke, 1816a).  

Zschokke also measured humidity using a hygrometer, but the instrument remains un-
known. In May 1812 Heinrich Zschokke extended his observations by noting the phase of the 
moon. The four phases are signed with “Letzt V.” (last quarter), “Neumd.” (new moon), 
“Erst. V.” (first quarter), and “Vollm.” (full moon).  
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3.6. Data source 

Heinrich Zschokke’s first publication of meteorological observations is a report on the winter 
1805/1806 in the third volume of the journal “Isis. Eine Monatschrift von Deutschen und 
Schweizerischen Gelehrten”. This publication contains only few instrumental measurements, 
therefore it was not part of this study. The focus of the document is on a wind storm in Swit-
zerland that reached its full strength on 10 and 11 January 1806 (Isis, 1806).  

The data analysed in this study were digitised from scans of the original publications 
(Fig. 2). All documents are available online (Pfister et al., 2019). During Heinrich Zschokke’s 
observation period, all variables were written down regularly, resulting in a continuous time 
series that shows no gaps from January 1807 to December 1816. The data were published in 
the two journals “Miscellen für die neueste Weltkunde”, vols. 1 to 7, and “Archiv der Medizin 
Chirurgie und Pharmazie”, vols. 1 to 3. In those journals the subdaily measurements of the 
variables described in Section 2.2 are published in monthly tables followed by a short remark 
of the author. Some information about the instruments can be found in the fourth volume of 
“Miscellen für die neueste Weltkunde” (Zschokke, 1810) and in the first volume of “Archiv 
der Medizin Chriurgie und Pharmazie” (Zschokke, 1816a). Beginning in 1809 the meteoro-
logical measurements were accompanied by epidemiological remarks of Dr. Johann 

 

 
Figure 2. Original publication of the meteorological observations from May 1812 (Zschokke, 1812, p. 188) 
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Heinrich Schmutziger who reported on predominant diseases during the time of observation. 
A list of the sources used is given at the end of this paper.  

 

4. Processing and quality assurance 

Quality control (QC) was performed as described in Brugnara et al. (2020). Note that several 
years of data (1807–1808; 1817–1854; 1860–1865) from Zschokke did not have observation 
times. The quality control of the pressure data of the Zschokke series revealed 493 values 
flagged as potentially wrong (out of 45,862, thus 1.1%). Conversely, the temperature series 
exhibits 305 flagged values (out of 64,151). This corresponds to 0.5% of all values.  

We analysed the correlations between the measurements at different times of day. For 
this purpose we subdivided the series into the period June 1807 to Dec 1816 (ignoring the  
 

 

Figure 3. Analysis of pressure data from the Zschokke series. The top rows show mutual comparisons of morning, 
noon, and evening series (the number in the lower right corner of the panel indicates the Pearson correlation coef-
ficient). Note that for the period 1807–1816, only twice daily data are available. The bottom row shows box plots 
for morning, noon, and evening series for 1817–1865 as a function of calendar month (box indicates quartiles and 
median, whiskers extend to at most 1.5x the interquartile range from the box).  
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short period of measurements at Biberstein), i.e., the data measured at Rain 18 and those 
measured at Blumenhalde. For pressure, the first period only has twice daily observations. A 
good correlation is found between them (0.92). Also for the second period, correlations are 
relatively high, between 0.90 and 0.95 (lowest when comparing morning with evening, as is 
expected). The box plots (Fig. 3, bottom; corresponding to the second period) show a clima-
tological pressure minimum in April.  

Temperature shows somewhat lower correlations (Fig. 4), particularly during the second 
period. Note that in the first part of the record, the resolution was only 1 °R, which would 
contribute to lower correlation, yet correlations exceed 0.90 and are particularly high for the 
comparison of noon and evening measurements. The second period show clearly lower corre-
lations, particularly between morning and noon. This is either due to local climate effects or 
due to problems with the morning measurements. Local climate effects are probable. Blu-
menhalde is at the foot of a slope, thus perhaps affected by cold air drainage. In any case, in 
order to obtain a homogeneous temperature series, a careful analysis and homogenization of 
the different segments is necessary.  

Figure 5 shows the scatter plots (both pressure and temperature) for the Bronner series, 
1826–1830. The QC procedure resulted in 38 (pressure) and 25 (temperature) flagged values 
out of 4731, corresponding to 1.7 and 0.5%, respectively. Pressure correlations between 
measurements at different times of the day exceed 0.99 and also all three temperature correla-
tions are above 0.96. The series, albeit short, can therefore be considered of high quality. This 
is another reason for choosing this series as a substitute of the Zschokke series.  

 

 

Figure 4. Analysis of temperature data from the Zschokke series for (top) 1807–1816 and (bottom (1817–1865). 
Shown are mutual comparisons of morning, noon, and evening series (the number in the bottom right of each panel 
indicates the Pearson correlation coefficient).  
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Figure 5. Mutual comparisons of morning, noon, and evening series (the number in the bottom right of each panel 
indicates the Pearson correlation coefficient) from the Bronner data for (top) pressure and (bottom) temperature.  

 
Figure 6. Diurnal temperature cycle in January (left) and July (right) in present-day (1984–2013, -1 °C to account 
for global warming) MeteoSwiss data (thick black line) as well as in the series from Aarau for (top) the Zschokke 
data from 1807–1816 and 1817–1865 and (bottom) from the series by Zschokke and Bronner during their overlap-
ping period. Note that exact times are not known for all measurements; they are represented with bars and labelled 
according to the original entries (“Vorm.”: morning, “Mittags”: noon, “Nachm.”: afternoon, “Abends”: evening). 
Grey shading indicates nighttime. 
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Figure 6 (top) shows the comparison of the mean temperature values at the different ob-
servation times of the two main periods of the Zschokke record with the diurnal cycle of the 
modern MeteoSwiss station at Buchs-Aarau, 1984–2013 (1 °C was subtracted to take global 
warming into account). The superior quality of the earlier period is confirmed by the compari-
son for July. The most recent data appear too warm in the afternoon, particularly when obser-
vations were taken at 2 PM (i.e., after 1854). In January, all data show a too large amplitude 
of the diurnal cycle, which is expected from unscreened thermometers. The mean temperature 
in the earlier period is much lower than expected, which might also indicate particularly harsh 
winters. Another useful information that emerges from the comparison is that the observation 
time labelled as “Vormittag” was probably made in the early morning, not long after sunrise, 
and that the times labelled as “Nachmittag” (until 1838) and “Abend” (after 1838) probably 
indicate the same observation time (close to sunset).  

Figure 6 (bottom) shows another comparison with the modern diurnal cycle of tempera-
ture, in this case comparing the records of Zschokke and Bronner during the overlapping pe-
riod. It is clear that Bronner’s data are of better quality, whereas Zschokke’s data seem more 
affected by radiation. On the other hand, Zschokke’s observations are better spread over the 
day, particularly in summer. Again we see very low mean temperatures in winter that might in 
part reflect a true climatic signal. 

Finally, Figure 7 shows time series of monthly mean pressure from the Zschokke and 
Bronner series. Note that for pressure, diurnal variations are small and were not corrected for, 
i.e., monthly means were also calculated for the period with unknown measurement times (see 
Brugnara et al., 2020). The two series agree very well, both in terms of absolute values and 
variations. The correlation between the two series is 0.97.  

 

Figure 7. Time series of monthly mean pressure from the Zschokke (black) and Bronner (blue) series.  

 

5. Conclusions 

The Aarau series from 1807 onward, initiated by Heinrich Zschokke and continued by his son 
Theodor Zschokke, is among the longest series in Switzerland. When combined with the 
Bronner series for the period 1826–1830 (which covers the particularly cold winter of 
1829/30) and complemented after 1863 with the MeteoSwiss series of Buchs-Aarau, a new 
210-year long series can be generated. In this paper we present the station history and the 
processing of the series. Although the series has few gaps, the quality control and analysis 
reveals that during some periods, the quality of the temperature measurements in the 
Zschokke series (as evidenced in the correlation between morning and evening measure-
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ments) might require further attention. Possible causes include local climatic effects. Careful 
analysis is necessary prior to homogenization of the series. The pressure series shows a high 
internal consistency. The Bronner series from 1826 to 1836 appears to be of a very high qual-
ity.  

The Aarau data presented in this paper are published by Brugnara et al. (2019) 
(https://doi.pangaea.de/10.1594/PANGAEA.909141) and will be offered to the public via the 
MeteoSwiss Data Warehouse, the C3S data repository (Thorne et al., 2017) as well as EURO-
CLIMHIST (Pfister et al., 2017). The images can be downloaded from the site: 
https://zenodo.org/record/3066836#.XVv-fGRS8-U.  
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Abstract 

This article describes two meteorological series from Herisau, Appenzell, covering the period 
1821 to 1844. The two series were taken by Johann Ludwig Merz (1821–1831) and Johann 
Jakob Nef (1822–1844). Due to the long overlap, the data can be quality checked and 
compared in detail. This article discusses the series and metadata and presents the results of 
the quality assessment. The main unknown factors of both series remain the exact 
measurement locations and hence the precise altitude of the barometer. Apart from that, the 
series are of generally high quality and can be used for further meteorological analyses.  

 

1. Introduction 

While in many parts of Switzerland meteorological measurements already started in the 18th 
century (see Pfister et al., 2019, for an overview and inventory of all series), this is not the 
case for Appenzell and St. Gall. The first series from St. Gall dates back to 1812 (Hürzeler et 
al., 2020). The first meteorological measurements taken in the Cantons of Appenzell are two 
series from Herisau. They were taken by Johann Ludwig Merz from 1821 to 1831 and Johann 
Jakob Nef from 1822 to 1844.  

This paper provides information on the series, observers, instruments, and station 
histories. It presents the processing of the data as well as results from the quality control 
procedure and analyses of the two series. The imaged data sheets are available from: 
https://zenodo.org/record/3066836#.XVv-fGRS8-U. The digitised data are published in 
Brugnara et al. (2019) and available from https://doi.pangaea.de/10.1594/PANGAEA.909141, 
from MeteoSwiss, and from the EURO-CLIMHIST database (Pfister et al., 2017), and they 
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will be made available through the Copernicus Climate Change Services (C3S) surface data 
repository (Thorne et al., 2017).  

The paper is organised as follows. Section 2 describes the series of Johann Ludwig Merz, 
Section 3 the one of Johann Jakob Nef. Each Section includes information about the 
instruments, locations, and procedures as far as this is known. In Section 4 the processing and 
quality control of the two series is presented, the series are briefly analysed and then mutually 
compared. Conclusions are drawn in Section 5.  

 

2. The series of Johann Ludwig Merz  

2.1. Biography 

Johann Ludwig Merz (Fig. 1) was born on 30 October 1772 as the son of Johann Jakob and 
Anna Katharina Merz (for the following biographical notes see Frehner, 1955; Fuchs, 2009). 
As a young man he served as captain and company commander for the Sardinian-Piedmont 
army. In 1776 Merz returned to Switzerland and worked for his uncle as an accountant, who 
later bequeathed his business to him. From 1799 Merz took part in various military operations 
of the federal army and was appointed lieutenant-colonel as well as contingent commander in 
1809. Merz ended his military career in 1817. 

In 1803 Merz married Johanna Jakob Tanner who died eleven years later. After the death 
of his first wife in 1814 Merz married Sophie Müller the same year. Merz thus had nine 
daughters and seven sons (six children form the first marriage and ten from the second). 

On 15 December 1820 Merz acquired the house “Hinter der Linde” No. 17 A in 
Oberdorf (Fig. 1) where he lived until his death. It is conceivable that Merz carried out his  
 

 

Figure 1. (left) Portrait of Johann Ludwig Merz, (right) house of Johann Ludwig Merz (from Frehner, 1955). 
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meteorological observations in this house. In 1822 Merz became a Member of the Council of 
the Canton of Appenzell Ausserrhoden. However, only one year later he resigned from this 
office and devoted himself to mathematics, topography and cartography. He started to make 
trigonometric measurements and create maps of his immediate vicinity. These various maps 
of Herisau and its surroundings were known for their accuracy. In addition, Merz made 
meteorological observations from 1821 to 1841 and it is plausible that his less known 
meteorological observations are just as accurate as his maps. At the age of 78 Merz died on 16 
February 1851 (Frehner, 1955). 

 

2.2. Data 

The series of Johann Ludwig Merz cover the period from 1 October 1821 to 30 June 1831 and 
are distributed over five books that can be found in the Swiss Federal Archive. The first and 
the second book (October 1821 to May 1826, an example sheet is shown in Fig. 2) contain 
notes of measurements on air pressure and two different temperatures. The measurement 
times were 08:00, 12:00 and 17:00 local time. The third book (June 1826 to January 1827) 
also contains notes of the daily measurements of pressure and two different temperatures, but 
measured at 09:00, 12:00 and 15:00 local time. The fourth and fifth books also contain 
information on air pressure and temperature at 09:00, 12:00, and 15:00 local time, but only 
with one temperature indication. 

 

 

Figure 2. Example data sheet of Merz’ measurements for May and June 1822 (Swiss Federal Archive, E3180-
01#2005/90#179*).  
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From 1 January 1827 to 31 May 1827, the data for the air pressure and temperature 
measurements of Merz are available twice with differing values. These measurements are 
written down in two different books. One book contains data until 31 May 1827 and the other 
book from 1 January 1827 onward. In the book containing data up to 31 May 1827, on the 
page for the month of May the location name “Egelshofen” is written in the upper left corner. 
Further, for the month of February 19 values and the pages for the months of March and April 
are completely missing. 

Since the book that contains the measurements until 31 May 1827 has the heading 
“Egelshofen” for the month of May, it is conceivable that the data of this book from January 
onward refer to Egelshofen (near Kreuzlingen). Furthermore, the data of the measurements of 
Herisau for the new year also begin with the new book. Therefore, and additionally because 
the data of the first mentioned book are incomplete, the data from January to May 1827 
contained in the first mentioned book were excluded from further analyses. 

Between 1821 and 1826, Merz measured two different temperatures three times a day. 
The metadata does not identify the exact position and which temperature was measured. The 
comparison of the monthly averages of both temperature series shows that one measurement 
series resulted in higher temperatures than the other, particularly in the winter months (Fig. 
5). Therefore, it is likely that one measurement corresponds to an inside temperature and the 
other to the outside temperature. From 1827 onwards, the outside and not the inside 
temperature measurements were continued. 

 

 
Figure 3. Map of Herisau (from Merz, 1841).  
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Figure 4. Map of Herisau from Merz (no year).  

 

Information on the instruments was obtained from manuscripts by Merz, which are kept 
in the State Archive, Appenzell Ausserrhoden. The barometer and thermometer used by Merz 
were manufactured by Oeri in Zurich. Instruments made by Oeri were known for their 
accuracy and were also used by Natural Sciences Society of Bern (Alb, 1864). For his 
temperature measurements Merz used a mercury thermometer with a Réaumur scale facing 
north. For the air pressure measurements, he used a barometer with a scale in Paris inches 
subdivided in thousands. This barometer was located a height of seven French feet (2.27 m) 
above the road. As this road could not be irrefutably identified, the absolute height of the 
measurements remains unknown. An altitude of 770 m asl (historic village centre of Herisau, 
see Figs. 3 and 4) can be assumed, but is subject to uncertainties. Merz reduced all air 
pressure measurements to 10 °R.  

 

3. The series of Johann Jakob Nef 

3.1. Biography 

Johann Jakob Nef (Fig. 5) was born on 31 October 1784 in Herisau as the son of the 
schoolmaster and orphan Hans Jakob Nef (for the following see Alder, 1930; Fuchs, 2010). 
He went to school in Hundwil and supported his father in teaching at the age of eleven. At the 
age of 14 he moved with one of his father’s acquaintances to Aarau to fair-copy minutes of 
meetings in the office of the Grand Council of the Federal State Government. 

After a three-week stay in Aarau, the government relocated its headquarters to Lucerne 
and accordingly, also Nef moved to Lucerne. There he witnessed the devastation of 
Nidwalden during the war against the French army. Subsequently the national government, 
including Nef, moved to Bern on 29 May 1799. Fourteen months later Nef moved back to his 
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parents in Herisau. There he worked at the bookstore J. G. Merz & Co. copying letters. 
During the years from 1802 to 1819 Nef served the military, among other things as lieutenant 
colonel. Following his military career, Nef was also politically active and successful as a 
Landammann (head of the cantonal government) and councilor.  

On 25 September 1804, Johann Jakob Nef married Anna Barbara Würzer and soon 
afterwards became self-employed by manufacturing and selling fabrics. In 1812 Nef built a 
house on Bachstrasse in Herisau, where he lived as a successful businessman with his wife 
and seven children until his death in 1855. It is likely that Nef made his meteorological 
measurements in this house. Nef was known already during his lifetime for his charity and his 
scientific and journalistic activities. He is also known for his meteorological observations and 
measurements (Alder, 1930). 

 

3.2. Data 

Nef’s meteorological measurements can be found in two books. One contains data from 
January 1822 to December 1832 (see example sheet in Fig. 7) and the other from January 
1833 to December 1844. Each double page contains a heading comprising the month and 
year. Similar to Merz, Nef divided the double pages into tables with rows for the days and 
columns for barometer and thermometer measurements. These columns are then subdivided 
by the time of measurement. The measurement times of Nef correspond to those of Merz. In 
other words, until June 1826 the measuring times were 08:00, 12:00 and 17:00 local time and 
from June 1826 on, 09:00, 12:00 and 15:00 local time. 

 

 

Figure 5. Portrait of Johann Jakob Nef (from Alder, 1930). 
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In addition to the outdoor temperature and air pressure measurements, Nef also recorded 
the daily weather. From September 1822 to December 1825 Nef extended his measurements 
by an inside temperature measure and from January 1831 onward by wind direction, rain or 
snow and moon phase. However, all these additional data are not taken into account in this 
work. At the end of each year Nef created a yearly overview with the maximum and 
minimum levels of barometer and thermometer of each month. These pages contain valuable 
metadata on the records. 

From the headings of the double pages and the headings of the annual overviews it can 
be obtained that the barometer used by Nef was seven French feet (2.27 m) above the road 
and the thermometer was outside. Further the air pressure was measured in inches, lines and 
hundreds of lines and the temperatures in degrees and tenths of degrees. For the handling of 
these measurements in this study it was assumed that these are Parisian inches and lines and 
that the degrees are Réaumur. These are the most frequently used units in the non-English-
speaking countries during the period of the measurements (Brugnara et al., 2015, 2020).  

Similar as the exact measurement locations of Merz, the exact placement of the 
measuring instruments on Nef could not be ascertained. Therefore, to reduce the barometric 
measurements to sea level, again the height of the historic village centre of Herisau of 770 m 
asl was assumed. The air pressure measurements from January 1822 to September 1822 were 
not reduced to 0 °C due to missing inside temperatures for this period. From October 1822 to 
December 1824 the inside temperature was used. From January 1825 onward Nef himself 
reduced the air pressure values to 10° Réaumur. 

 

4. Data processing and analysis 

The Herisau data from both observers were processed as indicated in Brugnara et al. (2019). 
In the Merz pressure series, the quality control routines flagged 95 values out of 10,563. This  
 

 

Figure 6: Example data sheet of Nef’s measurements for May 1822 (Swiss Federal Archive E3180-
01#2005/90#204*).  



Weber et al.: Two meteorological series from Herisau, 1821–1844 

 80 

corresponds to 0.9%. A comparison of the series from different times of day (Fig. 7) shows a 
good agreement, with correlations between 0.97 and 0.99. Climatologically, minimum 
pressure values are reached in December, January and April; negative outliers predominate 
over positive ones (Fig. 7). A few extreme cases with very low pressure are confirmed in the 
mutual comparison.   

 

 

Figure 7. Analysis of pressure data from the Merz series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number in the bottom right corner indicates the Pearson correlation coefficient), the 
bottom row shows box plots for pressure in the morning, at noon, and in the evening as a function of calendar 
month (box indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  

 

Figure 8. Analysis of temperature data from the Merz series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number in the bottom right corner indicates the Pearson correlation coefficient), the 
bottom row shows box plots for temperature in the morning, at noon, and in the evening as a function of calendar 
month (box indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  
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The same analysis for temperature (Fig. 8) led to 51 flagged values out of 10,561 (or 
0.5%). Correlations are again high, pointing to a high quality of the series. Noteworthy is a 
series of anomalously cold days in February.  

 

 

Figure 9. Analysis of pressure data from the Nef series. The top row shows mutual comparisons of morning, noon, 
and evening series (the number in the bottom right corner indicates the Pearson correlation coefficient), the bottom 
row shows box plots for pressure in the morning, at noon, and in the evening as a function of calendar month (box 
indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  

 

Figure 10. Analysis of temperature data from the Nef series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number in the bottom right corner indicates the Pearson correlation coefficient), the 
bottom row shows box plots for temperature in the morning, at noon, and in the evening as a function of calendar 
month (box indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  
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Results are very similar for the Nef series. In the case of pressure, 214 values out of 
22,112 are flagged, i.e., 1.0% of all values. Plotting pressure data for different times of the 
day against each other (Fig. 9) shows again very high correlations between different times of 
day, pointing to a high internal consistency. Interestingly, the annual cycle no longer shows 
the low values in December and January.  

Processing the temperature data (Fig. 10) revealed 151 suspicious values out of 22,170 
(thus 0.7% flagged data). Correlations are again high, with a very similar behavior as the 
Merz data. Noteworthy are again the negative outliers in February.  

Figure 11 shows the comparison of the mean temperature values at the different 
observation times with the diurnal cycle of the modern MeteoSwiss station at St. Gall, 1981-
2010 (1 °C was subtracted to take global warming into account). Here differences in data 
quality between the two records are more evident than in the scatter plots. In January, the data 
from Nef show an unrealistic temperature range. The data from Merz look somewhat better, 
although his noon observation is probably overestimated. Both records are on average much 
colder than expected, which might indicate micro-climatic differences between Herisau and 
St. Gall and/or that winters in the 1820s and 1830s were particularly harsh. In July, the two 
records are very similar; both show a positive radiative bias for most observation times. The 
morning observation of Merz, however, is less biased than that of Nef. In summary, Merz’s 
measurements look slightly more reliable than those of Nef, although both records seem 
affected by radiative biases. 

Next, we compared the two series during their long, overlap (Fig. 12). Correlations are 
excellent, particularly for temperature, pointing to a high consistency of the data (despite 
possible radiation biases, as discussed above). An offset in pressure is found, which could be 
due to the unknown altitude. Temperature also fits well with respect to absolute values 
between the two series, although differences are apparent from an analysis of the diurnal 
cycle (Fig. 11).  

 

 

 

Figure 11. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the series from Merz and Nef (grey shading indicates nighttime).  
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Figure 12. Comparison of pressure (top) and temperature (bottom) series of Merz and Nef for (left) morning, 
(middle) noon and (right) evening (numbers indicate the Pearson correlation coefficient). The 1:1 line is shown in 
red.  

 

Figure 13. (top) Time series of monthly mean pressure from Merz (black) and Nef (blue). (Bottom) difference 
series (Merz minus Nef) of monthly mean temperature (red) and pressure (orange). 

 

Finally, we also analysed monthly mean time series (Brugnara et al., 2020). Results for 
pressure (Fig. 13) show a good agreement, albeit with offsets (orange line, bottom panel). The 
differences in 1822 are due to the fact that Nef’s pressure data were not reduced to 0 °C. 
However, offsets also occur later. The low pressure values in Nef’s series in the 1830s and 
1840s are likely real and are also found in St. Gall (see Hürzeler et al., 2020). Further 
homogenisation work will analyse these shifts in more detail. A generally good agreement 
was found for monthly temperature series (red line, Fig. 13, bottom), where no obvious break 
can be identified.  
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5. Conclusions 

This paper describes two meteorological series from Herisau, Appenzell, measured by Johann 
Ludwig Merz (1821–1831) and Johann Jakob Nef (1822–1844). We provide information on 
the observers, discuss the series and present the results of the quality assessment. Due to the 
long temporal overlap, detailed comparisons are possible.  

Despite some obvious deviations of temperature from its expected behaviour in winter, 
both series seem to be of high internal consistency, with high correlations between series for 
different times of day and high mutual correlations. The long term stability yet needs to be 
tested. Together, the two series provide detailed information on the weather over a 24 year 
period, which includes the extremely cold winter 1829/30 as well as other interesting events 
and thus will provide further information weather and climate in the first half of the 19th 
century.   

The paper accompanies the publication of the inventory of early Swiss meteorological 
series (Pfister et al., 2019), of the data sheets https://zenodo.org/record/3066836#.XVv-
fGRS8-U and of the digitised data (Brugnara et al., 2019). The latter can be downloaded from 
https://doi.pangaea.de/10.1594/PANGAEA.909141, from MeteoSwiss and from EURO-
CLIMHIST (Pfister et al., 2017). In the future, they will also be available from Copernicus 
Climate Change Services (C3S) data repository (Thorne et al., 2017). 
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Abstract 

A 40-year record of instrumental meteorological observations is available for St. Gall, 
covering the years 1812–1853. Combined with the data form MeteoSwiss, a new long series 
of more than 200 years could be generated. In this paper, we describe the station history and 
instruments as well as the data processing and quality control of the data. This paper 
accompanies the publication of the imaged data and the data collection of early Swiss 
instrumental series. 

 

1. Introduction 

Early meteorological measurements from the north-eastern parts of Switzerland are relatively 
rare. One of the longest and most continuous series is that from St. Gall. Pharmacist Daniel 
Meyer was the first to perform meteorological measurements there. His series starts in 1812 
and ends in 1832, but was then continued by the Natural Sciences Society until 1853. 
Measurements started again in 1857 (see Pfister et al., 2019), although only part of these data 
have been found. The St. Gall station in the Swiss network then started in 1864. 

In this paper we describe the meteorological series from St. Gall, 1812–1853. We 
provide details about the observer, location and instruments and discuss the processing and 
quality control of the series. This paper accompanies the publication of the metadata of all 
early Swiss series in the form of an inventory (Pfister et al., 2019), the images of data sheets 
(https://zenodo.org/record/3066836#.XVv-fGRS8-U), and the publication of the digitised data 
(Brugnara et al., 2019), which can be downloaded from https://doi.pangaea.de/10.1594/ 
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PANGAEA.909141, MeteoSwiss, EURO-CLIMHIST and the Copernicus Climate Change 
Service (C3S) Global Land and Marine Observations Database (Thorne et al., 2017). 

The paper is organised as follows. Section 2 gives a summary of the station history. The 
data source is presented in Section 3. Section 4 describes the results of the quality assurance 
and presents the data. A comparison with other stations as well as a brief analysis of the cold 
winter 1829/1830 is shown in Section 5. Conclusions are drawn in Section 6.  

 

2. Station history 

The observer in St. Gall was Daniel Meyer. He was born on 11 January 1778 in St. Gall as a 
member of a distinguished family (Lienhard, 2007). He studied natural sciences in Halle and 
then pharmacy in Berlin. In 1803 he returned to St. Gall and founded the pharmacy “Zum 
Blauen Himmel” together with Dr. Caspar Tobias Zollikofer. In 1815 he joined the newly 
founded Swiss Society for Nature Research and took over the meteorological observations 
ordered by the Society for the St. Gall station (Wartmann, 1864). His observations go back 
even earlier, to 1 January 1813.  

Daniel Meyer made the observations in his apartment above the pharmacy at Spisergasse 
30 in St. Gall (Zollikofer, 1870). Figure 1 shows the location of Spisergasse 30 on a map 
section of St. Gall from 1850. He measured in an unheated room, 15 Paris feet above the 
street (Meyer, 1813). Spisergasse 30 is at an altitude of 670.1 m asl and 1 Paris foot 
corresponds to 32.48 cm, so that the barometer was arguably at 674.97 m asl. From January 
1833 it is unclear where measurements were taken. It is not documented where the 
measurement location was and the altitude at which the measurements were taken.  

 

 

Figure 1. Map section of the Dufour Map of St. Gall from 1850 with the red marked location of the pharmacy 
“Zum Blauen Himmel” at Spisergasse 30. Source: Bundesamt für Landestopografie. 
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Table 1: List of the measurements and observation hours at the St. Gall station. Numbers indicate local time, SR is 
sunrise, SS is sunset  

Period Pressure 
Barometer 
temperature

Air 
temperature 

Wind 
direction 

Precipitation 
type Humidity 

1812–1816 SR/SS SR/SS SR/SS AM/PM AM/PM* no obs. 

1817–1826 SR/SS no obs. SR/14/SS AM/PM AM/PM no obs. 

1827-1832 09/12/15 no obs. 09/12/15 AM/PM AM/PM no obs. 

1833–1837 09/12/21 09/12/21 09/12/21 no obs. no obs. no obs. 

1838–1853 09/12/15/21 no obs. 09/12/15/21 09/12/15/21+ daily 09/12/15/21 

+ from 1838–1841 only 09/21 
* data start 1 Jan 1813 

From 1 January 1813 to 31 December 1826, Daniel Meyer measured pressure with a 
siphon barometer of the “artist Loos in Büdingen”, to which a centesimal thermometer was 
attached in order to achieve a reduction of the air pressure. Outside the window of the 
unheated room was another “free” thermometer of the “mechanic Mendelsohn in Berlin” 
(Meyer, 1813). From 1 January 1827 to 31 December 1832, Meyer used other instruments: a 
cistern barometer from “Deri in Zürich” and a “free” thermometer from “Gourdon in Geneva” 
(Meyer, 1827). From 1832 to 1853 it is unclear which instruments were used. No further 
records are available of how the measurements were performed.  

The forty-year period can be divided into three periods: From 1 January 1813 to 31 
December 1832, the observations were carried out by Daniel Meyer. He then stopped since 
“conditions no longer allow it” (Meyer, 1833). From 1 January 1838 to 7 June 1853 
measurements were performed by the Natural Science Society in St. Gall. For the period in-
between, 1 January 1833 to 31 December 1837, it is unclear who carried out the observations.  

 

3. Data source 

The original data examined are available as meteorological observations from 6 June 1812 to 
7 June 1853. The observations can be found as handwritten notes in the Vadian Collection of 
the Cantonal Library of St. Gall. From 1 January 1813 to 31 December 1832, they were 
published monthly as a supplement in the political journal “Der Erzähler” (see Fig. 2). In 
addition to the air pressure, the temperature at the barometer, the outside temperature, the 
wind direction, the type of precipitation and the humidity were documented. Table 1 shows 
the time period, the type of measurement recorded and the times of day at which the 
measurements were taken.  

In addition, monthly comments on the weather development and an overview of the 
meteorological development of the year at the end of the year were noted. The original data 
were digitised from 1 January 1813 to 7 June 1853. A total of 44,688 digitised air pressure 
measurements are available, an average of three per day.  

 

4. Processing and quality control  

From 1 January 1813 to 31 December 1816, Daniel Meyer did not reduce air pressure, but the 
temperature of the barometer is specified. From 1 January 1817 to 31 December 1832, he 
reduced pressure to 10° Réaumur. From 1833 to 1837, indoor temperature is indicated, so we  
 



Hürzeler et al.: The meteorological record from St. Gall, 1812–1853 

 90 

 

Figure 2: Data sheet for July 1816, i.e., during the “Years without a Summer” of 1816. Only six days had no rain 
(from “Der Erzähler”, no. 40/1816, p. 210). 

 

assumed that pressure was not reduced. From 1 January 1838 to 7 June 1853, the air pressure 
was reduced to 0° Celsius. We reduced those pressure data that were not already reduced by 
Meyer to 0 °C as indicated in Brugnara et al. (2015, 2020) using the temperature at the 
barometer. From 1817 to 1833 we reduced the data from 10 °R to 0 °C. The pressure given in 
units of length was then converted to hPa as indicated in Brugnara et al. (2015, 2020). 

The cistern barometer was the most widely used barometer of the early 19th century. It 
consists of an open cistern connected to a vertical glass tube with the upper end sealed. A 
correction is necessary that requires the diameters of cistern and glass tube. For the barometer 
used by Daniel Meyer the former is known, but the latter not, and it is not clear whether such 
a correction had already been done or is necessary at all (Meyer, 1827). The possible error 
introduced by this uncertainty is probably less than 1 hPa (Brugnara et al., 2015). The error 
caused by capillarity, typically the biggest source of error barometers at the beginning of the 
19th century, could be larger than 1 hPa (Camuffo et al., 2006) but can be assumed to be 
constant over several years. Also, the temperature correction itself adds an uncertainty of a 
few tens of a hPa. The scale of the barometer can change physically, thermally, or due to the 
effect of the moisture on the wood of the scale holder. Other sources of error are the quality of 
the mercury or bubbles in the glass tube. Often the quality deteriorates over time. 
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Errors were arguably even larger for temperature. An official standard for outdoor 
temperatures did not exist. Nevertheless, there were some general rules, influenced by the 
French physicist Réaumur (Réaumur, 1732). Thermometers were normally installed at north-
facing walls or windows to minimise the effect of direct and indirect sunlight (Camuffo, 
2002).  

All data subsequently underwent the quality control procedure described in Brugnara et 
al. (2020). This led to flags being set for 352 out of 44,688 pressure values (corresponding to 
0.8%) and 141 out of 48,336 temperature values (0.3%). These are comparably low numbers.  

We then compared measurements made during different times of the day separately for 
all sub-periods mentions in Table 1. For pressure (Fig. 3) correlations are generally high. 
However, there are differences between subperiods. Correlations are clearly lower during the 
first and second periods (1812-1816 and 1817-1826), and they are also lower during the 
period 1833-1837, which however seems to be due only to the evening measurement 
(morning and noon measurements correlate very well). All other correlations are excellent 
and point to a high reproducibility of the measurements. 

The same results for temperature are shown in Figure 4. Correlation coefficients are generally 
lower, as is expected because of the larger diurnal cycle and thus larger changes between 
measurement times. None of the coefficients is below 0.9, which points to an overall good 
quality. Comparing the subperiods, we find the same qualitative features as for the pressure 
data. Comparisons are generally worse for the first two subperiods as well as for the period 
1833-1837. 

Figure 5 shows the comparison of the mean temperature values at the different 
observation times with the diurnal cycle of the modern MeteoSwiss station at St. Gall, 1981–
2010 (1 °C was subtracted to take global warming into account). In July, the data from all 
records are very similar; in general, there seems to be a radiative bias that causes too high 
temperatures during the day, while the temperatures taken by Meyer at sunrise and sunset 
look more reliable. In January, all records have a too large amplitude of the diurnal cycle, 
which is expected from unshielded thermometers. The record of the Natural Science Society 
(1838-1853), however, is close to the modern climatology and can be considered the most 
reliable. 

An analysis of time series of monthly mean pressure data (Fig. 6) also points to a good 
data quality. For comparison we plot the corresponding pressure series from Herisau 
measured by Nef (see Weber et al., 2020). The agreement is very good (correlation coefficient 
of 0.928). Some systematic differences are found in the late 1820s and after 1834.  

The larger pressure difference in the years 1827 and 1828 could be caused by the new 
instruments that were introduced by Daniel Meyer in 1827. The larger pressure difference 
from 1833 to 1837 coincides with the period during which it is unclear who carried out the 
measurements but deviations continue to 1840. As metadata are not available for this period, 
our assumed altitude could be wrong. Homogenisation of the series will be attempted in a 
later step. 
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Figure 3. Mutual comparisons of morning, noon, and evening series of pressure in St. Gall (the number indicates 
the Pearson correlation coefficient). Each row shows one of the subperiods mentioned in Table 1.  
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Figure 4. Mutual comparisons of morning, noon, and evening series of pressure in St. Gall (the number indicates 
the Pearson correlation coefficient). Each row shows one of the subperiods mentioned in Table 1.  
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Figure 5. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the series from Meyer (1813–1832), the unknown observer (1833–1837) and the Natural 
Sciences Society (1838–1853). Grey shading indicates nighttime. 

 

 

Figure 6. Time series of monthly mean pressure from St. Gall (black). Also shown is the monthly mean pressure 
series from Herisau measured by Nef (see Weber et al., 2020), shifted downward by 7.5 hPa for comparison 
purposes.  

 

5. Conclusions 

This work presents a 40-year meteorological record from St. Gall from 1812 to 1853. Despite 
some uncertainties, the series proves to be of relatively high quality. High correlations were 
found between time series for different times of day for both temperature and pressure, 
although there are differences between the subperiods. Possible pressure biases were found 
for parts of the record, which need to be further studied. Future work will attempt to 
homogenise the record. From 1864 onward, measurements were performed under the auspices 
of the Swiss Natural Sciences Society and integrated into the Swiss national network now run 
by MeteoSwiss. Another record is reported for 1857 to 1863 (Pfister et al., 2019), of which 
however, only 1857 and 1858 could be found. Combined, these series could provide a 207-
year record for St. Gall, though with some gaps.  

The data are made publicly available by MeteoSwiss and can be downloaded from 
https://doi.pangaea.de/10.1594/PANGAEA.909141. They will also be available from the C3S 
data Global Land and Marine Observations Database (Thorne et al., 2017) and from EURO-
CLIMHIST (Pfister et al., 2017). The images can be downloaded from https://zenodo.org/ 
record/3066836#.XVv-fGRS8-U. 
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Abstract 

Friedrich Trechsel (1776–1849), university professor, and Daniel Gottlieb Benoit (1780–
1853), doctor and amateur scientist conducted meteorological measurements in the city centre 
of Bern in the 1820s to 1850s. This paper describes the series. The 12-year overlap between 
the series allows a detailed comparison and a quality assessment. Overall we find a good 
agreement between the series, though several breaks are apparent. This paper accompanies the 
publication of the data. 

 

1. Introduction 

The compilation of Swiss early instrumental meteorological series in the framework of the 
CHIMES project revealed that, in Bern, observations have been made from 1760 until the 
start of the MeteoSwiss network in December 1863, albeit with some gaps (Pfister et al., 
2019). The series are typically 10–30 years long and exhibit overlaps with each other. Al-
though not all data have been found, a close-to-continuous record could possibly be obtained. 
Here we focus on two overlapping series from the early 19th century, namely a 24-year record 
from Friedrich Trechsel (1776–1849) and a 17-year record from Daniel Gottlieb Benoit 
(1780–1853). While Trechsel was a University professor, Benoit was an amateur scientist.  

This paper describes the two series and provides detailed information on observers and 
locations. It accompanies the inventory of the Swiss early instrumental series (Pfister et al., 
2019) and the publication of imaged data sheets (https://zenodo.org/record/3066836#.XVv-
fGRS8-U) as well as of the data series (Brugnara et al., 2019, https://doi.pangaea.de/10.1594/ 
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PANGAEA.909141) which are also available from EURO-CLIMHIST (Pfister et al., 2017), 
Copernicus Climate Change Service (C3S) (Thorne et al., 2017) and MeteoSwiss.  

The paper is to a considerable extent based on a Master thesis, which is available online 
(Flückiger, 2018; https://occrdata.unibe.ch/students/theses/msc/189.pdf). It is organised as 
follows. In Section 2 we introduce the series by Trechsel and Benoit, followed by a brief 
methodological chapter on their comparison. In Section 4 results of the comparison are pre-
sented. The paper ends with brief conclusions.  

 

2. Measurements and instruments 

2.1. The Trechsel series 

Johann Friedrich Trechsel was born in 1776 in Burgdorf as the youngest child of a butcher. 
He grew up under rather poor circumstances and moved to Bern on his own at the age of 15 to 
study Theology and Mathematics. Before he founded the “Wissenschaftliche Lehranstalt” in 
Bern with Emanuel Zeender in 1800, he worked as a teacher at the boys’ orphanage and as a 
pastor in Aubonne and Morges. With the reorganisation of the school system in 1805, the 
“Wissenschaftliche Lehranstallt” became redundant, but Trechsel became a professor for 
mathematics and from 1812 onwards for physics at the predecessor of the University of Bern, 
the “Akademie”. He was involved in the triangulation of the Canton of Bern and in the plan-
ning of the Jura Waters correction. Furthermore, he was a member of both the Naturfor-
schende Gesellschaft in Bern, in which he served as president during the years 1821, 1822 
and 1829, and the Schweizerische Naturforschende Gesellschaft. In the latter, he served in the 
meteorological commission, where he organised and compiled the coordinated meteorological 
measurements in different locations across Switzerland. He retired in 1847 and died in No-
vember 1849. Trechsel was married from 1803 until his death and only survived by one of his 
six children (Trechsel, 1884; Graf, 1886; Zürcher, 2013).  

Trechsel reported his data in French. He measured pressure, indoor and outdoor tempera-
ture, and humidity at 9 AM, 12 AM, 3 PM and 9 PM or 10 PM. Additionally, he observed 
wind direction and strength (1, 2, or 3) and weather using ten categories (“calme”, “brouil-
lard”, “brume ou brouillard sec”, “couvert”, “clair”, “nuages”, “pluie”, “neige”, “grêle” and 
“orage”).  

Trechsel’s weather measurements were carried out on Bern’s Münsterplatz on the second 
floor of house number 317. This corresponds today to the address Herrengasse 1 (see Fig. 1). 
The measuring instruments were located 28.2 Parisian feet above the ground at 548.3 metres 
above sea level. Wind observations were based on the wind vane on the Zytglogge Tower. 
From 1848 to 1849, Trechsel measured the pressure in the second floor of Kramgasse 12 at an 
elevation of 542 metres above sea level.  

We know that Trechsel used a fixed-cistern barometer, which was manufactured in Zu-
rich in the year 1826 by Mechanicus Oeri, who had been a student of Fortin. Oeri had built all 
the barometers for the atmospheric pressure measurements of the Schweizerische Naturfor-
schende Gesellschaft in 1826, so we can assume that it fulfilled contemporary scientific stan-
dards. Since its first use in 1826, the barometer remained at the same place until Trechsel 
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Figure 1. Map of the centre of Bern with the measurement locations (from: Oppikofer Atlas, Geodata: City of 
Bern). 

relocated his measurements to Kramgasse 12 in January 1848. The barometer had been con-
stantly observed since its installation in 1826. An indirect comparison (it is unknown when 
this took place) to the normal barometer stationed in the observatory in Paris showed a posi-
tive difference of 0.36 inches, which is accounted for in the published observations (Wolf, 
1844a, 1848ab; D’Hombres-Firmas, 1841). 

The tube of Trechsel’s barometer had a width of 7.9 mm and one side of the quadratic 
cistern was 11.5 cm long. Therefore, the ratio between the surface in the tube and in the cis-
tern was approximately 1 to 225, which was rather small for fixed-cistern barometers. It is not 
known whether Trechsel applied a correction for this. The noted values were already reduced 
to 0 °C, as is mentioned in the header of the data tables. However, it was not Trechsel himself 
who did the reduction to 0 °C, but Friedrich Henzi, a scholar of Rudolf Wolf responsible for 
the publication of the meteorological observations in the Mitteilungen der Naturforschenden 
Gesellschaft in Bern from 1844 to 1854 (Fig. 2). Trechsel explicitly indicates that the unit for 
measurements of the tube and the cistern of his barometer, as well as the derivation from the 
normal barometer, was Paris inches. We, therefore, conclude that he used the same unit for 
observations as well (Wolf, 1844a; Graf, 1886).  

Possible errors of Trechsel’s barometer include capillarity, inadequate correction for 
temperature (from 1844) due to the unknown thermometer used, and the dilatation of heat 
transfer. Trechsel’s indoor temperature data, which were used for the correction of pressure, 
have been digitised only until 1843.  
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Figure 2. Trechsel’s observations for July 1845 sheet as published in the “Mitteilungen der Naturforschenden 
Gesellschaft”.  

 

2.2. The Benoit series 

Daniel Gottlieb Benoit was born in Bern in 1780. He grew up in Brandis, where his father 
Abraham Benoit was provincial governor from 1788 to 1794. Before he moved back to Bern, 
he received his education from a private tutor. In Bern he attended the Progymnasium and 
afterwards studied Theology. Nevertheless, the political circumstances around the Helvetic 
Republic made professional prospects of becoming a clergyman bleak and so Benoit decided 
to become a medic. He studied medicine in Bern, Jena, Bamberg, Würzburg and Paris and 
was conferred a doctorate in 1805. In 1806, he returned to Bern. In 1815, he became a doctor 
of medicine at the Inselspital, where he went as far as to become vice medical director. De-
spite his good reputation, the administration divested Benoit of his office in 1831. Henceforth, 
he left the medical profession and got involved in different councils, commissions and direc-
tions related to education, poverty reduction and public life. He lived with his parents, later 
with his older brother and was never married. From 1815 to 1832, he was a member of the 
Naturforschende Gesellschaft in Bern, where he served as the secretary in 1816 and 1817 and 
as the president in 1823 (Hugendubel, 1854; Wolf, 1854; Graf, 1886).  

Benoit did not mention what type of instruments he used to measure air temperature and 
atmospheric pressure. Neither did he provide information on how exactly he conducted his 
measurements. The only information Benoit gave about his measurements, was that he carried 
them out twice a day at 6 AM and at 2 PM on the second floor of a house at the Kirchplatz in 
Bern (Benoit, 1853), which most likely corresponds with the Benoit house at the present-day 
address Münstergasse 28 (Weber, 2016).  
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Benoit did his measurements in an amateur capacity. At the time he started his measure-
ments, he had already left the Naturforschende Gesellschaft Bern and therefore most likely 
did not have a mandate to collect meteorological data. Nevertheless, as a former member and 
highly qualified doctor, Benoit was used to scientific work and arguably was aware of meas-
urement standards. Since Trechsel was Benoit’s predecessor as president of the Naturfor-
schende Gesellschaft in Bern, they almost certainly knew each other. Nevertheless, it is un-
clear whether Trechsel had direct influence on Benoit’s measurements, or vice versa. 

 

Figure 3. Observations for July 1845 sheet from Daniel Gottlieb Benoit (from Burgerbibliothek Bern, 
Mss.h.h.XXII.95, photo: Julian Flückiger).  
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Benoit’s handwritten observation tables were imaged from the Burgerbibliothek Bern 
(Mss.h.h.XXII.95, Fig. 3). Daily data for the last period (1846–1854) were published in the 
Supplement Volumes (Schweizerische Meteorologische Beobachtungen 6 (1869), p.44–569). 
Each monthly sheet ends with a qualitative weather description including the number of rain 
days, first snow, start of harvest, quality of yields, etc. 

 

3. Data processing and quality assurance  

The data were processed as described in Brugnara et al. (2020). In the following, we present 
the results of the quality control procedure and some descriptive analyses of the data. In the 
subsequent Section we then compare the overlapping period of the two series. Far more de-
tailed results and discussions are given in Flückiger (2018). 

 

3.1. The Trechsel series 

Applying quality control to the pressure series of Trechsel yielded 234 flagged values out of 
31,218 (or 0.7%). Note that we reduced pressure to 0 °C between 1826–1843 using indoor 
temperature measurements, while from 1844 onwards we use the published data that were 
already reduced. As Trechsel observed four times per day, mutual comparisons were per-
formed between morning and noon, noon and afternoon, and afternoon and evening. Results 
(Fig. 4) show an excellent correlation of morning and noon as well as noon and afternoon 
measurements (coefficients of 0.99). The correlation drops to slightly lower values for the 
comparison of afternoon versus evening values (which are further apart in time), but still 
reaches 0.94. The pressure climatology shows the expected seasonal cycle as well as the 
asymmetry of the tails of the distribution (i.e., more negative extremes).  

 

Figure 4. Analysis of pressure data from the Trechsel series. The top row shows mutual comparisons of morning, 
noon, and evening series (the number at the bottom right corner indicates the Pearson correlation coefficient), the 
bottom row shows box plots for morning, afternoon and evening as a function of calendar month (box indicates 
quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  
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Figure 5. Analysis of temperature data from the Trechsel series. The top row shows mutual comparisons of morn-
ing, noon, and evening series (the number in the bottom right corner indicates the Pearson correlation coefficient), 
the bottom row shows box plots for morning, afternoon, and evening as a function of calendar month (box indi-
cates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the box).  

 

 

 

Figure 6. Analysis of pressure (top) temperature (bottom) and data from the Benoit series. The left row shows 
mutual comparisons of morning and evening series (the number in the bottom right corner indicates the Pearson 
correlation coefficient), the middle and right rows show box plots for morning and evening as a function of calen-
dar month (box indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range from the 
box).  
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Figure 7. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the series from Trechsel and Benoit (grey shading indicates nighttime).  

 
For the temperature series, we find 215 flagged values out of 31,178 (corresponding to 

0.7%). The corresponding correlation analysis again reveals very high correlations between 
morning and noon as well as between noon and afternoon measurements, with coefficients of 
0.97 and 0.98, respectively. The correlation between afternoon and evening measurements 
drops to 0.96, but since these two measurement times are further apart, this is expected. 

 

3.2. The Benoit series 

The Benoit series has twice daily measurements, in the morning and afternoon (here denoted 
evening, for consistence with the other series). Note that we do not know if Benoit reduced 
pressure. We assumed he reduced pressure to 10 °R, which was a common practice at that 
time. In the pressure series, only 26 out of 11274 measurements were flagged, corresponding 
to 0.2% of the values. For temperature, 98 out of 11285 values (or 0.9%) were flagged. 

The comparison of the two pressure series per day (Fig. 6) shows a relatively large scat-
ter. The correlation is 0.9. The lower left part of the scatter plot indicates possible shifts, 
which we will revisit in the next section. Note that Flückiger (2018) found additional prob-
lems in Benoit’s pressure data prior to June 1840. The climatology (middle and right rows) 
shows the expected minimum in April.  

The scatter plot for temperature (bottom left) shows an even larger scatter. In fact, the 
correlation (0.88) is among the lowest found in the CHIMES project based on corresponding 
analyses.  

Figure 7 shows the comparison of the mean temperature values at the different observa-
tion times with the diurnal cycle of the modern MeteoSwiss station at Bern/Zollikofen, 1981–
2010 (1 °C was subtracted to take global warming into account). The data from both records 
match the modern climatology quite well, with deviations mostly within 1 °C. The only ex-
ceptions are the morning temperatures of Benoit, which are too low especially in winter, 
pointing perhaps to an excessive radiative cooling of the thermometer. On the other hand, it is 
also evident how the choice of Trechsel for the morning observation time is not ideal in sum-
mer, when the temperature at 9 AM is closer to the daily maximum than to the minimum. A 
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comparison of Trechsel’s temperature measurements with present day data from Bern (Fig. 7) 
reveals a good correspondence of the diurnal cycle. In January Trechsel’s measurements were 
slightly below, in July slightly above the present day data. Radiative effectes cannot be ex-
cluded.  

 

4. Comparison of Trechsel’s and Benoit’s series  

Since the two series from Trechsel and Benoit partly overlap, we compared the morning 
measurements (6:00 and 9:00 local time) as well as the afternoon measurement (14:00 and 
15:00) directly. The comparison for pressure (Fig. 8, top) shows a good correlation, reaching 
0.98 in the morning and slightly less (0.965) in the afternoon. Pressure measurements of the 
two series can therefore be considered precise. There are, however, differences. For instance, 
the differences between Benoit’s morning and afternoon measurements is at odds with the 
diurnal pressure cycle as obtained from present (2004–2009) pressure measurements from the 
station Bern-Bollwerk, particularly in winter. On the other hand, Trechsel’s data show the 
expected diurnal cycle (Flückiger, 2018). Hence, Benoit either measured too low morning 
values or too high afternoon values. Considering the offset from the one-to-one line (red line 
in Fig. 8), the latter is more likely as Trechsel consistently measured lower pressure values 
than Benoit. A possible explanation is that Benoit did not correct the pressure readings for 
temperature or did not correct them properly. The largest inhomogeneity on 1 January 1844 
corresponds to the change of data source in Trechsel. The differences become smaller when 
Trechsel moved his measurements to Kramgasse 12, possibly due to the lower elevation of 
the latter location.  

 

Figure 8. Mutual comparisons between the Trechsel and Benoit series in their overlapping period. Shown are (top) 
pressure and (bottom) temperature for (left) morning and (right) afternoon The numbers in the bottom right corners 
indicate the Pearson correlation coefficients.  
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Figure 9. (top) Time series of monthly mean pressure from Trechsel (black) and Benoit (blue). (Bottom) differ-
ence series (Trechsel minus Benoit) of monthly mean temperature (red) and pressure (orange)  

 

The comparison of temperature (Fig. 8, bottom) shows a worse agreement for morning as 
compared to afternoon measurements. This might at least partly be explained by the fact that 
the morning measurements were taken 3 hours apart during a time of day when temperature 
changes rapidly (see Fig. 7). In contrast, the afternoon measurements were taken only one 
hour apart during a time of day with slower temperature change. Particularly during summer, 
Trechsel (at 9:00) measured higher values than Benoit, as expected. The measurements in the 
afternoon follow the one-to-one line relatively closely.  

Finally, we analysed time series of monthly mean temperature and pressure, derived 
from daily mean data as described in Brugnara et al. (2020). Results (Fig. 9 top) show again 
the higher pressure measured by Benoit as compared to Trechsel, but their course agrees very 
well. In fact, the correlation coefficient attains 0.987. The difference series (Fig. 8, bottom, 
red line) shows a large step change in 1844 which corresponds with a change in our source. A 
second step change appears in 1848, after Trechsel had relocated his measurements from Her-
rengasse 1 to Kramgasse 12. Further work will be necessary to produce a homogenised pres-
sure time series. 

The lower part of Figure 9 also shows the temperature difference. The difference series 
shows a pronounced annual cycle of ca. 2 °C and a change after 1848. It is difficult to assess 
possible error sources precisely. The measurements were always taken on the second floor of 
a building, arguably attached directly to a north-facing wall or to a suspension device several 
centimetres away from a north-facing wall. Hence, the thermometers were exposed to re-
flected or scattered radiation in each case, especially since at Herrengasse 1, Münstergasse 28 
and Kramgasse 12 alike, there was a high, south-facing wall less than 10 metres away, possi-
bly reflecting radiation, particularly during the months April to September around noon.  
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5. Conclusions 

Meteorological measurements in Bern started in 1760. The CHIMES project has revealed that 
a close-to-continuous record, though with some gaps, could potentially be generated. Many of 
the series are however only 10–20 years long (Pfister et al., 2019). This paper describes two 
series by Friedrich Trechsel and Daniel Gottlieb Benoit which together cover the period 
1826–1853 with a 12 year overlap, allowing for an analysis of their characteristics and possi-
ble errors. Trechsel was a trained scientist and served in the meteorological commission of the 
Schweizerische Naturforschende Gesellschaft, on whose behalf he organised and compiled 
coordinated meteorological measurements across Switzerland. He was thus well acquainted 
with the latest standards of meteorological measurements, and his instruments were funded by 
the Naturforschende Gesellschaft. Benoit was an amateur scientist, acting on his own behalf, 
though also well informed about measurement standards and with great dedication. 

The analysis shows a generally good quality of the Trechsel series. The Benoit series also 
might be useful; differences between the two series can be explained by the time-of-day. In 
particular, the pressure series from Benoit compares well with the Trechsel series, such that it 
can be used to substitute the latter. The long term stability of the records yet remains to be 
analysed. There are still further segments of the 260 year long history of meteorological 
measurements made in Bern. Once these segments have been digitised and processed. The 
series will be homogenised and a long series will be constructed.  

The data are further described in Brugnara et al. (2019, 2020) and made publicly avail-
able at https://doi.pangaea.de/10.1594/PANGAEA.909141, via MeteoSwiss and via the C3S 
Global Land and Marine Observations Database (Thorne et al., 2017) as well as EURO-
CLIMHIST (Pfister et al., 2017). The images can be downloaded from https://zenodo.org/ 
record/3066836#.XVv-fGRS8-U.  
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Abstract 

The meteorological series from the Great St. Bernard, at 2479 m asl, reaches back to 1817 and 
is the longest high-altitude series in the world. Because of its location, the station is one of 
only two Swiss stations in the surface network of GCOS (Global Climate Observing System). 
The original data since 1819 were digitized in the framework of the DigiHom project, the data 
series for the first two years were recently found by MeteoSwiss and were also digitised. In 
this paper we describe the data series as well as the quality control procedures.  

 

1. Introduction 

High-altitude stations are particularly important for weather and climate monitoring. Already 
early in the history of meteorology, measurements were made at mountain stations (see Barry, 
2008; Brönnimann, 2020). In Switzerland, measurements were made in the St. Gotthard 
Hospiz at 2093 m asl from 1728–1730 (pressure) and again 1781–1792. The latter data were 
digitized in the CHIMES project (Pfister et al., 2019; Brugnara et al., 2020b). In the same 
year, 1781, measurements started at Hohenpeissenberg in Germany at an altitude of 989 m 
asl. This series continues until today and is longest mountain top series (Winkler, 2009).  

At the Great St. Bernard pass, 2479 m asl, monks started to make measurements in 1814. 
The series continues from 1817 to the present day and is the longest high-altitude series in the 
world. Together with the mountain top station Säntis (2502 m asl), which started in 1882, 
Great St. Bernard is one of two Swiss stations in the GCOS (Global Climate Observing 
System) surface network. The data from the Great St. Bernard have long been available in the 
form of daily and monthly means, expert-quality controlled by Schüepp (1991). The original 
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data from Great St. Bernard since 1819 were more recently digitized in the framework of the 
Swiss DigiHom project (Füllemann et al., 2011). Recently, MeteoSwiss copied the data sheets 
from the first two years, so that now the complete original data are available.  

This paper describes the data series as well as the quality control procedures of the Great 
St. Bernard. It is organized as follows. Section 2 provides information on the station history 
and instruments used. Section 3 describes the Quality Control procedure and shows the data 
as well as a brief example of data analysis. Conclusions are drawn in Sect. 4. 

 

2. Instruments and location 

Measurements started at Great St. Bernard (see Fig. 1 for location) already in March 1814 as 
part of the network of the Natural Sciences Society of Aargau (see Faden et al., 2020). Prior 
Abbé Murith, head of the monastery, was the observer. He delivered data to Aarau from 
March 1814 to September 1816 (the death of Murith), but they were not published. It seems 
that the data were sent to the London Meteorological Society (Zschokke, 1823; Custer, 1869), 
but our enquiries remained fruitless. Pictet (1817) mentions an even earlier attempt by the 
Academy of Torino to start measurements at the Great St. Bernard. 

Measurements then started again in 1817 thanks to an initiative of Marc-Auguste Pictet 
(see Brönnimann et al., 2020), physicist and meteorologist in Geneva and at that time director 
of the Geneva Observatory. In the paper describing the station set-up, Pictet motivated the 
third attempt to start measurements at Great St. Bernard by Humboldt’s work and the vision 
to collect global meteorological data. Humboldt’s article on isothermal lines (Humboldt, 
1817) is referenced and was summarized in the same issue of the journal. Another possible 
cause could have been the summer of 1816, which was cold and wet in Switzerland and 
which made the newly formed Swiss Natural Sciences Society formulate the price question: 
“Is it true that the climate of the high Alps in Switzerland has deteriorated?” The call 
explicitly excluded meteorological measurements, as the lack of suitable data was recognized 
(Bodenmann et al., 2012). Pictet was a member of the prize committee and had performed 
meteorological measurements in Geneva since the 1770s. However, he neither did mention 
the summer of 1816, nor the prize question in his article of 1817 (Pictet, 1817). 

 

 

Figure 1. Left: Topographic map of the central Alps with the location of Great St. Bernard (source: etopo1). Right: 
Location of the weather station at the north-facing wall of the hospice (Janin, 1968). 
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Figure 2. Left: The station around 1935 (photo: Max Kettel, © Médiathèque Valais). Right: Location of the 
weather station in 2010 (Photo: Renate Auchmann). 

Pictet arrived at Grand Saint Bernard on 14 September 1817 (measurements started on 
the same day), carrying with him a number of instruments. An article in “Bibliothèque 
universelle” describes the station set-up. The instruments were made by Mr. Gourdon (Rue 
des Corps-Saints) in Geneva and encompassed 

1) a cistern barometer (ratio of tube versus cistern surface area of 1/100)  

2) a Réaumur thermometer (mercury) attached to the barometer 

3) a portable mercury thermometer 

4) a portable hair hygrometer (Pictet exchanged the hair approximately every 2 years) 

There was no pluviometer, hence the monks constructed one. The location of the 
pluviometer has changed several times (as is discussed below). Wind and clouds were also 
observed. The instruments were mounted outside a window on a north facing wall on the 
second floor of the building. The station is still mounted on the same wall today, at the third 
floor of the hospice, across the street from the hotel (see Figs. 1 and 2).  

While there were replacements of thermometers (some documented in the 
correspondence stored at the Archive Great St. Bernard), there were no major changes to the 
meteorological station. Perhaps the most important change was the pavement of the street. 

The observers were the monks of the monastery. They read the instruments at sunrise 
and at 2 in the afternoon and noted the results on data sheets. The data sheets were not to 
leave the monastery, only copies were sent to Geneva once per month with ordinary mail. The 
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originals can still be seen at the monastery today. Observation times changed in 1827 to fixed 
hours. 

As to precipitation measurements, there was no major change of location of the rain-
gauges but small changes which affected the series. Schüepp (1991) distinguished six phases:  

(1) 1818–1835: Snow height, not water equivalent was given. Schüepp (1991) used a 
temperature dependent conversion (1 cm of snow corresponds to 0.76 mm water at -15 °C but 
to 1.15 mm at 0 °C).  

(2) 1836–1841: The transition to the metric system obviously brought some difficulties. 
Two extreme situation (an extreme snow fall as well as an avalanche) likely triggered slight 
relocations.  

(3) 1842–1900: Rain-gauges were installed with 500 cm2 collecting surface at a distance 
of 1.5 m from the southern wall of the building, 5 cm above the ground. Snow was often 
blown out of the rain gauge by strong winds and hence precipitation was often 
underestimated; from 1858 on there were very few days with precipitation totals <1.0 mm 
(small quantities were arguably neglected).  

4) 1901–1917: No important loss of snow by strong winds occurred, arguably due to 
improved rain-gauge.  

(5) 1918–1981: A new Hellmann-type rain-gauge with 200 cm2 collecting surface was 
used, with a Nipher funnel to achieve horizontal flow over the instrument. The rain-gauge was 
now located 3.5 m from the south wall (see Fig. 1). There are 11 years with parallel 
measurements of both systems (Gautier, 1922, 1930). The new gauge indicates 60% more 
precipitation in winter and 25% in summer.  

(6) 1982–1990: Start of automatic network with a balance system (collecting surface still 
200 cm2). 

 

3. Data processing, quality control, and analysis 

The data from the Great St. Bernard were copied by the monks and then sent to Pictet in 
Geneva, who published them in the “Bibliothèque universelle”. The original sheets (see Fig. 
3) remained in Great St. Bernard. The data from the entire series were then again published by 
Cerutti (1987) and quality controlled and corrected by Schüepp (1991). However, only daily 
and monthly means were available, but not original data. In the framework of the project 
DigiHom (Füllemann et al., 2011), the original data from 1819 onward were digitized (only 
summary statistics were available for the first 2 years). Recently, the earlier sheets were 
provided by MeteoSwiss, such that now a complete record is available. Figure 3 shows an 
example data sheet from 1818.  

The data from 1819 onward were digitized from the “Bibliothèque universelle” and 
quality-checked within DigiHom. The quality-checks were visual and included plotting 
against neighbouring stations as well as plotting morning against afternoon measurements. 
These data are described in Füllemann et al. (2011). The first two years were digitized from 
the original data sheets and are described here. These data were reprocessed as described in 
Brugnara et al. (2020a). The same diagnostic plots as described in that paper were produced, 
but for the entire segment 1817-1826, when observation times changed. 
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Figure 3. Original data sheet for January 1818 (from: Archives du Grand-Saint-Bernard).  

 

Figure 4. Analysis of pressure and temperature data from the Great St. Bernard, 1817-1826. The top row shows 
scatter plots of morning and afternoon series (the number in the lower right corner of the panel indicates the 
Pearson correlation coefficient). The bottom row shows box plots for pressure in the morning and in the afternoon 
as a function of calendar month (box indicates quartiles and median, whiskers extend to at most 1.5x the 
interquartile range from the box).  
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Figure 5. Diurnal temperature cycle in January (left) and July (right) in present-day (1984–2013, -2 °C to account 
for climate change) MeteoSwiss data (thick black line) as well as in the series from the Great St. Bernard. Grey 
shading indicates nighttime.  

The quality control (see Brugnara et al., 2020a) was applied to the data from 1817 to 
1826. In total 50 pressure values (out of 5995) and 9 temperature values (out of 5952) were 
flagged. This corresponds to 0.8% and 0.15%, respectively.  

Comparing series of morning and afternoon with each other (Fig. 4, top row), we found a 
high correlation for pressure (0.97) and a lower correlation of 0.88 for temperature. These 
numbers are in the same range as those from other series for similar comparisons (morning 
versus afternoon or evening; see other papers in this volume). Also the annual cycle of air 
pressure shows no unusual features, except perhaps for the high pressure in November and 
low pressure in December (Fig. 4, bottom row).  

 

 

Figure 6. Time series of daily pressure (left) and temperature (right) from the Great St. Bernard, 1817-1826 from 
the morning (top) and evening (bottom) measurements.  
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A comparison of the diurnal cycle with present MeteoSwiss data (2 °C were subtracted to 
approximately account for climate change) shows a relatively good agreement in summer, 
when the amplitude of the diurnal cycle was only very slightly larger than today (Fig. 5). In 
contrast, during January, the historical data show much higher afternoon values, possibly 
because of radiation scattered by the snow affecting the measurements, while the sunrise 
observations are close to the expected value. In any case, the diurnal cycle in winter is much 
larger in the historical data than in present-day data, suggesting that adjustments are necessary 
before the historical data can be used for climatological purposes. 

Time series plots for pressure and temperature over the 1817-1826 period are shown in 
Figure 6. Some individual outliers are seen in both variables. They appear both in morning 
and afternoon series (which however does not indicate their correctness). There is no 
indication for an inhomogeneity within the period displayed. 

Finally, a brief analysis of data from the months of May and June 1818 from many 
stations in Switzerland (see Pfister et al., 2019) is shown in Figure 7 (Brönnimann, 2019). 
Note that the figure shows raw data; the series refer to different times of the day, and even the 
conversion of the scale (for the case of Schaffhausen) was preliminary. Despite this fact, high 
correlations and a good agreement of the absolute values are found. This shows that day-to-
day weather is well captured and that already 200 years ago, the available data allow an 
overview of Swiss weather (except for Ticino and Grisons). Temperature at Grand St. 
Bernard correlates with a Pearson correlation coefficient of >0.8 with the series of Aarau, 
Bern and Geneva and 0.79 with that of Schaffhausen, despite the distance of 230 km and the 
different climatic setting. The figure shows the weather in the weeks prior to the collapse of 
an ice dam in the Val de Bagnes, only 20 km away from the Gr St. Bernard, on 16 June 1818. 
The dam was formed by the debris from the Giétro glacier. The subsequent flood killed 36 
persons in the valley and in the Rhone valley in Martigny. A commemorative volume of the 
Annales Valaisannes, Dec. 2019, provides more details on the event.  

 

 
Figure 7. Daily temperature series from several sites in Switzerland digitized during the CHIMES project (note 
that the different series refer to different times of the day). The bottom part (numbers) indicate the daily weather 
types of the CAP7 classification according to Schwander et al. (2017). For the period May and June 1818. During 
this period, ice from the Gietro glacier blocked the Dranse, which formed a lake in the upper Val de Bagnes. 
During May, which fortunately was relatively cool, a tunnel was dug through the ice under the lead of Ignatz 
Venetz and the lake level could be lowered, although not sufficiently to prevent the subsequent catastrophe. The 
collapse of the ice dam on 16 June and the subsequent flooding killed 36 persons (from Brönnimann 2019).  
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4. Conlusions 

There are only very few long, high-altitude meteorological series in the world. The series 
from Great St. Bernard, at 2479 m asl, might be considered the longest as it reaches back to 
1817. It was famous in the early 19th century and used, e.g., by Alexander von Humboldt. 
Today it contributes to the surface network of GCOS. In this paper we describe the 
digitization and quality control of the meteorological data. Data since 1819 were digitized in 
the framework of the DigiHom project, the earlier data in the framework of the GCOS 
Switzerland project “Long Swiss Meteorological Series”. 

Here we analyse the first segment of the series from 1817 to 1826 (see Füllemann 
et al., 2011 and Schüepp, 1991 for further description of the later data). The series 
proves to be of good and consistent quality through the analysed time period, although 
the high afternoon values during winter months deserve further attention. A brief 
analysis of weather in 1818 also shows the consistency with other Swiss series. The 
homogeneity of the series remains to be assessed. 

The metadata on the station are included in the inventory of Pfister et al. (2019). The data 
are provided via MeteoSwiss. 
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Abstract 

The meteorological series from Basel is one of the two currently existing long Swiss series 
and reaches back to 1755. It has been re-evaluated by Bider et al. (1958) and Bider and 
Schuepp (1961) based on daily values. In the context of the DigiHom project, we have 
digitised the original subdaily data. In this short paper we describe the series by D’Annone, 
covering 1755-1804. We provide information on the observer, location, and instruments and 
describe the quality control procedures. The data from D’Annone are available from 
MeteoSwiss and will be merged with other segments of the long Basel series. 

 

1. Introduction 

Basel is one of the two very long Swiss meteorological series available until now (the second 
is Geneva; both reach back to 1755). It is widely used in science and in public communication 
to demonstrate long-term climate change in Switzerland (CH2018, 2018). As is the case with 
almost all long series, it is composed of segments of very different length. Most of these 
segments have been analysed in detail by Riggenbach (1892) and carefully concatenated by 
Bider et al. (1958) for temperature and Bider and Schüepp (1961) for pressure. In this form 
the series has found its way into the global data bases (e.g., Menne et al., 2018).  

The data 1755 to 1804 in this concatenated series are from one observer: Johann Jakob 
D'Annone. In the 2000s, the original data have been digitized in the framework of the project 
DigiHom (Füllemann et al., 2011) and more recently the GCOS Switzerland project “Long 
Meteorological Series”. In this paper we briefly describe this longest segment of the Basel 
series, which forms the basis of the long series. This paper will be complemented by further 
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papers describing other segments of the Basel series, some of which might not have been 
available to Bider et al. (1958), eventually leading to a new, long Basel series.  

The paper is organised as follows. Section 2 describes observer, location, as well as 
instruments and their errors and assessments by previous authors. Section 3 describes the 
processing, quality control and analyses of the data. Conclusions are drawn in Section 4. All 
metadata on the stations are incorporated in the inventory of Pfister et al. (2019); the data can 
be obtained from the MeteoSwiss website. 

 

2. Observer, location, instruments, and source  

Johann Jakob D’Annone (1728-1804) was a scientist from Basel. He studied philosophy and 
law at the University of Basel. In 1759 he became lecturer for natural history, 1766 professor 
for eloquence (arts and humanities), later also for jurisprudence at the Basel University 
(Bühler, 2001). He served the university as dean and rector and left behind rich collections. 
He was married with Anna Margaretha Burckhardt.  

D’Annone performed the meteorological measurements at his house at Heuberg 16 (Fig. 
1, 280 m asl). Measurements were performed three times per day. The observation times are 
indicated only until 1758 (7 am, 2 pm, 8 pm, note that observation times were given in Basel 
hours, which deviates by one hour from local solar time). Riggenbach (1892) mentions that 
observations times at the end of the record were 7 am, 3 pm, 7 pm (according to a servant)  
 

 

Figure 1. Map of Basel from Matthäus Merian the older, ca. 1620, 32.5 x 39.5 cm (copyright: Kunstmuseum 
Basel). The red dot indicates D’Annone’s house, where he performed the measurements. 
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and assumes without further evidence that the change in observation times took place on 26 
February 1780. Bider et al. (1958), though referring to Riggenbach, assume 24 February 1779 
as the date of change. We follow this latter date, noting that there is no more precise 
information. 

During three summers, measurements were not taken in Basel, but in other locations, 
namely Muttenz (20 July to 14 September 1761 and 17 July to 28 August 1784) and Pratteln 
(18 August to 3 September 1765). D’Annone started his own measurements on 5 June 1755. 
He complemented the series backward to 1 January by copying the measurements from 
Friedrich Zwinger (1707–1776), doctor and professor at the university, serving also as dean 
and later rector.  

Temperature measurements were performed with a Micheli Du Crest thermometer filled 
with spirit of wine, with a bulb diameter of 11 Parisian lines. Temperature is indicated in 
degrees Micheli Du Crest. Pressure was measured with a “good barometer” (Riggenbach, 
1892) with an inner diameter of 1.75 Parisian lines, with a scale in Parisian inches and lines. 

 

Figure 2. Excerpt of the data sheet for April 1757 (University library Basel). 
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Bider et al. (1958) note the hesitation of Riggenbach (1892), who analysed the different 
segments of the Basel series very carefully and also compared the D’Annone series with 
further series from Basel and vicinity, at times finding large differences (some of them could 
be instances in which D’Annone did not perform the measurements himself, but a servant 
who then reported the measurement to him upon return). Furthermore, Riggenbach (1892) 
found a change in mean temperature around 1772 and assumed a change in the zero point of 
the thermometer. Bider et al. (1958) analysed morning, noon, and evening series separately 
and concluded that D’Annone possibly started to change observation hours already in the 
early 1770s and that a change in the thermometer affected measurements after 1790. They 
corroborated this by comparing the D’Annone series with series from Neuchâtel (for the 

1770s change) and Sulz (for the change after 1790).  

Bider et al. (1958) use the D’Annone data based on the data published in the “Annalen 
der Meteorologischen Zentralanstalt”, which they compared with the original manuscripts. 
They found a change in temperature between 1771 and 1778, i.e., a decrease in the morning 
reading and an increase in the noon and evening readings, which they attribute to changed 
observation times. A more gradual increase after 1790 was attributed to a change in the 
themometer scale and was assumed to grow from 0°C to 0.6 °C based on comparisons with a 
station in Sulz. For further re-evaluation work, Bider et al. (1958) compared the D’Annone 
series with series from Stuttgart, Karlsruhe, Strassbourg, Mulhouse, Delémont, Bern and 
Geneva and estimated a radiation error of 0–2 °C depending on the season. In their final, 
reduced version, Bider et al (1958) corrected the D’Annone data for radiation error, 

temperature drift, urban effect, and changes in the time of day of measurements.  

Pressure data were not reduced by D’Annone. Bider and Schuepp (1961), using again 
data from a nearby station, found that the dependence of the pressure difference on 
temperature levels out at low temperatures and therefore assumed that the room was slightly 
heated during winter. They found that pressure is generally too low for unknown reasons, but 

concluded that measurements were taken carefully.  

For our work we went back to the original data sheets, which were photographed from 
the University Library of Basel. An example sheet is shown in Figure 2. The data were 
transcribed by students in the DigiHom project and in the GCOS project. The handwriting is 
legible and posed no problems. Concerning the observation times, we followed the 

assumption of Riggenbach (1892) that a change took place on 24 February 1779.  

While the homogenisation of temperature by Bider et al. (1958) was done very carefully 
and is essential to obtain a series that is as homogeneous as possible, correcting for all 
possible effects, the current view on correction is different. It is today considered essential to 
always have the original values at hand in order to be able to reassess any corrections. Urban 
effects do not need to be corrected for all applications of the data, and having a complete and 
very long record is perhaps less in the foreground than it was in the 1950s and 1960s. The 
focus of science has shifted away from mean climate towards extremes and towards analyses 
of atmospheric processes, which require sub-daily values. For this reason, it may be necessary 
to un-merge or un-correct some of the series that served science well for many decades. 
Therefore, this paper focuses on the original data. A construction of a new, homogenised 
combined series (for those applications that require long time series at monthly scale) will 
follow later using new segments from other series that were unknown to Bider et al. (1958).  
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3. Processing and quality control  

The data from D’Annone were quality controlled (QC’ed) and processed as described in 
Brugnara et al. (2020a). For temperature the QC procedure flagged 169 values (out of 54498), 
for pressure, 580 values were flagged (again out of 54498). 

Scatter plots comparing observations of temperature and pressure for different times of 
the day are shown in Figure 3. Pressure shows high correlations, i.e., 0.97 for morning versus 
noon and noon versus evening measurements. The fact that morning and evening are 
correlated worse is entirely explainable by the changing weather. For temperature, the 
corresponding plots again show high correlations, in particular between afternoon and 
evening. These plots therefore show that the precision of the data, both pressure and 
temperature, is very high. 

Box-plots of temperature and pressure by calendar month (Fig. 4) show the expected 
distributions and seasonal patterns. Temperature shows a skewed distribution during the 
winter months, particularly for the morning measurement, while the distributions during 
summer and at noon are more symmetric. Pressure shows the expected minimum in April and 
again an asymmetric distribution. However, as already mentioned, the barometer readings 
were not reduced to a constant temperature. 

The temperature measurements follow a realistic diurnal cycle in summer, close to that 
measured at the modern station of Basel/Binningen although with a hint of slight radiative 
bias in the afternoon hours (Fig. 5). The winter data show larger deviations. While the local 
climate of Basel/Binningen and the city might differ, the deviations still require further 
attention. 

Finally, we also analysed the long time series of the D’Annone data. Figure 6 shows 
annual and seasonal mean temperature as well as monthly pressure data. The temperature  
 

 

Figure 3. Mutual comparisons of morning, noon, and evening series (the number indicates the Pearson correlation 
coefficient) of pressure (top) and temperature (bottom) in Basel in the series from D’Annone, 1755-1804.  
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Figure 4. Boxplots for (top) temperature and (bottom) pressure for morning, noon, and evening series as a function 
of calendar month (box indicates quartiles and median, whiskers extend to at most 1.5x the interquartile range 
from the box). 

 

Figure 5. Average temperature values for the 3 observation times in January and July (dots) compared with the 
mean diurnal cycle at Basel/Binningen during 1981-2010 (1°C has been subtracted). Gray areas indicate nighttime.  

series confirm some known features of the temperature evolution, such as the high 
temperatures around 1800 (Böhm et al., 2010; Brönnimann, 2015). The coldest year (annual 
mean temperature) was 1758, the warmest years was 1801. Bider et al. (1958) attribute this 
warming around 1801 to errors in the thermometer. However, we know today that 
temperatures were higher in these years and weather type statistics indicate a higher fraction 
of high-pressure types from spring to fall during these years (Auchmann et al., 2012; 
Schwander et al., 2017). Without further evidence – statistical or metadata – a correction 
cannot be sustained. 

The well-known cold winter of 1788/89 (Neumann and Detwiller, 1990) is also 
noteworthy, although 1765/66 was even colder. Another cold winter was 1783/84, which 
coincided with the Laki eruption. The cold spring 1785, one year after the end of the eruption, 
however, must be attributed to other causes. Among the coldest summers are those of 1769 
and 1770, coinciding with the start of a food crisis (Pfister and Brazdil, 2006). 
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Figure 6. Time series of annual and seasonal mean temperatures (top) as well as monthly mean pressure (bottom) 
in the D’Annone data from 1755 to 1804.  

The pressure series (Fig. 6, bottom) shows rather random variations. A visual inspection 
does not reveal any obviously inhomogeneous period or erroneous value except perhaps the 
first monthly value of the series which incidentally is the second highest of the series. Overall 
there is no reason from these preliminary plots to assume that the data could have problems. 

Bider et al. (1958) mention several corrections that need to be undertaken to generate a 
long, homogeneous Basel temperature series: a) radiation error, b) correct to daily mean c) 
correct for urban effect in the D’Annone series as compared with the more rural or suburban 
location of Basel-Binningen. d) Zero-point correction of the temperature scale of the 
thermometer, e) calibration correction of the thermometer. They tried to the best of our 
knowledge, by comparison with other series, with cloud cover. This information will prove 
useful in a reassessment of the Basel series. However, the original value must be preserved, 
and depending on the application, not all corrections are necessary. 

 

5. Conclusions 

The meteorological series from Basel, together with that from Geneva, is the longest currently 
known from Switzerland. Here we analyse a segment covering the first 50 years, from 1755 to 
1804. The data were measured by Johann Jakob D’Annone, scientist and university professor. 
Quality control and analyses find the data to be of good quality. The data have been re-
evaluated carefully in the 1950s; they have now been re-digitised based on the original 
subdaily data and will be complemented and compared with further records from Basel that 
have only come to light recently (Pfister et al., 2019).  
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The data are made publicly available by MeteoSwiss. They will also be available from 
the C3S data Global Land and Marine Observations Database (Thorne et al., 2017).  
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Abstract 

The meteorological series from Basel is one of the two existing long Swiss series and reaches 
back to 1755. It has been re-evaluated by Bider et al. (1958) and Bider and Schuepp (1961) 
based on daily values. We have digitised the underlying original data. Here we describe the 
data from 1825 to 1863, most of which were measured by Peter Merian (his data cover 1828-
1863). Additional observers were Burckhardt (1825-1827), Fürstenberger (1826-1830), 
Schneider (1836-1846), and Kaufmann (1862-1863). We provide information on the loca-
tions, observers, and instruments (where available), as well as the quality control procedures. 
The data is available from MeteoSwiss. 

 

1. Introduction 

Basel is one of only two long Swiss meteorological series available until now (the second is 
Geneva; both reach back to 1755) and consequently often used in climatology. The individual 
segments that make up this series have been described in detail by Riggenbach (1892). Bider 
et al. (1958) and Bider and Schüepp (1961) then undertook the work to concatenate the indi-
vidual segments to a long, homogeneous series. In the framework of the MeteoSwiss project 
DIGIHOM III (Füllemann et al., 2011) and the Swiss GCOS project “Long instrumental se-
ries”, the individual segments are re-digitised and re-assessed and complemented with further 
segments (e.g., covering the long gap from 1804-1826 during which the Basel series up to 
now was filled in with data from Mulhouse and Delémont). Several important segments cov-
ering the years 1755 to 1829 are discussed in other papers in this volume (e.g., Brönnimann 
and Brugnara, 2020). In this paper we focus on five series from 1825 to 1863 (the start of the 
national meteorological network today run by MeteoSwiss).  

                                                 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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During this period, at least five different observation series are available, partly or even 
fully overlapping. The corresponding observers were J. Rudolf Burckhardt, Johann Jakob 
Fürstenberger, Peter Merian, Andreas Schneider, and Fritz Kaufmann. By far most the most 
observations are from Peter Merian. This paper describes the metadata on these series. On the 
one hand, observers, locations, and instruments are described (Section 2), on the other hand, 
processing and quality control of the data series. Section 3 presents results and some analyses. 
Conclusions are drawn in Section 4. Metadata on the stations are incorporated in the inven-
tory of Pfister et al. (2019); the data can be obtained from the MeteoSwiss website. 

 

2. The five series  

This section summarizes the metadata for each of the five series, three of which consist them-
selves of series taken at different locations. In addition to archival material, we rely strongly 
on the information given in Riggenbach (1892), Bider et al. (1958) and Bider and Schüepp 
(1961). Table 1 gives an overview of the five series (including the sub-series); Figure 1 gives 
an overview of the locations on a contemporary map). Note that over summer, Merian often 
measured in other locations close to Basel. Although digitized, these data are not further con-
sidered in this paper. 

Table 1. Meteorological observations in Basel, 1825-1863 (see Section Sources for a complete list of the data and 
metadata sources). # refers to Fig. 1. GF = ground floor, 1F…3F = first…third floor, MZ = mezzanine; p = pres-
sure, T = temperature, w = wind speed, wdir = wind direction, wn = weather notes, o = other observations, h = 
humidity, R = precipitation. Diff. M1 indicates altitude or pressure differences to M1 (St. Johannvorstadt). 
Sources: Riggenbach (1892), Pfister et al. (2019).  

Period # Location Diff. M1 Observer Variables Instruments/notes 
1825-27  unknown  J. Rudolf 

Burckhardt 
p, T, wn 
irregular, early morn-
ing, late evening  

unknown 

1826-33 M1 St. Johannvorstadt/ 
Spitalstrasse 14, 2F 

0 

1833-35 M2 Freie Strasse 23, 3F -0.36 hPa 
1835-37 M2 Freie Strasse 23, 2F +0.09 hPa 
1837-63 M3 Domhof/Münsterplatz 

12, 2F 
+13.77 m
-1.83 hPa 

p, T, h, w, wdir, o, wn 
3x daily  
(only data after 1828 
available) 

1835-63 M
R 

Alter Botanischer 
Garten 

 R 

1827  Marchmatt (summer)  p, T, h, w, wdir, wn 
3-15x daily 

1828  Arlesheim (summer)  p, T, h, w, wdir, wn 
3-16x daily 

1829  Binningen (summer)  
1830  Binningen (summer)  

p, T, h, w, wdir, wn 
4x daily 

1832  Badenweiler (summer)   
1836 M4 Stückelberger Gut 

(summer) 
  

1837  Höllstein  

Peter Merian 

 

Dumotiez barome-
ter, then Loos and 
then (1828) Oeri 
barometer (mercury, 
reduced) 
Loos thermometer  
Oechsle thermome-
ter 
Bellani minimum-
maximum ther-
mometer 
(1828/1829) 
Apel thermograph 
Geriner thermomet-
rograph 
 

1826-27 F1 Hebelstrasse 22, GF  
1828 F2 Schlüsselberg 13. 1F  
1828-32 F3 Nadelberg 37 1F   

Johann Jakob 
Fürstenberger 

p, T, w, wdir, h, wn 
mostly 8, 11, 14, 21  

Loos barometer 
Bellani thermometer 
Oechsle thermo-
graph 

1838-49 S1 Falkensteinerhof, 2F  (only 1838-46 avail-
able) 

1849-56 S2 Augustinergasse/ 
Museum, MZ 

 

Andreas 
Schneider 

p, T, w, wdir, Wn 
3x daily 

(unavailable) 

1856-63 K Augustinergasse/ 
Museum, MZ 

 Franz Kauf-
mann 

p, T, wdir 
3x daily 

(only 1862-63 avail-
able) 
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Figure 1. Locations of meteorological observations in Basel, 1825-1863, on a contemporary map. Shown are loca-
tions of Fürstenberger (F1 to F3), Merian (M1 to M4, MR), Schneider (S1 and S2), and Kaufmann. Map: Löf-
felplan, produced 1857-1859, published 1862 (source: Geoportal Kanton Basel Stadt). Not shown are the locations 
of Burckhardt’s observations as well as those performed in the vicinity of Basel (Marchmatt, Arlesheim, and 
Binningen). 

 

2.1. The series by J. Rudolph Burckhardt  

Not much is known about the series by J. Rudolf Burckhardt, which was found at the Univer-
sity library of Basel. Possibly the observer was Johann Rudolf Burckhardt, 1802-1869, a law-
yer from Basel. The series is not mentioned in Riggenbach (1892), Bider et al. (1958) or other 
compilations. The observations consist of 2-4 times daily measurements (at varying hours) of 
temperature, indicated in Réaumur, and pressure as well as weather descriptions. Unfortu-
nately, we do not know the location of the measurements. The series spans the years 1825-
1827 and thus might be important to concatenate earlier (Daniel Huber) and later segments 
(Peter Merian) of the Basel series. 
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Figure 2. Data sheet from J. Rudolf Burckhardt for September 1825, University Library of Basel (L III 25). 

The series are hand written in a note book; the hand writing is at times hard to read, 
pages are sometimes stained, and there are many strike throughs. An example sheet is shown 
in Figure 2.  

 

2.2. The series by Peter Merian  

The longest and most comprehensive series from Basel from the 19th century is that from Pe-
ter Merian which started in 1826 (although we only have the data from 1828 onward). Peter 
Merian (1795-1883) was a scientist and politician of Basel. He was professor of Physics and 
Chemistry at University of Basel, from 1835 onward also professor of Geology. Three times 
he served the University as rector and had several political positions.  

His grandfather Abel Socin already made measurements from 1783 to 1805 (Pfister et 
al., 2019). The barometric measurements in Basel in 1826 were originally performed in the 
context of altimetric measurements, but then continued by Merian. Together with his friends 
Friedrich Trechsel from Bern (see Flückiger et al., 2020) and Daniel Meyer from St. Gall (see 
Hürzeler et al., 2020), Merian tried to establish a meteorological network with the help of the 
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Swiss Natural Sciences Society, but did not find support. However, the three stations contin-
ued and the data were collected and published by the society.  

Peter Merian measured all his life. As of 1864, the station transited into one of the new 
Swiss meteorological network that was run by the Swiss Natural Sciences Society (later by 
MeteoSwiss); the period from 1864 onward is not discussed in this paper. Prior to 1864, Peter 
Merian measured mainly at three locations: St. Johannvorstadt, Freie Strasse, and Münster-
platz. From 1835 onward, his thermometric, barometric and hygrometric measurements were 
supplemented by precipitation measurements in the old botanical garden (read daily by the 
gardener). During some of the summers, Merian measured at other locations. Some of these 
locations were at the outskirts of the city, but some also were 10 km or further away, such as 
Marchmatt or Arlesheim. The latter two series were already digitsed within DIGIHOM 
(Füllemann et al., 2011). An extensive discussion is found in Riggenbach (1892). 

Merian’s first barometer in April 1826 was a Dumotiez barometer (divided in inches and 
1/12th inches), form Jun 1826 onward he used a Loos barometer (Darmstadt), in inches and 
tenths, with an attached Réaumur thermometer. However, the pressure data in Merian’s origi-
nal data tables for 1826 and 1827 (note that our sources start only 1828) were taken from Für-
stenberger. In 1828 Merian obtained three Oeri mercury barometers form the Swiss Natural 
Sciences Society (the same type of instruments was also used in Bern by Trechsel), with at-
tached Réaumur thermometer. Merian reduced the pressure values. The diameter of the Oeri 
barometer was 4 lines, the quadratic cistern measured 4 inches, which yields a ratio of 1/200. 
A vernier allowed reading with an accuracy of 0.05 inch. Comparisons with other barometers 
showed good results, but Merian suspected that a change in the wood as well as leaking mer-
cury might have affected the measurements. The barometer was calibrated upon arrival, but 
with an error (and some loss of mercury during a transport to Fürstenberger; for details see 
Riggenbach, 1892). From 8 September 1828, the Oeri barometer replaced the Loos barometer 
for the observations. The Loos barometer was henceforth used at the summer observation 
sites (see Table 1). At many later occasions, comparisons with other instruments were per-
formed, some of which served as travelling standards and allowed tracing the barometer stan-
dard to that of the Paris observatory (see Riggenbach, 1892)  

Peter Merian used several Loos mercury thermometers over the course of his measure-
ments. He also acquired two Bellani minimum-maximum thermometers. They were in opera-
tion during the cold winter 1829/30 but broke soon thereafter. Later he acquired a Bellani 
thermograph. One of the Loos thermometers was later used as wet bulb thermometer. Details 
on the instruments are given in Riggenbach (1892). Not much is known, however, about the 
thermometers used after the 1830s. 

As to the precipitation measurements, the pluviometer in the botanical garden had an 
area of 131.5 square inches; 0.01 inches of rain correspond to 26.0849 g of water. This num-
ber was used for the conversion by Riggenbach (1892).  

The data sheets from Peter Merian can today be found in the Basel University library. An 
example sheet is shown in Figure 3. The sheets are well organized and well legible. Merian 
often copied measurements from other observers, presumably to complement his own record 
(Pfister et al., 2019). 
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Figure 3. Data sheet from Peter Merian at Freie Strasse, January 1837, University Library of Basel (NL 307 : 6), 
http://doi.org/10.7891/e-manuscripta-14531.  
 

2.3. The series by Johann Jakob Fürstenberger  

Peter Merian organised parallel measurements to check his own measurements. During the 
entire time period from 1826 to 1863, there were several control stations, and comparisons 
were also made at several other occasions. During the first years, from 1826 to 1832, such 
measurements were performed by Johann Jakob Fürstenberger. He was the step brother of 
Peter Merian. Later, control measurements in Basel were performed by Andreas Schneider 
and Franz Kaufmann (Sect. 2.4.). These measurements were not consulted by Bider et al. 
(1958) when constructing the long Basel temperature series. However, the series are relatively 
short.   

 
Figure 4. Data sheet from J. J. Fürstenberger, April 1826. University Library of Basel (NL 307 : 4), 
http://doi.org/10.7891/e-manuscripta-14519. 
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Fürstenberger measured at three locations (see Table 1). The data from the first two years 
are particularly important as they may help to complement Merian’s measurement backward 
(i.e., Merian’s tabulated pressure data for these year were actually Fürstenberger’s data). Für-
stenberger used a Loos barometer. He had a Bellani thermometer, an Oechsle thermometer 
and later an Oechsle thermograph. The instruments were partly the same as those of Merian as 
they frequently exchanged instruments. Riggenbach (1892) gives some further details. Für-
stenberger’s data sheet can also be found in the University Library of Basel. An example 
sheet is shown in Fig. 4. 

 

2.4. The series by Andreas Schneider and Franz Kaufmann 

A further control series was performed at the Museum Augustinergasse (today Natural His-
tory Museum). Observations were first taken by Andreas Schneider, bookbinder and later 
preparatory of the museum (Häner, 2017). Schneider probably observed in 1832 and from 
1838 to 1856 (Riggenbach, 1892). Our data span the period 1838-1846 and are rather epi-
sodic, with frequent measurements during some months followed by long gaps.  

From 1856, measurements at the Museum were continued by Franz Kaufmann. Our data 
from Kaufmann however only cover the period 1862-1863. Note that both the Schneider and 
the Kaufmann series do not fill gaps or complement the Merian series, but they are neverthe-
less important for comparison. 

 

3. Processing and Quality Assessment 

For Basel, many overlapping series are available. We therefore extend our quality control 
procedures. Rather than only comparing records from different times-of-day form the same 
record with each other and flagging outliers (residuals outside 4 standard deviations from a 
least-squares regression, see Brugnara et al., 2020), we also compared records from different 
stations with each other as well as thermometer and thermograph records form the same loca-
tion. This results in a higher number of flagged values. Note that we always flag both of the 
compared values. Having more information as in this case would often allow to decide which 
of the two compared values is likely wrong. However, this cannot easily be done in an auto-
matic way and therefore this decision is deferred to the user. We use two different flags for 
the internal QC (comparing different times-of-day from the same location) and the multi-
station QC. 

Because several of the series have many measurements per day, we divided the day into 
6 intervals (divided by 7, 11, 13, 15, and 19 UTC) for the QC. For the plotting and correla-
tions shown in the following, we use fewer intervals, namely three for Burckhardt, Schneider, 
and Kaufmann, four for the Fürstenberger series, and six for the Merian series. 

The series from Burckhardt overlaps only partly with other series. In total 19 (out of 
1589) and 17 (out of 1843) values were flagged for pressure and temperature, respectively. 
The correlation plots (Fig. 5) reveal rather low correlations, although it should be mentioned 
that the time of observation varied. Nevertheless, the series may be useful to fill gaps in par-
ticular during the transition period from the Huber measurements to the Merian series; a pe-
riod during which the existing Basel series is supplemented with data from Delémont. How-
ever, the quality seems lower than that of other series. 
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Results for the Fürstenberger series (Fig. 6) include the comparison between thermome-
ter and thermograph as well as the barometric measurements. The flagging identified 55 (out 
of 3426) outliers for the thermometer, 40 (out of 2630) for the thermograph and 64 (out of 
3426) for the barometer. Comparing only the neighbouring times of day (Fig. 6), we find very 
good agreement between the series from different times of the day. Correlations are distinc-
tively higher than those for the Burckhardt series. For temperature, the comparison between 
thermometer and thermograph also shows a very good agreement. Only for the pressure com-
parison between afternoon and evening we find a somewhat lower correlation, which however 
may be explained by the larger time difference between these two measurements. 

 
Figure 5. Mutual comparisons of morning, noon, and evening series of temperature (top) and pressure (bottom) 
from J. Rudolf Burckhardt. The number in the lower right corners of the panels indicates the Pearson correlation 
coefficients. 

 
Figure 6. Mutual comparisons of four times daily series of temperature (top) and pressure (bottom) from Fürsten-
berger. In the top row, red circles indicate temperature from the thermograph, black circles those from the ther-
mometer. The numbers in the lower right corners of the panels indicate the Pearson correlation coefficients. 
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Figure 7. Comparisons of six times daily series of temperature (top) and pressure (bottom) from Merian. Only 
plots for neighbouring observations are shown. The number in the lower right corners of the panels indicates the 
Pearson correlation coefficients. 

The Merian series is the longest and most used series. The up to six times daily observa-
tions provide a large amount of data. Out of 68304 measurements, 495 temperature measure-
ments and 801 pressure measurements were flagged during our procedure. In terms of correla-
tions (Fig. 7), temperature measurement performed during neighbouring times of the day cor-
relate very well, between 0.97 and 0.99. Likewise, for pressure we find excellent correlations, 
exceeding 0.99.  

The corresponding analyses for the Schneider series (Fig. 8) shows a generally good cor-
relation for both, temperature and pressure. Both variables show nearly identical values, for 
some periods in the morning and evening. It is possible that some of the measurements were 
copied. This is clearly not the case for the noon measurements. In the comparison for pres-
sure, we see a distinctive shift which occurs after a measurement gap from 7 May to 22 June 
1840. This could indicate a change in the instrument, or also indicate copied data. This fact 
certainly merits further attention when the data series are concatenated to a single series.  

 

Figure 8. Mutual comparisons of three times daily series of temperature (top) and pressure (bottom) from the 
Schneider series. Also shown are comparisons with overlapping series from Merian (red and blue circles). The 
numbers in the lower right corners of the panels indicate the Pearson correlation coefficients for the scatter plots in 
the corresponding colours. 
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Figure 9. Mutual comparisons of three times daily series of temperature (top) and pressure (bottom) from the 
Kaufmann series. Also shown are comparisons with overlapping series from Merian (red and blue circles). The 
numbers in the lower right corners of the panels indicate the Pearson correlation coefficients for the scatter plots in 
the corresponding colours. 

Corresponding plots for the Kaufmann series (Fig. 9) shows a very good agreement both 
mutually between different times of day as well as with the overlapping Merian series. How-
ever, in the Kaufmann series temperatures hardly ever drops below -1.2 °C. The reason for 
this remains unknown, but casts some doubts. 

Further we analysed the diurnal cycle in the data (Fig. 10). Only the Merian series has 
sufficiently stable observing times to plot them together with a current diurnal cycle from the 
MeteoSwiss station (1 °C was subtracted to take global warming into account). The agree-
ment is excellent for all partial series in summer. During winter, the diurnal cycle also agrees 
well, but the data during the first observation period are considerably lower than the other se-
ries.    

Finally, we formed daily means and monthly means for all series. The results are plotted 
in Figure 11. The Merian series is very long and seems to be long term stable. It has been 
worked on exhaustively by Riggenbach (1892), Strub (1910), and Bider et al. (1958).  
 

 

Figure 10. Diurnal cycle of temperature in January (left) and July (right) in present-day MeteoSwiss data (thick 
black line) as well as in the Basel series from Merian (grey shading indicates nighttime). 
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Figure 11. Time series of (top) monthly temperature and (bottom) monthly mean pressure in Basel from all five 
series. 

Corrections can be taken from these works. The Burckhardt and Fürstenberger series could 
extend Peter Merian’s series back and connect to Huber’s series and therefore are particularly 
valuable, albeit short. They show a good mutual agreement in terms of temperature, but an 
offset in pressure (which in the case of Burckhardt might be due to the unknown location). 
The mutual overlap and the overlap of Fürstenberger with Merian may make it possible, al-
though challenging, to combine the series.  

The scarce data from Schneider show a good agreement with Merian. The same is true 
for Kaufmann’s data, although a temperature difference to Merian is found in winter. Pressure 
seems to be higher in the Kaufmann series than in the Merian series. Riggenbach (1892) com-
piled all information on barometer altitudes and offsets determined form barometer intercom-
parisons, such that corrections could be taken from there (see Table 1).  

 

4. Conclusions 

The meteorological series from Basel is currently the longest evaluated meteorological series 
from Switzerland (together with that from Geneva). In this paper we analyse several segments 
covering the period 1826 to the start of the Swiss national network in 1864. The series were 
taken by five observes. The most prominent and most comprehensive series is that from 
Merian, but the other four series by Burckhardt, Fürstenberger, Schneider and Kaufmann are 
valuable to fill gaps and to better assess the transition from earlier series to this series. Overall 
the quality of the Merian data is excellent, and its measurement frequency is high. The over-
lap of the series allows a better quality control (as intended by Merian). In addition, the series 
from Burckhardt (despite the lack of metadata) and Fürstenberger are valuable in extending 
the series further back and, together with the Huber series, perhaps helping to fill the “inter-
regnum”, which is how Bider et al. (1958) termed the period 1805 to 1825. 

The data are made publicly available by MeteoSwiss. They will also be available from 
the C3S data Global Land and Marine Observations Database (Thorne et al., 2017) and 
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EURO-CLIMHIST (Pfister et al., 2017). Together, the different series from Basel may allow 
the construction of a new “Basel series”, which, unlike its precedent, is not filled in with data 
from Mulhouse and Delémont. However, this paper also shows that inconsistencies still need 
to be resolved.  

 

Acknowledgements 
The work was supported by the Swiss National Science Foundation (project CHIMES 169676), by the European 
Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme grant 
agreement No 787574 (PALAEO-RA), by Copernicus Climate Change Service (C3S) 311a Lot 1, by GCOS Swit-
zerland (project “Long Swiss Meteorological Series”), and by EURO-CLIMHIST. 

 

Sources 
Burckhardt, J. R., University library Basel: L III 25 
Fürstenberger, J. J., University library Basel: NL 307 : 4, NL 307 : 5, http://doi.org/10.7891/e-manuscripta-14519, 

http://dx.doi.org/10.7891/e-manuscripta-14520, Burgerbibliothek Bern: Mss.h.h.XXVI.22.6 
Merian, P., University library Basel: NL 307 : 4, NL 307 : 5, NL 307 : 6, NL 307 : 7, NL 307 : 8, 

http://doi.org/10.7891/e-manuscripta-14519, http://doi.org/10.7891/e-manuscripta-14531, 
http://doi.org/10.7891/e-manuscripta-14522, http://doi.org/10.7891/e-manuscripta-14521, 
http://dx.doi.org/10.7891/e-manuscripta-14520, Burgerbibliothek Bern: Mss.h.h.XXVI.22.6 (1828-1832)  

Schneider, A., University library Basel: NL 307 : 4, NL 307 : 6, http://doi.org/10.7891/e-manuscripta-14519, 
http://doi.org/10.7891/e-manuscripta-14531 

Kaufmann, F., University library Basel: NL 307 : 10, NL 307 : 7, NL 307 : 8 (copy by Merian, converted values), 
http://doi.org/10.7891/e-manuscripta-14522, http://doi.org/10.7891/e-manuscripta-14521 

 

References 
Bider, M. and M. Schüepp (1961) Luftdruckreihen der letzten zwei Jahrhunderte von Basel und Genf. Archiv für 

Arch. Meteorol. Geophys. Bioklimatol. B, 11, 1–36.  
Bider, M., M. Schüepp and H. von Rudloff (1958) Die Reduktion der 200jährigen Basler Temperaturreihe. Arch. 

Meteorol. Geophys. Bioklimatol. B, 9, 360–412  
Brönnimann, S., and Y. Brugnara (2020) D’Annone’s Meteorological Series from Basel, 1755–1804. In: Brönni-

mann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96, p. 119-126, doi: 
10.4480/GB2020.G96.11. 

Brugnara, Y., J. Flückiger, and S. Brönnimann (2020) Instruments, Procedures, Processing, and Analyses. In: 
Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96, p. 17–32, 
doi: 10.4480/GB2020.G96.02. 

Flückiger, J., A.-M. Burgdorf, Y. Brugnara, and S. Brönnimann (2020) Two Meteorological Series from Bern from 
Trechsel, 1826–1849, and Benoit, 1837–1853. In: Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorologi-
cal Series. Geographica Bernensia G96, p. 97–108, doi: 10.4480/GB2020.G96.09. 

Füllemann, C., M. Begert, M. Croci-Maspoli, S. Brönnimann (2011) Digitalisieren und Homogenisieren von his-
torischen Klimadaten des Swiss NBCN – Resultate aus DigiHom. Arbeitsb. MeteoSchweiz, 236, 48 pp.  

Häner, F. (2017) Dinge sammeln, wissen schaffen. Die Geschichte der natorhistorischen Sammlungen in Basel, 
1735-1850. transcript, Bielefeld.  

Hürzeler A., Y. Brugnara, and S. Brönnimann (2020) The Meteorological Record from St. Gall, 1812–1853. In: 
Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96, p. 87–95, 
doi: 10.4480/GB2020.G96.07. 

Pfister, C., C. Rohr, and A. C. C. Jover (2017) Euro-Climhist: eine Datenplattform der Universität Bern zur 
Witterungs-,Klima- und Katastrophengeschichte. Wasser Energie Luft, 109, 45–48.  

Pfister, L., F. Hupfer, Y. Brugnara, L. Munz, L. Villiger, L. Meyer, M. Schwander, F. A. Isotta, C. Rohr and S. 
Brönnimann (2019) Swiss Early Instrumental Meteorological Measurements. Clim. Past, 15, 1345–1361. 

Riggenbach, A. (1892) Die Gesehichte der meteorologischen Beobachtungen in Basel. Wissensch. Beil. Bericht 
Gymnas. 1891/92. Basel. 

Strub, W. (1910) Die Temperaturverhältnisse von Basel. PhD. Thesis, Basel.  
Thorne P. W., et al. (2017) Towards an integrated set of surface meteorological observations for climate science 

and applications. B. Amer. Meteorol. Soc., 98, 2689–2702. 



Fritze, R., Y. Brugnara, and S. Brönnimann (2021) Four Meteorological Series from Zurich Covering 
1756–1802. In: Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica 
Bernensia G96, p. 139-155, DOI: 10.4480/GB2020.G96.13. 

 

 

 

Four Meteorological Series from Zurich Covering 1756–1802 

 

 

Ruben Fritze, Yuri Brugnara, and Stefan Brönnimann* 

Oeschger Centre for Climate Change Research and Institute of Geography, University of 
Bern, Switzerland 

 

 

Abstract 

Meteorological measurements have been performed in Zurich since the early 18th century. 
Here we present four series that together cover the period 1756-1802. We describe the station 
histories, exact locations, and instruments. We also discuss the data processing and quality 
control of the data. The paper accompanies the publication of the imaged data and the data 
collection of early Swiss instrumental series. 

 

1. Introduction 

The first instrumental meteorological measurements in Switzerland were performed by Jo-
hann Jakob Scheuchzer in Zurich in 1708 (Boscani Leoni, 2018). Since then, measurements 
have been performed in Zurich most of the time, although some series could not be found. 
Only the data since 1864 have been re-evaluated (except for monthly means presented by 
Gisler, 1983), but Zurich potentially provides the longest meteorological series of Switzer-
land. Scheuchzer’s observations are summarised in a separate paper, those by Jakob Gessner, 
1740-1753, have been searched in vain by many others and also could not be found by us 
(only monthly mean precipitation data survive). In this study we discuss four series covering 
1756-1802, a period during which observations started to become more frequent all across 
Europe (Brönnimann et al. 2019). The described series are from merchant, agronomist and 
botanist Johann Jakob Ott, who measured on his farm in Rötel (Wipkingen), 1756-1769, from 
hospital master Hans Conrad Meyer in the old hospital of Zurich, 1759-1765, from writer and 
city doctor Hans Caspar Hirzel, 1759-1802, and from guild master Daniel von Muralt in the 
city centre, 1760-1793. These four series, together with many later series, could help to build 
a long Zurich series, though with long gaps. 

                                                 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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We describe the sources and the processing of the four series. The paper accompanies the 
publication of the metadata of all early Swiss series in the form of an inventory (Pfister et al., 
2019). Images will be made available via a repository, the digitised data will be available 
from MeteoSwiss, EURO-CLIMHIST and the Copernicus Climate Change Service (C3S) 
Global Land and Marine Observations Database (Thorne et al., 2017).  

The paper is organised as follows. Section 2 gives a summary of the station histories and 
observers. Section 3 describes the results of the quality assurance and presents the data. Con-
clusions are drawn in Section 4.  

 

2. Data 

2.1. Overview 

All observation locations are shown in Fig. 1 on a contemporary map. At that time, Zurich 
had about 1300 houses with 10,000 residents (Gessner, 1747). Table 1 summarises the series. 
In the following the series are discussed individually. 

 

 

Figure 1. (left) Measurement locations of Meyer, Hirzel and Muralt on a contemporary map (Müller, 1793; source: 
City of Zurich), (right) Measurement locations of Ott, Meyer, Hirzel and von Muralt on a map by Wild (ca. 1850) 
(source: maps.zh.ch). 

 

2.2. The series of Johann Jakob Ott 

Observer 

Johann Jakob Ott (1715-1769), son of Felix Ott and Dorothea Werdmüller von Elgg (see 
Wolf, 1859 for the following) belonged to a distinguished Zurich family and enjoyed an ex-
cellent education. He was taught mathematics and the natural sciences by Johannes Gessner 
and learned music. He entered his father’s trading business and worked as a merchant. In 
1737, he married Anna Gossweiler, the couple had three children. 
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Table 1. Summary of meteorological measurement in Zurich, 1756-1802. Obs. = Observer, Alt. = altitude in m asl, 
n = measurements per day, MdC = Micheli du Crest, b. = barometer, StAZH: Zurich State Archive  

Period (Variable) Obs.  Coordinates Alt.  Location  Instrument n  Source  
7/1756-7/1766 (T) 
3/1768-6/1769 (T) 
7/1756–2/1762 (P) 
4/1764-10/1769 (P) 

J. J. Ott  47.39558° N 
8.53264° E 

455-470 Rötel  MdC therm. 
Kriss b. 

 

1-6  StAZH: B IX 279.1; 
B IX 279.2; B IX 
279.3  

6/1761-12/1762 (T,P) 
6/1759-3/1765 (T,P) 

H. C. 
Meyer  

47.37396° N 
8.54510° E 

415-418 old hospital  MdC therm. 
Mercury b. 
 

1-4  
1-4 

StAZH: B IX 280.1; 
B IX 280.2, B IX 
282.1; B IX 298.6 

1/1761-12/1762, 
4/1767-12/1786+ (T,P) 
1/1795-9/1802 (T) 

H. C. 
Hirzel  

47.37209° N 
8.54034° E 

417-422 Haus zum 
Sonnenberg 
(until 1786) 

MdC therm., 
unknown b. 

1-3  StAZH: B IX 278.1; 
B IX 278.2;  
Hirzel (1762, 1763) 

1/1760-4/1769* (T,P) 
1/1781-4/1793§ (T,P) 
1/1760-4/1793‡ (T) 

D. von 
Muralt  

47.37380° N 
8.53797° E 

413-417 Haus zum 
Brünneli  

MdC therm., 
unknown b.  

1-4  StAZH: B IX 281.1, 
B IX 257; B IX 
281.2   

*1760-1768 without Mar-Jun, 1767 without Sep, 1769 without May-Aug 
+1785 without Apr-Dec 
§1786 missing 
‡Morning, 1781 without Jan-Mar, 1766-1792 without May, all years without Jun-Dec, 1780 and 1786 missing 

Ott was a founding member of the Physical Society of Zurich (PSZ) in 1746. He re-
mained one of its most active members until the end of his life and gave numerous presenta-
tions (Wolf, 1859; Rudio, 1896). Within the PSZ, he led the Economic and the Botanical 
Commissions. The Economic Society of Bern elected him as an honorary member. He was 
also active in politics as a member of the Zurich Grand Council. 

In 1754, Ott bought an estate in Rötel (Figs. 1 and 2) where he carried out agricultural 
experiments (Wolf, 1859; Rudio, 1896; Balmer, 1984). These activities triggered his interest 
in meteorology. Ott also headed the Meteorological Commission of the PSZ, which was 
founded in 1758 (Wolf, 1859). Ott himself made meteorological observations from 1756 until 
his death in 1769. 

 
Location and instruments 

In 1749, Ott set up a small observatory at his house “in der Schipfe” (Wolf, 1859; Rudio, 
1896), but measurements do not survive. After acquiring Rötel, Ott started to design a new 
observatory and began measurements in 1756. In his notes, comparisons of barometers and 
thermometers between his estate and places in the city are mentioned. It can be assumed that 
he read the temperature both in the city and at Rötel. 

 

Figure 2. The surroundings of the Rötel estate (probably Ott’s) between 1770 and 1790 (Kuhn, J., Prospect von ei-
nem Landgut genannt im Röttel ohnweit Zürich. Zentralbibliothek Zürich, Graphische Sammlung und Fotoarchiv). 
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Ott noted in 1766 that he used a Micheli Du Crest thermometer, which we assume for the 
entire time. In 1762, Ott commissioned five Micheli du Crest thermometers filled with spirit 
of wine for soil temperature measurements (Ott, 1768), probably the earliest systematic meas-
urements of this kind. Ott made his observations two to six times a day at irregular times, of-
ten early in the morning and several times at night. The exact siting of the thermometer in 
Rötel is not known. However, Ott was well aware of the influence of sunrays on the ther-
mometer. He wrote instructions that when reading the thermometer in the shade, the exact 
observation time, the position of the barometer, the purity of the air and the amount of clouds 
should be taken into account and he recommended parallel measurements with a mercury and 
a spirit of wine thermometer (Ott, 1768). He knew Michel du Crest personally and corre-
sponded with him during his lifetime (Wolf, 1859; Talas, 2002). He also corresponded with 
Johann Heinrich Lambert, who used Ott's soil temperature measurements in his Pyrometrie 
(Lambert, 1779). In 1754 he established contact between Du Crest and mechanic Brander 
(Talas, 2002). Little is known about the barometer, a “regilierter Kriss Barometer” with a 
scale in Paris inches. Ott was aware of the effect of siting as studied barometer installations in 
various countries (Ott, 1768). 

 
Original records 

Ott’s observations from June 1756 to March 1769 are available from four sources: 
• Observationes meteorologico-botanico, Bodentemperaturmessungen, von 1756-1762. 

Von J. J. Ott (StAZH: B IX 279.1), consisting of four notebooks with tables of air pres-
sure and temperature as well as wind and weather descriptions (Fig. 3 left). Temperature 
is noted with positive and negative numbers in Du Crest degrees (°DC). Pressure is given 
in Paris inches and lines. Weather notes include symbols (a legend is provided) and text. 

• Bodentemperaturmessungen, von 1762-1766. Von J. J. Ott (StAZH: B IX 279.2, Fig. 3 
middle). Temperature is noted with positive and negative integers and fractions in °DC. 
Informations about the weather are given in the form of symbols. Various soil tempera-
tures are also given. Monthly summaries are added and often further commented. 

• Meteorologische Beobachtungen von Johann Jakob Ott mit Bemerkungen von Johann 
Heinrich Lambert. 1762-1768. (UB Basel, L la 909), which seems to be a copy of the 
former in clear hand writing. A continuous analysis and comparison of the two sources 
shows that the values are identical (but the latter also contains river temperature).  

 
Figure 3. Extracts from Ott's notebooks: (left) March 1757 (StAZH: B IX 279.1), (middle) July/August 1763 
(StAZH: B IX 279.2), (right) April-June 1765 (StAZH: B IX 279.3). 
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• Bodentemperatur- und Barometermessungen, von 1762-1769. Von J. J. Ott (actually cov-
ering 1764-1769), a narrow notebook. This sources gives observations of air pressure, 
weather and wind once or twice a day (unfortunately without observation times). 

2.3. The series by Hans Conrad Meyer 

Observer 

Hans Conrad Meyer (1693-1766) originated from the “Rosen-Meyer” dynasty of councillors, 
which, although never part of nobility nor of the wholesale trade, was a very influential fam-
ily (Fuchs, 2001). He grew up in Zurich. In 1720 he married Esther Wyss zur Gilgen, they 
had three children. Hans Conrad Meyer dedicated his life to science and civil service. Like his 
father, he became a Twelve of the Guild of Shoemakers in 1727 (Rudio, 1896). Three years 
later he took the office of bailiff of Birmensdorf and replaced his father as guild master. When 
he resigned in 1735, he became a bailiff of Rüti (Rübel, 1947) and he was a member of the 
grand council (Meyer, 1761). In 1749 he became hospital master (Rübel, 1947) and therefore 
lived at the hospital (Fig. 4). It is not clear whether or not he held this position until his death. 

In 1746 he was founding member of the PSZ, served as its secretary 1746-1759 (fol-
lowed by Hans Caspar Hirzel) and was active in the initial phase (Rudio, 1896; Rübel, 1947), 
giving lectures and taking care of the first botanical garden in Zurich. He was considered an 
expert for scientific instruments (Rudio, 1896). Meyer made meteorological observations 
from 1759 to 1765, parts of which he published, e.g., in the Abhandlungen der Naturfor-
schenden Gesellschaft in Zürich. 

 

Location and instruments 

The notes attached to Meyer's meteorological observations show that he carried out his meas-
urements in his residence in the old hospital, i.e., the Heiliggeistspital am Wolfbach, which 
stood on the land of the Grossmünsterprostei (Fig. 4; building no longer exists). The hospital  
 

 

Figure 4. (left) Courtyard of the old hospital of Zurich with a view on the Amtshaus with the residence for the 
hospital master Hans Conrad Meyer (Werdmüller, 1871, Stadtarchiv Zürich) (right) Floor plan of the old hospital 
in Zurich in 1784 with Meyer’s likely residence (Müller, 1784; Baugeschichtliches Archiv Stadt Zürich). 
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was located at the northern end of the oldest city centre in Zurich. Given his professional po-
sition as hospital master, his likely residence, where he probably also carried out his meas-
urements, can be derived (Maurer, 1917). 

Meyer used two thermometers, one constructed by Georg Friedrich Brander in Augsburg 
and one by Carl Perlasca, both with a Micheli du Crest scale (Meyer, 1761). Most likely 
Meyer set up his thermometers facing southwest or northwest. Whether they were located in 
direct sunlight or in the shade around noon is uncertain. Some of the windows could have 
been in the shade of the roof at noon. Meyer measured pressure with a mercury barometer 
(Meyer, 1761) with a scale in Paris inches; no barometer temperature is indicated. 

 

Original records 

Meyer’s data were taken from two sources: 
• Meteorologische Beobachtungen, Auszüge, von 1759-1761, von Spitalmeister Meyer 

(StAZH: B IX 282.1) and Auszüge alter Messungen, von 1763-1763, von Meyer, Wolf und 
Horner (StAZH: B IX 298.6). The former are four double-sided sheets of paper. The val-
ues are most likely daily averages. A comparison of handwriting as well as the print lay-
out leads to the conclusion that Meyer is most likely not the author of this source, but 
rather Johann Rudolf Wolf, who most likely calculated daily mean and converted tem-
perature into (then uncommon) degrees Celsius (using the conversion °C = 9.4 ± 0.91 
°DC, + calor, - frigus) and pressure into mmHg. Wolf writes that Meyer had always car-
ried out his observations at fixed observation hours. The latter source is a continuation of 
the former in the form of a one-sided and three double-sided sheets.  

• Observationes Meteorologigae Tigurinae, von 1761, vermutlich von Meyer (StAZH: B IX 
280.1), and Observationes Meteorologigae Tigurinae, von 1762, vermutlich von Meyer 
(StAZH B IX 280.2). The former containing seven vertical parchment sheets, glued onto 
larger paper sheets (Fig. 5 left), each showing pre-printed tables in which Meyer filled in 
date and time (usually around 7 AM, 12, 3, and 9 PM). Pressure and temperature readings 
are plotted graphically as dots onto a coordinate system (for pressure covering 17 lines 
from 25/10 to 27/2 in Paris inches, for temperature covering 44 °DC (22 frigus, 22 calor). 
He described precipitation and weather in text and symbols (a legend is provided). The 
latter source is a continuation of the former, with twelve sheets of paper glued onto larger 
paper sheets. Whether Meyer is the author of these two sources from 1761 to 1762 cannot 
be said with certainty.  

 

2.4. Hans Caspar Hirzel 

Observer 

Hans Caspar Hirzel (1725-1803) was educated at the Carolinum in Zurich. Among his teach-
ers were Gessner, Bodmer, and Breitinger. At the age of 20, Hirzel sudied medicine in Lei-
den, which he completed in the following year. In 1747 Hirzel returned to Zurich, where he 
pursued his interests in natural sciences and joined the PSZ. Throughout his life, he was 
committed to the agricultural subdivision of PSZ and supported the concerns of farmers. In 
1748 he married Anna Maria Ziegler (Keller-Escher, 1899; Hirzel, 1916; Hirzel, 1804). His 
meteorological interests grew and he provided his observations in the “monthly news” as  
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Figure 5. Extract from (left) Meyer's records for Aug. 1761 (StAZH: B IX 280.1) and (right) von Muralt's for Feb. 
1760 (StAZH: B IX 281.1). 

early as 1750 (Schulthess, 1803); unfortunately, these observations could not be found. Only 
from 1759 onwards we find his records; they continue to 1802. In 1751 Hirzel became a Poli-
ater and later Archiater (second and first doctor of the city) of Zurich (Hirzel, 1804; Keller-
Escher, 1899). In this function he reformed the hospital system (Balmer, 1984). 

Hirzel was active within the PSZ, held lectures and in 1759 replaced Hans Conrad Meyer 
as secretary (a position he held for the next 31 years). He was part of the Economic Commis-
sion (Rudio, 1896), which he led from 1769 onward following Johann Jakob Ott (Hirzel, 
1804; Leu, 1788). In 1761 Hirzel wrote the famous book “Die Wirthschaft eines philoso-
phischen Bauers”. After the death of his mentor Johannes Gessner in 1790, Hirzel became 
president of the PSZ. Hirzel also was a member of the Grand Council and later the Small 
Council and among other functions held the position of bailiff (Keller-Escher, 1899). 

 

Location and instruments 

A source from 1756 stated that Hirzel lived in the “Haus zum Sonnenberg” (today Glocken-
gasse 8; the house no longer exists) in the city centre, and he is listed as house owner in 1762, 
1769, 1780 and 1790. We assume that he lived there for the entire period (Hirzel, 1916; Kel-
ler-Escher, 1899). The available meteorological measurements began in 1759. He probably 
did not leave this home until 1791 when he moved to the estate of his second wife Regula Leu 
to find rest in his old age (Hirzel, 1804). 
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Some information about the measuring instruments can be found in Hirzels notes 
(StAZH: B IX 278.1) and publications (Hirzel, 1762, 1763). The thermometer is described as 
a “reglierter Michel du Crest Thermometer” (Hirzel 1762, 1763). His diary of weather obser-
vations in 1762 shows that the instrument was filled with coloured, rectified spirit of wine; 
thus the alcohol was more likely to undergo a change. 100 degrees (°DC) on this scale corre-
sponds to the temperature of boiling water at an external pressure of 27 inches and 9 lines, the 
freezing point was at 10 2⁄3 degrees of cold (°DC) (Hirzel, 1762, 1763). 

In July 1759, Hirzel compared two thermometers on different positions around noon, one 
in a window on his oriel and one near the window on the barometer board in the shade of his 
room. From this he drew the conclusion that the thermometer on the oriel provides slightly 
too high readings due to the sun. Most likely, the window front on which Hirzel had placed 
his thermometers was southwest facing. This can be seen from the basic plans and old pic-
tures of the building at Glockengasse 8 and is confirmed by Hirzel's statement, that his ther-
mometer was in the sun at noon (Fig. 1). Being a careful observer it can be assumed that Hir-
zel often checked and evaluated his instruments. We find evidence of further intercompari-
sons. Arguably he was aware of the influence of the sun's rays on the thermometer, and it can 
be assumed that he did not expose his thermometer to direct sunlight. However, whether he 
set up his thermometer outdoors or indoors cannot be answered.  

In 1759 Hirzel mentions a barometer board next to the open window in his living room 
which is in the shadow at noon. Presumably he also set up his barometer there for his later 
measurements of air pressure. Hirzel used different barometers over the course of time. The 
first is described as a straight and transparent barometer, 1¼ lines width. There is evidence 
that he compared it with other barometers and found it inaccurate. In 1762, he changed the 
instrument to a phosphoric barometer with a ball and a bent tube; it was larger and more sen-
sitive than the old one (Hirzel, 1763). The ball inside the bent part had a diameter of 9 lines 
(20.34 mm), the tube was 34 inches long (92.208 cm) and one line wide (2.26 mm). Hirzel 
describes the error range of the instrument as ¼ of a line (0.565 mm). Hirzel gathered the 
amount of rainfall with a tin vessel. He had set it up in a garden away from the houses and 
exposed it to the open air (Hirzel, 1763). 

 

Original records  

Hirzel’s observations were taken from three sources:  
• Meteorologische Aufzeichnungen von Thermometer, Barometer, Wind und Witterung, von 

1759-1802, von Hans Caspar Hirzel (StAZH: B IX 278.1) is the largest source. It is not 
entirely certain whether Hirzel is actually the author of all contributions in this volume. 
Different handwritings can be recognized, some remarks were likely added afterwards 
and parts of the pages were cut or pasted over. Apparently, date marks were assigned and 
added later. Particularly in the early years, short descriptions about instruments and ob-
servation procedures are given in Latin, French, and German. The data are structured in 
tabular form, The observation hour is sometimes indicated in numbers, sometimes only as 
morning, noon or evening. Pressure is given in Paris inches and lines, temperature in 
°DC. Occasional dashes indicate repeated values (confirmed by comparison with the 
source below). Further information includes the water level of the river Limmat as well as 
weather notes. The years 1767 and 1768 are not in order, and part of the information is 
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Figure 6. Extract from Hirzel's records – February 1762 (Source: StAZH: B IX 278.2). 

missing. The years 1795 to 1802 are written in different handwriting and with a different 
structure; moreover, only temperature is given in those late years. 

• the Diarium Meteorologicum, von 1761-1762 (StAZH: B IX 278.2) is a portrait-format, 
rather provisionally bound booklet (Fig. 6) starting in August 1761. This is a part of Hir-
zel's diary, which he published in 1762 and 1763. The records are listed in the same tabu-
lar arrangement as in the previous source, with a small summary at the end of the month.  

• Tag-Buch der Witterungs-Beobachtungen durch das Jahr MDCCLXI und MDCCLXII is a 
published diary of observations from 1761 and 1762 (Hirzel, 1762, 1763). The measure-
ments from Aug. 1761 to Dec. 1762 are the same as in the source above (but include one 
missing month). It is unclear whether the data from Jan. 1761 to Jul. 1761 (missing in the 
above source) are his own; in any case he did not simply copy them from Ott.  

 

2.5. Daniel von Muralt 

Observer 

Daniel von Muralt (1728-1793) descended from the Muralt dynasty originating from Locarno. 
His father was a silk industrialist and merchant, shareholder of the “Haus Muralt an der Sihl” 
and director of the Grand Council of the Saffran Guild (Muralt, 1926; Schulthess, 1944; 
Peyer, 1969). His mother was Regula Lavater. In 1737 his father founded the silk house 
“Daniel von Muralt und Söhne” and built or bought the house “zum Brünneli”. Together with 
his brother, Daniel von Muralt was a merchant and co-owner of this silk house. He lived with 
his sister Anna Barbara in the “Haus zum Brünneli” (Muralt, 1926; Schulthess, 1944). 

It can be assumed that Daniel von Muralt had good financial position (Schulthess, 1944). 
In 1757 he took over the post of captain in Höngg (Muralt, 1926) and in 1769 succeeded his 
father as director of the “Kaufmännischen Direktorium” and member of grand council of the 
guild to the Saffran (Muralt, 1926), from 1776 on guild master and chief bailiff of Bülach 
(Muralt, 1926; Schulthess, 1944).  
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Figure 7. View on “Haus zum Brünneli” at the Bahnhofstrasse 67 around the first half of the 19th century (Source: 
Baugeschichtliches Archiv Stadt Zürich). 

In addition to his commercial and political activities, Daniel von Muralt also had an in-
terest in the observation and measurement of meteorological quantities. During a major part 
of his life, from 1759 to 1793, Daniel von Muralt systematically observed and measured me-
teorological variables (Wolf, 1879).  

 
Location and Instruments 

Daniel von Muralt carried out his measurements and observations in his apartment in the 
“Haus zum Brünneli” at an altitude of about 9-10 meters above Lake Zurich. The house was 
located at the Fröschengraben opposite to the Rennwegtor (Fig. 1 and 7); it no longer exists. It 
is unclear on which side of the building he measured. The notes show that von Muralt used a 
Micheli du Crest thermometer filled with spirit of wine.  The barometer had a scale in Paris 
inches; the type is unknown.  

 
Original records  

Von Muralt’s data were taken from three sources:  
• Meteorologische Beobachtungen, 1760-1769, von Zunftmeister Von Muralt (StAZH BIX 

281.1), consisting of 79 high format parchment sheets. Several months are missing. Each 
sheet represents a table, into which von Muralt added date and time (only for the morning 
measurement, but it is clear at which point in the day - noon or evening - he took meas-
urements) and, graphically, the measurements (Fig. 5 right, same table as for Mayer). It 
can be assumed that von Muralt measured temperature and the pressure 1-4 times a day 
but then entered also dashes between the measurements. He further described the weather 
using text and symbols (a legend is provided) and wind direction. 

• Meteorologische Beobachtungen - Observationes meteorologicae Tigurinae (StAZH B 
IX 257), containing the observations for the years 1781-1793 in the same format. 

• Beobachtungen des Thermometers, von 1760-1793, von Zunftmeister Von Muralt (StAZH 
BIX 281.2): large double-sided paper sheets with handwritten tables. The months of June 
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to December are missing. Only the morning temperature is given (in °DC), which von 
Muralt measured usually at 7 AM. The minus sign is only written the first day of the 
month or when the sign changed. This was an attempt made in 1864 of transcribing the 
original observations (which are in graphical form) that unfortunately could not be com-
pleted. The original observations for the years 1770-1780 have not been found. 

 

3. Processing and quality control  

The data from Zurich were processed as described in Brugnara et al. (2020a). In the follow-
ing, we present the results of the quality control procedure for each series and then focus on 
the overlap between the series.  

Since the series of Ott and Meyer share a long overlapping period, we analyse the two se-
ries together. Correlations between neighbouring measurement times in each series (Fig. 8) 
and between the series at the same time of day (Fig. 9) show a generally good agreement. The 
former provide some information on the internal consistency. In these analyses, Ott’s meas-
urements (black) show a larger scatter than those of Meyer (blue), which might be due to the 
fact that Ott’s series is longer and thus might be affected by more changes in instrumentation, 
observing times and procedures than that of Meyer. However, all correlations are above 0.9, 
indicating a generally good quality.  

Correlations between the two series at the individual times of day (Fig. 9) show an excel-
lent agreement for temperature, with correlations exceeding 0.97. For pressure, a specific pat-
tern appears at all three times of day, indicating a shift in one of the two records that needs to 
be dealt with in the homogenisation. Ott’s first years of measurements could be too low, but 
from this plot alone, it is not possible to say which of the records is affected.  

The von Muralt series spans from 1760 to 1793, thus also overlaps with the Ott and 
Meyer series. The entire series is shown in Figure 10. Based on this figure and Table 1, four 
phases can be distinguished: 1760-April 1769, Sept. 1769 to April 1778 (this part has no pres-
sure data and only morning temperatures during winter), 1781 to 1785, and 1787-1793 (note  
 

 

Figure 8. Mutual comparisons of morning, noon, and evening series (the number indicates the Pearson correlation 
coefficient) of temperature (top) and pressure (bottom) in Zurich in the series from Ott (black) and Meyer (blue).  
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Figure 9. Comparisons of the series of Ott and Meyer in the morning, at noon, and in the evening (the number 
indicates the Pearson correlation coefficient) for temperature (top) and pressure (bottom).  

that the year 1786 is missing). The pressure data during the period 1781 to 1785 are obviously 
anomalous when compared to the neighbouring periods (these pressure data were excluded 
from the following figures). There is also a change in resolution, which could point to a 
change in the instrument or procedure.  

 

 

Figure 10. Pressure (top) and temperature of the von Muralt record 1761 to 1793 in the morning (black), at noon 
(blue) and in the evening (red).  
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In the following plots we analyse von Muralt’s and Hirzel’s data and again compare 
neighbouring measurement times at each series (Fig. 11) and mutual comparisons of the two 
series at the same time of day (Fig. 12).  

Correlations between variables at different times of day within one series are again rela-
tively good. The scatter is smaller and correlation better for Hirzel’s as compared to von Mu-
ralt’s series. The mutual correlations of the series are however relatively low (Fig. 12). The 
scatter is particularly large in the morning and evening in spring to fall, which could point to 
an effect of radiation. Note that the scatter is mainly due to the period 1767-1785, for which 
no third series is available for cross-checking. A large scatter is also observed for pressure, 
which requires further attention. 

 

 

Figure 11. Mutual comparisons of morning, noon, and evening series (the number indicates the Pearson correla-
tion coefficient) of temperature (top) and pressure (bottom) in Zurich in the series from Hirzel (black) and von 
Muralt (blue).  

 

 

Figure 12. Comparisons of the series of Hirzel and von Muralt in the morning, at noon, and in the evening (the 
number indicates the Pearson correlation coefficient) for temperature (top) and pressure (bottom).  
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Figure 13. Average temperature values for different observation times in January, April, July and October in the 
Muralt and Hirzel series compared with the mean diurnal cycle at Zurich (Affoltern) during 1981-2010 (1°C has 
been subtracted). Gray areas indicate nighttime.  

A comparison of the diurnal cycle with present-day data (1 °C was subtracted) shows a 
generally good agreement. Von Muralt’s series might be warm biased in summer at noon, 
Hirzel’s series in the evening from spring to fall. Finally, Figure 14 plots monthly means of 
the temperature and pressure series from Ott and Hirzel. Pressure shows lower values during 
the first four years, which needs to be analysed in a dedicated homogenisation study. For 
temperature, a very good agreement between the stations is found. Although there are gaps, 
some of which can be filled with the data from Mayer and von Muralt, this figure shows that 
temperature and pressure series for Zurich can be produced back to the mid-18th century. 

 

 

Figure 14. Monthly averages of pressure and temperature from the series Ott and Hirzel series.  
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4. Conclusions 

The meteorological series from Zurich could provide, together with those of Geneva and 
Basel, a third, long meteorological record reaching back to the mid-18th century, albeit less 
complete and composed of many segments. This paper describes the data in the period 1756-
1802, based on series from four observers. The observers were Johann Jakob Ott, Hans Con-
rad Meyer, Hans Caspar Hirzel, and Daniel von Muralt. All four were brought up in distin-
guished families, were well educated and (founding) members of the Physical Society of Zu-
rich. They were active in the city of Zurich and held political functions. Two of them (Meyer 
and Hirzel) were doctors, which is not uncommon for that time period. Doctors were typically 
well educated, had a good personal network, social status, were familiar with scientific prac-
tice and the use of instruments. Moreover, illnesses were often related to environmental fac-
tors such as climate (see also Brönnimann and Wintzer, 2019, for the role of context of cli-
mate observations). All four observers were well networked and used state-of-the art instru-
mentation and procedures. 

The data are of generally useful quality, although work remains to be done to homoge-
nize individual segments. The series of von Muralt seems to be of somewhat lower quality, 
and also the Hirzel series might be affected by radiation biases. However, the data from the 
four observers will be valuable as segments of a (yet to be constructed) long Zurich series. 
Other segments are described in further papers in this volume.  

The Hirzel, Ott, and Meyer data were part of the CHIMES collection published in Brug-
nara et al. (2020b) and can be downloaded from https://doi.pangaea.de/10.1594/PAN-
GAEA.909141. Together with the von Muralt data, they are made publicly available by Me-
teoSwiss and will also be available from the C3S data Global Land and Marine Observations 
Database (Thorne et al., 2017) and from EURO-CLIMHIST (Pfister et al., 2017). The images 
can be downloaded from https://zenodo.org/ record/3066836#.XVv-fGRS8-U. 
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Sources 

Baugeschichtliches Archiv der Stadt Zürich: Bahnhofstrasse. Shelf Mark: 10081.tif. <https://baz.e-
pics.ethz.ch/latelogin.jspx?recordsWithCatalogName=BAZ:20947 > Accessed 25.6.2019. 

Müller, J. (1793) Müllerplan, genauer und detaillierter Grundrissplan von Zürich. 
Müller, J. (1784) Grund Riss des Spitals mit allen seinen Gebäuden 1784. Baugeschichtliches Archiv Stadt Zürich, 

Shelf Mark: BAZ_034843.tif 
Stadtarchiv Zürich VIII D 4a, 4. Reg.: Hofmeister, W. (1780-1814): Genealogische Tabellen der Zürcher 

Stadtbürgerschaft, Meyer genannt Rosen Meyer, 1780-1814, Mskr. 
Staatsarchiv Zürich, StAZH: B IX 279.1-279.3 (Jul 1756- May 1769). Observationes meteorologico-botanico, 

Bodentemperaturmessungen, von 1756-1762, von J. J. Ott. 
Staatsarchiv Zürich, StAZH: B IX 282.1 (Jun 1759-1761). Meteorologische Beobachtungen, Auszüge, von 1759-

1761, von Spitalmeister Meyer. 
Staatsarchiv Zürich, StAZH: B IX 298.6 (1763- Mar 1765). Auszüge alter Messungen von 1763-1863, von Meyer, 

Wolf und Horner. 
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Staatsarchiv Zürich, StAZH: B IX 280.1-2 (Jun 1761 - Dec 1762) Observationes me-teorological tigurinae, von 
Meyer. 

Staatsarchiv Zürich, StAZH: B IX 278.1 (1759-1802). Meteorologische Aufzeichnungen von Thermometer, Ba-
rometer, Wind und Witterung, von 1759-1802, von Hans Caspar Hirzel. 

Staatsarchiv Zürich, StAZH: B IX 278.2 (1761-1762). Diarium Meteorologicum, von 1761-1762, probable Hans 
Caspar Hirzel. 

Staatsarchiv Zürich, StAZH: B IX 278.4 (Jan-Jul 1761). Tägliche Witterungsbeobachtung, probable from Hirzel 
Hans Caspar Hirzel. 

Staatsarchiv Zürich, StAZH: B IX 281.2 (1760-1793). Beobachtungen des Thermometers, von 1760-1793, von 
Zunftmeister Von Muralt. 

Staatsarchiv Zürich, StAZH: B IX 281.1 (1760-1769). Meteorologische Beobachtungen, von 1760-1769, von 
Zunftmeister Von Muralt. 

Staatsarchiv Zürich, StAZH: H Spitalarchiv, 15. Jh.-19. Jh.. Archiv des mittelalterlichen Ar-menspitals und der 
frühneuzeitlichen Heil- und Pflegeanstalt bis 1833 respektive 1878 (s. Ge-schichte des Aktenbildners und 
Fondsgeschichte). 

Staatsarchiv Zürich, StAZH: CV 3.12 - CV 3.14. Stadt Zürich Häuserurkunden. Schachtel 15: Häuserregesten von 
Adrian Corrodi-Sulzer. Die Kleine Stadt. 

Werdmüller, J. C. (1871) Hof des alten Spitals, Predigerkirche 1871. In: Stadtarchiv Zürich, Shelf Mark: V.L.221 
Johann Conrad Werdmüller (1819-1892) Sammlung altzürcherischer Ansichten 1850-1878 (6 Reproduktionen 
in Lichtdruck). 
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Abstract 

The first meteorological measurements in Switzerland were performed in Zurich in 1708 by 
Johann Jakob Scheuchzer. Here we present this oldest Swiss meteorological record, covering 
the period 1708-1733 though with gaps. Although the record comprises temperature, pressure, 
and precipitation, only pressure and precipitation is analysed in this paper. The latter record is 
combined with later data from Hans Jakob Gessner from 1740 to 1753. We describe the data 
sources, metadata, data processing and quality control. Results are discussed with the aim of 
generating a long Zurich climate record. Further, we briefly discuss the cold winter 1708/9 in 
the observations of Scheuchzer and others. The paper accompanies the publication of the im-
aged data as well as the digitised data. 

 

1. Introduction 

The first instrumental meteorological measurements in Switzerland were performed by Jo-
hann Jakob Scheuchzer. He was among the first to use barometers for altimetry and made 
measurements on his 1705-1707 journey through the Swiss Alps (see also Boscani Leoni, 
2018). He began daily meteorological measurements in Zurich after his return. Daily data 
after 1 January 1708 are preserved. This is early even in a European context (Brönnimann et 
al., 2019). He measured pressure, temperature (though with questionable quality), and precipi-
tation and continued his observations until his death in 1733. He corresponded with many 
scholars of that time and sent his observations to others, contributing to the distribution of the 
data. Although only part of the original observations can be found today, it is surprising that 
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these data have never been digitised and re-evaluated. In particular, Scheuchzer’s pressure 
observations could be valuable for climate research. Together with later series from Zurich, as 
described in this volume by Fritze et al. (2021) and Brugnara et al. (2021), and the data from 
the Swiss Network after 1864, they could form the longest Swiss meteorological series, albeit 
with several long gaps. In this paper we thus describe this first Swiss meteorological series.  

The next Swiss observer after Scheuchzer was Hans Jakob Gessner. His original meas-
urements have not been found so far. Already Wolf (1879) noted that Gessner’s data were 
most likely lost. Many have since searched in vain, including us. At least, however, we have 
monthly rainfall data, and these data are also briefly discussed in this paper. Merging 
Scheuchzer’s and Gessner’s data, a precipitation series for Zurich from 1708 to 1753 is pre-
sented, though with gaps.  

The paper follows the publication of a metadata inventory of all early Swiss series (Pfis-
ter et al., 2019) and of the data from many digitised series (Brugnara et al., 2000b). Images of 
this project will also be made available via a repository, and the digitised data will be avail-
able from MeteoSwiss, EURO-CLIMHIST and they have been submitted to the Copernicus 
Climate Change Service (C3S) Global Land and Marine Observations Database (Thorne et 
al., 2017).  

The paper is organised as follows. Section 2 provides a historical overview of the meas-
urements made by Scheuchzer and Gessner. Section 3 describes the results of the quality as-
surance and presents the data. In this Section we also present a brief case study on the cold 
winter of 1708/9. Section 4 then presents the precipitation series. Conclusions are drawn in 
Section 5. 

 

2. Data 

2.1. Johann Jakob Scheuchzer 

Johann Jakob Scheuchzer (1672-1733, Fig. 1) was a Swiss scientists of the enlightenment. He 
studied medicine in Nuremberg and Utrecht and returned to Zurich, where he took on the 
position as a city doctor. He also became director of the “Bürgerbibliothek” (public library) 
with its museum and he was active in scientist groups (see Boscani Leoni, 2010). Meteorol-
ogy was only one of many fields of activity. Scheuchzer is perhaps mostly remembered for 
his palaeontological work, and he is sometimes ridiculed for his claim to have found human 
fossils from the deluge, thus proving the existence of the deluge. However, he was an influen-
tial scientist at a European level. In 1703 he was elected fellow of the Royal Society and had a 
vivid correspondence with many contemporary scientists. 

Scheuchzer was in the possession of barometers since the early 1700s and used them on 
his famous voyage through the Alps. The pressure observations in Zurich starting in 1708 
were performed in his house at Trittligasse 5 in today’s neighbourhood Niederdorf. Figure 2 
shows a view of the city from 1672, Scheuchzer’s birth year, in which we marked his house 
(S) and the public library (Wasserkirche, W). Zurich was still relatively small at that time. 
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Figure 1. (Left) J. J. Scheuchzer, Physique sacree... Frontispiece, portrait of the author, Wellcome Library, Lon-
don. Wellcome Images. (right) Table from Derham’s paper (1708/9) comparing daily rainfall in Zurich, Pisa, and 
Upminster. 

 

Figure 2. View of the city of Zurich around 1672 indicating Scheuchzer’s house (S) and the Wasserkirche (W) 
(copper engraving by Conrad Meyer, Galerie Kämpf, Riazzino). 
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Scheuchzer regularly sent his data to others (Boscani-Leoni, 2018), including Maraldi 
(1709) and de La Hire (1710, 1711), who performed similar measurements at the Paris 
observatory (Cornes et al., 2012b). De La Hire compared Scheuchzer’s data with those of 
Paris and annually published the results. The mercury barometer was in good agreement with 
that in Paris. The thermometer was most likely an Amonton’s air thermometer (Camuffo, 
2002) filled with mercury, which he seems to have calibrated with boiling water. However, 
already de La Hire (1710) did not analyse the data as they were not comparable to the his 
measurements in Paris even though he used a similar thermometer. 

As Scheuchzer shared his results with many others, it is not surprising that one of the 
first studies that compared climate across different cites in Europe used Scheuchzer’s pressure 
and rainfall measurements (Derham, 1708/9, Fig. 1, right), along with those from Upminster, 
England, and Pisa, Italy.  

This publication is the source of the 1708 daily data, as original records from this early 
period have not survived. Of his measurements in the following years, we only have the 
summaries by Maraldi (1709) and de La Hire (1710-1712), mostly in the form of annual 
maximum and minimum pressure, but no continuous data are tabulated. Maurer (1917) lists 
all sources of Scheuchzer’s data. The measurements from 1718 onward were published in the 
“Kanold collection” (Lüdecke, 2010; see also Brazdil et al., 2008), a Europe-wide collection 
of daily meteorological data published quarterly over many years by the Wroclaw pharmacist 
Johan Kanold. In this source, the Zurich data for 1719 are however missing. An example 
sheet from this source is shown in Figure 3. The collection was continued after the death of 
Kanold in 1729 by Büchner for a few years, but the data end in 1731. We digitized all data 
until 1731 exclusively from this source. Scheuchzer’s pressure data are also found at the Uni-
versity library of Basel, covering the period 1720 to 1733. We digitised the data from 1732 
and the first 6 months of 1733 from this source. Figure 4 shows an example sheet. 

Scheuchzer’s data would cover further periods. According to Maurer (1917), J. H. Den-
zler in the 19th century had daily data from 1708-1711 and 1717-1719. The same years were 
listed in Wolf (1865) with respect to precipitation. This means that our digitization is missing 
two or three years that could possibly still be available, even though no recent publication 
mentions the source.  

Although Scheuchzer also measured temperature (and we also digitized the data), we did 
not attempt to reduce temperature as exact specifics of the thermometer and its scale are un-
known. We did however convert pressure and precipitation to modern units.  

 

2.2. (Hans) Jakob Gessner 

The second record that is briefly discussed in this paper is that of Hans Jakob Gessner (1694-
1754), often simply referred to as Jakob Gessner. He was a clerk (“Vorschreiber”) and priest 
at the church St. Jakob in Zurich. Jakob Gessner was a relative of Johannes Gessner (1709-
1790), a scholar of Scheuchzer, who in 1746 founded the Physical Society and was professor 
for mathematics and physics. Jakob Gessner performed meteorological observations from 
1740 until shortly before his death on 1754, reportedly comprising temperature, pressure, and 
precipitation.  
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Figure 3. Sheet of Scheuchzer’s data for 1718 from the Kanold compilation. 

 

Figure 4. Last sheet of Scheuchzer’s data from the University Library, Basel, covering the last three months of 
measurement as well as a compilation of monthly maxima and minima over the 1720-1733 period.  
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Only the precipitation data have survived and have been published in the “Meteorolo-
gische Beobachtungen II” (Wolf, 1865). The first part of the series, covering 1740-1746, is 
also found in the Zurich State Archive, together with a manuscript of a presentation he held 
on the results of these measurements. The “Meteorologische Beobachtungen II” also contain a 
later segment covering 1750-1753. Gessner’s rainfall data were digitized and entered, to-
gether with those from Scheuchzer, the Global Historical Climatology Network (GHCN, 
Vose et al., 1992). However, in that data set an error affects this early Zurich period, as a 
block of data from the 1980s obviously was copied to the period 1725-1735 and shifted by 
one calendar month. We discovered this error only recently, such that the EKF400v2 data set 
(Valler et al., 2021), which is used below for comparison, assimilated this erroneous precipi-
tation record. 
 

3. Processing and quality control  

The data from Zurich were processed as described in Brugnara et al. (2020a). However, apart 
from the generic outlier screening, we could not perform the same quality assessment as for 
the other series as the resolution (1.5 hPa) is too coarse to compare pressure during different 
times of day and we have no nearby station to assess outliers. We compared two barometers 
used by Scheuchzer during a brief period, and we compare his data with data from Paris and 
London, noting that the spatial distance precludes a detailed quantitative analysis. However, 
the agreement or disagreement with these records still helps to obtain a view of the quality of 
the record. Further, we compared his data with the ensemble mean of the climate reconstruc-
tion EKF400v2, which is based on assimilating historical instrumental data as well as docu-
mentary and proxy data into an ensemble of climate model simulations (Valler et al., 2021). 
In the following, we present the results.  

As an overview, Figure 5 presents the daily surface pressure record from Scheuchzer, 
colour coded by source. Also shown is the monthly mean as well as monthly sea-level pres-
sure data from EKF400v2. Note that EKF400v2 does not include Scheuchzer’s pressure data 
and so is independent. We find a reasonable agreement between the two monthly records, 
with a correlation coefficient of 0.58 (not that EKF400v2 also has an error). Several promi-
nent excursions are found in both data sets. However, it seems that the first segment of 
Scheuchzer’s data in 1708 is too low when scaling the data such that surface and sea-level 
pressure match in the latter part of the series.  

In 1718/9, two barometers are noted in the Kanold source. Figure 6 (left) shows the val-
ues as a scatterplot. The correlation between two instruments is 0.944, however, there are  
 

 

Figure 5. Daily pressure data from Scheuchzer from (green) Derham, (red) Kanold, (blue) Kanold, second ba-
rometer and (black) University Library Basel. The orange line shows the monthly mean observations, the light blue 
line shows pressure from EKF400v2. 
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Figure 6. Pressure data from the two barometers from Scheuchzer in 1718 as (left) scatterplot and (right) as 
smoothed time series plot (right: instrument #1, blue instrument #2). 
 

some deviations that appear systematic and concern summer only (Fig. 6, right). The differ-
ence amounts to about 5 hPa and shows how large the systematic error can be, although day-
to-day variations agree very well. Note that pressure readings at the time of Scheuchzer were 
not reduced to a standard temperature, so they are influenced by the temperature of the ba-
rometer. In addition, as already mentioned, the barometers had a rather coarse resolution. For 
the period with two barometers, EKF400v2 seems to support the second barometer more than 
the first (Fig. 5). 

Finally, we analyse, as a case study, the pressure record of the winter 1708/9. This was 
arguably the coldest winter of the last 350 years, especially January and February were cold 
(Luterbacher et al., 2004). This winter is therefore still a target for climate research, and with 
newly digitised data, a reconstruction of day-to-day weather during this winter comes into 
reach (see Lenke, 1964, for a detailed overview of temperature measurements). In Figure 7 
we compare pressure measurements from Scheuchzer in Zurich with the series from Paris and 
London (Cornes et al., 2012a,b). Note that from Scheuchzer, we only have the 1708 data. For 
1709 we only have sporadic information on extremes from de La Hire (1710). For instance, 
we know that the annual maximum pressure was reached on 19 January and the minimum 
was reached on 20 and 28 February. All data were converted to sea-level pressure (the Zurich 
data by adding a constant offset of 50.8 hPa except for 19 January where we also accounted 
for temperature, assuming -15 °C ,as in a letter to Johann Bernoulli, Scheuchzer mentions that 
the cold affected the barometer: https://ub-mediawiki.ub.unibas.ch/bernoulli/index.php/1709-
01-27_Scheuchzer_Johannes-Bernoulli_Johann_I).  

Overall we find a good agreement with the two series, as was already stated (for the case 
of Paris) by de La Hire (1710). The correlation with the London series amounts to 0.51, that 
with the Paris record even to 0.71. The maxima and minima are also in good agreement with 
the other two records. Interestingly, after converting to sea-level pressure, we also find that 
Zurich has much lower values than Paris or London. This supports the above finding that the 
data from 1708 are probably too low. 

The lower part of the figure shows weather diary entries by Johann Heinrich Fries, pro-

fessor at the Carolinum. He led a weather diary with almost daily entries from 1684 to 1718. 
The data can be found on EURO-CLIMHIST (Pfister et al., 2017). December was 
already cool, then an extreme cold wave started on the 9th of January, and the winter 
remained cool until the end of February. Many of the high-pressure situations coin-
cide with sunny weather, cloudy and changeable weather occurs with lower pressure.  
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Figure 7. Daily sea-level pressure data for the winter 1708/9 from Scheuchzer as well as from London and Paris. 
Also shown are weather diary entries from Fries in Zurich (from EURO-CLIMHIST). 

4. Rainfall: The Scheuchzer-Gessner series 

In this section we analyse the precipitation series from Scheuchzer, together with that from 
Gessner, together covering 1708-1753 though with long gaps. Instrumental precipitation 
measurements from the early 18th century are rare and often sporadic. The two longest avail-
able records are those from Paris (starting 1688; Slonosky et al., 2002) and a concatenated 
series from Ireland starting in 1711 (Murphy et al., 2018). We compare the Zurich series with 
the former record in the form of monthly mean values (Fig. 8). Note, again, that the Zurich 
record in GHCN is erroneous and should not be used. 

Paris has only ca. half the precipitation of Zurich, therefore the series are plotted on two 
different y-axes. Note that the Zurich precipitation values in this record are comparable to 
present day values, while for Paris they are much lower.  

Overall we find a good agreement between the two records, with a correlation of 0.46, 
despite the spatial distance of 490 km (the correlation even increases to 0.55 when consider-
ing only Gessner’s data). For comparison: The correlation of monthly mean precipitation 
between the two sites over the 20th century is 0.44. There is thus no indication that the data are 
of low quality, based on this very simple analysis. 

Some of the outliers can be checked. For instance, according to Pfister (1999), the record 
rain amount in the summer of 1720 fell in the form of torrential thunderstorms in an otherwise 
dry period. The Zurich record, which can be continued with precipitation measurement by Ott 
(see Fritze et al., 2021), thus is a promising record for climatological analyses.  

 

5. Conclusions 

The first meteorological series of Switzerland was observed by Johann Jakob Scheuchzer 
in Zurich. He started regular measurements in 1708 and continued until his death in 1733. 
Combined with other records from Zurich (see Fritze et al., 2021, Brugnara et al., 2021), a 
long Zurich record could be generated, which, together with those from Geneva, Basel, and 
possibly Bern, could constitute another long Swiss meteorological record. Although there will 
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Figure 8. Monthly precipitation in Zurich (blue) from Scheuchzer (1708-1729) and Gessner (1740-1754). The 
green curve shows precipitation in Paris (Slonosky et al., 2002). Note the different scales.  

be long gaps, this would be the series reaching farthest back in time. This paper describes the 
series from Johann Jakob Scheuchzer, which for precipitation was merged with that of Hans 
Jakob Gessner. Only pressure and precipitation are shown here; temperature readings were 
not found to be of sufficient quality as no information about the instrument or the scale is 
given. 

The pressure data are found to be in agreement with independent records, although the 
earliest year might have too low pressure and later years also suffered from systematic biases, 
as a period with parallel observations from two barometer shows. Besides, the barometric 
readings were not corrected for temperature. A brief case study on the winter 1708/9 shows 
that we can expect the record to show the main features of day-to-day pressure variability. 
Monthly rainfall shows a high correlation with that in Paris, almost 500 km away.  

The data are made publicly available by MeteoSwiss. They will also be available from 
the C3S data Global Land and Marine Observations Database (Thorne et al., 2017) and from 
EURO-CLIMHIST (Pfister et al., 2017).  

 

Acknowledgements 

The work was supported by the Swiss National Science Foundation (project WeaR, 188701), by the European 
Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme grant 
agreement No 787574 (PALAEO-RA), by Copernicus Climate Change Service (C3S) 311a Lot 1, by GCOS Swit-
zerland (project “Long Swiss Meteorological Series”), and by EURO-CLIMHIST. 

 

Sources 

Büchner, E. A. (1731–1734) Miscellanea Physico-Medico-Mathematica, Oder Angenehme, Curieuse und nützliche 
Nachrichten von Physical- und Medicinischen, Auch dahin gehörigen Kunst- und Literatur-Geschichten. 
Jugnicol, Erfurt.  

de La Hire, P. (1710-1712 and 1714) Comparaison des observations faites à Paris et à Zurich. Mem. Acad. Roy. 
Sci. 1710-1712 and 1714. 

Derham, W. (1708/9) Tables of the barometrical altitudes at Zurich in 1708 observed by J. J. Scheuchzer and at 
Upminster observed by W. Derham and also the rain in Pisa in Italy in 1707, observed there by Dr. Michael 
Angelo Tilli. Philosophical Transactions, 26, 334-366. 

Gessner, J[akob] (1740-1754) Zurich State Archive StAZH: B IX 241 (including Gessner's talk “Von der Höhe des 
gefallenen Regen und Schnees zu Zürich in an. 1740-1746”). 

Gessner, J. (1747) Abhandlung von der Lage und Grösse der Stadt Zürich auch denen daher rührenden natürlichen 
Folgen. Abhandlungen der Naturforschenden Gesellschaft in Zürich, 1, 77-114 [published 1761]. 

Kanold J. (1718–1727) Sammlung von Natur- und Medicin-, wie auch hierzu gehörigen Kunst- und Literatur-
Geschichten. Michael Hubert, Breslau.  



Brugnara et al.: Scheuchzer’s Series from Zurich, 1708-1733  

 166

Maraldi, J.-P. (1709) Comparaison des observations de barometre faites en differens lieux. Mem. Acad. Roy. Sci., 
233–245. 

Scheuchzer, J. J. (1720-1733) Observationes Barom[...] University Library Basel, L Ia 733, p. 227-286. 
Wolf, R. (1865) Meteorologische Beobachtungen. Scheizerische Meteorologische Beobachtungen II, Zurich, p 

147. 
 

References 

Brázdil, R., A. Kiss, J. Luterbacher, and H. Valášek (2008) Weather patterns in eastern Slovakia 1717–1730, based 
on records from the Breslau meteorological network. Int. J. Climatol. 28, 1639-1651. 

Boscani Leoni, S. (Ed.) (2010) Wissenschaft – Berge – Ideologien. Johann Jakob Scheuchzer (1672-1733) und die 
frühneuzeitliche Naturforschung. Basel, Schwabe. 

Boscani Leoni, S. (2018) Zwischen London und den Alpen. Johann Jakob Scheuchzer (1672-1733) und die ersten 
meteorlogischen Messungen in der Schweiz. GeoAgenda, 2018/3, 4-7. 

Brönnimann, S., R. Allan, L. Ashcroft, S. Baer, M. Barriendos, R. Brázdil, Y. Brugnara, M. Brunet, M. Brunetti, 
B. Chimani, R. Cornes, F. Domínguez-Castro, J. Filipiak, D. Founda, R. García Herrera, J. Gergis, S. Grab, L. 
Hannak, H. Huhtamaa, K. S. Jacobsen, P. Jones, S. Jourdain, A. Kiss, K. E. Lin, A. Lorrey, E. Lundstad, J. 
Luterbacher, F. Mauelshagen, M. Maugeri, N. Maughan, A. Moberg, R. Neukom, S. Nicholson, S. Noone, Ø. 
Nordli, K. B. Ólafsdóttir, P. R. Pearce, L. Pfister, K. Pribyl, R. Przybylak, C. Pudmenzky, D. Rasol, D. Rei-
chenbach, L. Řezníčková, F. S. Rodrigo, R. Rohde, C. Rohr, O. Skrynyk, V. Slonosky, P. Thorne, M. A. 
Valente, J. M. Vaquero, N. E. Westcottt, F. Williamson, and P. Wyszyński (2019) Unlocking pre-1850 instru-
mental meteorological records: A global inventory. B. Amer. Meteorol. Soc., 100, ES389–ES413.  

Brugnara, Y., J. Flückiger, and S. Brönnimann (2020a) Instruments, procedures, processing, and analyses. In: 
Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96, p. 17–32, 
DOI: 10.4480/GB2020.G96.02. 

Brugnara, Y., L. Pfister, L. Villiger, C. Rohr, F. A. Isotta, and S. Brönnimann (2020b) Early instrumental meteoro-
logical observations in Switzerland: 1708–1873. Earth Syst. Sci. Data, 12, 1179–1190. 

Brugnara, Y., L. Pfister, and S. Brönnimann (2021) Zurich’s Many 19th Century Meteorological Records. In: 
Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96 (forthcom-
ing). 

Camuffo, D. (2002) Calibration and Instrumental Errors in Early Measurements of Air Temperature. Climatic 
Change, 53, 297-329. 

Cornes, R. C., P. D. Jones, K. R. Briffa, and T. J. Osborn (2012a) A daily series of mean sea-level pressure for 
London, 1692–2007. Int. J. Climatol., 32, 641–656. 

Cornes, R. C., P. D. Jones, K. R. Briffa, and T. J. Osborn (2012b) A daily series of mean sea-level pressure for 
Paris, 1670–2007. Int. J. Climatol., 32, 1135–1150. 

Fritze, R., Y. Brugnara, and S. Brönnimann (2021) Four Meteorological Series from Zurich Covering 1756–1802. 
In: Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica Bernensia G96, p. 139-
155, DOI: 10.4480/GB2020.G96.13. 

Lenke W. (1964) Untersuchungen der ältesten Temperaturmessungen mit Hilfe des strengen Winters 1708–1709. 
Berichte des DeutschenWetterdienstes, 13, No. 92. Deutscher Wetterdienst: Offenbacha. M.  

Lüdecke, C. (2010) Von der Kanoldsammlung (1717-1730) zu den Ephemeriden der Societas Meteorologica 
Palatina (1781-1792). Meteorologische Quellen zur Umweltgeschichte des 18. Jahrhunderts. In: Popplow, M. 
(Ed.), Landschaften agrarisch-ökonomischen Wissens: Strategien innovativer Ressourcennutzung in 
Zeitschriften und Sozietäten des 18. Jahrhunderts. Waxmann, Münster, 97–119. 

Luterbacher, J., D. Dietrich, E. Xoplaki, M. Grosjean, and H. Wanner (2004) European seasonal and annual 
temperature variability, trends, and extremes since 1500. Science, 303, 1499–1503. 

Maurer, J. (1917) Unsere alten Zürcher Witterungsregister. Vierteljahrsschrift der Naturforschenden Gesellschaft 
in Zürich, 62, 470-487.  

Murphy, C., C. Broderick, T. P. Burt, M. Curley, C. Duffy, J. Hall, S. Harrigan, T. K. R. Matthews, N. Macdonald, 
G. McCarthy, M. P. McCarthy, D. Mullan, S. Noone, T. J. Osborn, C. Ryan, J. Sweeney, P. W. Thorne, S. 
Walsh, and R. L. Wilby (2018) A 305-year continuous monthly rainfall series for the island of Ireland (1711–
2016). Clim. Past, 14, 413–440. 

Pfister, C. (1999) Wetternachhersage. Haupt, Bern. 
Pfister, C., C. Rohr, and A. C. C. Jover (2017) Euro-Climhist: eine Datenplattform der Universität Bern zur 

Witterungs-, Klima- und Katastrophengeschichte. Wasser Energie Luft, 109, 45–48. 
Pfister, L., F. Hupfer, Y. Brugnara, L. Munz, L. Villiger, L. Meyer, M. Schwander, F. A. Isotta, C. Rohr, and S. 

Brönnimann (2019) Early instrumental meteorological measurements in Switzerland. Clim. Past, 15, 1345–
1361. 

Slonosky, V. C. (2002) Wet winters, dry summers? Three centuries of precipitation data from Paris. Geophys. Res. 
Lett., 29(18), 1887. 



Brugnara et al.: Scheuchzer’s Series from Zurich, 1708-1733  

 167

Thorne P. W., W., R. J. Allan, L. Ashcroft, P. Brohan, R. J. H. Dunn, M. J. Menne, P. Pearce, J. Picas, K. M. 
Willett, M. Benoy, S. Brönnimann, P. O. Canziani, J. Coll, R. Crouthamel, G. P. Compo, D. Cuppett, M. 
Curley, C. Duffy, I. Gillespie, J. Guijarro, S. Jourdain, E. C. Kent, H. Kubota, T. P. Legg, Q. Li, J. Matsumoto, 
C. Murphy, N. A. Rayner, J. J. Rennie, E. Rustemeier, L. Slivinski, V. Slonosky, A. Squintu, B. Tinz, M. A. 
Valente, S. Walsh, X. L. Wang, N. Westcott, K. Wood, S. D. Woodruff, and S. J. Worley (2017) Towards an 
integrated set of surface meteorological observations for climate science and applications. B. Amer. Meteorol. 
Soc., 98, 2689–2702.  

Valler, V., J. Franke, Y. Brugnara, and S. Brönnimann (2021) An updated global atmospheric paleo-reanalysis 
covering the last 400 years. Geosc. Data J., https://doi.org/10.1002/gdj3.121. 

Vose, R. S., R. L. Schmoyer, P. M. Steurer, T. C. Peterson, R. Heim, T. R. Karl, and J. Eischeid (1992) The Global 
Historical Climatology Network: Long-term monthly temperature,precipitation, sea level pressure, and station 
pressure data. Oak Ridge National Laboratory Environmental Sciences Division Publ. 3912, 324 pp. 

Wolf, R. (1879) Geschichte der Vermessung in der Schweiz. Als Historische Einleitung zu den Arbeiten der 
schweiz. Geodätischen Commission bearbeitet von Rudolf Wolf. Zürich. 

 



 



s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
4
8
3
5
0
/
1
5
1
5
5
0
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
2
.
8
.
2
0
2
2

Wyer, V., Y. Brugnara, and S. Brönnimann (2021) Meteorological Series from Neuchâtel, Bern and 
Gurzelen. In: Brönnimann, S. (Ed.) Swiss Early Instrumental Meteorological Series. Geographica 
Bernensia G96, p. 169-182, DOI: 10.4480/GB2020.G96.16. 

 

 

 

Meteorological Series from Neuchâtel, Bern, and Gurzelen from the 
18th Century  

 

 

Vanessa Wyer, Yuri Brugnara, and Stefan Brönnimann* 

Oeschger Centre for Climate Change Research and Institute of Geography, University of 
Bern, Switzerland 

 

 

Abstract 

Three meteorological series from the Greater Bern region are presented, which overlap and 
together span a 32-year period in the 18th century. The series include Neuchâtel (1753-1782), 
Bern (1760-1770) and Gurzelen (1766-1784). Since meteorological series from Bern are then 
continuous from 1779 onward, these three series allow a backward extension and allow gen-
erating a long Bern series that spans 270 years. This paper, which accompanies the publica-
tion of the data and describes the three series. 

 

1. Introduction 

The compilation of Swiss early instrumental meteorological series in the framework of the 
CHIMES project of the Swiss National Science Foundation revealed that, in Bern, observa-
tions have been recorded from 1760 until the start of the MeteoSwiss network in December 
1863, albeit with some gaps (Pfister et al., 2019). The series are typically 10–30 years long 
and exhibit overlaps with each other, but they also contain long gaps. Although not all data 
have been found, a close-to-continuous record could possibly be obtained when supplement-
ing with data from nearby locations. Within the Swiss GCOS project “Long meteorological 
series” we could digitise remaining segments in order to generate a long series. Here we focus 
on three overlapping series: the earliest series from Bern, measured by Franz Jakob von Tavel 
and covering 1760-1770, a long series from Neuchâtel by Frédéric Moula covering 1753-
1782 (with gaps), and a series from priest Johann Jakob Sprüngli from Gurzelen, 1766-1784. 
These series connect those of Lombach (1777-1789), Samuel Studer (1779-1827) and Samuel 
Emmanuel Fueter (1803-1833), which will be described in an upcoming paper (Hari et al., 
this volume) and later series by Benoît and Trechsel (Flückiger et al., 2020). Together, these 
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series might form an instrumental climate record for Bern that reaches back to the mid-18th 
century. This would not only constitute a new long Swiss series, but would also be a long rec-
ord in a European context (see Brönnimann et al., 2019). 

This paper describes the three series and provides detailed information on observers and 
locations. It accompanies the inventory of the Swiss early instrumental series (Pfister et al., 
2019) and the publication of imaged data sheets (https://zenodo.org/record/3066836#.XVv-
fGRS8-U) as well as of the data series (Brugnara et al., 2020a, https://doi.pangaea.de/ 
10.1594/PANGAEA.909141) which are also available from EURO-CLIMHIST (Pfister et al., 
2017) and MeteoSwiss and were submitted to the Global Land and Marine Observations Da-
tabase (GLAMOD) of the Copernicus Climate Change Service (C3S) (Thorne et al., 2017).  

The paper is organised as follows. In Section 2 we introduce the three series, including 
information on observers and instruments, where available. In Section 3 the individual series 
are presented and compared in their overlapping parts. The paper ends with brief conclusions.  

 

2. Measurements and instruments 

The locations of the three series discussed in this paper are shown in Figure 1, the most im-
portant characteristics are summarized in Table 1. The main series and reference is Bern. 
Neuchâtel is ca. 40 km from Bern, Gurzelen ca. 20 km, which is a relatively short distance. 
Note, however, that Gurzelen is located in the pre-Alps, Neuchâtel at the shore of a lake, 
which represents a somewhat different climate despite the spatial proximity. Fortunately, the 
overlap of the three series is very long which allows assessing the effect of different climates. 
The Neuchâtel series has previously been used to extend the Geneva series back to 1753, 
which is at a distance of 106 km and in a different basin. We think that it would be more suit-
able to use the Neuchâtel series as an extension of the Bern series. In the following we discuss 
the three series individually. 

 

Figure 1. Map of the region Neuchâtel-Bern including the locations of the three series. Amt für Geoinformation 
des Kantons Bern, Meyer-Weiss-Atlas (1796-1802), 1:120'000 © AGIS Koordination Aarau. 
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Table 1. Summary of the three meteorological series discussed in this paper. BPU = Bibliothèque publique et uni-
versitaire, BBB = Burgerbibliothek Bern, Sammlungen = Sammlungen von landwirthschaftlichen Dingen der 
Schweitzerischen Gesellschaft in Bern/Abhandlungen und Beobachtungen durch die Ökonomische Gesellschaft zu 
Bern gesammelt 

Period  Observer  Location  Variables  n  Source  
1753-1782 Frédéric Moula Neuchâtel p, T, wdir, 

Wn 
3 BPU Neuchatel: MsA 164, Bull. soc. sci. nat. 

Neuchatel VI (1861-1864, IX (1871)  
1760-1770 Franz Jakob 

von Tavel 
Monbijou p, T, Pr, 

wdir, Wn 
2-3 1760-1762: Sammlungen  

1763-1766: BBB: GA Oek. Ges. 100, GA Oek. 
Ges. 101, GA Oek. Ges. 102, GA Oek. Ges. 103,  
1763-1770: Sammlungen (monthly) 

1766-1784 Jakob Sprüngli  Gurzelen p, T, Wn, 
wdir 

1-3 BBB: GA Oek. Ges. 109 (17,18,22) (1771-1776); 
GA Oek. Ges. 111/112/113/114 (1766-1784) 

 

2.1. Bernese Economic Society and the von Tavel series  

Meteorological measurements in Bern began in the context of the Bernese Economic Society 
(OeGB), representing a prominent example of “learned society” typical of the enlightenment 
period (Pfister, 1975; Lüdecke, 2010). Under the leadership of Gabriel Herbort, Franz Jakob 
“Monbjiou” von Tavel, and Niklaus Emanuel Tscharner, the OeGB founded the Commission 
for Meteorological Observations. The OeGB placed a strong focus on meteorological obser-
vations and installed a measurement and observation network, which was mainly used to op-
timise agriculture in order to increase yields and societal resilience to supply crises (Pfister, 
1975). Another objective was to assess relations between meteorology and the development 
of vegetation (Carrard, 1763), which should also be observed, and outbreak and course of dis-
eases should be studied. The OeGB was further interested in raising the scientific awareness 
of the population and reduce superstitious traditional farming techniques (Pfister, 1975).  

A key element of their plan was a standardisation of the instruments and procedures to 
allow comparisons, which can be seen as a pioneering achievement and as a precursor to the 
Swiss-wide measurement network of the Swiss Natural Sciences Society in the 19th century 
(Pfister, 2008). The OeGB chose the French measurement system as the standard, which was 
common at that time in Central Europe. Carrard (1763) provided details about the installation, 
use and control of the barometers. The instruments were used cistern barometers. However, 
no information exists on the exact description of the barometers actually used by von Tavel 
(Pfister, 1975). To measure the air temperature, the OeGB used a mercury thermometer with a 
Réaumur scale. In 1762, the Society switched to the Micheli du Crest spirit of wine thermom-
eter (see Brugnara et al., 2020a). It was recommended that the thermometer should be ex-
posed to the open air and protected from any solar radiation, ideally a north-facing window or 
wall (Carrard, 1763). To best capture daily maxima and minima, the observation times were 
set to sunrise and 3 p.m. (Pfister, 1975). 

The OeGB had rain gauges constructed according to the model from the Paris Academy. 
Figure 2 visualises a pluviometer in use, which consists of a collecting funnel and a cylindri-
cal storage body. The radius and height of the cone-shaped funnel measures 32.48 cm and is 
connected to the cylinder, whose radius and height are 9.43 cm and 54 cm, respectively. The 
collecting area is about 3300 cm2 and the surface area of the storage body is about 275 cm2. 
Observers can read the values of the ruler in the cylinder and relate them to estimate the actu-
al amount of precipitation that fell. Previous studies suggest the precipitation measurements 
of the OeGB are comparable to those of today (Pfister, 1975).  
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Figure 2. Sketch of the rain gauge to be used, from “Sammlungen von landwirthschaftlichen Dingen der Schweit-
zerischen Gesellschaft von Bern” (Vol. 2, 1761). 

In the beginning, the selection of measurement sites depended on voluntary observers 
who made themselves available. The commission ensured that the sites were equipped with 
thermometers, barometers, rain gauges and wind vanes. The network covered the area of the 
old Canton of Bern over a period of ten years. However, in some cases it shows large gaps. In 
1761, the OeGB founded so-called secondary societies in rural areas in order to ensure the 
exchange of information and measured values. One compulsory field was the recording of 
meteorological observations. At the beginning, the members responsible for this were com-
mitted and continuously recorded and made their data available to the OeGB. The resignation 
of Secretary Tscharner in 1767 had the consequence that the publications of the meteorologi-
cal papers were shortened and delayed. All these factors led to the dissolution of these sec-
ondary societies from 1767 onwards. The lack of will on the part of the observers and the lack 
of recognition of their work led to the end of meteorological recording in 1770 (Pfister, 1975).  

The “Auszüge einiger Berathschlagungen der ökonomischen Gesellschaft” (OeGB, 
1762) show that in 1759 the Society appointed persons responsible for recording and sending 
in meteorological observations in the various regions. Franz Jakob von Tavel was responsible 
for recording the meteorological observations of the Bern station from 1760. His estate 
“Monbijou” was located about 1.3 km southwest of the city centre (Fig. 3; see Gimmi et al., 
2006). Due to family disputes, measurements for February 1766 are missing (Pfister, 1975). 
In the summer of the same year, he stopped his measurements because the authorities ex-
pressed criticism of the OeGB (Gimmi et al., 2006). In addition to meteorological observa-
tions, he carried out other tasks for the OeGB until financial speculation ruined him in 1775. 
He left the OeGB and spent the rest of his life in poor circumstances in Paris (Pfister, 1975).  
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Von Tavel’s data were published in the journal of the OeGB (Fig. 4). From 1760 to 1766 
the individual measurements were published and can be found in the archive of the Burg-
erbibliothek Bern. These data were later included in the “Schweizerische Meteorologische 
Beobachtungen” (Wolf, 1871). From 1763 to 1769, monthly mean temperature data per time 
of day were published in the Society’s journal together with monthly extremes. For 1770, on-
ly the monthly extremes were provided. Unfortunately, we could not find daily data after 
1766. 

 
Figure 3. Map of Bern in the 1790s with the location of Monbijou (from: Mülleratlas, Geodata: City of Bern). 

   

Figure 4. Data for Bern, January 1760, published in the Society’s journal “Sammlungen von landwirthschaftlichen 
Dingen der Schweitzerischen Gesellschaft von Bern” (Vol. 1, 1760). Negative values are denoted with “0/”. 
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2.2. The Neuchâtel series 

The Neuchâtel series was measured by Frédéric Moula (1703-1782) and is one of the oldest 
Swiss series. Frédéric Moula was the son of Hugoenot refugees. He studied in Geneva and 
Basel as a scholar of Johann Bernoulli. After working as a teacher he became professor of 
mathematics in St. Peterburg in 1733 and in 1736 member of the Academy of St. Petersburg. 
From 1758 on he held the post of a “Royal Translator”. He published articles on mathematics 
(Marti-Weissenbach, 2009).  

Moula performed regular meteorological measurements from 1753 to 1782 in Neuchâtel. 
During the 1760s, the measurements were part of the network of the OeGB. Together with his 
own observations, Moula also sent observations from La Brévine in the Jura Mountains to the 
OeGB. He had given instruments to the pastor in La Brévine (we only have temperature data 
and only for 1759). The Neuchâtel data from Frédéric Moula can be found today in the Bibli-
othèque publique et universitaire (BPU) Neuchâtel (MsA 164). The data have also been pub-
lished in the Bull. soc. sci. nat. Neuchatel VI (1861-1864) and IX (1871). An example sheet is 
shown in Figure 5. 

 

 

Figure 5. Daily mean temperatures from Moula were published in Bull. soc. sci. nat. Neuchatel VI (1861-1864): 
Rapport du comité météorologique de la Société des Sciences naturelles de Neuchâtel pour l'année 1861.  
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Table 2. Station or thermometer relocations of the Neuchâtel series 

Date Event Details 

19.01.1754 Station relocation From Rue des Moulins (2nd floor, NE exposure) to Rue de St. 
Maurice (SE exposure, but afternoon observations with NW expo-
sure using an alcohol thermometer?) 

18.06.1754 Station relocation To Rue de l’Hopital (thermometer on the wall of a small gallery) 

01.12.1754 Thermom. relocation N exposure behind a window on Rue de l’Hopital 

15.06.1758 Station relocation Faubourg (NW window) 

12.01.1766 Station relocation Maison de Mad. la Ministre Petitpierre neé Montandon 

26.04.1770 Station relocation Maison de Ms. Bovet (2nd floor, N exposure) 

17.10.–24.11.1770 Temporary relocation Rue des Moulins (N exposure) – Observer Daniel Sandoz 

09.12.1775 Station relocation Maison de M. le Maitre ? Pon??? 

11.06.–31.07.1781 Temporary relocation Maison de M. Sandoz – Observer Ministre Meuron Petispierre 

01.08.–11.09.1781 Temporary relocation Maison de charité – Observer M. Cartier 

 

The metadata on the series indicate that Moula, working as a teacher for various families, 
changed the observation location frequently. At least 7 different locations are mentioned (Ta-
ble 2). Moreover, he left the thermometer to others during travels, leading to temporary relo-
cations. Generating a homogeneous time series in this situation is difficult. It should be noted, 
however, that this series has been widely used in the past as part of the Geneva series.  

An even earlier series exists for Neuchâtel, recorded by Laurent Garcin (1683-1752). Da-
ta for the years 1734 and 1735 were published in the Journal “Mercure Suisse”. An article 
from 1736 indicates that the series continued, but only these two years could be found.  

 

2.3. The Gurzelen series 

Johann Jakob Sprüngli (1717-1803) was the son of a priest from Leutwil. He was educated as 
priest in Bern, had various positions before becoming priest in Zweisimmen (Bernese Ober-
land) in 1757, then in Gurzelen in 1765 and eventually in Sutz (Lake Biel) in 1784 (Wolf, 
1855). He began daily weather observations in 1759, while priest in Zweisimmen, and also 
observed plant and animal phenology, earthquakes, Aurorae Borealis and other phenomena. 
In Gurzelen he continued his observations, now also with meteorological instruments. After 
being reassigned to Sutz, he continued the observations there until the year 1802. 

Sprüngli observed two to four times per day. He had a barometer and a thermometer, 
however we know little about the instruments used in the first years of observations. Sprüngli 
was not among selected observes for the network of the OeGB, but obviously did have close 
relations to the Society. In 1765 he figures among the founding members of the Zweisimmen 
branch of the OeGB (Burri and Zenhäusern, 2009), although he moved to Gurzelen in the 
same year. His observations for 1770 were published in the journal of the OeGB and in 1772 
the Society decided to provide him with meteorological instruments (Burri and Zenhäusern, 
2009). He was in contact with priest Jakob Samuel Wyttenbach, member of the Society and 
later co-founder of the Bernese and Swiss Natural Sciences Societies.  

Sprüngli’s observations are of excellent quality and were widely used in historical clima-
tology (Pfister, 1975; Burri and Zenhäusern, 2009). Daily data for Gurzelen, 1767-1770, were 
included in the “Schweizerische Meteorologische Beobachtungen” 8 (1871), p. 97-100, but 
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the individual observations have never been published and processed. Sprüngli’s handwritten 
observations are today part of the OeGB collection of the Burgerbibliothek Bern (GA Oek. 
Ges. 109 (17, 18, 22) (1771-1776); GA Oek. Ges. 111/112/113/114 (1766-1784)). An exam-
ple sheet is shown in Figure 6. 
 

3. Data processing and quality assurance  

The data were processed as described in Brugnara et al. (2020a). The thermometer readings in 
Réaumur were converted assuming a Deluc-type thermometer. An uncertainty remains on 
how the zero point was determined during the calibration, which can lead to a systematic error 
of about 1 °C. By 1760, however, the practice of using the melting point of ice – advocated in 
Switzerland by Deluc and Micheli du Crest – rather than freezing water was already well es-
tablished among instrument-makers (see Camuffo, 2020). 
 

 

Figure 6. Sprüngli’s observations for December 1766. Negative values are denoted with an overbar. 



Wyer at al.: Meteorological series from Neuchâtel, Bern, and Gurzelen 

 177

3.1. Individual series 

Moula’s series from Neuchâtel has twice daily observations. Plotting morning versus evening 
values of pressure and temperature (Fig. 7) yields correlations of 0.90 and 0.96, respectively. 
These numbers are in the same range as for most other stations. No particular indications for 
lower quality are found. Whether segments of this series can be used to backward extend the 
series of Bern still remains open. Fortunately, there are also overlaps (albeit short) with the 
series in Gurzelen and the next Bern series from Lombach and Studer, which will be dis-
cussed in an upcoming paper (Hari et al., 2021).  

The Bern segment by von Tavel is the shortest segment of the series discussed here. 
Scatter plots of observations at different times of the day (Fig. 8) show a good agreement. No 
clear problems are detected. The relatively coarse reporting resolution for pressure is appar-
ent. The corresponding plots for the Gurzelen series are almost identical with those of Bern, 
with very similar correlation coefficients. The scatter plots exhibit the same shapes. Again, no 
evidence for systematic problems is found in this way. 

 

 

Figure 7. Mutual comparisons of morning and evening series (the number indicates the Pearson correlation coeffi-
cient) of (left) pressure and (right) temperature in Neuchâtel.  

 

Figure 8. Mutual comparisons of morning, noon, and evening series of pressure and temperature in Bern. Numbers 
indicate the Pearson correlation coefficient. 
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Finally, we compared the diurnal cycle of the historical segments with that of corre-
sponding MeteoSwiss stations in recent years (Fig. 10), shifted by 1-2 °C to account for cli-
mate change. For Neuchâtel an excellent agreement is found both in winter and in summer. 
The Bern series fits well in summer, but in winter the morning and evening readings seem 
rather low. Gurzelen has high values in winter for all times of the days and low values in 
summer, particularly at noon. This is an indication that Sprüngli measured temperature in-
doors. The value of these temperatures for current climate research is therefore very limited.  

 
Figure 9. Mutual comparisons of morning, noon, and evening series of pressure and temperature in Gurzelen. 
Numbers indicate the Pearson correlation coefficient. 

 
Figure 10. Diurnal cycle of temperature in (top) January and (bottom) July in MeteoSwiss data (thick black line) 
as well as in the historical series (grey shading indicates nighttime). Note that for Bern and Gurzelen the exact time 
is not known, but only “Morgen” (morning), “Mittag” (noon) and “Abend” (evening). Reference series used are 
Neuchatel, 1981-2010, 1 °C subtracted, Bern Zollikofen (2006-2018, 2 °C) and Thun (2011-2020, 2 °C)  
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3.2. Comparison of overlapping segments and monthly mean series 

Since the aim is eventually to combine all Bern records (including those from Neuchâtel and 
Gurzelen) into one long record, it is essential to analyse the overlaps between the series care-
fully. While there is only a short overlap between Gurzelen and Bern, overlaps are longer for 
Neuchâtel/Bern and Neuchâtel/Gurzelen. Figure 11 shows all overlaps as scatter plots.  

Overall the correlations are very high, mostly higher than those between different times 
of day at one site. However, the visual inspection of the comparison of pressure between 
Neuchâtel and Bern shows a separated point clouds, which concerns the values of January to 
June 1766 (when the Bern series ends). From this plot it is not possible to conclude which of 
the two series is wrong. However, the start of the offset period coincides with a station reloca-
tion (Table 2). 

The scatter plots for temperature indicate a very good agreement between Neuchâtel and 
Gurzelen, despite the relatively large distance (the red points were excluded for the correla-
tion). The Bern series shows cooler winter mornings than the other two sites, as already noted 
in Figure 10, leading to a curved, non-linear relation between temperatures in Neuchâtel and 
Bern. This might indicate cold air pooling at von Tavel’s measuring location or effects of ra-
diation cooling. During the short direct overlap, temperatures in Bern and Gurzelen correlate 
well, but Bern is cooler despite the lower altitude, which could be explained by indoor tem-
peratures in Gurzelen.  

Finally, we analyse the monthly series from all segments for pressure and temperature 
(Fig. 12). Pressure shows an excellent agreement between the series. The individual segments 
appear to have positive trends that could be due to instrument drifts. They are reproduced in 
neighbouring series, but not in the pressure extracted for the closest grid point to Bern from 
 

 

Figure 11. Mutual comparisons between the series from Neuchâtel, Bern and Gurzelen for (top) pressure and (bot-
tom) temperature for (left) morning and (right) evening. The right panel compares data from Bern and Gurzelen at 
noon. Red dots denote the time period of January to July 1766, which produces an obviously shifted point cloud. 
Numbers in the bottom right corners indicate Pearson correlation coefficients (red points were excluded).  
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the global monthly reconstruction EKF400 version 2 (Valler et al., 2021), which is shown for 
comparison. The period Jan-Jun 1766 (red point cloud in Fig. 11) seems to be more likely due 
to low values in Neuchâtel than high values in Bern, which is also supported by EKF400v2. 

With respect to temperature, the low amplitude of the annual cycle in Gurzelen is striking 
and points to indoor temperatures. Apart from an obvious outlier in the noon series in Bern in 
1769, the agreement with Neuchâtel is good. Nevertheless, while the pressure series demon-
strate that a long, continuous pressure series for Bern can be obtained, this will be far more 
difficult for temperature. The Neuchâtel series has many location changes, and the Gurzelen 
indoor temperatures can hardly be used to generate a long series. 

 

4. Conclusions 

Meteorological measurements in Bern started in 1760, and since then measurements have 
been taken most of the time, though with some gaps. Many of the series are however only 10–
20 years long. The CHIMES project has revealed that – regarding coverage alone - a close-to-
continuous record could potentially be generated, and some of the gaps could be filled with 
data from neighbouring stations (Pfister et al., 2019). However, the individual segments now 
need to be assessed. This paper describes three series that could form the start of the Bern 
record. The series discussed cover Neuchâtel (1753-1782), Bern (1760-1770) and Gurzelen 
(1766-1784).  

The data processing and analysis shows that temperatures in Gurzelen were most likely 
indoor temperatures, they cannot be used to generate a long Bern series. Further, the metadata 
also indicate that the Neuchâtel series was measured at different locations. Because compari- 
 

 

Figure 12. Monthly series of (top) pressure and (bottom) temperature for Neuchâtel, Bern and Gurzelen. For Bern, 
1767-1770, only monthly values for the three observation times are available (dashed). 
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sons with Bern can only be performed from 1760 onward, breaks in the early part may not be 
visible in our analysis. Furthermore, a six-month period in 1766 in pressure data from Neu-
châtel is offset. Nevertheless, apart from the latter, the quality seems better for pressure than 
temperature. The data from Neuchatel, Bern, and Gurzelen compare well with each other and 
with data from a reconstruction. A continuous series without gaps could possibly be generated 
for pressure.  

The data are further described in Brugnara et al. (2020a) and made publicly available at 
https://doi.pangaea.de/10.1594/PANGAEA.909141, via MeteoSwiss and via the C3S Global 
Land and Marine Observations Database (Thorne et al., 2017) as well as EURO-CLIMHIST 
(Pfister et al., 2017). The images can be downloaded from https://zenodo.org/ rec-
ord/3066836#.XVv-fGRS8-U.  
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Abstract 

Meteorological measurements have been performed in Zurich since the early 18th century and 
with only few gaps until the present. Although some series are likely to be lost, a long record 
could be generated. It is therefore surprising that no long Zurich record has so far been com-
piled. In this and accompanying papers we describe the available segments. This paper sum-
marises nine segments from the 19th century. They comprise observations by Feer (covering 
1807-1827), Horner (1812-1834), Escher (1816-1820), Weiss (1823-1835), the Swiss Natural 
Sciences Society (1830-1832), Hofmeister (1834-1849), the Zurich Natural Sciences Society 
(1836-1852), Beyel (1841-1863, on Uetliberg), and Brügger (1860-1866). We describe ob-
servers, stations, and instruments, where this information is available. We also discuss data 
processing and quality control. The paper accompanies the publication of the imaged data and 
the digitised measurements. 

 

1. Introduction 

Although meteorological measurements have been performed in Zurich since the early 18th 
century and discussed in the literature (Wolf, 1879; Maurer, 1917), the currently electronical-
ly available record reaches back only to 1864, the start of the Swiss national meteorological 
network (Hupfer, 2019). This situation is typical also for other countries (see Brönnimann et 
al., 2019, for a global overview). Only relatively few, long series have so far been evaluated, 
while a substantial body of shorter series has not been digitised, although data have been 
compiled in the 19th century, when many national weather services were established. In Swit-
zerland, daily mean data from several older records were published in printed form in the 
“Supplementary Volumes” of the Annals (Schweizerische Meteorologische Beobachtungen, 
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1867). This includes daily data for Uetliberg near Zurich, which were digitised in the EMU-
LATE project and incorporated in a European daily pressure reconstruction (Ansell et al., 
2006). Although several long Swiss series were re-digitized in the framework of the DIGI-
HOM III project (Füllemann et al., 2011), the Zurich series were not among them. Here we 
present some of the earlier series. 

Over the past years we have compiled, digitised and re-evaluated many series from Zur-
ich covering the 18th and 19th century up to the start of the national network. The 18th century 
series are documented in two contributions in this volume (Brugnara et al., 2021; Fritze et al., 
2021). In this contribution we present the Zurich series from 1807 to 1864. Together with the 
18th century data and the official record starting in 1864, a long Zurich series can possibly be 
generated. The series discussed here comprise observations by Feer (1807-1827), Horner 
(1812-1835), Escher (1816-1820), Weiss (1823-1835), the Swiss Natural Sciences Society 
(SNSS, 1830-1832), Hofmeister (1834-1849), the Zurich Natural Sciences Society (ZNSS, 
1836-1852), Beyel (1841-1843, on Uetliberg) and Brügger (1860-1866).  

We describe the sources and the processing of the nine series. The paper accompanies 
the publication of the metadata of all early Swiss series in the form of an inventory (Pfister et 
al., 2019). Many of the Swiss series were published by Brugnara et al. (2020a). Images will 
be made available via a repository, the digitised data will be available from MeteoSwiss, EU-
RO-CLIMHIST and the Copernicus Climate Change Service (C3S) Global Land and Marine 
Observations Database (Thorne et al., 2017).  

The paper is organised as follows. Section 2 gives a brief overview of the station histo-
ries and observers. Not much information could be found about some of the series. Section 3 
describes the processing and quality control. Conclusions are drawn in Section 4.  

 

2. Data 

2.1. Overview 

Table 1 summarises the series analysed. All known observation locations are shown in Figs. 1 
and 2 on contemporary maps. Information on locations and observers from the observation 
manuscripts was complemented with data from the directory of citizens of the city of Zurich 
(“Verzeichniß der Bürger der Stadt Zürich”, see Favre et al., 2018). 

2.2. The series of Feer 

The Feer series covers the period 1807-1827 and is thus one of the longest considered in this 
paper. However, we know very little about the series. Almost certainly the data are from Jo-
hannes Feer (1763-1823), also sometimes spelled “Fehr”. He was the son of a priest and stud-
ied architecture and engineering in Germany and France before returning to Zurich (Wolf, 
1879). In 1781 he became a member of the Physical Society of Zurich, where he met Hirzel 
and other natural scientists that performed meteorological measurements (see Fritze et al., 
2021). He was tasked by the society to reinstall the astronomical observatory. He also per-
formed geodetic work in Switzerland. In 1798 he left Zurich again to work as a building and 
construction inspector and returned in 1805 as an engineer. The start of the series would fit 
well with his return to Zurich. He lived at “Unter Graben” (today “Hirschengraben”, Fig. 2). 
However, the series continues until 1827, whereas Feer died in 1823. It is therefore unknown 
who performed the measurements in 1823-1827. 
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Figure 1. Zurich and Uetliberg 
(where Beyel performed meas-
urements) on a map by Johannes 
Wild (PLAN A 4 Topographi-
sche Karte des Kantons Zürich, 
ca. 1852-1867). 

Gottfried von Escher (1846) states that Feer performed a careful series of measurements. 
After his death, the data were passed on by his family to the Natural Sciences Society. The 
data sheets can be found today in the Cantonal Archive of Zurich (StAZH) (Fig. 3, left). A 
second, short series attributed to Feer in the same archive covering the year 1838 is in fact 
identical with the data from Hofmeister and Ulrich (Sect. 2.6 and 2.7) and thus misattributed. 

 

Figure 2. The measuring locations on a contemporary map (“Grundriss der Stadt Zürich in der Mitte des Jahres 
1838”, PLAN C 35, https://suche.staatsarchiv.djiktzh.ch/detail.aspx?ID=313710). B Brügger, E: Escher, F: Feer, 
H: Hofmeister, Hor: Horner, K: Kantonsschule (Ulrich), M: Meyer, N: Nüscheler W: Weiss, Z: Zurich Natural 
Sciences Society (ZNSS). Large circles: Precise location unknown. Not on map: Paur.  
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Table 1. Summary of meteorological measurement in Zurich, 1807-1866; p = pressure, T = temperature, rH = 
relative humidity, wdir = wind direction, Wn = wind speed, c = clouds, n = measurements per day, SNSS = Swiss 
Natural Sciences, StAZH: Zurich State Archive, BBB = Burgerbibliothek Bern, StAGR = Grisons State Archive 

Period  Observer  Location  Variables  n  Source  
1807-1827 Johannes(?) Feer unknown p, T, rh, 

wdir, Wn 
1-4 StAZH: B IX 258, B IX 

259, B IX 260, B IX 261, 
B IX 262 

1812-1834 
(incomplete) 

Johann Kaspar 
Horner 

Haus zum Schönenberg, 
Haus zum Mühlestein, 
kleine Stadt (from 1823 
onward), Bleycherweg 
(2 weeks in 1825) 

p, T, rh, 
wdir, Wn 

up to 16 
(aver. 4) 

StAZH: B IX 308.1 (1813-
35), B IX 310.1 (1812-32), 
B IX 310.7 (1812-21), B 
IX 310.10 (1831-34); 
BBB: Mss.h.h.XXVI.22.1 
(1827/1-1831/8) 

1816-1820 
(incomplete) 

Hans Caspar 
Escher 

Haus 361, kleine Stadt p, T, rH, 
wdir, Wn  

4 Escher (1822) 

1823-1824; 
1835  

Heinrich(?) Weiss Haus zum Bracken p, T, Wn up to 12 
(aver. 5) 

StAZH: B IX 308.3 (1823-
1824) 

1830-1832 SNSS (F. Meyer, 
J.F.C. Paur, A. 
Nüscheler) 

Haus 12, Haus 234, 
Haus 414 

p, T, rH, 
wdir 

3 BBB: Mss.h.h.XXVI.22.1 

1834-1841 
(until 1849 in 
graphical form) 

Rudolf Heinrich 
Hofmeister 

oberer Hirschengraben p, wdir (T) 6 StAZH: B IX 303.2, B IX 
304, B IX 261 

1836-1842 
 
 
 
 
1843-1852 

Melchior Ulrich, 
Rudolf Heinrich 
Hofmeister, un-
known (rain 
gauge)  
(unknown), 
Johann Georg 
Oeri (rain gauge) 

oberer Hirschengraben, 
Tmin/Tmax, rh in 
1841/2: Zeltweg 
 
 
 
Kantonsschule, Neu-
stadt (rain gauge) 

p, T, rh, 
Pr, c, 
wdir, Wn,   
 

4 StAZH: B IX 298.1 
(1836), Bibliothèque uni-
verselle de Genève (1836), 
Meteorologische Beobach-
tungen angestellt auf Ver-
anstaltung der naturfor-
schenden Gesellschaft 
Zürich (from 1837 on) 

1841-1863 Friedrich Beyel Uetliberg p, T, Tp, 
wdir 

4 StAZH: B IX 300.2 (1841-
55), B IX 300.3, B IX 
300.4 (1856-61), B IX 
300.5 (1862-63) 

1860-1866 Christian Gregor 
Brügger 

old botanical garden p, T, wdir, 
Wn 

1-3 StAGR B 1087 

 

2.3. The series of Horner 

Johann Kaspar Horner (1774-1834) was professor of mathematics at Carolinum in Zurich and 
a politician (Grossrat). He was a member of the ZNSS (and thus knew Johannes Feer) and 
was also a member of the St. Petersburg academy. Horner measured from 1812 until 1834. 
However, the data are scattered over different archives and are incomplete. We found data for 
the years 1812-1821, 1823, 1825, 1827, 1829, 1830-1835 (Zurich State Archive), and 1827-
1831 (Burgerbibliothek Bern). An example sheet from the year 1812 is given in Figure 3 
(right). The series is very incomplete. Horner’s observations stop at beginning of July 1834, 
but the published daily data cover 1830-1839 as the publication (Schweizerische Meteorolo-
gische Beobachtungen 3 (1866), 274-684) merges data from Horner with those from the 
ZNSS (Sect. 2.8). From 1826 to 1830, data publication for this station was an activity of the 
SNSS (Sect. 2.6). 

Horner measured at many different locations, including Haus “zum Schönenberg”, “Haus 
zum Mühlestein Nr. 421”, “kleine Stadt” (from 1823 onward), and “Bleycherweg”. Not all 
locations could be identified precisely (Fig. 2). Pressure data are available from two barome-
ters, sometimes read in parallel: a “Reisebarometer” (probably a portable siphon barometer) 
and a cistern barometer. The latter was the primary instrument until 1823. From 1825 onward 
only the “Reisebarometer” is used. 
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2.4. The series of Johann Kaspar Escher 

A short series is preserved from Johann Kaspar Escher (1744–1829), who originated from the 
family “Escher vom Glas”. He studied theology until 1765. In 1768 he took on the position as 
a Ratssubstitut (council clerk), 1774 Unterschreiber (second town clerk) and 1783 District 
magistrate (“Amtmann”) in Küssnacht. He was part of a circle of political reformers around 
Johann Heinrich Pestalozzi, Heinrich Füssli and others (including Johann Kaspar Hirzel and 
Heinrich Weiss, who also performed meteorological measurements).  

Escher observed from 1807 to 1821 (see location in Fig. 2, although house 361 was not 
registered to Escher). However, of the original observations only 7 months could be found 
(June-December 1816, thus covering the “Year Without a Summer”, which is an extremely 
interesting period, see Auchmann et al., 2012). Another four years of data are available as 
monthly means.  

 

2.5. The series of Weiss 

Observation sheets are available from observer “H. Weiss”, originally covering the years 
1823 to 1835, although the data for 1825-1834 were not found. Measurements were taken at 
the “Haus zum Bracken” (see Fig. 2), 60 feet above lake level. The observer could either have 
been Hans Heinrich Weiss (1765-1857) or his son Oberst (Colonel) H. Weiss (1798-1870), 
both were merchants of the merchant house Bracken (Alther, 1962). Father Hans Heinrich 
Weiss was part of the above mentioned circle (see Sect. 2.4), but we have no evidence by 
whom the measurements were made. A sample sheet of the data is shown in Figure 4, left. We 
have no information on the instruments used. 

 
Figure 3. Example data sheets of the Feer (left, StAZH: B IX 258) and Horner (right, StAZH, B IX 310.1) series. 
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Figure 4. Example observation sheets of Weiss (left, StAZH: B IX 308.3) and Hofmeister (right, StAZH: B IX 
303.2). 

2.6. The series of the Swiss Natural Sciences Society (SNSS) 

The SNSS was founded in 1815. Among the early activities was a prize question on recent 
climate deterioration (Bodenmann et al., 2012). The idea of a meteorological network grew 
during the early 1820s, and a “Meteorological Commission” was established (Riggenbach, 
1891), consisting of Marc Auguste Pictet (observer in Geneva, see Brönnimann et al., 2020), 
Augustin-Pyramus de Candolle, Friedrich Trechsel (observer in Bern, see Flückiger et al., 
2020), Johann Kaspar Horner, Karl Kasthofer, Johann Gottfried Ebel, and Heinrich Zschokke 
(observer in Aarau, see Faden et al., 2020). Initially, observations were planned in Aarau, Ba-
sel, Bellinzona, Bern, Chur, St. Gall, Geneva, Lausanne, Lucerne, Schaffhausen, Solothurn, 
and Zurich. The focus of many of these observations was more on barometric altimetry. Only 
the observers in Bern (Trechsel), Basel (Merian; Brönnimann et al. 2020), St. Gallen (Meyer; 
Hürzeler et al., 2020) and Zurich (Horner, Sect. 2.3) continued (Riggenbach, 1891).  

Data for several stations, including Horner’s data after 1826, were published under the 
umbrella of the SNSS. Horner was however not the only observer. In 1830 and 1831, the se-
ries was relocated three times to the houses of Arnold Nüscheler (1827-1832), Franz Meyer 
(1830), and J. F. C. Paur (1830/31, see Fig. 1). An example sheet is shown in Figure 5. We 
have no information on the instruments used. 

 

2.7. The series of Hofmeister 

A segment of observations covering 1834-1849 might possibly stem from Rudolf Heinrich 
Hofmeister. Hofmeister (1814-1887) was one of the first students of the University of Zurich. 
He was teacher and rector of several schools, physics teacher and later lecturer and eventually 
extraordinary professor at University of Zurich. Tabulated measurement cover 1834-1841 
(see Fig. 4, right). Some data are available only in graphical form. His measurements are in  
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Figure 5. Observations published by the SNSS (Burgerbibliothek Bern: Mss.h.h.XXVI.22.1).  

large part identical to those published by the ZNSS, except that he measured more frequently. 
Therefore, he must have been the observer for the Society together with Ulrich (sect. 2.6), of 
whom he was a neighbour. In fact, one of the given reasons for the relocation to the Kan-
tonsschule in 1842 was that before it had not been possible to keep all instruments in one 
place. Figure 2 shows two houses Hofmeister lived in during the period. Note that in 1836 he 
spent time in Vienna and Berlin and therefore cannot have been the observer (indeed, the 
handwriting during this period differs from the rest of the source).  

In 1842 Hofmeister took on a position in Lenzburg where he also performed a measure-
ment series. A series from Lenzburg is published in the journal of the SNSS.  

 

2.8. The series of the Zurich Natural Sciences Society (ZNSS) 

The ZNSS (“Naturforschende Gesellschaft in Zürich”, successor organisation of the Physical 
Society of Zurich, which was instrumental in establishing meteorological observations in the 
18th century; Fritze et al., 2021) also was active in promoting meteorological measurements in 
the 19th century. One of the observers was Melchior Ulrich (1802-1893), who was lecturer 
and professor of theology at the University of Zurich from the year of its foundation, 1833. 
He was probably assisted by Hofmeister (see Sect. 2.7). 

According to Maurer (1917) measurements by Ulrich in Zurich should exist from 1828 
on, but only from 1835 they are verifiably from Ulrich. The measurements were officially 
endorsed by the ZNSS from 1836 onward. He continued observations until 1842 (see note 
above). The series was then continued at the Kantonsschule by an unknown observer until 
1852 (see Fig 2). Ulrich himself measured at the Oberer Hirschengraben (Fig. 2); Figure 6 
shows a contemporary drawing of the area around 1830. In 1841 and 1842, minimum and 
maximum temperature as well as humidity were measured at Zeltweg.  

We have digitized the data from 1836-1852. In addition to temperature and pressure we 
also have precipitation and (only until 1848) maximum and minimum temperature. All in-
struments were of the highest quality for the time. The barometer was made by Oeri, a large  
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Figure 6. “Oberer Hirschengraben, 1830 bei der Florhofgasse”, Aquarell von J. Suter (?), Wikimedia. The image 
approximately the location where Ulrich measured.  

cistern barometer with a 20 mm wide tube. The thermometer with Celsius scale allowed read-
ings to 0.1°C precision and was carefully calibrated. Until November 1836, however, temper-
ature in the raw readings by Hofmeister is given in degrees Réaumur, meaning that another 
thermometer must have been used in the first few months. After the relocation in 1842 an 
even better thermometer was acquired, with a declared resolution of 0.05°C (the actual resolu-
tion of the scale was, however, 0.2°C). The hair hygrometer was made by Gourdon and was 
constantly verified against a second, identical instrument. The rain gauge had an opening of 
0.33 m2, allowing for a resolution of 0.01 mm. In 1842 it is mentioned that it had been for 
many years at the Haus zum Grundstein (Neustadtgasse?) and was then moved to the nearby 
garden of the instrument-maker Oeri. Finally, the maximum and minimum thermometer were 
standard ones, filled with mercury and alcohol, respectively. Before the relocation to the Kan-
tonsschule, it was often mentioned that the exposure of the max/min thermometers was not 
ideal (Meteorologische Beobachtungen angestellt auf Veranstaltung […], 1837-1842). 

 

2.9. The series of Beyel 

Friedrich Beyel was an innkeeper. In 1840 he opened a restaurant on Uetliberg, a peak of 869 
m altitude near Zurich (Fig. 1). He performed meteorological observations from 1841 until 
1863. Friederich Beyel died in 1866. 

The daily Uetliberg data have been published in the Annals of the Meteorological Bureau 
of the SNSS (which later became MeteoSwiss). Daily means have been digitized in the EM-
ULATE project (Ansell et al., 2006). In our project we have digitised the original data, which 
were available at the Zurich State Archive. An example sheet is shown in Figure 7. We do not 
know which instruments were used.  
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Figure 7. Observation sheet by Beyel (StAZH: B IX 300.2). 
 
2.10. The series of Brügger 

The last of the series discussed in this paper is that by Christian Gregor Brügger (1833-1899), 
covering the period 1860-1866. Brügger was a natural scientist who started, at his own initia-
tive, a dense meteorological network in the Canton of Grisons in 1857 (see Hupfer, 2015, for 
the following). The network included as many as 37 stations in 1858. However, in 1859 
Brügger took on a position as curator of the botanical collection of the Polytechnikum (today 
ETH Zurich). During his time in Zurich he performed his own measurements at the old botan-
ical garden (Fig. 2), which we analyse here, while the Grisons network deteriorated quickly. 
Brügger returned to the Grisons ten years later to become high school teacher. We have digit-
ized the data sheets from the Grisons state archive. No information on the instruments is 
available.  

Further observers made instrumental measurements in Zurich in the period of interest, 
i.e., 1807-1864. However, the 1833-1856 series by J.C. Denzler as well as the short series by 
Freudweiler, J. Dändliker and Ernst (1859-1863) could not be found. 

 

3. Processing and quality control  

The data from Zurich were processed as described in Brugnara et al. (2020b). In addition to 
tests at individual stations (e.g., comparing different times of day) we also compared overlap-
ping segments of neighbouring series. In the following, we present the results of the quality 
control procedure for all series together.  

An overview of the series can be gained by showing all pressure series on a common plot 
(Fig. 8). We can see that the period from 1807 to the start of the Swiss National Network in 
December 1863 is well covered, with only few gaps. At the same time, the figure also shows 
that there are four main segments, on which a consolidated series needs to rely (Feer, Horner, 
ZNSS, and Beyel), while the other series (Escher, Weiss, SNSS, Hofmeister, and Brügger) 
mainly serve to fill gaps and to double check the quality and homogeneity of the longer seg-
ments. Unfortutunately, as we will see, the long segments are not necessarily those of the 
highest quality. Figure 8 already shows differences between two of the long segments in their  
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Figure 8. Pressure measurements from all series discussed in this paper. Black: Feer, dark blue: Horner, dark or-
ange: Escher, orange: Weiss, yellow: SNSS, green: Hofmeister, grey: ZNSS, light blue: Beyel (Uetliberg, shifted 
by 50 hPa), red: Brügger 

 
Figure 9. Comparisons of measurements at different times of the day for the series of Feer (black), SNSS (blue) 
and Weiss (red) for temperature (top) and pressure (bottom). Numbers indicate the Pearson correlation coefficient. 

overlapping period. Feer’s pressure data in 1827 are lower than his earlier data and not in 
agreement with the parallel series of Horner, so these data were omitted from the further 
plots. 

Analysing the agreement of measurements at different time of the day (Fig. 9), we find 
that the overall best agreement is found for the SNSS data. Clearly worse agreement is found 
for the series of Feer and Weiss. 

Mutual comparisons were performed for the series of Feer and SNSS with the Horner se-
ries (Fig. 10). Again, the SNSS data show clearly better correlations than the Feer series, indi-
cating that the long segment of Feer might be of comparably lower quality. This is especially 
the case for temperature, while all correlations are good for pressure. We also tested the sec-
ond barometer of Horner (red), which is in good agreement with the first barometer. 

Similar analyses were also performed for the second half of the period. Figure 11 shows 
comparisons of measurements at different times of the day in the series of ZNSS, Hofmeister, 
and Brügger (only temperature). In the temperature comparison, the Brügger data exhibit a 
lower correlation than the other series. For the Hofmeister data, the plot comparing noon and 
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evening data shows two distinct relations, one for the 1834-1835 data and one for the later 
data. However, this can be explained by the fact that Hofmeister observed several times per 
day and the evening observation shifted to later hours after 1836. Correlations for pressure are 
high and show now obvious errors.  

Mutual comparisons were then done for the Hofmeister and Beyel data against ZNSS. A 
first comparison showed that for the years 1838-1841, the data from Hofmeister and ZNSS 
were extremely well correlated (>0.999). This very strongly indicates that one is a copy of the 
other, with some small corrections applied. Temperature data are 98% identical except Febru-
ary-April 1836, a few days in July 1838, and occasional typos. Pressure data are almost iden-
tical, the main difference being that they were reduced to 0°C differently, aside from some 
 

 
Figure 10. Mutual comparisons of morning, noon, and evening series (numbers indicate the Pearson correlation 
coefficient) of temperature (top) and pressure (bottom) in Zurich in the series from Feer (black), SNSS (blue) and 
Horner’s second barometer (red) against the Horner series. Numbers indicate the Pearson correlation coefficient. 

 
Figure 11. Comparisons of measurements at different times of the day for the series of ZNSS (black), Hofmeister 
(red) and Brügger (blue). Numbers indicate the Pearson correlation coefficient. 
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Figure 12. Mutual comparisons of morning, noon, and evening series (the number indicates the Pearson correla-
tion coefficient) of pressure in Zurich in the series from Hofmeister (black) and Beyel (blue) against the ZNSS 
series. Numbers indicate the Pearson correlation coefficient. 

constant correction. These data were then excluded from the comparison. Results (Fig. 12) 
show generally high correlations. The Hofmeister and ZNSS series compare particularly well; 
even after removing the obviously identical data the correlation is >0.99. It cannot be exclud-
ed that the data contain further (less obvious) copied segments. However, also the Beyel se-
ries is in good agreement with the ZNSS series. Overall, it seems possible from this compari-
son that a high quality pressure series can be generated for Zurich after the 1830s. The Beyel 
series might have remaining outliers. 

Finally, we analysed the diurnal cycle in the temperature measurements from Feer and 
Horner (Fig. 13). In this case, the Feer data (despite the lower correlations found above) show 
an excellent agreement of the diurnal cycle with that from present day data (after subtracting 
1 °C). The Horner data also agree in terms of the diurnal cycle, but a negative bias is seen for 
all times of the day in January. This might be explainable by local conditions, but neverthe-
less requires attention when merging series. Spring to fall agreement is good for both series 
and all times of the day. 

 

4. Conclusions 

The meteorological series from Zurich could provide the longest Swiss long meteorological 
record, though with several gaps, reaching back to the early 18th century. This volume com-
prises three papers related to the Zurich series; this paper describes many data segments from 
the 19th century, which together provide (especially for pressure) an almost complete record. 
Any such concatenation would strongly rely on four long segments (Feer, Horner, ZNSS, 
Beyel), while shorter records can help to fill gaps or assess and augment the quality of the 
longer segments.  

The data are found to be of generally good quality except in some aspects the long series 
of Feer, which however is the dominant source of information prior to 1825. Possible seasonal 
biases in temperature (e.g., in the Horner series) need to be further assessed. A long, good-
quality pressure record seems however, possible. 

The data are made publicly available by MeteoSwiss and can be downloaded from 
https://doi.pangaea.de/10.1594/PANGAEA.909141. They will also be available from the C3S 
data Global Land and Marine Observations Database (Thorne et al., 2017) and from EURO-
CLIMHIST (Pfister et al., 2017). The images can be downloaded from https://zenodo.org/ 
record/3066836#.XVv-fGRS8-U. 

https://zenodo.org/%20record/3066836#.XVv-fGRS8-U
https://zenodo.org/%20record/3066836#.XVv-fGRS8-U
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Figure 13. Average temperature values for different observation times in January, April, July and October in the 
Feer and Horner series compared with the mean diurnal cycle at Zurich (Affoltern) during 1981-2010 (1°C has 
been subtracted). Gray areas indicate nighttime.  
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Abstract 

This paper describes several meteorological records from Bern and vicinity, together covering 
the period 1777-1834. They comprise measurements in Bern by Karl Lombach, 1777-1789, 
Samuel Studer, 1779-1789 and 1797-1827, and Emanuel Fueter, 1803-1834. Studer was pastor 
and later professor of theology in Bern, but during the period 1789-1797 was appointed to Büren 
an der Aare, where he also continued his measurements before returning back to Bern and con-
tinuing measurements. As no other measurements were performed in Bern during these years, 
the Büren measurements could help to fill the gap, together with the series by Johann Jakob 
Sprüngli in Sutz, 1785-1802. In this paper, we describe the sources and metadata pertaining to 
these series. Then we analyse the data, their processing and quality control and we compare the 
series during their overlapping periods. These series, together with others already digitised and 
published in this volume, will contribute to a 250-yr meteorological series for Bern.  

 

1. Introduction 

Meteorological measurements started in Bern in 1760 by Franz Jakob von Tavel, covering how-
ever only ten years, of which only seven have daily data (Wyer et al., 2021). Although there are 
data from nearby locations (Neuchâtel, Gurzelen), measurements in the city of Bern continued 
only in 1777, when Karl Lombach started observations. In 1779, pastor Samuel Studer began 
making measurements. The latter diligently observed for a period of almost 50 years, thus 
providing a very long segment, although during eight years he made his measurements in Büren 
an der Aare, some 22 km away from Bern. During ten years, Lombach and Studer observed in 
parallel, providing an opportunity for comparison and quality assessment. During Studer’s ob-
serving period, records are also available from Johann Jakob Sprüngli in Sutz (24 km from 
 
* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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Bern) and Samuel Emanuel Fueter in Bern. In this paper, we discuss these series. They might 
form important parts of a new long Bern record. In 1826, Friedrich Trechsel began measure-
ments and continued until 1848, partly overlapping with a series by Daniel Gottlieb Benoit from 
1837 to 1853. These series have been described by Flückiger et al. (2020) in this volume.  

In this paper, we present the data from the four observers, for an overview of all early 
Swiss series see Pfister et al. (2019). These series will complement the already published Swiss 
series (Brugnara et al., 2020b). Images of this project will also be published in a repository; the 
digitised data will be available from various sources, including MeteoSwiss, EURO-
CLIMHIST and the Copernicus Climate Change Service (C3S) Global Land and Marine Ob-
servations Database (Noone et al., 2021).  

The paper is organised as follows. Section 2 provides a historical overview of the meas-
urements made by all observers. Section 3 describes the results of the quality assessment and 
presents the data. In Section 4, we then compare the Lombach, Studer, and Fueter series. Con-
clusions are drawn in Section 5. 

 

2. Data 

2.1. Karl Lombach  

Karl Lombach (1740-1811) was the son of Niklaus Lombach, military officer and bailiff, and 
Maria Anna Margaretha Dachselhofer. He worked as an administrator of the salt depot (“Salz-
magazinverwalter”) in Bern. We can assume that he had a strong interest in science. He was a 
member of the Bernese Economic Society (but in 1768 refused payment and was excluded; see 
Salzmann, 2009).  

 

 
Figure 1. Map of the Canton of Bern showing Bern, Sutz, and Büren an der Aare (Helvetischer Almanach für das 
Jahr 1801 (1801)). 
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Figure 2. Map of Bern (excerpt) in the 1790s with the location of the Burgerspital (B), the Cathedral “Münster” (M) 
and the Villette (V) (from: Mülleratlas, Geodata: City of Bern). 

Lombach performed the measurements at the Burgerspital (“im grossen Spital”), near to-
day’s railway station (Fig. 1, B in Fig. 2), and from June 1785 at the nearby salt depot. His 
measurements cover the period 1777-1789. Lombach measured temperature and pressure (typ-
ically in the morning and at 13:30 to 14:30) and observed precipitation and wind. According to 
Pfister (1975), Lombach used a mercury thermometer. Although the second observer, Samuel 
Studer, also measured at the Burgerspital during the same years as Lombach, there is no evi-
dence for correspondence between the two men concerning their measurements. 

Lombach’s data can today be found at Burgerbibliothek Bern (GA Oek.Ges. 98, 13-25, 
OeGB 1782/3). An example sheet is shown in Figure 3. Some monthly means were published 
in the journal of the Bernese Economic Society, which provided the instruments to Lombach.  

 

2.2. Samuel Studer 

Samuel Emanuel Studer was born on 18 November 1757 in Bern (see Hari, 2021, for the fol-
lowing). He was the son of a wealthy butcher, also named Samuel, and his wife, Magdalena 
Hartmann. The Studer family was naturalized from Grafenried as early as 1593 (Braun, 2016). 
They never had an active part in the government. Studer lost his father when he was only eight 
years old. From then on, his upbringing was directed by one of his uncles, Daniel Ludwig Stu-
der, who was interested in mathematical sciences and later a professor of theology in Bern. Due 
to health problems, Studer did not follow his ambition to become a medical doctor. Instead, he 
opted for a spiritual career, which offered the opportunity to pursue scientific interests. It was 
through this interest that he met Jakob Samuel Wyttenbach, then preacher at the Burgerspital 
and a famous scientist. After Wyttenbach’s promotion to another position in 1781, Studer took 
over the position at the Burgerspital. In 1789, Studer became pastor in Büren an der Aare (Fig. 
1) for seven years. In 1797, Studer returned to Bern and occupied the chair for practical theol-
ogy. From 1827 to 1831, he was the highest dean of the Bernese church (Braun, 2016). 
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Figure 3. Observation sheet from Karl Lombach with measurements and observations for January 1777 (Burgerbib-
liothek Bern, GA Oek.Ges. 98, 13-25). 

Studer had broad scientific interests that also encompassed geology, entomology and con-
chyliology. In 1786, he became a member of the Bernese Economic Society and in 1815 was a 
founding member of the Swiss Natural Sciences Society. His meteorological record begins on 
20 December 1779 with measurements of temperature and air pressure and observations of 
wind at the Burgerspital in Bern (Figs. 1 and 2). They fall into the peak phase of the Enlighten-
ment, a period when the number of meteorological measurements increased very rapidly (Brön-
nimann et al., 2019).  
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He made his measurements three times daily until 1827, when his weak eyes no longer 
allowed him to read and write down the measured values correctly. These observations meant 
a lot to Studer. It was reported that even on 16 November 1789, the day of his wedding, he 
stopped at the Burgerspital on the way from Köniz to read and to write down instrumental 
measurements, which truly shows the significance of this activity to him. 

After his return to Bern in 1797, Studer occupied at least three apartments: until October 
1803 he lived in two different houses next to the Cathedral (M in Fig. 2), while it is not clear 
where he lived after 1803 (almost certainly somewhere in the Old City). Therefore, it is to be 
assumed that his measurements suffer from inhomogeneities caused by the relocations. 

Except for the time when he measured at the Burgerspital, Studer had installed two or even 
three thermometers, each facing a different direction, to compensate for the lack of a suitable 
location with northern exposure in his apartments. He was well aware of the direct solar inso-
lation as a possible source of error and had thus marked the values affected by direct sunlight 
with a symbol to show their invalidity. Additional valuable information stems from his notes 
that describes the surfaces to which the thermometers were attached and the implications this 
had on the temperature readings. He also read two different barometers in parallel to check on 
instrumental biases or drifts. 

Studer’s measurement ended in 1827. They cover almost 50 years and thus constitute one 
of the longest one-man series. His observation sheets are kept in the Burgerbibliothek Bern 
(Mss.h.h.XX.5.1-5). An example is shown in Figure 4.  

 
Figure 4. Sheet of Studer’s data for 1789 (Burgerbibliothek Bern, Mss.h.h.XX.5.1). 
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2.3. Johann Jakob Sprüngli 

The observer of the third series discussed was the parson Johann Jakob Sprüngli (1717-1803). 
He was also the observer in Gurzelen, a series that is discussed in Wyer et al. (2021) in this 
volume. Only a brief summary is therefore given here. His career as a parson started in Zwei-
simmen in 1757, from where he moved to Gurzelen in 1765 and to Sutz in 1784 (Wolf, 1855, 
1872). He observed the weather in all three places, from 1767 with meteorological instruments. 
In Sutz he performed observations from 1785 to 1802. 

As Studer, Sprüngli was in contact with priest Jakob Samuel Wyttenbach and had a close 
relation with the Bernese Economic Society, which provided him with instruments. His obser-
vations and measurements are of a high quality (Pfister, 1975; Burri and Zenhäusern, 2009). 
The handwritten observations can be found in the Burgerbibliothek Bern (GA Oek.Ges. 111, 
114, 115, 116). An example sheet is shown in Figure 5. 

 

Figure 5. Example sheet of Sprüngli’s data for 1785 (Burgerbibliothek Bern, GA Oek.Ges. 111). 
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2.4. Samuel Emanuel Fueter 

Samuel Emanuel Fueter was a merchant and owner of a grocery store (see Gorgé, 2005). He 
was a member of the Swiss Natural Sciences Society almost from its start in 1815 and from 
1817 to 1828 also member of the Bernese Natural Sciences Society. 

Fueter’s observations cover the period 1803 to 1834. Initially these are daily temperature 
ad twice daily pressure data (morning, evening), but from 1819 onward there are typically two 
temperature measurements (at sunrise and 14 local time) and four pressure measurements per 
day (8, 11, 14, and 20 local time). The data are today stored at the Burgerbibliothek Bern 
(Mss.h.h.XXIII.95.1-95.3). An example sheet is shown in Figure 6. It is not known where 
Fueter made his measurements, but an educated guess is that he measured at his family’s estate 
at the “Villette”, about 500 m west of the Burgerspital (V in Fig. 2). 

 

Figure 6. Example sheet of the series by Fueter for 1819 (Burgerbibliothek Bern, Mss.h.h.XXIII.95.1-95.3).  
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3. Processing and quality control  

All series were processed as detailed in Brugnara et al. (2020a). In this Section, we analyse the 
results of the quality control for the individual series, before analysing the overlaps between the 
segments in the next Section. For Studer, both thermometers and barometers are analysed.  

The Lombach series (Fig. 7) exhibits similar correlations between morning and noon series 
as most of the other series discussed in this book. The corresponding plots for the Studer series 
are shown in Figure 8, divided into two periods and analysing two instruments for each param-
eter. Correlations are again similar as for Lombach, with no peculiarities. However, comparing 
the two barometers, the plots for the early period and, even more clearly, those for the later 
period show two distinct relations. Obviously one or both of the barometers underwent a change 
(e.g., in measuring height, corrections, or in the instrument). Without analysing further series, 
it is difficult to assess which of the two is incorrect. The analysis of the two thermometers in 
the second period shows differences between them in the morning, but a very good agreement 
in the afternoon. Unlike for pressure, we find no systematic change over time in the relation 
between the two instruments. Therefore, in the following, we use the primary thermometer 
(usually with eastern exposure, except for 1801-1803 when it had northern exposure). 

The first segment of the Fueter series (termed Fueter I hereafter) has only once daily tem-
perature. Its twice daily pressure data (morning, evening) show a relatively low correlation, 
while the second part of the series (Fueter II, Fig. 7 bottom) shows excellent correlations be-
tween morning and noon and lower between morning and evening (note that evening here en-
compasses both the 14 and 20 measurement). Temperature was not analysed due to differences 
in the time of day.  
 

 

 
Figure 7. Mutual comparisons of morning, noon, and evening series of pressure and temperature in Bern in the series 
of Lombach and Fueter I (top) and Fueter II. Numbers indicate the Pearson correlation coefficient. 
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Figure 8. Mutual comparisons of morning, noon, and evening series of pressure and temperature in Bern in the 
Studer series, divided into the first part (top) and the second part (bottom). Numbers indicate the Pearson correlation 
coefficient. Black circles indicate thermometer or barometer 1, red circles indicate thermometer or barometer 2. In 
the right column, black circles indicate morning and red circles noon measurements. 

 

4. Comparison of the Lombach, Studer and Fueter series 

The Bern series has the advantage that many overlapping segments are available. One of the 
longest segments is that of Studer. In its early years, this series overlaps with that of Lombach 
(and the series from Neuchâtel, see Wyer et al., 2021), and the last part of the Studer segments 
overlaps with the series of Fueter (and even that of Trechsel; see Flückiger et al., 2020). In this 
Section, we analyse the overlaps between Lombach and Studer, Fueter I and Studer, and Fueter 
II and Studer.  
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A first impression can be obtained by plotting daily means of air pressure as a time series 
(Fig. 9). It becomes clear that the early Bern period in Studer’s record (before the move to 
Büren) has slightly lower minimum pressures than those measured by Karl Lombach at the 
same location, although the maxima are similar. The absolute level depends on the altitude 
where the barometer is mounted, which might have been different for the two series. Since the 
pressure readings before 1797 are not corrected for the temperature of the mercury, the varia-
bility could depend on the temperature of the room where the barometer was mounted. In the 
period after 1800, we find a slight difference in absolute values between Studer and the first 
segment of Fueter, but not between Studer and the second segment of Fueter. 

A direct comparison between air pressure from Lombach and Studer clearly shows that the 
point cloud represents an overlap of two distinct relations, both in the morning and at noon, 
when using Studer’s second barometer. Plotting the ratio (not shown) reveals two step changes 
of ca. 5 hPa. When using the first barometer (Fig. 10, top), a very good agreement is found. 
This indicates that Studer’s second barometer underwent two changes (therefore, in Fig. 9, we 
have plotted only the first barometer). The temperature records show a good agreement both in 
the early morning and in the evening.  

 

 
Figure 10. Comparison of the records of Lombach/Studer and Fueter I/Studer for morning and noon (here including 
data up to 15 local time) for air pressure and temperature. Numbers indicate the Pearson correlation coefficient.  
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Figure 11. Average temperature values for different observation times in January, April, July and October in the 
Bern series compared with the mean diurnal cycle at Bern (Zollikofen) during 1981-2010 (2°C has been subtracted). 
Grey areas indicate nighttime. 

The overlap between Studer and the first segment of the Fueter series (Fig. 10, bottom) 
reveals again good agreement for temperature (though based on very few data points only), but 
distinct, overlapping relation for pressure measured with the first barometer. A plot of pressure 
differences versus time (not shown) shows a clear change in 1807, amounting to around 5 hPa. 
No such change is found in the second barometer. Therefore, in this case we assume that the 
first barometer, and not the second, is affected by a step change. In Fig. 9, we therefore used 
the second barometer.  

Finally, the comparison between the second segment of the Fueter series and Studer (not 
shown) exhibits almost perfect agreement for pressure, with correlations of 0.99 or higher. This 
is suspicious and indicates that parts of the records might be copies of each other (e.g., one with 
and one without temperature correction). For temperature, in turn, a correlation analysis is not 
meaningful due to too strong changes in observation times.  

When comparing the temperature measurements with a modern climatological diurnal cy-
cle (Fig. 11), a few interesting features can be noted. In January, the early instrumental temper-
atures are lower than expected, in part because the periods include several intense cold out-
breaks (e.g., 1779, 1812, 1826, and 1830) that have no match in modern climate. In July, one 
can guess that the morning and early afternoon measurements by Studer are affected by radia-
tive biases, which are to be expected given the eastern exposure of his thermometer. Moreover, 
the morning measurements by Fueter are very low, which suggests a rural environment outside 
the Old City. 

 

5. Conclusions 

A number of observers made meteorological measurements in Bern, together covering the pe-
riod 1760 to present with only few gaps. This paper describes several records covering the 
1779-1834 period. These records include the almost 50-yr series of Samuel Studer, in addition 
to series by Karl Lombach, Johann Jakob Sprüngli, and Samuel Emanuel Fueter. The overlap 
between the series allows comparisons to be made. These comparisons show that the records 
are not without problems. Several step changes are found in the pressure data and others can be 
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assumed from metadata (relocations). They will have to be addressed in the homogenisation of 
the records.  

Nevertheless, the series are particularly interesting as they cover a climatically relevant 
time period with several extreme events. The period includes the Laki eruption (1783/4) and its 
aftermath and the warm late 18th/early 19th century including the record heat year 1807 (Casty 
et al., 2005). Temperature then dropped, reaching a low point in the “Year without a Summer” 
of 1816, after the Tambora eruption, and temperature remained low for the subsequent years 
(Brönnimann, 2015). The records presented here can therefore shed new light on these climatic 
anomalies.  

The paper also describes scientific efforts in the late 18th and early 19th century. The ob-
servers comprise a city administrator, two pastors, and a merchant (see Brönnimann and 
Wintzer, 2019, for the value of context information). All four were deeply inclined to sciences, 
and all were members of one or several scientific societies. 

The data are made publicly available by MeteoSwiss. They will also be available from the 
C3S data Global Land and Marine Observations Database (Noone et al., 2021) and from EURO-
CLIMHIST (Pfister et al., 2017).  
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Abstract 

The meteorological series from Basel, reaching back to 1755, is one of the two long Swiss 
climate series. The data from 1755 to 1805 in this series are based on observations by 
D’Annone. Here we present additional series from Basel that cover almost the same period 
and thus allow an assessment of the D’Annone data and eventually a reassessment of a new 
Basel series. These series comprise measurements by Johann Heinrich Ryhiner (covering 
1766-1772), Daniel Wolleb (1777-1785) and Abel Socin (1783-1802) in the city of Basel and 
by Ambrosius Bavier (1776-1790) in Waldenburg. An additional series from Werner de 
Lachenal (1766-1795) was imaged but was very incomplete and hard to digitise. Here we 
provide information on the locations, observers, and instruments (where available), as well as 
quality control procedures.  

1. Introduction

The series from Basel is one of two prominent long Swiss series (the second being Geneva) 
and reaches back to 1755. In the currently available Basel series, which dates back to Bider et 
al. (1958) and Bider and Schüepp (1961), the first 50 years are from one single observer: 
Johann Jakob D’Annone. Bider and Schüepp provided daily data that already included many 
corrections. In the framework of the MeteoSwiss project DIGIHOM III (Füllemann et al., 
2011) and the MeteoSwiss GCOS project “Long instrumental series”, the original subdaily 
data from D’Annone were re-digitised (Brönnimann and Brugnara, 2020) to allow a complete 
re-assessment of the Basel series. During the same 50 years, several other observers 
measured pressure and temperature in the city of Basel and its vicinity (Pfister et al., 2019; 

1* Corresponding author: Stefan Brönnimann, University of Bern, Institute of Geography, Hallerstr. 12, 
CH-3012 Bern, Switzerland. E-mail: stefan.broennimann@giub.unibe.ch. 
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see also Riggenbach, 1892), as was the case also elsewhere in Europe, leading to a peak in the 
number of series during the Enlightenment (Brönnimann et al., 2019). These data have not 
been consulted by Bider et al. (1958). However, some of them seem to be of good quality 
(Riggenbach, 1892) and could support the re-assessment of the Basel series.  

In this paper we present several records which together span the period 1766-1802. 
These include the series by Johann Heinrich Ryhiner (covering 1766-1772), Daniel Wolleb 
(1777-1785) and Abel Socin (1783-1802) in Basel as well as a series by Ambrosius Bavier 
(1776-1790) from Waldenburg, Basel-Landschaft. An additional series by Werner de Lache-
nal (1766-1795) was imaged, but the data are very incomplete and difficult to digitise and 
hence were not digitised. We present the compiled metadata on the series such as information 
on observers, locations, and instruments (Section 2). Then we describe processing and quality 
control of the data series as well as results of mutual comparisons (Section 3). Conclusions 
are then drawn in Section 4. Metadata can be found in the inventory of Pfister et al. (2019); 
the data can be obtained from MeteoSwiss or from EURO-CLIMHIST (Pfister et al., 2017). 

 

2. The 18th century Basel series  

This section summarizes the metadata for each of the four series, based mostly on archival 
material. Table 1 gives an overview of the series; measurement locations are shown in Figure 
1 on a contemporary map. Table and Figure also list two very short series by Zwinger (1755)  
 

 

Figure 1. Locations of meteorological observations in Basel, 1755-1805, on a contemporary map. (Grundriss der 
Stadt Basel = Plan de la ville de Basle / aufgenommen im Jahr 1784 von Samuel Ryhiner; herausgegeben von 
Christian von Mechel, source: UB Basel Maps, Wikimedia Commons).  
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Table 1. Meteorological observations in Basel, 1766-1802. Sources: Riggenbach (1892), Pfister et al. (2019).  
Period Location Observer 
1755 Unknown (Basel) Friedrich Zwinger 
1755-1805 Heuberg 16 (Basel) Johann Jakob D’Annone 
1766-1772 Schönauerhof/Rittergasse (Basel) Johann Heinrich Ryhiner 
1766-1795 Botanical Garden (Basel) Werner de Lachenal 
1776-1790 Pfarrhaus, Waldenburg Ambrosius Bavier 
1777-1785 Eisengasse (Basel) Daniel Wolleb 
1783-1805 Offenburger Hof (Petersgasse 40), 1st floor (Basel) Abel Socin 
1786 Unknown (Basel) Johann Kaspar Scholer 

 
and Scholer (1786) as well as the long series by D’Annone (Brönnimann and Brugnara, 
2020), which covers the entire period. The Zwinger series was copied by D’Annone to 
backward extend his own record by five months to January 1755. The Scholer series covers 
only seven months in 1786 and is listed only for completeness. 

The manuscript sources of all series discussed in this paper are kept at the University 
Library of Basel. In the following we discuss the individual series. Note that the series from 
Lachenal and Scholer were imaged but not keyed. A short description of the Lachenal series 
is nevertheless provided. 
 

2.1. The series by Johann Heinrich Ryhiner  

The first series discussed here is that of Johann Heinrich Ryhiner (1732-1802, Fig. 2). He was 
the son of a theology professor and thus grew up in an academic environment. Ryhiner 
studied philosophy in Basel, then medicine in Strasbourg. In 1753 he returned to Basel and in 
1760 became professor of ethics and law at the University of Basel. Furhtermore, he served as 
the University’s librarian and multiple times as dean and rector (Staehelin, 1957; Marti-
Weissenbach, 2012). He is also known for his interests in chemistry.  

 
Figure 2. Johann Heinrich Ryhiner (painting by Anton Hickel, 1785, portrait collection of the University of Basel, 
UBH Portr BS Ryhiner JH 1732, 1). 
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Figure 3. Data sheet from Johann Heinrich Ryhiner for the year 1766, University Library of Basel (UBH L Ib 
86c). 

Ryhiner measured three times daily temperature and pressure in his house at Rittergasse. 
The thermometer had a Du Crest scale and was mounted at a window. He also noted wind 
direction and weather as well as other observations (see Riggenbach, 1892).  An excerpt of a 
data sheet is shown in Figure 3. 

 

2.2. The series by Werner de Lachenal  

Werner (Wernhard) de Lachenal (1736-1800) was the son of pharmacist, botanist and doctor 
Johann Lachenal and of Maria Margaretha Gottfried. He began studying pharmacy, but then 
graduated in philosophy and studied medicine, finishing with a doctorate in Basel in 1763. 
From 1776 to 1798 he was professor of anatomy and botany in Basel. He redesigned the 
botanical garden and enlarged the library and herbarium and also promoted anatomy at the 
university. He had a wide scholarly network, which included scientists such as Albrecht von 
Haller (Marti-Weissenbach, 2008).  
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Werner de Lachenal measured one to eight times daily, but very irregularly (only a few 
days per year in 1766, 1775-1791, 1795; see also Riggenbach, 1892). The data proved to be 
too demanding to digitise because of the irregular structure and were considered of little value 
given that no monthly means could have been obtained.  

 

2.3. The series by Daniel Wolleb  

Daniel Wolleb (1757-1822) was a scientist from Basel. He studied medicine in the 1770s and, 
after a stay in Strasbourg, returned to Basel to obtain his doctoral degree. He joined the 
medical faculty of the University and in 1789 became professor of eloquence (Staehelin, 
1957).  

Wolleb measured temperature three times per day using a Du Crest thermometer, and 
pressure once or twice per day. According to Riggenbach (1892) the measurements were 
performed with utmost care.  An excerpt of a data sheet is shown in Figure 4. 

 
Figure 4. Data sheet from Daniel Wolleb, October and November 1779. University Library of Basel (UBH L Ib 
86d). 
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2.4. The series by Abel Socin 

Abel Socin (1729-1808) was the son of a merchant and politician. He studied mathematics, 
physics and medicine in Basel and Strasbourg, where he promoted in medicine. He returned 
as a doctor and private teacher to Basel, became a member of the medical faculty of the 
university and held lectures in physics (as an assistant of Daniel Bernoulli). In 1762 he 
became professor in medicine and physics at the Gymnasium Hanau (Germany). He stayed in 
Hessen for 16 years, during which he was rector of the Gymnasium, doctor and at the same 
time engaged as a scientist. He returned to Basel in 1778. Socin was well known for his lively 
presentations on topics pf physics, including electricity (Marti-Weissenbach, 2011). He is also 
known for his meteorological measurements and for his publications about the barometer. 

Figure 5. Data sheet from Abel Socin, June to August 1783. University Library of Basel (UBH L Ib 81).
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Abel Socin measured mostly once per day, temperature and pressure. According to 
Riggenbach (1892) his measurements are the best among the observers discussed in this paper 
because Socin was a physicist (and not a medical doctor as the other observers) and because 
he used better instruments. . An excerpt is shown in Figure 5. It is interesting to note that Abel 
Socin was the grandfather of Peter Merian, the main observer in the 19th century and a leading 
figure in the attempts by the Natural Sciences Society to coordinate a Swiss meteorological 
network in the 19th century (Brönnimann and Brugnara, 2021).  

 

2.4. The series by Ambrosius Bavier  

Ambrosius Bavier (1726-1796) studied philosophy and theology in Basel in the 1740s. From 
1761 to 1764 he worked as priest in Markirch (Alsace), then as a “Gemeindehelfer” in Basel. 
In 1769 he took on a position as pastor in Waldenburg, Basel-Landschaft, ca. 20 km south of 
Basel (Triet et al., 1980). Ambrosius Bavier was married to Margaretha Bruckner.  

 
Figure 6. Data sheet from Ambrosius Bavier, January 1776. University Library of Basel (UBH L Ib 87b). 
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Not much is known about the measurement series. Starting in 1776, the record from 
Bavier encompasses three times daily pressure and temperature measurements, as well as 
information on wind, measured at his house.However, the series has long gaps and quality 
issues; according to Riggenbach (1892), the barometer was not completely free of air, and the 
thermometer (with a Du Crest scale) was sometimes no protected from the sun. An example 
measurement sheet is given in Figure 6. Measurements stop in 1790, one year before he 
resigned as a pastor.   

 

3. Processing and Quality Assessment 

In this section we present the results from the quality control procedure, similar as described 
in Brugnara et al. (2020a). We present results on the internal consistency of the series 
(comparing measurements at different times of the day) and of the outlier screening. 
Additionally, as all series overlap with the D’Annone series (Brönnimann and Brugnara, 
2020), we also present results from comparing all series with D’Annone as well as results 
from mutually comparing the shorter series. 

First we compared morning and evening measurements (or morning, noon and evening 
measurements) within a series. As Abel Socin measured mostly only daily, the comparison 
cold not be performed for this series. The Ryhiner series (Fig. 7) generally shows a  good 
agreement for temperature and pressure, although the correlation between morning and noon 
temperature is only 0.9. Corresponding plots for Wolleb (Fig. 8) show slightly lower 
correlations for temperature. Pressure was measured mostly only daily, for this reason the 
corresponding plot for pressure is based on relatively few data points. Finally, for 
Waldenburg (Fig. 9) we find an excellent agreement both for temperature and pressure.  

 

 

 

Figure 7. Mutual comparisons of morning, noon, and evening measurements in the series of Ryhiner. Top: 
pressure, bottom: temperature. Numbers indicate the Pearson correlation coefficient. 
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Figure 8. Mutual comparisons of morning, noon, and evening measurements in the series of Wolleb. Top: 
pressure, bottom: temperature. Numbers indicate the Pearson correlation coefficient. 

 
Figure 9. Mutual comparisons of morning, noon, and evening measurements in the series of Bavier. Top: pressure, 
bottom: temperature. Numbers indicate the Pearson correlation coefficient. 

After comparing the internal consistency within each series, we compared each of the 
series with the measurements of D’Annone, quality-controlled in the same way. Results are 
shown in Figure 10 for morning and evening (note that Socin has very few evening 
measurements only). Most of the correlations are very high. Slightly lower correlations are 
found for pressure for the series of Socin (which is arguably mainly due to remaining outliers) 
and Wolleb. Note that extremely high correlations are also suspicious, as the observers 
arguably knew each other and might have exchanged data to fill gaps in their own records, as 
we have found in other cities.  
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Figure 10. Comparisons of morning and evening measurements of pressure (left) and temperature (right) in all 
series against the series of D’Annone. Numbers indicate the Pearson correlation coefficient. 

A comparison with the diurnal temperature cycle at the MeteoSwiss station of Basel-
Binningen (Fig. 11) suggests a good quality in particular of the Ryhiner series, while the 
Wolleb data appear to be warm-biased. However, one must consider that the series are rather 
short and that they cover different periods. Particularly in winter, large differences can arise 
from true climate signals. Generally the data seem to be of quite good quality and could be 
used to fill gaps in the D’Annone series and to assess its homogeneity. 

 
Figure 11. Diurnal temperature cycle in January (left) and July (right) in present-day (1981–2010, -1 °C to account 
for climate change) MeteoSwiss data from Basel-Binningen (thick black line) and in the series by Ryhiner, Socin, 
and Wolleb. Observation times that are not exactly known are represented with horizontal bars. Grey shading 
indicates nighttime. 
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4. Conclusions 

The series from Basel is one of the longest meteorological series from Switzerland. Long 
segments of the current Basel series are from only two observers: D’Annone (1755-1804) and 
Merian (1826-1863). However, in both periods, many observers were active, and these series 
have never been digitised. In addition, long gaps in the current Basel series were filled with 
data from Delémont and Mulhouse. In this paper we present four series from the 18th century 
which can be used to assess and complement the D’Annone series.  

Results show that series of Johann Heinrich Ryhiner (covering 1766-1772), Daniel 
Wolleb (1777-1785), Abel Socin (1783-1802) and Ambrosius Bavier (1776-1790, in 
Waldenburg) are all of generally good quality. The mutual comparisons as well as, in 
particular, the comparison with the D’Annone series show a good agreement. The data can 
therefore help to confirm or complement the data from D’Annone when generating a new, 
long Basel series. Additional measurements by Werner de Lachenal (1766-1795) were found, 
but were extremely scattered and hard to digitise.  

The data will be publicly available by MeteoSwiss. They will also be available from the 
C3S Global Land and Marine Observations Database (Noone et al., 2021) and from EURO-
CLIMHIST (Pfister et al., 2017). A further segment overlapping with D’Annone, the series by 
Huber, will be discussed in a subsequent paper. 
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Abstract 

The long meteorological series from Basel, arguably the most prominent Swiss series, in its 
current form is based on data from Delémont and Mulhouse in the period 1805-1825. These 
data were used to fill the gap between the two very long records of Johann Jakob D’Annone 
(covering 1755 to 1804) and Peter Merian (1826 until the start of the Swiss Network in 1863). 
However, a series measured in Basel by Daniel Huber, covering 1789-1829 (and thus 
overlapping with both segments) could fill this gap. Here we describe this series, including 
information on the location, observer, and instruments as well as the processing and quality 
control procedures. This is important as Daniel Huber did not stick to fixed observation hours. 
Correcting for this however, yields a high-quality record that can be used to generate a new 
Basel record. We also briefly discuss the records of Delémont and Mulhouse and compare 
Huber’s data with these records as well as with the data form D’Annone and Merian. All data 
are available from MeteoSwiss. 

 

1. Introduction 

The Basel temperature and pressure record reaches back to 1755. Together with Geneva, this 
is the longest Swiss meteorological series and widely used in research. The current version of 
the series dates back to Bider et al. (1958) and Bider and Schüepp (1961), who focused on 
two main, very long segments: that of Johann Jakob D’Annone (covering 1755 to 1804) and 
that of Peter Merian (who measured from 1826 onward and from 1863 onward for the new 
Swiss network). The gap between the two series (1805-1825) was filled with data from 
Delémont and Mulhouse. While this may be appropriate for analyses of monthly means, it 
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might not be for daily-level analyses. This is particularly unfortunate as this period comprises 
the “Year Without a Summer” of 1816 (Brönnimann and Krämer, 2016) as well as the drop of 
central European climate from relative warmth to a cold period that was accompanied by the 
last glacier advance of the Little Ice Age and that was part of a global climate excursion 
(Brönnimann et al., 2019). 

This period, called “interregnum” by Bider et al. (1958) could however be covered by 
measurements made in Basel. Among many other series that were inventoried, compiled and 
digitized in the context of the Swiss National Science Foundation project CHIMES (Pfister et 
al., 2019) and the GCOS Switzerland project “Long Meteorological Series” is a record by 
Daniel Huber that covers 1789 to 1829. It thus overlaps with other segments and could 
potentially help to fill the gap. The series is described in old literature (Riggenbach, 1892) and 
judged to be of high quality. However, it was not used due to its irregular observation times. 
Bider et al (1958) do not mention the series. Given the current interest not only in past 
climate, but also past weather, a complete sub-daily or daily series from Basel is desirable. It 
is against this background that we revisited the Huber series. 

This paper describes the metadata on these series. On the one hand, observers, locations, 
and instruments are described (Section 2), on the other hand, processing and quality control of 
the data series as well as some analyses (Section 3). Conclusions are drawn in Section 4. 
Metadata on the stations are incorporated in the inventory of Pfister et al. (2019); the data can 
be obtained from the MeteoSwiss website. 

 

2. Observers and observations  

2.1. The series by Daniel Huber  

Daniel Huber (1768-1829, Fig. 1) grew up in an academic environment. He was the son of an 
astronomer, his brother was professor in history and pastor. Huber studied classical philology 
and medicine in Basel. In 1792 he became professor of mathematics at the Basel University. 
From 1802 onward he was director of the University Library. His scientific work dealt with 
comets as well as with problems of optics. He also was involved in the trigonometric 
measurements of Basel from 1815 on, which had a large influence on establishing a 
meteorological network in Switzerland (Riggenbach, 1892). He was founder, in 1817, of the 
Natural Sciences Society of Basel (Marti-Weissenbach, 2008).   

Huber observed at different locations. From 1789 to April 1802 he performed the 
measurement at “Haus zur Eich (Nr. 1327)”, in the city district of St. Alban (H1, in Fig. 2). 
From May 1802 onward he measured near the Cathedral (H2 in Fig. 2). Two different 
addresses can be found (“Haus Nr. 1373” and “in dem Laub Nr. 1455”) but they may refer to 
the same place. From 1804 to 1829 he measured “in his official residence behind the 
Cathedral” (which refers to the house Nr. 1373). The digitization of the Huber data was a 
tremendous effort. Huber made numerous measurements. We have digitized far over 100,000 
instrumental measurements (in addition to thousands of wind observations) from over a 
thousand of pages of material. The measurements were made at 30,888 measurement times 
during 11,518 days. Huber measured up to 13 times per day, at very irregular times. This was 
the reason why the data have not been used in science (Riggenbach, 1892). Bider et al. (1958) 
as well as all later work did not use the Huber series.  



Brugnara and Brönnimann: Daniel Huber’s Meteorological Record from Basel, 1789-1829 

 227 

 
Figure 1. Daniel Huber. Portrait in a medaillon in private possession, between 1790 and 1820 (University Library 
Basel, Portrait collection UBH Portr BS Huber D 1768, 1a). 

 
Figure 2. Locations of meteorological observations in Basel by D’Annone, Huber (H1: 1789-1802, H2: 1802-
1829), Fürstenberger, and Merian (see also Brönnimann and Brugnara, 2020a) Map: Löffelplan, produced 1857-
1859, published 1862 (source: Geoportal Kanton Basel Stadt). The location of Burckhardt’s observations (which 
also overlap with Huber’s) is unknown.  
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In addition to the sheer amount of observations, the situation is further complicated as 
Huber used numerous different barometers and thermometers, often in parallel. Some 
instruments, perhaps loans of his peers, were read only for a few days, but most were 
employed for months or years.  

For this work we produced merged pressure and temperature series. In the case of 
pressure, we gave highest priority to the oldest barometer (where the age is defined by the 
first appearance in the data), while for temperature a separate priority list was generated based 
on our experience with the data. In Table 1 we give an overview of the 10 thermometers that 
contribute to the merged series. The positions “vorne” (i.e., front) and “hinten” (i.e., back) 
refer to, respectively, the window of Huber’s office and the window on the 3rd floor 
(handwriting difficult to decipher) on the back of the house. The positions “unten” and “oben” 
refer probably to the lower and upper floor in the house in St. Alban. Note that Huber was, to 
our knowledge, the first person in Switzerland to use a centigrade (Celsius) thermometer for 
regular meteorological observations. 

There are frequent gaps in the data (Fig. 3). Some of the data might have been simply 
lost. Another likely explanation is that Huber might have been often away from Basel. Before 
her premature death in 1805, Huber’s younger sister Valeria was occasionally in charge of the 
measurements. 

The worst problem in the digitization of the Huber data was the extremely chaotic nature 
of his notes, which is probably another reason why the data have never been used before. 
Some data sheets are relatively ordered and clean (see excerpt in Fig. 4). Other data sheets are 
extremely chaotic, as is shown in the excerpts in Figure 5. Huber used every piece of paper he 
could get to write down his observations, even playing cards; sometimes the data occupy 
every possible space of a page and are written in every direction; moreover, the date is not 
always written explicitly and some pages require puzzle-solving skills to be correctly 
interpreted. Probably Huber copied the measurements in his “clean” register only when he 
had some spare time, or he copied only those that he considered of particular value. It is 
therefore to be expected that the digitization error is far larger than with other sources (we 
expect an error rate of the order of 3-5%). Date errors are also more likely. 

In Section 3 of this paper, the Huber data are compared with the data from D’Annone, 
which overlap between 1789 and 1804 and which were described by Brönnimann and 
Brugnara (2020), as well as with the series from Burckhardt and Fürstenberger from the 
1820s that were described in Brönnimann and Brugnara (2021). We also compare the series 
with two further records that we also digitized in this and previous projects, namely from 
Mulhouse and Delémont and which are briefly described in the following. 

Table 1. Composition of the merged temperature series created from Huber’s measurements  
Priority Scale Position Period Contribution [%] 

1 Micheli du Crest unten 1789-1802 37.7 
2 Micheli du Crest oben 1789-1800 3.0 
3 Réaumur oben 1796-1798 0.5 
4 Micheli du Crest vorne 1802-1803 0.2 
5 Réaumur vorne 1803-1829 35.9 
6 Réaumur  vorne (Laub?) 1823-1827 2.2 
7 Celsius vorne 1823-1825 0.03 
8 Réaumur hinten 1802-1814 2.2 
9 Micheli du Crest hinten 1802-1829 18.1 

10 Celsius hinten 1818-1827 0.07 



Brugnara and Brönnimann: Daniel Huber’s Meteorological Record from Basel, 1789-1829 

 229 

Figure 3. Percentage of days per year with temperature measurements in the Huber series. 

 

2.2. The series from Mulhouse and Delémont  

Several observers made measurements in Mulhouse during the 18th century, but only for 
short times. The first to make long-term measurements was the town’s prefect Daniel Meyer, 
who measured between 1777-1824 with instruments provided by the Societé Royale de 
Médecine in Paris (Riggenbach, 1892; Metzger and Pfister, 2017) We had the data in two 
formats: raw data spanning 1794 to 1812, from three thermometers (here we only use the 
first), three times daily; and daily means published by the Swiss Meteorological Service 
(SMZ, 1885) spanning 1800-1824, which arguably became the starting point for later efforts.  

The record of Delémont was measured by F. J. Helg, a physician, and covers the period 
1802-1832, with a few gaps. It consists of three times daily measurements of temperature and 
pressure. As for the Mulhouse record, it was reduced to daily means in the late 19th century 
(SMZ, 1870) and then arguably used in that form by Bider et al. (1958) and Bider and 
Schüepp (1961).  

 

Figure 4. Data sheet from Huber’s series, showing measurements for January 1800 (University Library, Basel). 
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Figure 5. Excerpts from rather chaotic data sheets from the Huber series (University Library, Basel). 

3. Processing and Quality Assessment 

Here we present the results from the quality control procedure (see Brugnara et al., 2020) 
and then compare the data with the contemporary records of d’Annone, Burckhardt, 
Fürstenberger, Mulhouse, and Delémont, For the analysis we subdivided the Huber data into 
1789-1802 and 1802-1829, corresponding to the two measurement locations. The internal 
consistency of the measurements is generally good in both periods (Fig. 6). However, in the 
second period the cross correlations for temperature are a bit lower. This is probably related to 
the fact that in those years Huber did not always stick to one primary thermometer. Instead, 
during the warm season he used the thermometer in the back for the morning and the one 
outside his office for the rest of the day. We know that the back window was exposed to 
sunlight in the afternoon, because Huber sometime flagged the measurements with a Sun 
symbol (we did not use those values). 

We find mostly good agreement with d’Annone’s data (Fig. 7). We actually expect 
Huber’s pressure measurements to be of better quality, given that they are corrected for 
temperature while d’Annone’s measurements are not. Moreover, the temperature measured by 
d’Annone is sometime much higher than that by Huber, hinting at some bias in the former. 
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Figure 6. Mutual comparisons of morning, noon, and evening measurements in the series of Huber. Top: pressure, 
period 1, second row: pressure, period 2, third row: temperature, period 1, fourth row: temperature, period 2. 
Numbers indicate the Pearson correlation coefficient. 

 

Figure 7. Comparisons of morning and evening measurements of pressure (left) and temperature (right) in the 
Huber series (first period) against the series of D’Annone. Numbers indicate the Pearson correlation coefficient. 
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Figure 8. Comparisons of morning (left), noon (middle) and evening (right) measurements of pressure (top) and 
temperature (bottom) in the Huber series (first period) against the series of Burckhardt (black) and Fürstenberger 
(red). Numbers indicate the Pearson correlation coefficient. 

 

Figure 9. Comparisons of morning (left), noon (middle) and evening (right) measurements of temperature in the 
Huber series against Delémont (top row: period 2) and against Mulhouse (middle row: period 1, bottom row: 
period 2). Numbers indicate the Pearson correlation coefficient. 
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The pressure measurements by Burckhardt also suffer from a missing temperature 
correction, and their lower quality is evident when comparing them with Fürstenberger’s and 
Huber’s measurements. (Fig. 8). On the other hand, the temperature measurements by 
Fürstenberger appear to suffer from an inhomogeneity, particularly evident in the evening. A 
few digitization errors (missing negative sign) are evident in the Mulhouse series (Fig. 9). 

When comparing the temperature measurements with the modern-day diurnal cycle (Fig. 
10), it is clear that Huber had trouble with radiation biases in his second apartment, as already 
suggested by the fact that he used a different thermometer in the morning. His office in the 
city centre had probably an eastern orientation, which allowed the sunlight to affect the 
thermometer until about noon. The biases are comparable to those affecting the measurements 
of d’Annone. On the other hand, judging from the data, he probably had a near to optimal 
north-facing installation in the house in St. Alban (i.e., before May 1802). 

 

 
Figure 10. Diurnal temperature cycle in January (left) and July (right) in present-day (1981–2010, -1 °C to account 
for climate change) MeteoSwiss data from Basel-Binningen  (thick black line) and in the series by Huber and 
d’Annone. For Huber, observation times were rounded to the nearest hour. Grey shading indicates nighttime. 

 

 
Figure 11. Mean differences between parallel measurements at the front (vorne) and back window (hinten), 
aggregated by time and season. Only the thermometers with Réaumur scale at the front and Micheli du Crest scale 
at the back are considered. Times were rounded to the nearest hour. 
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To further explore the radiation bias, we analyse the parallel measurements between the 
front and the back window in Figure 11. We see that the maximum bias at the front window is 
between 8:00-9:00 UTC in summer, while it is much smaller in the other seasons. The bias at 
the back window has the maximum in the early afternoon, except for summer when the 
maximum is reached at 16:00 UTC. These results suggest that the front window was close to 
a northeast orientation. The back window, as the name suggests, was exposed to the opposite 
direction, i.e. southwest. 

 

4. Conclusions 

The meteorological series from Basel is currently the longest evaluated meteorological series 
from Switzerland (together with that from Geneva). In this paper we analyse one particularly 
important segment covering the period 1789 to 1829. It covers the gap from 1805-1825, 
which previously was infilled with data from Delémont and Mulhouse. 

Overall the quality of the Huber record is probably superior to other contemporary 
records, in particular to the d’Annone record. Unfortunately, it is rather incomplete, especially 
during the most relevant period when no other series for Basel exist, which includes the “Year 
Without a Summer”. In addition, the difficulties encountered in the digitization process might 
to some extent affect its quality. 

Huber was particularly interested in comparing different instruments and different 
exposures. His data provide a huge amount of parallel measurements that might be used to 
estimate and correct errors in his and other records. 

The data are made publicly available by MeteoSwiss. They will also be available from 
the C3S data Global Land and Marine Observations Database (Noone et al., 2021) and from 
EURO-CLIMHIST (Pfister et al., 2017). Together, the different series from Basel may allow 
the construction of a new “Basel series”, which, unlike its precedent, is not filled in with data 
from Mulhouse and Delémont. However, this paper also shows that inconsistencies still need 
to be resolved.  
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Abstract

This article describes the arguably longest single-observer series of Switzerland, namely that 
by Johann Christoph Schalch. The series covers the years 1794–1845 and encompasses three 
times daily measurements of pressure and temperature. We have digitised and re-evaluated the 
series and found it to be of good quality. Further segments from Schaffhausen by other observ-
ers, which could possibly be used to produce a complete record until the start of the MeteoSwiss 
network in 1864, were not digitised or could not be found.

1. Introduction

Until recently, only two early instrumental series from Switzerland were electronically availa-
ble that reached back to the 18th century: those of Basel and Geneva (Bider et al., 1958; Bider 
and Schüepp, 1961; Schüepp, 1961). Both have now been supplemented with additional seg-
ments in the context of the project “Long Swiss Meteorological Series” documented in this 
volume (Brugnara and Brönnimann, 2022; Brugnara et al., 2022a). Several further series reach-
ing back to the 18th century were digitised and re-evaluated in this project, including series from 
Bern and Zurich (Brugnara et al., 2022b), Neuchâtel (Wyer et al., 2021) and Chur/Marschlins 
(Grimmer, 2019). Here we present another long series reaching back to the 18th century: Schaff-
hausen, 1794–1845.  

The series was measured by Johann Christoph Schalch. With a length of 52 years, this is 
arguably the longest single-person record from Switzerland. It is slightly longer than the records 
by D'Annone (Basel) and Studer (Bern, Hari et al., 2022), both of which cover 49 years (though 
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Studer measured at different locations). Worldwide, the chronicle by Gottfried Reyger for 
Gdańsk, Poland is longer and covers 65 years (Filipiak et al., 2019). 

The Schalch series has been carefully checked and re-evaluated by Gisler (1984). Most of 
the metadata of our article are taken from this work. Gisler digitised the original observations 
but only published the monthly or seasonal means. Therefore, we went back to digitising the 
original records. Here we present a re-digitised and re-evaluated series from Schaffhausen. It 
complements the published early Swiss meteorological series (Brugnara et al., 2020b). The im-
aged data sheets of all series have been published in a repository, accompanied by a paper 
describing the inventory and metadata of the series (Pfister et al., 2019). The digitised data will 
be available from various sources, including MeteoSwiss, EURO-CLIMHIST (Pfister et al., 
2017) and the Copernicus Climate Change Service (C3S) Global Land and Marine Observa-
tions Database (Noone et al., 2021). 

The paper is organised as follows. Section 2 provides a historical overview of the observer 
and the measurements. Section 3 presents the results of the quality assurance. Conclusions are 
drawn in Section 4.

2. The series by Johann Christoph Schalch

The observer of the Schaffhausen series was Johann Christoph Schalch (1761–1846), son of 
Christoph Schalch, a tanner, and Barbara Sabine Schalch (Marti-Weissenbach, 2011). Johann 
Christoph studied medicine in Zurich, Göttingen and Vienna, where he worked as a doctor. In 
1788, he returned to Schaffhausen and became city doctor in 1796. He not only measured the 
weather for several decades but also was active in the Swiss Natural Sciences Society and in 
the Schaffhausen Natural Sciences Society. Gisler (1984) assumes that he was an experienced 
and careful observer. 

Gisler (1984) reconstructed the measurement locations of Schalch, these are also shown in 
Figure 1 and listed in Table 1. The period 1794–1845 can be subdivided into three periods. 
During the first period, 1794–1798, measurements were performed in his parents’ house (Un-
terstadt 37). His father had died shortly before and the house came into the possession of 
Schalch’s brother, while Johann Christoph Schalch, as city doctor from 1796 onward, was en-
titled to live in the Pfrundhaus within the premises of the monastery Allerheiligen. However, it 
seems that this house was not yet ready when Schalch became city doctor. From 1798 to 1804 
measurements were taken at Moserstrasse 28, very close to the previous location, and only in 
1805 the instruments were relocated to the Pfrundhaus. 

Table 1. Measurement locations and observers in Schaffhausen, 1794–1893 (from Pfister et al., 2019)  

Period Location Fig. 1 Observer Variable
1794–1798 Untergries 88 (today Unterstadt 37) 1 Johann Christoph Schalch p,T,rh,wdir,Wn, 

3–4x daily
1798–1804 Unterer Wilder Mann  

(today Moserstrasse 28)
2 Johann Christoph Schalch p,T,rh,wdir,Wn, 

3–4x daily
1805–1845 Pfrundhaus, monastery Allerheiligen 3 Johann Christoph Schalch p,T,rh,wdir,Wn, 

3–4x daily
1808–1813 Unknown - Unknown -
1833–1867 Haus zum Silbernen Brunnen (today 

Vordergasse 10)
4 Johann Jacob Schelling T,wdir,Wn, 

1–3x daily
1836–1893 Unknown - Ferdinand Ludwig Peyer T,Wn, 3x daily
1836–1849 Schaffhausen or Lohn? - Johann Conrad Laffon -
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Figure 1. Contemporary map showing the city of Schaffhausen in 1820, by J. L. Peyer (Stadtarchiv SH, H 06/002b 
"Plan der Stadt Schaffhausen aufgenommen im Jahre 1820 von J. L. Peyer"). The numbers refer to Table 1. 

Schalch had a thermometer that was manufactured by Georg Friedrich Brander and, from 
1828 onward, a second thermometer labelled “Réaumur thermometer” (Gisler, 1984). Accord-
ing to Gisler (1984), the thermometric liquid was arguably spirit of wine in the former ther-
mometer and mercury in the latter, but no evidence is shown. Brugnara et al. (2020b) contradict 
this statement based on comparing the parallel measurements and based also on a conversion 
equation found in the data sheets. The linearity of the relation suggests that also the Brander 
thermometer was filled with mercury. However, the Brander thermometer arguably had a 
shifted zero-point. Brugnara et al. (2020b) discuss the conversion of the Brander thermometer 
in Schaffhausen in more detail.  

The barometer indicated pressure in Paris inches and lines. According to Gisler (1984) it 
might as well have been manufactured by Brander. It was located in Schalch’s office, in a win-
dow that opens to the north, at an altitude of 1200 Paris feet. Schalch read his instruments three 
times daily (the time of day, given in true solar time, is indicated). The series has relatively few 
gaps.  

Schalch’s original observations can today be found in the Swiss Federal Archive. Figure 2 
shows an example sheet. Gisler noted that there are two handwritings on the data sheets. Argu-
ably Schalch was assisted by another observer. It further seems that this second person read the 
pressure differently as these values seem to be slightly lower. Qualitative precipitation data 
from Schalch’s notes are today in EURO-CLIMHIST (Pfister et al., 2017). 
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Several other series from Schaffhausen could be available and could possibly be used to 
generate a continuous series to the present. According to Wolf (1864), observations should be 
available for the period 1808–1813 by an unknown observer. Johann Jacob Schelling (1792–
1867), merchant, in the house “Zum silbernen Brunnen” performed temperature measurements 
and wind observations from 1833 to 1867. During the first period (ca. 1833–1840), the sheets 
(kept at the Swiss Federal Archive) contain mainly weather notes and single wind direction and 
temperature indications. More regular temperature measurements start in December 1840 and 
were made usually twice daily from the mid-1840s onward (no measurements were found for 
1850/1 and 1852–1856. Nevertheless, the data could help to extend the Schalch temperature 
series by several years. 

Another series was measured by Ferdinand Ludwig Peyer (1814–1894); he was cantonal 
supervisor of roads and orphanages and was active as a politician. Peyer measured pressure and 
temperature. The data, kept at the Stadtarchiv Schaffhausen, cover the long period from 1836 
to 1893. However, regular measurements only cover the period until 1843. Later manuscripts 
are incomplete and contain mostly weather notes, until irregular temperature measurements 
start again in the 1870s.  

Finally, a series from Laffon is available that covers the period 1836 to 1849 and comprises 
temperature measurements and wind observations. The manuscript kept at the Swiss Federal 
Archive indicate Lohn as measurement location and “J. J. Laffon” as observer. According to 
Wetter and Pfister (2014), the data were communicated by pharmacist Johann Conrad Laffon 
(1801–1882), who lived in Schaffhausen but not in Lohn. These additional Schaffhausen data 
series could not be digitised.

Figure 2. Example sheet of Schalch’s weather notes and measurements from the year 1794 from the Swiss Federal 
Archive (E3180-01#2005/90#195*).
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3. Processing and quality control 

The series from Schalch was re-scaled as detailed in Brugnara et al. (2020b), and further pro-
cessing and quality control was performed as outlined in Brugnara et al. (2020a). Figure 3 
shows the correlation of pressure and temperature measurements at different times of the day. 
Relatively high correlations are found for both variables. For 1828–1845, the comparison could 
also be made for the second thermometer, which shows an even slightly higher correlation.

The direct comparison between the two thermometers (Fig. 4) shows an excellent agree-
ment and almost perfectly linear relation. Temperatures of the two thermometers provide cor-
relation coefficients above 0.99. Only the evening comparisons shows few outliers. However, 
systematic differences appear from October 1842, indicating that at least one thermometer was 
probably relocated (see Brugnara et al., 2020b). 

Figure 3. Comparisons of pressure (top) and temperature (bottom) measurements at different times of the day from 
the Schalch series in Schaffhausen. Red symbols indicate the analysis for the second thermometer. Numbers indicate 
the Pearson correlation coefficient. 

Figure 4. Mutual comparisons of morning, noon, and evening measurements between the first and second thermo-
meter of the Schalch series. Numbers indicate the Pearson correlation coefficient. 
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Even though the temperature data show good internal consistency, the absolute values are 
generally higher than expected when comparing them with those from a modern-day Meteo-
Swiss station (Fig. 5). Given the good match between the parallel measurements, this is unlikely 
to be a conversion issue but is rather related to exposure. The temperature readings are partic-
ularly high in the afternoon suggesting a significant radiative bias. This problem seems to affect 
all measurement locations, although the data samples for the first two locations are rather small 
for robust results. It should also be noted that the MeteoSwiss station is located in a rather rural 
environment at about 40 m higher elevation than the city centre.

Finally, we also analysed the 50-yr time series. Monthly pressure data and seasonally av-
eraged temperature data were compared to the data from the closest grid point in the reanalysis 
EKF400v2 (Franke et al., 2017; Valler et al., 2021). The agreement for pressure is not very 
good, with a Pearson correlation coefficient of 0.57 (Fig. 6, left). Most likely, Schalch did not 
reduce the pressure readings to a standard temperature. Moreover, there is a possible trend in-
homogeneity in the 1810s and early 1820s and a clear offset in the mid to late 1820s. The 
pressure series thus needs more work. Seasonal temperature (Fig. 6) shows a very good agree-
ment between the Schalch observations and EKF400v2, with correlations of around 0.88. The 
series clearly show the warm summers of the 1800s, which were followed by a temperature 
drop (Brönnimann, 2015), culminating in the cold summer of 1816 (Luterbacher and Pfister, 
2015). The measurements also show the cold winter of 1829/30 (Pfister and Wanner, 2021). 

Figure 5. Diurnal temperature cycle in January (left) and July (right) in present-day (1981–2010, -1 °C to account 
for climate change) MeteoSwiss data from Schaffhausen (thick black line) and in the series by Schalch (Sx indicates 
the location, where x refers to the numbers in Fig. 1). Times have been rounded to the nearest hour. Grey shading 
indicates night-time. 

Figure 6. (left) Time series of monthly mean values of sea-level pressure from EKF400v2 (black, shifted by 45 
haPa) and pressure from Schalch’s observations (red). (right). Comparison of seasonal mean temperature in 
EKF400v2 (solid, upward shifted by 5 °C) and Schalch’s observations (dashed) for Dec.–Feb. (blue), Mar.–May 
(green), Jun.–Aug. (red), and Sep.–Nov. (purple). Numbers indicate the Pearson correlation coefficient.
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5. Conclusions

The Schalch series from Schaffhausen is one of few long Swiss early instrumental measurement 
series that reaches back to the 18th century and is the longest single-person record. It covers the 
period 1794 to 1845 and thus climatically interesting intervals such as the hot and dry summers 
of the late 18th and early 19th century, the subsequent temperature drop that culminated with the 
“Year Without a Summer” of 1816, and the cold winter of 1829/30. The series could be con-
tinued with a series by Schelling (though with gaps) and later MeteoSwiss data.  

The Schalch series has been evaluated by Gisler (1984), and precipitation information is 
included in EURO-CLIMHIST. The metadata helped in our re-digitisation of the record. Our 
quality control of the series and comparison with other data sets shows that the pressure records 
exhibits inhomogeneities, while the temperature record appears to be of consistent quality, alt-
hough it is arguably affected by a radiation bias in the early afternoon. Clearly, further work 
would be required to generate a homogenised, long record for Schaffhausen. 

The data are made publicly available by MeteoSwiss. They will also be available from the 
C3S data Global Land and Marine Observations Database (Noone et al., 2021) and from EURO-
CLIMHIST (Pfister et al., 2017). 
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Abstract 

This paper briefly describes seven early instrumental series from Switzerland from the 19th 
century. This concerns records from Vevey (1805-1840), Einsiedeln (1818-1864), Bellinzona 
(1826-1832), Lucerne (1826-1832 and 1844-1864), Fribourg (1829-1847) and Zug (1843-
1873). We describe observers and observations and present the digitized data. Together with 
the already described series in this volume, they will substantially increase data coverage in the 
decades before the start of the official Swiss network in 1863. Of particular value are the series 
of Vevey and Zug, both of which are 30 years or longer and of sufficient quality to produce 
long time series, although they are not without inhomogeneities. The series from Lucerne, Bel-
linzona and Fribourg are of high quality, albeit short, while the record from Einsiedeln, though 
long, is of historical more than climatological value as it is sparse and observation times often 
unknown. However, it contains valuable descriptive weather information. 

 

1. Introduction 

In this volume, we provide descriptions of a number of Swiss early instrumental series in some 
detail. However, we have digitized, processed, and re-evaluated many more series, and although 
detailed descriptions could be given for each of them, some of the series received a somewhat 
lower priority. Here we provide a summary description and assessment of seven series; the 
concluding Chapter of this book will then give a complete list also of those series that cannot 
be presented in detail due to space.  
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The seven series shown in this Chapter could help to back-extend the post-1864 series, and 
together they provide detailed insights into the Swiss weather in the 19th century, which includes 
momentous climatic events such as the “Year Without a Summer” of 1816 or the extremely 
cold winter of 1829/30. We provide descriptions of series from Vevey (1805-1840), Einsiedeln 
(1818-1864), Bellinzona (1826-1832), Lucerne (1826-1832 and 1844-1864), Fribourg (1829-
1847), and Zug (1843-1873). From several of these locations, additional series could possibly 
be found to further complete the records and merge them with post-1864 data. The correspond-
ing metadata are included in this paper (see also Pfister et al., 2019). The imaged data sheets 
are available from Zenodo and further descriptions of the data can be found in Brugnara et al. 
(2020b). The digitised and processed data from the seven series can be obtained from Mete-
oSwiss, PANGAEA (Brugnara, 2020), from the EURO-CLIMHIST data base (Pfister et al., 
2017) and the Copernicus Climate Change Service (C3S) Global Land and Marine Observa-
tions Database (Noone et al., 2021).  

The paper is organised as follows. Section 2 provides a historical overview of the observers 
and the measurements of all seven series. Section 3 presents the results of the quality assurance, 
followed by mutual comparisons of the series. Conclusions are drawn in Section 4. 

 

2. Observers and observations 

2.1. Overview of observations 

The seven series cover different areas of Switzerland and a large portion of the 19th century. 
Most notably, with the series from Bellinzona, this paper provides the earliest Swiss meteoro-
logical series south of the main Alpine ridge. An overview of all locations is shown in Figure 
1; Table 1 provides more details on the seven series as well as further series from the same 
locations (see Pfister et al., 2019).  

 
Table 1. Overview of the series at the six locations discussed in this paper. * series presented in this paper. T = 
temperature, p = pressure, Pr = precipitation, rh = relative humidity, Wn = wind speed, wdir = wind direction. 

Station Time period Observer Variables 

Vevey 1761-1766 Alexandre Perdonnet p, T, wdir, Pr, Wn, 
3x daily 

Vevey* 1805-1840 Jean-Samuel Nicod-Delon p, T, wdir, rh, Wn, 
2x daily 

Vevey 1855-1859 Albert Davall T 

Einsiedeln* 1817-1850, 1859, 1864 Bernhard Foresti, Pius Regli, Raphael Kuhn p, T, wdir, rh, Wn, 
2-9x daily 

Bellinzona* 1826-1832 Thomas Inderbitzin, Plazidus Gmeinder p, T, wdir, Wn, 3x 
daily 

Lucerne* 1826-1832 Josef Ineichen p, T, wdir, Wn, 3x 
daily 

Lucerne* 1844-1864 Franz Xaver Schwytzer p, T, wdir, Wn, 2x 
daily 

Lucerne 1860-1861 Ernst Grossbach P, T 2x daily 

Fribourg* 1822-1847 Jean Baptiste Wière p, T, rh, 2-3x daily 

Fribourg 1830-1859 Joseph-Victor Daguet T, Wn, 2x daily 

Fribourg 1856-1861 Francois(?) Moret p, T 

Zug* 1843-1873 Michael Müller, unknown observer T, 2x daily 

Zug 1810s-1820s Franz Karl Stadlin T 



Brönnimann and Brugnara: Nineteenth century meteorological records  

 247 

 

 

Figure 1. Location of the seven series presented in this paper (two series are from Lucerne). 

 

 

 

2.2. Vevey 

The longest and earliest of the seven series is that of Vevey, covering 1805 to 1840. In fact, this 
is only the longest segment of a potentially even longer series. The first short measurement 
series covers the years 1761 to 1766. Probably measurements were made by Alexandre Perdon-
net (1736-1807), lieutenant in the military, in the context of the network of the Oekonomische 
Gesellschaft Bern (Wyer et al., 2021). Some monthly statistics were published in 1765 in the 
society’s journal “Abhandlungen und Beobachtungen durch die Ökonomische Gesellschaft zu 
Bern gesammelt“. A later temperature record by D. Doret and forestry inspector Albert Davall, 
1855-1859, is only available as monthly means (Davall, 1860). Vevey was not part of the first 
national network 1864, but measurements were performed in the neighbouring city of Mon-
treux.  

The 1805-1840 segment was measured by Jean-Samuel Nicod-Delon [Nicod de Lom]. He 
was a member of the Swiss Natural Sciences Society (SNSS) since 1820 and was active in the 
society meetings, e.g., presenting work on thunderstorms. He also measured, and published 
about, the level of Lake Geneva and its regulation by Geneva (Nicod-Delom, 1817). We do not 
know the exact location, nor the instruments used by Nicod-Delon. 

The data comprise twice daily measurements of pressure, temperature, and humidity as 
well as wind observations. The data sheets are kept at the Swiss Federal Archive. An excerpt 
of a data sheet is given in Figure 2. 
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Figure 2. Example sheet of the observations performed at Vevey (source: Swiss Federal Archive). 

 

2.3. Einsiedeln 

At the monastery of Einsiedeln, meteorological observations began in 1817. Over the next half 
century, measurements were made by Bernhard Foresti (1774-1851), Pius Regli (1792-1882), 
and Raphael Kuhn (1826-1909), all of which were padres at the monastery. The series from the 
monastery continues until 1949. The data comprise measurements of pressure, temperature, 
relative humidity, and wind, two to nine times per day. The original data sheets are kept at the 
archive of the monastery of Einsiedeln.  

Bernhard Foresti wrote down observations from 1817 to 1850. An example data sheet is 
shown in Figure 3. At first these were mostly qualitative descriptions of the weather, written in 
latin, with (form 1818 on) some scattered measurements, though without the measurement time. 
The qualitative descriptions are important sources for historical climatology in their own right. 
For instance, Rössler and Brönnimann (2018) used observations for Einsiedeln to address the 
causes for the early summer flood event of 1817. However, in this paper we focus on the in-
strumental observations, which started on a more regular basis only in 1834.  

After 1850 the series has a long gap. Later, Pius Regli made observations in 1859 and 
again in 1864. No data are available for the years in between. Some monthly data from 1818 to 
1842 (1829 missing) comprising wind and rain days as well as, from 1834 to 1842, daily min-
imum and maximum temperature were published in Wolf (1866). Einsiedeln was a station in 
the Swiss national meteorological network from December 1863 onwards, with Pius Regli as 
observer.  
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Figure 3. Weather observations in Einsiedeln in the winter 1821/22 by Bernhard Foresti (Klosterachive Einsiedeln). 

 

2.4. Bellinzona 

The measurements in Bellinzona cover the period 1826-1832. They were started by Padre 
Thomas Inderbitzin [Tomaso in der Bitzen] (1791-1856). Inderbitzin came to Bellinzona as a 
teacher in 1824, but stayed there only until 1828. From November 1829 onward, Padre Plazidus 
[Placido] Gmeinder (1795-1869) performed the measurements. As there are no gaps in the rec-
ord, it remains unclear who actually performed the measurements inbetween. Likewise, 
Plazidus Gmeinder was in Bellinzona only until 1831 and it is not clear who performed the 
measurements afterwards. Nothing is known about the instruments used and the exact location.  

The data from Bellinzona comprise three times daily pressure, temperature, and wind. 
They are archived at the Burgerbibliothek Bern. Bellinzona was a station in the Swiss national 
meteorological network after 1864. 
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2.5. Lucerne 

Two records are discussed for Lucerne. The first of these records, covering 1826-1832, was 
performed by Josef Ineichen (1792-1881). Ineichen studied natural sciences in Göttingen and 
Paris. During 1823-1870 he was professor of mathematics and physics at the “Kantonsschule” 
Lucerne and an active politician (Ineichen, 2008). The data comprise three times daily pressure 
and temperature measurements as well as wind observations. Observation sheets can be found 
at the Burgerbibliothek Bern. 

The second series covers the years 1844-1864 and was measured by Franz Xaver 
Schwytzer, architect and cantonal engineer. The data encompass twice daily measurements of 
temperature and pressure, weather observations, and measurements of the lake level. 
Schwytzer’s original data are kept at the Swiss Federal Archive. An example data sheet from 
the year 1844 is shown in Figure 4. Both Ineichen and Schwytzer were active members of the 
Lucerne Natural Sciences Society (Suidter-Langenstein, 1895). 

A third, short record by Ernst Grossbach (1803-1878), teacher of philosophy at the “höhere 
Lehranstalt” in Lucerne, covering 16 months (1860/1) has not been digitised. His twice daily 
temperature and pressure measurement are kept at the Swiss Federal Archive. Lucerne was not 
a station in the Swiss network of 1864, but Rathausen, ca. 3 km from the city centre of Lucerne, 
was part of the network. The Lucerne series could therefore potentially be merged.  

 

2.6. Fribourg 

The series from Fribourg was measured at Collège Saint-Michel by Jean Baptiste Wière (1793-
1850). Wière was a Jesuit padre and professor of physics and natural sciences at the college  
 

 
Figure 4. Example sheet of meteorological measurements from Lucerne, 1844. 
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(“Kollegium”, see Maggetti, 2019). His instruments included a barometer, several thermome-
ters, a hair hygrometer (all of which were produced by Gourdon), and an anemometer. The 
barometer (the exact location is unknown) was calibrated against the instrument in Paris. The 
three thermometers were mounted outside a north-facing window at the second floor of the 
college. According to Maggetti (2019), Wière read the thermometers since 1822, whereas the 
full suite of 2-3 times daily meteorological observations started only in 1829. The data can be 
found at the Bibliothèque Cantonale et Universitaire Fribourg, but covering only 1829-1847, as 
the first volume of the series is missing.  

Two more series from Fribourg could possibly be used. State archivist Joseph-Victor Da-
guet (1786-1860) made meteorological measurements from 1830 to 1859. The data are kept at 
the Burgerbibliothek Bern. Another record by Francois Moret, professor of mathematics at the 
Collège, covering 1856-1861, could not be found.  

 

2.7. Zug 

The series from Zug provides a relatively complete temperature record covering the period 1843 
to 1873. Bieler (1959) indicates Michael Müller (1813-1851) as observer from 1844 to 1851; 
the observer from 1851 to 1873 remains unknown. Twice daily temperature data can be found 
at the Swiss Federal archive, but probably more data exist. According to Bieler (1959), also 
pressure was measured, which is not in the sources kept at the Swiss Federal archive. The data 
from 1844 to 1851 were analysed by Prof. F[riedrich] Müller and his students (Bieler, 1959). 
The Zug series could perhaps be extended backward by a record from physician and pharmacist 
Franz Karl Stadlin (1777-1829), covering parts of the 1810s and 1820s. However, these data 
could not be found (see Pfister et al., 2019). 

 

3. Processing and quality control  

All series described in this paper were processed as detailed in Brugnara et al. (2020a). In ad-
dition to comparing measurements at different times of the day and flagging outliers, we also 
compared series with neighbouring cities. The comparisons of Vevey and Fribourg revealed a 
problem in some of the pressure data. As it was impossible to state, which of the two series was 
wrong, we also compared against the series from Bern made by Trechsel (Flückiger et al., 
2020). This clearly indicated the erroneous series to be that of Fribourg. Correspondingly, for 
this study we flagged the pressure measurements at Friboug between 16 Dec. 1833 and 27 Jan. 
1834. Some digitisation errors were flagged for Vevey. 

In the following, before showing comparisons between different times of day or between 
different series, we show the time series of the three longest records. Figure 5 presents the long 
series from Vevey together with corresponding monthly or seasonal data from the reconstruc-
tion EKF400v2 (Valler et al., 2021). The monthly pressure series from the observations shows 
a high correlation with sea-level pressure in EKF400v2, though visually clear inhomogeneities 
are present that require further homogenization. Temperature shows a good agreement between 
the two data sets on a seasonal scale. The correlations are high, and some clear anomalies are 
found in both series such as the cold summer of 1816 (Brönnimann, 2015) or the particularly 
cold winter 1829/1830 (Pfister and Wanner, 2021); both features were already discussed for the 
Schaffhausen series (Brönnimann et al., 2022).  
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Figure 5. (left) Monthly mean pressure in the observations from Vevey (red) and sea-level pressure in EKF400v2 
(black, offset by 45 hPa). (right) Seasonal temperature observations from Vevey (dashed) and EKF400v2 (solid, 
increased by 2 °C) in Dec.-Feb. (blue), Mar.-May (green), Jun.-Aug (red) and Sep.-Nov. (purple). Numbers indicate 
Pearson correlations. 

 

For temperature in Einsiedeln (Fig. 6) we plot the individual values, as the data are often 
too sparse to plot monthly mean values. The plot clearly shows that prior to 1834, the record is 
sporadic, in particular, there are few summer measurements. After 1851 there are only two 
individual years of measurements, with long gaps in-between. Furthermore, the record could 
be affected by inhomogeneities. Finally, daily temperature for Zug is shown in Figure 7. The 
series is almost complete and its seasonal means fit well with the data from EKF400v2. Corre-
lations are between 0.92 and 0.96.  

We further analysed the correlation between measurements at the same location at differ-
ent times of the day. For Vevey (temperature and pressure), we find high correlations between 
morning and evening. Even a higher correlation is found for Zug (Fig. 8).  

 

 
Figure 6. All available temperature measurements from Einsiedeln, 1818-1864. 

 

 

Figure 7. (left) Individual temperature observations from Zug. (right) Seasonal temperature observations from Zug 
(dashed) and EKF400v2 (solid, increased by 4 °C) in Dec.-Feb. (blue), Mar.-May (green), Jun.-Aug (red) and Sep.-
Nov. (purple). Numbers indicate Pearson correlations. 
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Figure 8. Comparison of morning and evening temperature and pressure in Vevey and Zug (temperature only). The 
number indicates the Pearson correlation coefficient.  

The same figure for Bellinzona shows even higher correlations (Fig. 9). This is not supris-
ing given that the measurements were taken at 3-hour intervals (9 AM, 12 PM, 3 PM). These 
observation times had been recommended by the SNSS and were followed by many observers 
during the 1820s and the 1830s (see e.g., Faden et al., 2020; Weber et al., 2020; Brugnara et 
al., 2021), including Ineichen in Lucerne and Wière in Fribourg. However, in the temperature 
record of Bellinzona there are some obvious outliers, which are grouped in specific months. 
Several individual months, namely December 1827, March 1828, and September/October 1828, 
are marked in the figure, but there are others. The highlighted months correspond to the end of 
the Inderbitzin segment of the records. This suggests that the record of Bellinzona needs a closer 
look. 

A similar plot for the Ineichen series in Lucerne shows a high level of agreement for tem-
perature, even higher for pressure (Fig. 10).  Conversely, the plot for the Schwytzer series (Fig. 
11) reveals a lower internal consistency. This might partly be due to outliers but certainly also 
to the different observation times, which were usually much farther apart than those of the 
SNSS.  

 

Figure 9. Mutual comparison of temperature and pressure at different times of the day for Bellinzona. The number 
in the lower right corner indicates the Pearson correlation coefficient (red: Dec. 1827, blue: Mar. 1828, green: 
Sep./Oct. 1828, not included in the correlation). 
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Figure 10. Mutual comparison of temperature and pressure at different times of the day for Lucerne (Ineichen series). 
The number in the lower right corner indicates the Pearson correlation coefficient. 

 

Figure 11. Mutual comparison of temperature and pressure at different times of the day for Lucerne (Schwytzer 
series). The number in the lower right corner indicates the Pearson correlation coefficient. 

The comparison of temperature in Zug against temperature in Lucerne in the Schwytzer 
series (Fig. 12) shows correlations of 0.95 and 0.94 for morning and evening measurements, 
respectively, which is not particularly high given their proximity (the distance is 21 km). The 
numbers are lower than the corresponding correlations for Vevey and Fribourg (the distance 
here is 44 km).  Pressure also agrees well between Fribourg and Vevey. 

We also compared pressure and temperature in Bellinzona and in Lucerne (Ineichen se-
ries). Correlations here are clearly lower. Since the two sites are at opposite sides of the Alps, 
this is expected. In particular, Föhn situations will have opposite effects on both sides, and 
strong pressure gradients across the Alps are possible. The temperature correlations (0.90-0.91) 
are therefore in the expected range.  
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Figure 12. Comparison of temperature and pressure in (top) morning and (bottom) evening between (left) Zug and 
Lucerne (Schwytzer), (middle) Fribourg and Vevey and (right) pressure at Fribourg and Vevey. The number in the 
lower right corner indicates the Pearson correlation coefficient. 

 

Figure 13. Comparison of temperature and in the morning (left), noon (middle), and evening (right) observations in 
Bellinzona and Lucerne (Ineichen series).  

Finally, we compared the absolute temperature values in Bellinzona, Lucerne and Zug with 
those of the respective modern-day MeteoSwiss stations (Fig. 14; the nearby stations of Maga-
dino/Cadenazzo and Cham are used for Bellinzona and Zug, respectively). In general the values 
are slightly too high, which is a common feature of early instrumental measurements (Brugnara 
et al., 2022). There is a better match in winter, when radiative biases are less important. For 
Lucerne, the measurements by Schwytzer appear to be of better quality than those of Ineichen. 
However, the differences might also depend on the vicinity to Lake Lucerne. Note that the 
observation times used by Schwytzer are better suited for calculating daily averages, because 
they are closer to the daily extremes. 
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Figure 14. Diurnal temperature cycle (thick black line) in January (left) and July (right) in present-day MeteoSwiss 
data from (from top to bottom) Magadino/Cadenazzo (1981–2010, -1 °C to account for climate change), Lucerne 
(1981–2010, -1 °C) and Cham (1993-2020, -2°C), compared with the respective early instrumental records (points). 
Times have been rounded to the nearest hour, grey shading indicates nighttime. 

 

5. Conclusions 

In this paper we present seven Swiss meteorological series from the 19th century. The series add 
to the collection of series presented in this volume, which increase the number of available early 
Swiss meteorological series tremendously. The series exemplarily reflect the development and 
professionalization of meteorological measurements during this period (see Hupfer, 2019; 
Brönnimann et al., 2019). The series include one taken by padres in a monastery and connect 
to the first Swiss national network that started in 1864. In fact, several of the series could be 
continued to the present.  

Concerning the individual series, the record from Vevey provides a long, continuous and 
quasi-complete series. The raw pressure series has an obvious inhomogeneous period, whereas 
temperature appears to be of high quality. This 35-year record is a valuable addition to the 
Swiss early instrumental records.   
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The available Fribourg record is much shorter, comprising only eight years. After flagging 
some implausible data, however, we find a generally high quality of the record.  

The instrumental measurements from the monastery of Einsiedeln form part of a long 
weather diary. However, instrumental data are sparse in the first period (1818-1833) and less 
useful as no measurement times are given. The temperature measurements only become more 
frequent from 1834 to 1851 (pressure data cover only 1840-42, 1857-58, and 1864). However, 
the diary contains detailed descriptive weather data that could prove very valuable for weather 
and climate research.  

The fourth record, that from Bellinzona, cover six years. Some problems were detected 
from December 1827 to October 1828, otherwise the quality seems good. Although the record 
may not seem long, we have no other series from Southern Switzerland prior to the start of the 
Swiss network. 

Two records are available for Lucerne. The record by Ineichen is short and fragmented. 
The quality seems good. Scientifically it could be interesting as it covers the extremely cold 
winter of 1829/30 (although only to Jan 1830). The second record by Schwytzer is longer, but 
also fragmented, and the comparison with the record from nearby Zug indicates that the quality 
might not be extremely good.  

Finally, we present a rather long record from Zug, covering 1843 to 1873. This record is 
close to complete and apparently of high quality, although it provides only twice daily temper-
ature (further data could be available, but were not found).  

In summary, this paper presents two long records of high quality (Vevey, Zug), two shorter 
records that also seem to be of good quality (Fribourg, Bellinzona), a more fragmented record 
(Lucerne) that needs mot work as well as the record from Einsiedeln, which is not useful in 
present form, although the descriptive weather data could be relevant. The data presented in 
this paper are publicly available on the PANGAEA website (Brugnara, 2020). They will also 
be available from MeteoSwiss, the C3S data Global Land and Marine Observations Database 
(Noone et al., 2021) and from EURO-CLIMHIST (Pfister et al., 2017).  
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Abstract 

The series from Geneva is currently the longest Swiss meteorological series, reaching back to 
1753. However, the series, which was generated in the early 1960s, uses data from Neuchâtel 
until 1768, and the original data behind the series have up to now only been digitally available 
back to 1799 for temperature and pressure. In this paper, we analyse measurements taken in 
Geneva and in its surroundings (Genthod, Avully) between 1760 and 1798. The measurements 
were made by Charles de Lubières, Guillaume-Antoine Deluc, Jacques-André Mallet, and 
Frédéric-Guillaume Maurice. Together, these series may help to corroborate, complement, and 
possibly extend the currently available series. In this paper, we briefly present the observers, 
the series, and discuss their quality by means of mutual comparisons. This shows that back to 
1768 indeed a good series can be generated, while the early data back to 1760 are somewhat 
more uncertain. At the same time, we recommend unmerging the current series and remove the 
Neuchâtel segment. 

 

1. Introduction 

The Geneva series is one of the only two hitherto available long Swiss series and reaches back 
to 1768, or 1753 when using extrapolated data. It was re-evaluated by Bider and Schüepp (1961) 
and Schüepp (1961) and has found its way into the main global data sets. However, Schuepp 
(1961) published only daily means, and the first 15 years of the series were taken from 
Neuchâtel (this series is described by Wyer et al., 2021). In a previous project (Füllemann et 
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al., 2011) we have digitised the original data back to 1796, but not other 18th century segments. 
In this paper we present earlier segments from the Geneva series, reaching back to 1760.  

While the merging of Neuchâtel and Geneva may be suitable for monthly mean values, the 
two cities experience different weather, such that in a daily time scale, the long series from 
Geneva should be unmerged. Furthermore, the Neuchâtel series is affected by many location 
changes (Wyer et al., 2021), which makes it difficult to homogenise.  

It is therefore important to digitise and analyze those data that are available from Geneva 
for the 18th century. In fact, measurements in Geneva were taken since 1760. Within the 
MeteoSwiss GCOS project “Long Meteorological Series from Switzerland” we have digitised 
and re-evaluated several of these old data sources. In this paper we describe records by Charles 
de Lubières and Guillaume-Antoine Deluc taken in Geneva, Jacques-André Mallet (in Avully) 
and Frédéric-Guillaume Maurice (in Genthod) in the 18th century. This paper thus continues the 
work performed in the framework of the MeteoSwiss project DIGIHOM III (Füllemann et al., 
2011), where subdaily data were digitised back to 1796 (Auchmann et al., 2011, Brönnimann 
et al., 2020), the SNF project CHIMES (Pfister et al., 2019; Brugnara et al., 2020a) and a paper 
in this volume describing data from the 1780s from Jean Senebier and other observers (Häderli 
et al., 2020). 

The meteorological records from Geneva are well studied (e.g., Gautier, 1843; Picot, 1843; 
Plantamour, 1863, 1876; Grenon, 2010). The precipitation records were digitised by Pfister 
(1988) and included in the EURO-CLIMHIST database (Pfister et al., 2017). The observers 
also allow a glimpse at the science history in Geneva in the 18th century.  

In this paper we present the compiled metadata on four series by Lubières, Deluc, Mallet 
(in Avully), and Maurice (in Genthod). A short record was also digitised from Mallet in Geneva 
(6 March to 18 May 1786). We describe information on observers, locations and (where 
available) on instruments and practices (Section 2). Then we describe processing and quality 
control of the data series and results from their mutual comparisons (Section 3). The data can 
be obtained from MeteoSwiss, EURO-CLIMHIST (Pfister et al., 2017), and the Copernicus 
Climate Change Service database (Noone et al., 2021). 

 

2. The 18th century Geneva series  

In this Section, we summarise the metadata for each of the series based on literature and archival 
sources. An overview of all Geneva series is given in Table 1 (the series presented in this paper 
are highlighted in italics; note that the Table is modified with respect to Häderli et al., 2020, as 
further research has brought to light a few mistakes concerning the exact locations). Figure 1 
gives the locations of the stations in Geneva and surroundings. In addition to the series 
discussed here, in Häderli et al. (2020), and in Brönnimann et al. (2020), there are some 
additional measurements made by members of the Observatoire de Mallet for astronomical 
purposes. They were not digitised as they were taken only during clear days and nights. The 
manuscript sources of all series discussed in this paper are kept at the Library of the Observatory 
of Geneva.  
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Table 1. Overview table of historical meteorological measurements in Geneva, 1760-1863. # indicates the number 
of the location in Fig. 1, Alt = altitude in m asl. Italics: series described in this paper, * described in Häderli et al. 
(2020), ** described in Brönnimann et al. (2020), † corrected location. 

Location # Lat Lon Alt Observer Start End 
Petit-Saconnex (summer) 
Unknown/Rue Beauregard 10 46.221 

46.199 
6.122 
6.149 

445 
400 

Charles Benjamin de 
Lubières 1760 1789 

†Rue de la Cité 219 1 46.20284 6.14439 386 Guillaume-Antoine 
Deluc 1768 1800 

*Observatoire de Mallet, Bastion 
de St-Antoine I 3 46.19974 6.15148 399 

J.-A. Mallet, M.-A- 
Pictet, J. Trembley 
Jacques Paul, others 

 
1774 
1787 

 
1779 
1791 

Avully, route du Moulin-Roget 8 
Maison Mallet, rue du Cloître 4 5 

46.16955 
46.20151 

6.00038 
6.14838 

424 
389 Jacques-André Mallet 1778 

1786 
1786 
1786 

Genthod, Maison Maurice 
Genthod, Maison Bonnet  

46.25930 
46.2644 

6.15332 
6.158 

410 
405 

Frédéric-Guillaume 
Maurice 

1787 
1796 

1795 
1798 

Cartigny, Château, r. de Vallière 27 
Place Bourg-de-Four 10 
Maison Perdriau 

 
6 
9 

46.17268 
46.20046 
46.19875 

6.01892 
6.14909 
6.1483 

429 
399 
400 

Marc-Auguste Pictet 
1775 
1776 
1779 

1786 
1779 
1786 

*†Musée de l’Académie, rue 
Théodore de Bèze 2 2 46.20105 6.15095 401 Jean Senebier 1782 1789 

**Jardin Botanique 8 46.199 6.1474 395.6 Marc-Auguste Pictet, 
Vaucher 1798 1821 

**Nouveau Jardin Botanique, Parc 
des Bastions 7 46.20011 6.14523 380 Unknown 1822 1825 
**†Pont des Tranchées, Bastion du 
Pin 11 46.17720 6.13579 405 Unknown 1826 1835 
**†Observatoire de Genève, 
Bastion de St-Antoine II 4 46.19981 6.15221 406 Observatory’s staff 1836 1863 

 

 

2.1. Charles Lubières 

Charles-Benjamin (1714-1790, Fig. 2) was the son of Francois de Lubières, governor from the 
principality of Orange and of Marie Calandrini from Geneva. He had to organise the exile of 2-
3000 huguenots reluctant to abjure their religion. The family moved first to Geneva and then to 
Berlin, where Charles-Benjamin was born. In 1720, Marie Calandrini, now widow, returned to 
her family in Geneva. In 1732 Charles-Benjamin de Lubières became a citicen of Geneva and 
in 1752 a member of “Conseil des Deux-Cents”. Lubières was a member of the “Société des 
Gens de Lettres Genève”, where he acquired an encyclopedia-like culture. 

Lubières measured usually daily (though not every day) in the early morning – at 6 AM 
from May to September, at 7 AM the rest of the year. From 1776 onward the measurement are 
more regular and taken twice per day. We do not know where he lived and measured in Geneva 
before the mid-1770s, when he moved to Rue Beauregard. In 1768 he bought a domain at Petit-
Saconnex (Fig. 1), where he spent every summer afterwards. Unfortunately, Lubières did not 
note the dates when he moved from the winter to the summer residence and vice versa. Lubières 
noted temperature, pressure, and (starting in 1770) precipitation, as well as the wind direction. 
He was very interested in climate differences across Europe and continuously compared his 
data with those of Louis Cotte in Montmorency (Paris).  

Lubières’ observations cover the period 1760 to 1787. However, only the first of the five 
volumes, covering the period 1760-1769, was considered suitable to be imaged with a simple 
camera and tripod. An excerpt of a data sheet from the first volume is given in Figure 3. 



Brugnara et al.: Early meteorological series from Geneva, 1760-1798 

 264

 

Figure 1. Top: Map of Geneva City around 1835 (Lithography by Jacques Freydig, Briquet & Dubois Eds.) with 
locations of historical meteorological measurements for 1760–1863 (numbers refer to Table 1). Bottom: The Geneva 
Republic territory after 1754. In hatched upward: parcels obtained from France in 1749. Hatched downward: from 
Sardinia in 1754, by exchanges with more distant territories. Red squares: sites of Meteorological series outside 
Geneva City for agronomical purpose (Pt-Saconnex, Genthod, Cartigny and Avully). Green squares: research sites 
(Château de Jussy / Micheli du Crest for thermometry; Geneva, Palais Lullin de Saussure / H.-B. de Saussure [S] for 
hygrometry). Map by M. Grenon, adapted from Geisendorf (1952). 
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Figure 2. Portrait of Charles-Benjamin de Langes de Montmirail, Baron de Lubières (pastel by Jean-Étienne Liotard, 
Getty Research Institute's Open Content Program). 

 

2.2. Guillaume-Antoine Deluc 

Guillaume-Antoine Deluc (1729-1812) was the son of watchmaker Jacques-François Deluc in 
Geneva (see Sigrist, 2005, for the following). With his brother Jean-André he shared the passion 
for geology, in particularly for volcanic rocks, for palaeontology (they identified more than a 
hundred species of fossil shellfish), and for meteorology. Jean-André was an authority in the 
field of meteorological instruments and is especially known today for advocating the use of 
mercury instead of spirit of wine in thermometers and for his barometers (Deluc, 1772). We 
can therefore assume that Guillaume-Antoine Deluc was an expert user of scientific 
instruments. He also was a member of the “Conseil des Deux-Cents” in Geneva, but withdrew 
during the revolutionary period. 
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Figure 3. Data sheet from Charles de Lubières, 1760. 

 

According to Gautier (1843), the barometer of Deluc was of high quality but it was located 
in a room exposed to sunlight in the afternoon in some parts of the year. The room was not 
heated. Surprisingly, Deluc did not write down the temperature of the barometer, not allowing 
a reduction to 0°C. The thermometer was exposed to the north outside a garret-window on the 
5th and last floor of his house, some 30 meters above the level of the lake. 
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Figure 4. Data sheet from Guillaume-Antoine Deluc, January 1768 (excerpt).  

 
Deluc measured once per day, usually in the morning, sometimes also in the afternoon. He 

measured temperature and pressure and observed the wind. The data cover the period 1768-
1800, although sporadic observations exist for January 1767. A data sheet from Deluc is shown 
in Figure 4. 

 

2.3. Jacques-André Mallet 

Jacques-André Mallet (1740-1790) was the son of a Geneva officer in French service and, more 
crucially, the grandson of Gédeon Mallet, an extremely rich business man (see Golay, 2008, for 
the following). Mallet studied mathematics in Geneva, then in Basel (under Daniel Bernoulli). 
He was selected to join the Russian expeditions to observe the transit of Venus in 1769. He 
travelled to St. Petersburg in spring 1768 to prepare all expeditions and was sent to the Arctic 
Circle in Lapland in June 1769. Despite unfavorable weather conditions, Mallet could observe 
half a transit, contributing to the determination of the solar parallax, leading to the distance of 
the Earth from the Sun.  

After his return to Geneva in 1769, he was elected to the “Conseil des Deux-Cents”. A 
new Chair in Astronomy was created for him and he became honorary professor at the 
Académie de Genève. The year after, he asked the council for permission to build an 
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observatory on the City walls, which was finalised in 1772 and equipped at his own expense. 
Mallet was the director of the observatory until his death in 1790. He was supported by his 
assistants Marc-Auguste Pictet and Jean Trembley. He observed numerous eclipses and transits, 
the orbits of planets and comets as well as the solar activity.  

Specific meteorological observations were carried out by Mallet and his assistants at the 
observatory between 1774-1779. Their purpose was to compute the atmospheric refraction of 
celestial objects, from pressure and outdoor temperature, and to monitor the drift of astronomic 
clocks as function of the indoor temperature. These observations were made only in clear sky 
conditions.  

In parallel to his astronomical activity, Mallet was a very active agronomist in the Société 
des Arts section dedicated to agriculture. In 1781, he moved to his country home in Avully. 
From 1785 on, he was in charge of the vast domain (36 ha) bought by his mother. He developed 
a climatic research program in collaboration with F.-G. Maurice to monitor the vegetation cycle 
in the period between mid-April and the end of December. 

The measurements discussed in this paper were made in Avully and cover the period 1778-
1786. The months of January to mid-April are usually missing. The measurements for the spring 
of 1786 were made at Mallet’s house in Geneva. The observed variables are pressure, 
temperature, wind and precipitation. A sample data sheet is shown in Figure 5. 

 

2.4. The Genthod series by Frédéric-Guillaume Maurice 

Frédéric-Guillaume Maurice (1750-1826) was an agronomist, advocate, auditor, castellan and 
caretaker of a hospital (Sigrist, 2007). As all other observers discussed in this paper, Maurice 
was also a member of the “Conseil des Deux-Cents”. During the Geneva Revolution of 1782, 
Maurice retreated to the countryside (Genthod) and devoted himself to meteorological 
measurements and agricultural experiments. He was co-founder, in 1796, of the “Bibliothèque 
britannique” and edited the publication of meteorological data in this journal. During te period 
1801-1814 he served as Mayor of Geneva, appointed by Napoleon (Sigrist, 2007). 

Maurice made measurements at his mansion in Genthod with meteorological instruments 
built by the Genevan instrument maker Jacques Paul. Given that the initial aim was mainly the 
selection of more productive varieties of corn, the focus was on temperature (including soil 
temperature) and humidity. A barometer was initially not part of the instrumentation. In 1796 
the station was moved to the former Bonnet Mansion, also in Genthod at a similar elevation but 
better exposed to all winds. The observations from that year until 1798 were published in the 
“Bibliothèque britannique” and had already been digitised in the DIGIHOM III project. We 
have additionally digitised the unpublished data for the period 1789-1795. They contain three 
times daily temperature, pressure (from 1793), relative humidity, and daily precipitation, as 
well as soil temperature at various depths. Unfortunately, we found the journal for the year 
1792 too late and could not digitise it in time for this publication. The “Bibliothèque 
britannique” also published metadata, according to which the station in 1796 was located 362.5 
m (186 toises) from Lake Geneva and 26 m (80 pieds) above the water level. The thermometer 
and the hygrometer were located between 1.3-1.6 m above the ground, “in the shadow of a 
stake”. 
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Figure 5. Data sheet from Jacques-André Mallet, August 1785. 

 

 

Figure 6. Data sheet from Maurice for 5 February 1789 during a particularly cold winter (Pappert et al. 2021). 

Häderli et al. (2020) erroneously assigned to Maurice observations made in Geneva at 
Observatoire de Mallet and published in the Journal de Genève. A more thorough research in 
the archives of the Observatory and other sources revealed that Maurice was not involved in 
those observations. 
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3. Processing and Quality Assessment 

In this section, we present the results from the quality control procedure, similar as described 
in Brugnara et al. (2020b). We present results on the internal consistency of the series (com-
paring measurements at different times of the day) and of the outlier screening. Additionally, 
as all series overlap, we also mutually compared the series during the overlapping period.  

Since the series by Deluc and Lubieres are daily, internal consistency cannot be checked. 
Figure 7 shows, for Mallet’s series in Avully, the comparison of morning, noon, and evening 
series. Generally correlations are high, and there is no indication for a change in the relation; 
the series form Avully appears useful.  

The corresponding figure for Maurice’s measurements in Genthod (Fig. 8) shows a better 
correlation for pressure, but worse for temperature. Note that only morning and evening 
measurements could be compared.  

Next we performed mutual comparisons between the series (Fig. 9). Note that overlaps are 
often short. Very high correlations are found for pressure for Mallet (Avully) versus Deluc 
(Geneva) and for Maurice (Genthod) versus Deluc (Geneva). This is a bit surprising given that 
the pressure measurements by Deluc were supposedly not corrected for temperature. The 
pressure data of all three series are arguably of good quality. Pressure from Lubières and Deluc 
agree clearly less well. Note that the resolution of Lubières measurement is very coarse. Still, 
a correlation of 0.83 must be considered a low correlation. For temperature, the agreement 
between Lubières and Deluc is better. Finally, we also compared the very short series by Mallet 
in Geneva (1786) with Deluc and found a good agreement. This analysis shows that all series 
from Geneva and surroundings seem to be of relatively high quality, except the series from 
Lubières, which not only suffers from a low measurement resolution, but do not fit well with 
the overlapping record from Deluc at least for pressure.  

 

 

Figure 7. Mutual comparisons of morning, noon, and evening measurements in the series of from Avully. Top: 
pressure, bottom: temperature. Numbers indicate the Pearson correlation coefficient.  
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Figure 8. Comparison of morning and evening measurements in the series from Genthod for (left) pressure and 
(right) temperature. Numbers indicate the Pearson correlation coefficient.  

 

A comparison with the diurnal cycle measured at the MeteoSwiss station at Geneva airport 
and the historical Observatory (Fig. 10; the airport is located between Geneva and Genthod) 
shows a warm bias in Deluc’s measurement, as was already found by Gautier (1843). The bias 
is related, on the one hand, to the large height from the ground, which mitigates nighttime 
temperatures; on the other hand, summer temperatures are probably influenced by solar 
radiation in the early morning. Lubières’ data are probably affected by a similar bias, at least in 
summer. Genthod appears to be the most reliable record, although perhaps slightly too warm in 
winter in the afternoon. However, note that Avully is located much further away from the lake 
and closer to the Jura mountains than the other stations, therefore its climate might be too 
different for a meaningful comparison. 

 

 

Figure 9. Comparisons of pressure and temperature measurements in Avully and Genthod as well as Geneva 
(Lubières), plotted against data from Geneva from Deluc. Numbers indicate the Pearson correlation coefficient. 
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Figure 10. Diurnal temperature cycle in January (left) and July (right) in present-day (1981–2010, -1 °C to account 
for climate change) MeteoSwiss data from Geneva-Cointrin (thick black line), at the Observatory (dotted line; from 
Plantamour, 1863) and in the analyzed historical series. Observation times are rounded to the nearest hour. Grey 
shading indicates nighttime. 

 

4. Conclusions 

This paper presents meteorological series from Geneva from the 18th century. The series include 
that from Deluc, in which the present electronic version of the Geneva series is based, but also 
series from other observers in Geneva and surroundings. The series were imaged, digitised, and 
assessed with respect to their quality. The four observers considered in this paper belonged to 
the scientific and also political elite of Geneva and well embedded in the European enlighten-
ment network. They were well educated, experienced in the construction and use of scientific 
instruments and arguably good observers.  

In general a sufficient quality of all series is found, with the exception of the oldest series 
by Lubières. This series has a low correlation with concurrent measurements by Deluc, which 
may however also partly be due to the low measurement resolution. Furthermore, the series is 
not complete as the last four volumes were too thick to be imaged with the hardware available.  

Conversely, the measurements made in Avully and Genthod seem to be of high quality 
and may help to complement or support the Geneva series. Together with later segments 
(Häderli et al., 2020; Brönnimann et al., 2020) the long Geneva series could be revisited. 
However, it will be very difficult to use the Lubières series for a long Geneva series. The Deluc 
series is itself not ideal since it has only one daily observation. 

Measurements made at the Geneva observatory by various observers had astronomical 
goals and were not digitised. Another record by Pictet (partly from various locations in Geneva 
and partly from Cartigny) remains to be evaluated and digitised. 

The hitherto available Geneva series is extended backward from 1768 to 1753 using data 
from Neuchâtel. We recommend unmerging the current series and remove the Neuchâtel 
segment. First, Neuchâtel is too far away from Geneva particularly when considering the daily 
and not the monthly temperature. Second, our re-evaluation of the Neuchâtel series (Wyer et 
al., 2021) revealed uncertainties as to the exact locations of the measurements, which changed 
frequently and without proper documentation. 

The data are made publicly available by MeteoSwiss. They will also be available from the 
C3S data Global Land and Marine Observations Database (Noone et al., 2021).  
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Abstract 

Over the past years, in the framework of several research projects, we have compiled, imaged, 
and digitised large amounts of instrumental meteorological measurements from Switzerland 
from the era before the start of the national network in 1863. This volume encompasses 23 
papers that present several dozen series. Further series were described elsewhere, and a large 
number of short series have been digitised but not discussed in a dedicated paper. This paper 
concludes the volume. We give an overview of the series digitised and present several new, 
long records that could be produced from the segments described in this volume. Furthermore, 
we present several brief case studies of interesting weather and climate events making use of 
the new digitised data. The cases concern the famine 1770-1772, the “Year Without a Summer” 
of 1816, and the cold winter of 1829/1830. The paper shows that the new series substantially 
extend the existing records and are suitable particularly for analyses at the daily time scale.  

 

1. Introduction 

In the framework of the projects “Swiss Early Instrumental Meteorological Data” and “Daily 
Weather Reconstructions to Study Decadal Climate Swings” (funded by the Swiss National 
Science Foundation) as well as the projects “Long Swiss Meteorological Series” (funded by 
MeteoSwiss via GCOS Switzerland) and “A palaeo-reanalysis” (funded by the European Un-
ion), we have compiled, imaged, and digitised large amounts of Swiss historical weather data. 
The focus was on the period prior to the start of the national network in 1863. The data rescue 
work in these projects is now completed. In this volume we have compiled 23 papers that pre-
sent several dozen series (Brönnimann and Brugnara, 2020a,b, 2021, 2022; Brönnimann et al., 
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2020a,b, 2022a,b; Brugnara and Brönnimann, 2022, Brugnara et al., 2020a, 2021a,b, 2022, 
Faden et al., 2020; Flückiger et al., 2020; Fritze et al., 2021; Häderli et al., 2020; Hari et al., 
2022; Hürzeler et al., 2020; Weber et al., 2020, Wyer et al., 2021). Some of the series were 
described in more detail elsewhere (Grimmer, 2019; Hari, 2021; Pappert et al., 2021). In addi-
tion, a large number of short series has been digitised, but they could not be discussed in a 
dedicated paper. In this concluding paper of the volume we provide an overview of the series 
digitised in all projects. Furthermore, we discuss several new or re-visited long Swiss meteor-
ological series based on the segments described in this volume. Finally, we present several short 
case studies of meteorological events that show the value of these newly digitised data, partic-
ularly for understanding processes on the weather scale.  

This volume complements an inventory of all Swiss series published by Pfister et al., 
(2019), the publication of the imaged data, and the publication of the actual data (Brugnara, 
2020, to be updated, and Brugnara et al., 2020b). All data have also been submitted to the in-
situ database of the Copernicus Climate Change Service (C3S) (Noone et al., 2021), to Meteo-
Swiss, and to EURO-CLIMHIST. The data were processed, and a standard quality control (QC) 
was applied. However, the data are not homogenised, and more advanced QC methods could 
be applied based on the ever-increasing amount of neighbouring data. This volume provides 
metadata on the stations, instruments, and observers, and it describes the series and their quality. 
Only few series were actually homogenised (see Brugnara et al., 2022). However, the hope is 
that this volume and the provided data serve to support homogenisation later on. 

The paper is organised as follows: Section 2 gives an overview of the work performed and 
the series digitised. Section 3 presents selected results, encompassing both the long series and 
case studies of the short series. Brief conclusions and an outlook to future applications of the 
data follow in Section 4. 

 

2. Archive work, imaging, digitising, formatting, quality control 

2.1. Historical climatology in Switzerland 

Meteorological measurements were always collected and exchanged, some were made specifi-
cally for that purpose. Many series described in this volume were part of organised efforts, often 
by Natural Sciences Societies, and these societies also collected and published the data. Other 
were published in journals. In many cases, the data were considered valuable and the original 
weather notebooks were kept and are today found in different archives.  

When the Swiss national network started in 1863 (see Hupfer, 2019, for an overview), the 
director, Rudolf Wolf, started to collect and publish historical observations. In the first five 
volumes of the annals in which the measurements of the new network were published, Wolf 
compiled and published historical data for many of the sites that are covered in this volume 
(e.g., Wolf, 1864). A further series of “Supplement volumes” was published with historical 
data. This collection is already quite extensive, though far from complete. Unfortunately, from 
today’s perspective, many of the series were published in the form of daily means, whereas 
today we would prefer to have the original, sub-daily observations in order to be able to better 
correct and assess the measurements. However, the published data show what should be avail-
able, and comparing the original values with the published daily data can help to find errors.  
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Further directors of the Swiss meteorological service continued to support the compilation 
and inventorying of Swiss historical series (e.g., Billwiller, 1927). These inventories proved 
helpful as they contained information on the archive holdings. Even though this information is 
a century old, it still proved helpful in some cases.  

Interest in the Swiss historical meteorological series arose again in the 1950s. Bider et al. 
(1958) and Bider and Schüepp (1961) re-evaluated the long series from Geneva and Basel, to 
the present the two most prominent Swiss meteorological series. Pfister (1975) revived the in-
terest in the 18th-century data and founded the CLIMHIST database, which today is known as 
EURO-CLIMHIST (Pfister et al., 2017) and which contains instrumental as well as non-instru-
mental climate data from Europe. The re-digitisation of historical series started again with the 
DIGIHOM projects of MeteoSwiss (Füllemann et al., 2011) of which the current efforts are a 
continuation. The latest research in historical meteorological data has become part of a global 
effort of rescuing climate data (Allan et al., 2011) in order to produce global reanalysis products 
(Slivinski et al., 2019). A recent inventory demonstrated that while long records have been re-
evaluated and curated in many countries, there is a very large number of shorter series that have 
so far received less interest but could also be used for weather reconstruction (Brönnimann et 
al., 2019a). The efforts outlined in this volume will contribute towards improved historical re-
analyses and other data products.  

 
2.2. Overview of observations 

A full inventory of the Swiss series prior to 1863 was published by Pfister et al. (2019) and is 
not repeated here. It contains metadata on each series, but also the data holdings. This inventory 
formed the starting point for the work documented in this volume. It served to prioritize the 
data rescue work. Of the over 300 records listed in this inventory, ca. 100 series from 63 loca-
tions were digitised. They are shown in Figure 1. Of these, 59 are discussed in the various 
papers of this volume (marked in blue in Fig. 1). The following Table 1 gives a brief overview 
of all series presented in this volume. 

 

Figure 1. Location of the series digitised in the projects CHIMES, “Long Meteorological Series”, and PALAEO-
RA. Blue symbols mark those stations that are described in more detail in this volume.  
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Table 1. Overview of the series presented in this paper, including location, time period, observer, and reference. 

Location Period Observer Reference 
Aarau 1807-1863 Heinrich Zschokke Faden et al., 2020 
Aarau 1826-1836 Heinrich and Theodor Tschokke Faden et al., 2020 
Basel 1755 Friedrich Zwinger Brönnimann and Brugnara, 2020b 
Basel 1755-1804 Johann Jakob D'Annone Brönnimann and Brugnara, 2020b 
Basel 1766-1772 Johann Heinrich Ryhiner Brönnimann et al., 2022a 
Basel 1777-1785 Daniel Wolleb Brönnimann et al., 2022a 
Basel 1783-1805 Abel Socin Brönnimann et al., 2022a 
Basel 1789-1829 Daniel Huber Brugnara and Brönnimann, 2022 
Basel 1825-1827 J. Rudolf Burckhardt Brönnimann and Brugnara, 2021 
Basel 1826-1832 Johann Jakob Fürstenberger Brönnimann and Brugnara, 2021 
Basel 1826-1863 Peter Merian Brönnimann and Brugnara, 2021 
Basel 1838-1856 Andreas Schneider Brönnimann and Brugnara, 2021 
Basel 1856-1863 Franz Kaufmann Brönnimann and Brugnara, 2021 
Bellinzona 1826-1832 Thomas Inderbitzin, Plazidus Gmeinder Brönnimann and Brugnara, 2022 
Bern 1760-1770 Franz Jakob von Tavel Wyer et al., 2021 
Bern 1777-1789 Samuel Studer Hari et al., 2022 
Bern 1777-1789 Karl Lombach Hari et al., 2022 
Bern 1803-1834 Emanuel Fueter Hari et al., 2022 
Bern 1826-1849 Friedrich Trechsel Flückiger et al., 2020 
Bern 1837-1853 Daniel Gottlieb Benoit Flückiger et al., 2020 
Büren 1789-1797 Samuel Studer Hari et al., 2022 
Einsiedeln 1817-1864 Bernhard Foresti, Pius Regli, Raphael Kuhn Brönnimann and Brugnara, 2022 
Fribourg 1822-1847 Jean Baptiste Wière Brönnimann and Brugnara, 2022 
Geneva 1760-1789 Charles Benjamin de Lubières  Brugnara et al., 2022 
Geneva 1768-1800 Guillaume-Antoine Deluc  Brugnara et al., 2022 
Geneva 1773-1777 various Brugnara et al., 2022 
Geneva 1778-1788 Marc-Auguste Pictet  Brugnara et al., 2022 
Geneva 1782-1789 Jean Senebier Häderli et al., 2020 
Geneva 1787-1791 Frédéric-Guillaume Maurice Häderli et al., 2020 
Geneva 1798-1821 Marc-Auguste Pictet  Brönnimann et al., 2020b 
Geneva 1822-1863 various Brönnimann et al., 2020b 
Gr. St. Bernhard 1817-1863 various Brönnimann and Brugnara, 2020a 
Gurzelen 1766-1784 Johann Jakob Sprüngli  Wyer et al., 2021 
Herisau 1821-1831 Johann Ludwig Merz Weber et al., 2020 
Herisau 1822-1844 Johann Jakob Nef Weber et al., 2020 
Lucerne 1826-1832 Josef Ineichen Brönnimann and Brugnara, 2022 
Lucerne 1844-1864 Franz Xaver Schwytzer Brönnimann and Brugnara, 2022 
Neuchâtel 1753-1782 Frédéric Moula Wyer et al., 2021 
Schaffhausen 1794-1845 Johann Christoph Schalch Brönnimann et al. 2022b 
St. Gall 1812-1853 Daniel Meyer Hürzeler et al., 2020 
Sutz 1785-1802 Johann Jakob Sprüngli Hari et al., 2022 
Uetliberg 1841-1863 Friedrich Beyel Brugnara et al., 2021a 
Vevey 1805-1840 Jean-Samuel Nicod-Delon Brönnimann and Brugnara, 2022 
Waldenburg 1776-1790 Ambrosius Bavier Brönnimann et al., 2022a 
Zug 1843-1873 Michael Müller, unknown observer Brönnimann and Brugnara, 2022 
Zürich 1740-1753 Hans Jakob Gessner Brugnara et al., 2021b 
Zürich 1756-1769 J. J. Ott  Fritze et al. 2021 
Zürich 1760-1793 D. von Muralt  Fritze et al. 2021 
Zürich 1761-1765 H. C. Meyer  Fritze et al. 2021 
Zürich 1761-1802 H. C. Hirzel  Fritze et al. 2021 
Zürich 1807-1827 Johannes(?) Feer Brugnara et al., 2021a 
Zürich 1808-1733 Johann Jakob Scheuchzer Brugnara et al., 2021b 
Zürich 1812-1834 Johann Kaspar Horner Brugnara et al., 2021a 
Zürich 1816-1820 Hans Caspar Escher Brugnara et al., 2021a 
Zürich 1823-1835  Heinrich(?) Weiss Brugnara et al., 2021a 
Zürich 1830-1832 various Brugnara et al., 2021a 
Zürich 1834-1841 Rudolf Heinrich Hofmeister Brugnara et al., 2021a 
Zürich 1836-1852 various Brugnara et al., 2021a 
Zürich 1860-1866 Christian Gregor Brügger Brugnara et al., 2021a 
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2.2. Archive work and imaging 

Based on the inventory compiled by Pfister et al. (2019), we visited numerous archives in Swit-
zerland to image the sources. These include the Swiss National Archive as well as many can-
tonal archives or university archives, and the Burgerbibliothek in Bern. Some of the holdings 
are accessible electronically at the websites of the corresponding archives. Most of the remain-
ing images are available from Zenodo.  

 

2.3. Digitising, processing, and quality control 

The digitisation was performed by students of the Institute of Geography. In total we digitised 
about 5 million values across all projects, of which about 3 million are available in a standard 
machine-readable format. Figure 2 gives a temporal overview of the numbers of digitised rec-
ords per variable and year (note the peak around 1830 corresponding to a first attempt of a 
national network by the Swiss Natural Sciences Society). The work also included the digitisa-
tion of metadata. In addition, several Bachelor and Master theses were performed, within which 
further metadata could be collected (the corresponding students are first- or co-authors of the 
papers in this volume).  

The processing of the data included the conversion of units (including conversion of time 
to UTC) and the temperature correction of the pressure readings as described in Brugnara et al. 
(2020a,b). The data were at the same time converted to the station exchange format (SEF, 
Brunet et al., 2020). A standard QC as described in Brunet et al. (2020) was applied. For the 
plots in this volume, further QC was applied that included checks of measurements made at 
different times of the day against each other as well as checks against neighbouring series.  

In a next step, daily means as well as monthly means of daily means were formed. To 
calculate daily means, data were adjusted to the daily mean based on hourly data from the ERA5 
reanalysis (Hersbach et al., 2020) as described in Brugnara et al. (2020a).  

For this volume, a number of standard plots was produced to visually assess the data. This 
included plots of measurements made at different times of the day against each other, a com-
parison of series from neighbouring stations, as well as a plot of mean temperature values per 
time of day compared with the diurnal cycle from a nearby MeteoSwiss automatic stations 
(shifted by 1 or 2 °C for visualisation).  

 

 
Figure 2. Digitised records per year and variable until 1863 (only the three main variables are shown). 
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Further, time series plots were generated to visualize the data. In addition to plots of daily 
data, monthly (and seasonal) data were compared against corresponding data from the closest 
grid point in EKF400v2 (Valler et al., 2022). This is a reconstruction based on off-line assimi-
lation of early instrumental and documentary data into an ensemble of climate models. For the 
examples shown in this volume, EKF400v2 is independent. 

In a further step, for four locations with many segments that together cover a long period, 
the data were merged and homogenised. This was the case for Basel, Bern, Geneva, and Zurich. 
A plot for temperature in Bern (including data from neighbouring sites that could possibly be 
used for supplementation) is shown in Figure 3 This plot also demonstrates that the individual 
segments often overlap. Hence for many periods we have more than one record, which facili-
tates the quality assessment and homogenisation. Potentially, this work could be performed for 
a number of further series (Aarau, Schaffhausen, Fribourg, Lucerne) to generate an extended 
set of long series. Results for Bern and Zurich were presented in Brugnara et al. (2022); the 
series from Basel and Geneva will be treated in the same way.  

As an example, Figure 4 shows one of the earliest possible comparative plots that can be 
made for Swiss meteorological records. Specifically, we show daily pressure for the period 
August 1755 to July 1756 from four stations: Neuchâtel, Basel, Chur, and (for the last month) 
Zurich. Visually the series agree very well. In fact, mutual correlations are in the range of 0.93-
0.98. It is rare to have four series for a period in the mid-18th century. This example shows that 
we can have some trust in the pressure data on day-to-day scale. However, it should be noted 
(and it is shown in several examples in this volume, e.g., Brönnimann and Brugnara, 2022) that 
on a long time scale, there may still be homogeneity issues in the pressure data. 

Figure 3. Temperature records from Bern digitised in the projects presented in this volume. Locations in capital 
letters denote series from other locations that could be used for supplementation.  

 

Figure 4. Daily pressure for the period August 1755 to July 1756 from four stations: Neuchâtel, Basel, Chur, and 
Zurich. For better visualisation, three of the series are plotted with an offset. 
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3. Selected results 

In this Section we present three short case studies to demonstrate the work performed in these 
projects and the potential value of the data. The cases cover the famine 1770-1772, the “Year 
without a summer” of 1816 and the cold winter of 1829/30. 

 

3.1. The famine of 1770-1772 

In the period of 1770-1772 Central Europe was hit by adverse weather and famine. Large re-
gions stretching from France to Ukraine were affected. Although climate is often invoked when 
discussing this event (e.g., Pfister and Brazdil, 2006), a detailed analysis of weather and climate 
anomalies during these years is worthwhile. An overview of the famine is given in Collet 
(2019). 

The 1770-1772 famine followed two wet summers, at least in Switzerland (Pfister 1999). 
However, also dry spells are mentioned as well as effects of a snow-rich winter. Pfister and 
Brázdil (2006) studied this crisis using climate reconstructions and derived a biophysical indi-
cator of famine, which is a first step towards a quantitative understanding. For this case study, 
we first aimed at reproducing this index using EKF400v2 data. We converted the monthly 
anomalies of temperature and precipitation into a 7-point scale by normalising the series within 
the 1701-1800 period and using the quantiles indicated in Pfister et al. (2018) to convert to the 
index. From there on, we followed the description and equation in Pfister and Brázdil (2006). 
The result (Fig. 5, left) indeed shows a peak in 1770, similar as in Pfister and Brazdil (2006). 
Interestingly, a second peak is found in 1740, which is known as a crisis year or hunger year 
(e.g., Lassen, 2016).   

The peak in the biophysical indicator of famine in 1770 is strongly affected by a cold 
spring. However, also the other seasons were not favourable. This is confirmed by the digitised 
weather data from D’Annone in Basel (Fig. 5, right). The growing season average temperature 
(note the reverse scale) was low, while the number of wet days was very high. In addition to 
the cold spring, this shows that it is a combination of climatic factors that contributes to a crisis, 
each of which, individually, may not appear dramatic. At least as important as climatic factors 
are non-climatic ones, as discussed by Collet (2019) and hinted at already with the title of his 
book: “The double catastrophe”.  

 

Figure 5. (left) Biophysical indicator calculated according to Pfister and Brázdil (2006) but using data from the 
closest grid-point to Basel in EKF400v2 (Valler et al., 2022). (right) Number of wet days (blue line, left scale) and 
temperature (red line, right scale; inverted) averaged for the March-to-October period from the observations of 
D’Annone.  
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3.2. A spring episode during the “Year Without a Summer” of 1816  

About 45 years later, Switzerland witnessed the last subsistence crises which was related to the 
“Year without a summer” of 1816 (Krämer, 2015). The weather during this year, which was 
influenced by the eruption of Mt. Tambora in Indonesia in 1815, as well as the consequences 
have been studied extensively (see Luterbacher and Pfister, 2015; Brönnimann and Krämer, 
2016; Veale and Endfield, 2016; Pfister and Wanner, 2021) and do not need a detailed intro-
duction at this stage. Climatically it is interesting to note that temperatures remained low on a 
large-scale and for several years, both during the boreal warm season (Brönnimann et al., 
2019b) and the cold season (Reichen et al., 2022). In the following, we analyse a cold spell in 
mid-April 1816 in daily temperature data.  

In contrast to 1770-1772, when meteorological data were only taken at four locations in 
Switzerland (Basel, Geneva, Neuchâtel, and Zurich), we now have data from 11 locations which 
allows drawing maps. Figure 6 shows temperature maps expressed as an anomalies from the 
average temperature for April 1816. The maps demonstrate the general cooling from 13 to 15 
April at all locations. However, there are some peculiarities that are worth mentioning.  

Temperatures were around average on 13 April. The high anomaly in Basel is due to the 
fact that at this location only the first half of April has data (and hence the reference is cooler). 
From 13 to 14 April temperatures dropped by ca. 5 °C. The drop was most pronounced in the 
north and north-east of Switzerland. The positive anomaly at Marschlins on 14 April might be 
true and indicate influence of Föhn winds, as the weather notes for that day indicate southeast-
erly wind. On 15 April, extremely low temperatures are then found everywhere. The strongest 
anomalies exceeded -12 °C (in Aarau and Marschlins), the weakest anomalies (-5 to -6 °C) 
were found in Vevey, at the shore of Lake Geneva, and in Zurich. Although temperature meas-
urements in these early days were affected by errors as well as local effects, they allow inter-
preting and analysing the day-to-day weather more than 200 years back in the past.  

 

Figure 6. Temperature anomalies (with respect to the average temperature of April 1816) in the evening on 13-15 
April 1816 at eleven sites in Switzerland. 

 

3.3. The cold winter of 1829/30 

The last example concerns the winter of 1829/30, which was one of the coldest of the last mil-
lennium in central Europe. In Switzerland, many lakes froze (Pfister and Wanner, 2021). Even 
in the era of global warming, such cold winters are still important for climate impact assessment 
and for better understanding climatic variations. 
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For this winter, our digitisation efforts brought to light 19 sufficiently complete tempera-
ture series, which are analysed in the following in the form of time series as well as in the form 
of maps (Fig. 7). The time series analysis reveals remarkable agreement among the 19 stations 
during that winter. The only slightly outlying stations are marked in colour. The winter featured 
several strong cold episodes, one in November, one in late December, and one in late January. 
Each of them is shown as maps in the form of a five-day average, expressed relative to a 30-
day average. 

The first episode in November (expressed relative to 15 days before and after the episode) 
was slightly cooler in north-eastern Switzerland; the location with the weakest anomaly was 
Gr. St. Bernard. The second episode shows a noisy spatial pattern. In particular, the positive 
anomaly in Delémont is striking. Apart from that, we find stronger anomalies at higher eleva-
tions. In that context, it is interesting to compare the station pair Solothurn and Weissenstein. 
The two locations are close to each other (the horizontal distance is 5 km), but at different 
altitude: Solothurn is at 434 m asl, Weissenstein at 1282 m asl. During the second of the three 
episodes, Weissenstein had by far the most negative anomaly. Conversely, during the third ep-
isode, the temperature drop was weaker at Weissenstein than at Solothurn. The third episode 
again shows a homogeneous spatial pattern. The largest anomalies in this case are found in 
Bever exceeding -14 °C. However, only one measurement took place in Bever during this 5-
day window: the measured temperature was -30 °C. Given the drop seen at all locations (Fig. 
7, top), this value seems realistic. 

 

 

Figure 7. (top) Daily temperature in the morning at 19 stations in Switzerland from October 1829 to April 1830 
(grey lines). Five of the series are highlighted in colour. (bottom) Temperature anomalies for the 5-day periods (left) 
18-22 November 1829 (relative to 15 days before and after the period), (middle) 27-31 December 1829 and (right) 
31 Jan to 4 Feb 1830 (both relative to 1-30 Jan. 1830). W. = Weissenstein; note that for some of the locations more 
than one station is available. The dashed circles in the bottom right panel indicate stations with only one observation 
in this period. 
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All the three cases show that the new daily meteorological data from Switzerland are suit-
able to study the day-to-day weather variability as well as interannual variability of climate. 
The data set is not without errors, outliers, and inhomogeneities. Ideally, the data should be 
combined with additional information and with expert knowledge. However, it gives access to 
rather detailed daily weather information 200 to 250 years back in time. 

 

4. Conclusions 

This volume documents the effort of a number of recent projects on the digitisation of Swiss 
early instrumental meteorological data. This concluding paper gives an overview of the series 
digitised and demonstrates in three short case studies how the data could be used. A large frac-
tion of the data has been published in Brugnara et al. (2020b). All data have been submitted to 
the C3S in-situ data base (Noone et al., 2021), to EURO-CLIMHIST and they have been sent 
to MeteoSwiss. The data have already been used in various publications (e.g., Aarau and Ge-
neva in Brugnara et al., 2015; Aarau, Delémont and Geneva in Flückiger et al., 2017; Basel, 
Bern, Geneva, Gr. St. Bernard and Zurich in Brönnimann et al. 2019b; Geneva and Gotthard in 
Pappert et al., 2021; Aarau, Winterthur and St. Gall in Brönnimann, 2020; Bern and Zurich in 
Brugnara et al., 2022). They will also be used to generate daily weather data sets using analog 
approaches (as in Pfister et al., 2020) or using data assimilation, e.g., in reanalysis projects 
(Sliviski et al., 2019). As such, the data rescue efforts took part in a global endeavour, the 
“Atmospheric Circulation Reconstruction over the Earth” initiative aiming at rescuing histori-
cal climate data on a global scale to improve historical reanalyses (Allan et al., 2011). 

In addition to the measured values, we have also compiled meta information. This infor-
mation is not only important to better understand, process, and assess the measurements, but is 
also a relevant source of information in its own right (Brönnimann and Wintzer, 2019). It is 
therefore important that data and metadata can be analysed jointly with historical documentary 
data such as in the databases EURO-CLIMHIST, TAMBORA.org (Riemann et al., 2016), and 
TEMPEST (Veale et al., 2017). 

Although we have compiled and digitised a large amount of information, this is by no 
means exhaustive. Future projects could still digitise additional series or try to find some of the 
missing ones (e.g., Glarus). A number of series should be better described (e.g., Winterthur, 
Morges, Lausanne), and several more than 200 years long series could be generated by concat-
enating different segments (perhaps supplementing with series from neighbouring locations) 
and homogenising (e.g., Aarau, Schaffhausen, St. Gall, Herisau, Lucerne, Fribourg). Finally 
and most importantly, our projects have focused only on temperature, pressure, and (rarely) 
precipitation. There are also weather descriptions, cloud cover, and other observations, which 
could provide important information to study the daily weather back in time. 
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