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Abstract
In this work, we provide instrumental meteorological data recovered for the 
Extremadura region (interior SW Iberia), from 1826 to mid- 20th century. 
Meteorological variables such as air temperature, atmospheric pressure, precipita-
tion, wind direction and humidity, among others, were retrieved. In total, more than 
750 000 instrumental data in 157 meteorological series belonging to 131 different lo-
cations throughout Extremadura were rescued. It must be noted that daily resolution 
data constitutes 80% of the database. This great effort of digitization and data collec-
tion has been carried out with the aim of contributing to a significant expansion of 
the length of the databases with meteorological information in this region. Therefore, 
this database will provide a better understanding of climate variability, trends and 
extreme events of the Extremadura region.
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1 |  INTRODUCTION

Interest in historical climatology has grown in recent de-
cades. Relevant results obtained in this field for the current 
discussion on anthropogenic climate change (Neukom et al., 
2019; Stocker et al., 2014) and studies about specific events 
such as extreme precipitation and floods (e.g. Domínguez- 
Castro et al., 2015; Trigo et al., 2014) have contributed to 
this growing interest. However, the limited availability of 
long and high- quality time series of relevant meteorological 
variables hampers a better framed and more accurate un-
derstanding, detection and prediction of the global climate 
variability and change (Brönnimann, 2015; Brönnimann 
et al., 2019b, 2019a). This limited availability can be abated, 
or even avoided, by digitizing the wealthy heritage of past 
climate data that exist, taking advantage of the fact that in 
Europe, since the mid- 19th century and even earlier, the low 
atmosphere has been regularly monitored (Brönnimann et al., 
2019b, 2019a).

There are regions around the world where digitization of 
long- time series of past climate data has increased signifi-
cantly. However, Brönnimann et al. (2018) highlighted the 
needs of a more coordinated and long- term effort in mete-
orological and climatological data rescue. Some examples 
of international initiatives to recover climate data are the 
Atmospheric Circulation Reconstructions over the Earth 
(ACRE) (Allan et al., 2011, 2016) (http://www.metac re.org/), 
the International Data Rescue (I- DARE) (https://www.idare 
- portal.org/) and the Copernicus Climate Change Service 
(C3S) Data Rescue Service (https://datar escue.clima te.coper 
nicus.eu/). Moreover, several particular initiatives have been 
carried out. For example, Domínguez- Castro et al. (2017) re-
trieved more than 300 000 meteorological data summarized 
in 137 series from Latin America and the Caribbean during 
the 18th and 19th centuries. In Europe, Brugnara et al. (2020) 
digitized meteorological observations from 40 locations in 
Switzerland for the period 1708– 1873, and Ashcroft et al. 
(2018) recovered around 8 million observations for Europe 
and the southern Mediterranean for the period 1877– 2002. 
Other examples of this kind of work are Camuffo et al. (2017) 
for Italy or Hawkins et al. (2019) for Scotland.

The digitization of early meteorological data in the 
Iberian Peninsula started after similar endeavours took 
place in many other European countries, and the vast ma-
jority of data were still not digitized at the beginning of this 
century. In the Iberian Peninsula, there were projects fo-
cused on digitizing data (Alcoforado et al., 2012; Barriendos 
et al., 2000; Barriendos et al., 2002; Brunet & Jones, 2011; 

Domínguez- Castro et al., 2014a, 2014b). Research carried 
out in the last two decades in both Iberian countries, namely 
Spain and Portugal, has increased considerably the number 
of long- term time series of precipitation and temperature 
(e.g.: Brunet et al., 2006; Domínguez- Castro et al., 2014a, 
2014b; Fragoso et al., 2010; Trigo et al., 2009). In Spain, 
the three locations with the oldest continuous data are San 
Fernando (Cádiz), Madrid and Barcelona. Observations in 
San Fernando began to be continuously recorded in 1786 
(Barriendos et al., 2002; Obregón et al., 2020; Rodrigo, 
2002). There are data available from Madrid since 1786 
(Antón et al., 2014, 2017; Aparicio et al., 2019; Barriendos 
et al., 1997; Brunet et al., 2006) and although the Barcelona 
series started in 1780 and is practically continuous since then, 
the first official observations took place in 1885 (Rodríguez 
et al., 2001). The observations made by Diogo Nunes Ribeiro 
in Lisbon between 1 November 1724 and 11 January 1725 
were the first known meteorological measurements made 
in the Iberian Peninsula. Although this is a short series, it 
was useful to study the intense and unusual tropical storm of 
November 1724 that caused significant damages in Madeira 
and continental Portugal (Domínguez- Castro et al., 2013).

One of the Spanish regions with the lowest number of 
meteorological data rescued is Extremadura (Southwestern 
Spain), despite its wealthy heritage of past climate data. 
Extremadura is a peripheral Spanish region dedicated to the 
primary sector (agriculture and livestock) with few industrial 
infrastructures (Tapiador, 2020). In the upper right corner of 
Figure 1, the situation of Extremadura in the Iberian Peninsula 
is depicted. The state meteorological network began with the 
Badajoz station in 1860 but had little development until the 
end of the Spanish Civil War (1936– 1939) and, similarly to 
the remaining Spanish provinces, was not consolidated until 
the middle of the 20th century (Anduaga Egaña, 2012) when 
the density of stations raised in Spain. In this relatively unde-
veloped framework, it is worth stressing a curious exception 
related with the establishment of a private network of mete-
orological stations in the 1880s in the province of Badajoz 
(approximately the southern half of Extremadura), although 
it did not last for too long (Vaquero & Gallego, 2000).

The main objective of this work was to describe the 
‘CliPastExtrem’ (v1.0) database that recovers early meteoro-
logical readings from numerous locations of the Extremadura 
region. We have retrieved more than 750 000 instrumental 
meteorological data corresponding to 130 different locations 
in the Extremadura region and one in a Portuguese small city 
(Campo Maior) located very close to the border between 
Spain and Portugal. From this work, the meteorological 
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observation datasets for Extremadura can be extended to the 
early 20th and even mid- 19th centuries. A large fraction of 
the data values digitized was obtained specifically for this 
work; however, an equally significant component of the data 
had been obtained previously. Only 1.9% of the data, those 
corresponding to Badajoz (1830– 1833), were already pub-
lished by Dominguez- Castro et al. (2014a) (Salvá- Sinobas 
project). Campo Maior data were digitized in 2007 under 
Portuguese funded project SIGN but has not been published 
yet. Furthermore, Fernández- Fernández et al. (2015, 2017) 
retrieved qualitative temperature and precipitation data re-
corded in Zafra for the period 1750– 1840, and Bravo- Paredes 
et al. (2019) studied actinometric measurements from Cáceres 
for the period 1913– 1920.

2 |  METHODOLOGY AND 
DATASET

The CliPastExtrem dataset was obtained by completing the 
following steps: (1) search for documentary sources with 
unrecovered meteorological data, (2) digitization of me-
teorological data, (3) quality control of data and (4) data 
description.

2.1 | Documentary sources

CliPastExtrem was constructed by consulting many docu-
ments from different documentary sources. Regarding the 
same station, in general, there is no overlap in the observa-
tions included in the different sources consulted in this work. 
The types of documentary sources consulted in this research 
and their descriptions are shown in Table  1. The primary 
source for data rescue consisted of scientific annals (67%), 
followed by newspapers (22%) and meteorological records 
in monographs (11%). Figure 2 shows an example of each 
kind of documentary source used to retrieve the meteorologi-
cal observations included in CliPastExtrem: (a) scientific re-
cords –  Annaes do Observatório do Infante Dom Luiz; (b) 
newspapers –  La Gazeta de Madrid; and (c) monographs –  
Memoria del año 1877 Sobre el Balneario de Alange. The 
description of each documentary source is given in a general 
point of view, not in the particular case of this database. For 
example, newspapers are primary documentary sources when 
information about water height of floods in the 19th and 20th 
centuries is recovered. In this case, the water height was re-
corded in the newspapers as original information and was 
not taken from another source. Anyway, to avoid possible 
misunderstandings, the description of newspapers as primary 
documentary sources was eliminated in Table 1.

F I G U R E  1  Map of the Extremadura 
region (courtesy of Infraestructura de 
Datos Espaciales de Extremadura –  IDE 
Extremadura) containing the locations 
with data in CliPastExtrem. The blue 
points indicate locations that appear with 
the name, and the grey line indicates the 
division between the Extremadura provinces 
of Cáceres (north) and Badajoz (south). 
In the upper right corner, the situation of 
the region of Extremadura in the Iberian 
Peninsula is represented
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2.2 | Digitization

Once the documentary sources were located, they were pho-
tographed in situ with the aim of having the possibility to 
re- verify the data during the digitization process, when the 
documents were not available. This greatly speeds up the 
process. The authors, who are familiar with the database and 
the variables studied because they worked in the libraries 
and archives, digitized the data. The method used to digi-
tize the data was the ‘key entry’ by one author for a given 
number of data (i.e. the data were divided into subsets and 
each author digitized a subset). Optical character recognition 
programmes were not used because of the great variety of 
documentary sources with different formats, layouts and typ-
ing, and also, because this type of programmes can lead to er-
rors (Brönnimann et al., 2006; Tan et al., 2004). Furthermore, 

having digitized the data allowed the authors to correct some 
errors during digitization, such as inconsistencies in sequen-
tial dates or disappearance of decimal points.

2.3 | Quality control

Digitized data often contains errors of different origins and 
these should be detected and corrected whenever possible. 
These errors can be due to two main reasons:

● Original error: This results typically from writing an 
incorrect number in the official document of the insti-
tution instead of the real number from the manuscript 
of the observer (usually not available).

T A B L E  1  Documentary sources consulted and their descriptions

Type of documentary 
source Description Documents

Scientific annals Scientific annals are the documentary sources that record the 
most complete information. The information presented in 
these documentary sources is extensive. These works are 
carried out by academies, universities or scientific institutions. 
The metadata is very detailed. Usually, annals published 
monthly information due to the fact that the information 
is a summary of the original records. Annals contained 
a large set of meteorological variables, such as pressure, 
temperature, humidity and wind direction They are primary 
documentary sources. All the meteorological data of locations 
in Extremadura were recovered.

Annaes do Observatório do Infante Dom Luiz 
(Lisbon)

Anuario del Observatorio de Madrid

Estación meteorológica del Colegio de San 
José (Villafranca de los Barros -  Badajoz)

Anuario del Servicio Meteorológico Español

Anuario del Observatorio Central 
Meteorológico

Newspapers Newspapers published the most important events that happened 
in a region (in villages and towns) since 18th century. So, early 
meteorological observations can be found in some newspapers. 
Usually, newspapers registered daily information. Also, weekly 
and monthly information can be found in some cases. The 
meteorological variables registered in newspapers are usually 
the temperature, pressure, wind direction, precipitation, days 
of precipitation and the state of the atmosphere. Unfortunately, 
metadata does not appear in most cases. Many issues of the 
newspapers are missing. So, it is difficult to reconstruct long 
meteorological series. Newspapers are secondary documentary 
sources due to the fact that institutions published their 
observations on them.

Revista de Extremadura

La Gaceta de Madrid

Diario de Badajoz

Boletín de la Agencia de Cáceres

Meteorological records in 
monographs

Some institutions published meteorological observations in 
monographs. These institutions can be very varied, such 
as medical institutions. Usually, a brief description of the 
instruments and the data are given. The information is 
registered daily or monthly. The meteorological variables 
recorded are the most common: pressure, temperature, etc. 
They are primary documentary sources.

Monografías de las aguas y baños minerales 
(Catálogo Cisne -  UCM)

Manuscripts Manuscripts include handwritten information by the author. It 
used to be made on a manageable medium such as paper or 
parchment. These are primary documentary sources.

Consultas y Decretos del Ducado de Feria

Logbooks of Meteorological Observations. 
Library of Territorial headquarters of the 
AEMET in Badajoz
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F I G U R E  2  An example of each kind of documentary source used to retrieve meteorological observations: (a) scientific records –  Annaes do 
Observatório do Infante Dom Luiz (Lisbon); (b) newspapers –  La Gazeta; (c) monographs –  Memoria del año 1877 Sobre el balneario de Alange
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● Digitization error: This tends to result from the writing 
of an incorrect number in the transcription on the digi-
tal document instead of the real number from the original 
document (hand- written or printed).

In some cases, these errors cannot be detected easily 
(e.g. when the mistake is located in decimal digits). In other 
cases, it is easier (e.g. when the mistake is made in the first 
digit of the number, it is easier to find out due to the fact that 
these numbers seem obvious outliers). A visual check was 
performed immediately after transcriptions to a machine- 
readable file in order to detect the errors made in this process.

A basic quality control was carried out in order to detect 
possible typos, errors or suspicious values in daily data. The 
reason to check only the daily values lies in the ease of de-
tecting suspicious values. The monthly and annual values are 
calculated as the average of the daily values (by the observers), 
and it is more difficult to detect potential errors. Note that, 
monthly and annual values were visually checked during the 
digitization process as mentioned previously. This quality con-
trol was applied to the following variables: temperature, pres-
sure, humidity and cloud cover. In this work, a similar quality 
control made by Domínguez- Castro et al. (2017) has been ad-
opted to detect possible errors considering the following steps:

● Tolerance test: Outlier values were detected by calcu-
lating the mean plus/minus three standard deviations of 
each variable. These values were flagged.

● Temporal consistency: The difference in the values be-
tween consecutive days should not exceed a predefined 
threshold. Values above this threshold could be an error, 
a suspicious value or an outlier. These values were also 
flagged. The threshold was calculated from the mean plus/
minus three standard deviations for each variable and for 
each file.

● Internal coherence test: Some variables contain maximum, 
minimum and mean values. In these cases, values that do 
not keep the condition maximum > mean > minimum were 
flagged. In addition, some variables are recorded at different 
hours of the day. The same two steps described previously 
are also carried out in these cases. For example, generally, 
the temperature in the first hours of the day should be lower 
than the temperature at noon. Then, the same process is car-
ried out as previously explained to flag values.

● Limit test: Some variables are bounded by upper and/or 
lower limit values. Tenths of covered sky are one of these 
variables. The lower limit is 0, and the upper limit is 10. 
Therefore, values above 10 correspond to errors, and these 
values were flagged.

We have also carried out a quality control by comparing 
data from neighbouring stations such as BABADA2 versus 
BABADA4, CCCACE2 versus CCCACE5 and BAVALD1 

versus BAVALD2. Comparing data from these stations, no 
point is out of the range defined by the best linear fit plus/minus 
three times the standard deviation. Instead, some relevant dis-
crepancies between the values of the measurements taken at 
neighbouring stations can be found. For example, that occurred 
in January 1882, when the monthly average of the temperature 
recorded at BABADA2 was 5.0°C and it was 8.7°C according 
to BABADA4, and that in January 1881, when the monthly 
mean temperature calculated from BAVALD1 was 4.6°C and 
that provided by BAVALD2 was 9.1°C. Note that, these values 
are not outliers and, for that reason, no flag was indicated in 
the database. These differences can be due to different kind 
of instruments used to measure, particular conditions in the 
locations of the stations, different number of observation days 
in a month, etc. In total, 188,140 values were analysed by this 
quality control procedure. This represents around 24% of the 
total dataset. The incorrect or suspicious values are flagged by 
an asterisk in the digitized files. In total, there are 807 values 
flagged (0.4% of the total data analysed). The percentage of 
these suspicious values in each variable is as follows: 62% for 
pressure values, 35% for temperature, 2% for humidity and 1% 
for cloud cover. These values were not corrected due to the fact 
that the real value is not known. Moreover, no unit change was 
carried out (also in the entire dataset). Taking into account, 
the set of 807 values flagged, and the percentage of suspicious 
values in each variable is as follows: 62% for pressure values, 
35% for temperature, 2% for humidity and 1% for cloud cover. 
We note that the percentage of the number of data analysed in 
this work by the quality control with respect to the total data 
included in the dataset, and the percentage of the incorrect or 
suspicious values detected is similar to those obtained in other 
works. For example, Domínguez- Castro et al. (2017) analysed 
a quality control around 30% of data and detected 0.3% of 
problematic values.

2.4 | Data description

A large number of meteorological observations were re-
trieved from 131 locations of the Extremadura region and 
from the location of Campo Maior (located in the bor-
der of Portugal –  around 20 km northwest of Badajoz, see 
Figure 1). In total, 772,253 meteorological observations were 
recovered. These records include daily, monthly, annual and 
decadal observations. In some stations, such as Cáceres and 
Badajoz, five sub- daily meteorological observations were 
recorded at 7 a.m., 8 a.m., 1 p.m., 4 p.m. and 6 p.m. The 
earliest observations included in this database correspond to 
the observations recorded at Zafra in 1826, while the most 
recent observations were those of cloud cover and sunshine 
duration made in Badajoz in 1955. Campo Maior data series 
cover the longest period of time and have the highest number 
of data points. In total, the Campo Maior series is composed 
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   | 213VAQUERO Et Al.

F I G U R E  3  Observational period covered for each station. The meteorological variables recorded at each station and the temporal resolution 
is also shown. The legend indicates the temporal resolution: D –  daily; M –  monthly; Dc –  decadal; Y –  annual. The letters of the colour legend 
indicate the meteorological variables recorded: T –  temperature; P –  pressure; R –  rain; O –  others
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of 481,692 meteorological observations. Figure 1 shows the 
geographical distribution of the locations with data included 
in the database CliPastExtrem.

The meteorological variables recorded in each station 
were not necessarily the same. Figure  3 shows informa-
tion of the period covered for each station. Data from 12 

F I G U R E  3  (Continued)
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different categories of variables, shown in Table  2, were 
recorded in the stations included in the dataset. These cat-
egories are pressure, temperature, wind, humidity, precipi-
tation, evaporation, visibility, clouds, state of sky, sunshine 
duration, ozone and others. These 12 categories of vari-
ables contain 256 sub- variables, such as number of rainy 
days, maximum daily precipitation, temperature oscillation 
and number of frost days. Temperature, wind and pressure 
are the categories that encompass the largest number of 
sub- variables (179 almost 70%). Table  2 also shows the 
percentage of each variable makes up of the full dataset. 
As can be seen, the variable with the highest number of 
data is wind (21.40%), followed by temperature (19.45%) 
and pressure (15.81%). A general description of units and 
instruments used in the stations is given in the following 
paragraphs. Details for each station are provided in the sta-
tion data files.

The temperature was measured with thermometers, such 
as standard thermometers (e.g. Casella and Fuess) or ex-
treme thermometers (Tonnelot or Six's thermometer), and 
it is expressed in Celsius or Reaumur degrees. According to 
the metadata, the monthly and annual averaged temperatures 
were calculated as the average between the maximum and 
minimum daily temperatures.

The atmospheric pressure is generally expressed in mm 
of mercury at 0°C and is corrected by capillary effects of the 
mercury tubes. When the station level pressure is available 
(there are stations without this information), information is 
given in the text files. The atmospheric pressure was mea-
sured with barometers, generally with the Tonnelot barome-
ter, and although in Campo Maior, it was measured with the 
Kew barometer. A description of these instruments is given 
by Brombacher et al. (1960). Barographs were also available 
at Badajoz and Cáceres stations, such as Tonnelot or Weight 
Richard Barograph.

The most frequently observed wind direction at the time 
of observation was considered the dominant wind direction 
for that day. The daily wind path is the distance tracked by 
the wind from a certain time of the previous day to the same 
time of the date of the daily record. In case, data have other 
time scales (monthly or annual), and the wind path is accu-
mulated during that period. This information was obtained by 
anemometers and wind vanes.

The rain was generally measured, according to the in-
formation displayed on the documentary sources, with 
Hellmann rain gauges. However, it was also measured with 
Hervé Magnon rain gauges (e.g. at Granja Badajoz station) 
and with Babinet udometer (e.g. at Campo Maior station). 
This variable is expressed as the height that the precipitated 
water would reach on the horizontal ground if it did not run, 
evaporate or filter. One day is considered as rainy when the 
rain measured was equal to or greater than 0.1 mm. Snowy 
days are those days in which this phenomenon occurred, 
even if it rained, not counting them as rainy days. The daily 
amount of rain is the fall measured from a certain time of the 
previous day to the same time of the date of the daily record. 

T A B L E  2  Variables recorded and their units. Note that the 
variables recorded in each station were not necessarily the same

Variable Units
Number of 
sub- variables Percentage

Pressure mmHg, 
inches

38 15.81

Temperature °C, Reamur 90 19.45

Wind km/h 51 21.40

Humidity % 10 7.29

Precipitation mm 10 10.51

Evaporation mm 2 2.50

Visibility - 7 0.35

Clouds Several 18 12.60

State of Sky - 13 3.17

Sunshine duration h 3 3.13

Ozone ozonometric 
degrees

1 0.73

Others - 13 3.01

F I G U R E  4  Mean temperature 
observations recorded in all the stations with 
data for the period 1880– 1889 retrieved in 
this work. Each colour represents one station
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In case, data have other time scales (monthly or annual), and 
the amount of rain is accumulated during that period.

The water vapour pressure is expressed in mm of mer-
cury, and the relative humidity as a percentage of the amount 
of vapour that would be required to saturate the environment 
for a given temperature. Both were generally calculated from 
temperatures measured with psychrometres. However, in the 
particular case of Alange station during the years 1866 and 
1868, the Saussure hair hygrometer was used. Evaporation 
was measured by Piche evaporimeters and is expressed in 
mm such as the rainfall data. The actinometric measurements 

were recorded with an Arago actinometer at Cáceres sta-
tion during the period 1913– 1923. The unit is expressed in 
Celsius degrees. The ozone was measured at Campo Maior 
station with a James ozonometer. The unit is expressed in 
ozonometric degrees.

On the one hand, some stations expressed the cloud cover 
in tenths, octas or quarters of clouds. On the other hand, 
other stations used the terms ‘clear’, ‘cloudy’ and ‘overcast’ 
in order to estimate the amount of 2/10clouds that covered the 
sky. As an example, regarding the measurements in tenths of 
clouds, the days of average cloud cover lower than 2/10 of the 

F I G U R E  5  Monthly maximum temperature recorded in Extremadura in July (left panel) and August (right panel) 1936

F I G U R E  6  The BAALAN2 station file showing an example of the file structure
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total sky were considered by observers as clear days, the days 
above 8/10 as overcast and the intermediate ones as cloudy. 
The days of persistent fog were considered as overcast, and 
if the fog disappeared during the morning, leaving the sky 
without clouds, as clear.

All the meteorological variables recorded at each station 
are shown in Figure 3. The letters of the legend indicate the 
meteorological variables recorded: T –  temperature; P –  pres-
sure; R –  rain; and O –  others. The temporal scales of the dif-
ferent documentary sources are as follows: 79.80% for daily 
data, 17.32% for monthly data, 0.02% for annual data and 
2.85% for decadal data. There are series covering periods of 
one year or less, but these series only represent 0.20% of the 
data. Regarding the different variables, 33.55% of the series 
contain temperature, 13.81% of the series contain pressure 
and most of the data series contain rainfall readings.

3 |  DATA APPLICATIONS

As an example of the potential utilization of this database, 
Figure 4 shows the temporal evolution of the monthly mean 
temperature values recorded in all the stations with data dur-
ing the period 1880– 1889. It must be highlighted that the sta-
tions CACACE5, PTCAMP4 and, in particular BAALAN4, 
recorded a mean temperature in the winter of 1885 lower than 
in most winters of that decade and the summer of that same 
year was generally colder according to all stations. These 
facts could be still a consequence of the great eruption of 
Krakatoa volcano in August 1883 (Dörries, 2003; Obregón 
et al., 2020). However, this conclusion should be taken with 
caution taking into account the 2- year lag. Other examples of 
this are the cases of the data from Zafra between 1826 and 
1827, which served to complement a study of precipitation 
and temperature indices from 1750 to 1840 using visual me-
teorological descriptions (Fernández- Fernández et al., 2014), 
and the data from Badajoz between 1830 and 1833, which 
were used to evaluate a great landslide occurred in 1831 
trigger by meteorological conditions (García- Garrido et al., 
2020).

Another example of possible use of the database can be 
found in Figure 5 where we depict the monthly average of the 
maximum temperature recorded at Extremadura in July and 
August 1936. We selected this year because its summer was 
very warm around the world (Conwan et al., 2017; Donat et al., 
2016). There are ten Extremadura stations with data available 
in July 1936. Unfortunately, only five stations recorded data 
in August 1936. In order to obtain a spatial representation of 
these monthly temperature fields, we have interpolated using 
the inverse distance weighted interpolation scheme. A signif-
icant warm August also occurred in Extremadura (Figure 5), 
where it can be seen that the monthly maximum temperature 
in Talavera la Real (38.9°N, 6.75°W) was 38.9°C, and it was 

37.4°C in Barrado (40.2°N, 5.9°W). In any case, note that the 
data are in their original units in this database.

4 |  DATASET ACCESS

All the recovered records are publicly available at the World 
Data Center PANGAEA at https://doi.panga ea.de/10.1594/
PANGA EA.925807. The dataset is provided in a zip file 
containing 157 text files. Each file contains data and meta-
header. The metaheader is located in the first few lines of 
the file. The structure of the metaheader is composed of dif-
ferent elements: ID of the station, location, latitude and lon-
gitude, observational period covered by the series, altitude 
of the stations when this information is available, temporal 
scale and meteorological variables. The meteorological data 
are presented in the following lines of each file. The first 
columns provide the temporal information (year, month, day 
and hour), and the meteorological variables are represented 
in the following columns. The file names are composed by 
the ID of the station following a simple structure: The first 
two letters indicate the province of Extremadura where the 
station is located (CC for Cáceres and BA for Badajoz), and 
the next four letters indicate the name of the place where 
the station is located and then a number is shown. The num-
ber is due to the fact that there are stations with more than 
one file. A similar nomenclature has been applied to the file 
names of Campo Maior station, but in this case, the first 
two letters indicate the country of Portugal (PT). Figure 6 
depicts the BAALAN2 station file, that is the data file num-
ber two for Alange (Badajoz), showing an example of the 
file structure.

5 |  SUMMARY AND 
CONCLUSIONS

A dataset including more than 700,000 meteorological ob-
servations made in 131 locations of Extremadura (south-
west of Spain) from 1826 to mid- 20th century is presented 
in this work. Meteorological variables such as temperature, 
pressure and precipitation, inter alia, were retrieved from 
these observations. These records include sub- daily, daily, 
monthly, annual and decadal series. Note that, around 80% 
of the recovered data correspond to daily records. Different 
kinds of documentary sources such as scientific annals, 
newspapers and monographs were consulted to carry out 
this work.

After digitizing all data, we have applied a basic quality 
control in order to find outliers or suspicious values. Thus, we 
have analysed around a quarter of all data, detecting 0.43% 
of problematic values with respect to the analysed data. Both 
percentages are similar to those obtained in other works 
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(Domínguez- Castro et al., 2017). The dataset is publicly 
available at the World Data Center PANGAEA (https://doi.
panga ea.de/10.1594/PANGA EA.925807).

Several studies have highlighted the importance of re-
trieving long meteorological series. Climate change is im-
posing new maximum and minimum temperature records 
in both Iberian countries at a wide range of temporal scales, 
from daily to decadal. It is important to contextualize these 
extreme events, and the associated climate tendencies 
using long- time series. For example, Portugal achieved an 
all- time record of 47.3°C during the extreme heatwave of 
2003 (Trigo et al., 2006), while Lisbon attained its top rank 
temperature of 44°C in the recent heatwave of August 2018 
(Sousa et al., 2019). In both cases, the possibility of com-
paring these new record values with longer homogenized 
time series starting in mid- 19th century is relevant to as-
sess their return periods and the likelihood of an anthro-
pogenic fingerprint. Note that, the values included in our 
dataset are not homogenized. Even short historical series 
have been used to study past extreme events, as previously 
mentioned (e.g. Domínguez- Castro et al., 2013). Some 
projects published digitized data from meteorological ob-
servations made in Extremadura. Therefore, this database 
will help to better understand the climate of this region lo-
cated at the southwest of Spain. Moreover, it can contribute 
to global studies on meteorological events that occurred in 
the Iberian Peninsula and Europe in the past or to be assim-
ilated in reanalysis experiments.
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APPENDIX 1

Documentary sources consulted
-  Observatorio Central Meteorológico (España). 1914. 

Resumen de las observaciones meteorológicas efectua-
das en la península y algunas de sus islas adyacentes 
durante los años 1911 y 1912. Observatorio Central 
Meteorológico.

-  Observatorio Central Meteorológico (España). 1915– 
1932. Resumen de las observaciones meteorológicas 
efectuadas en las estaciones del Servicio Meteorológico 
Español durante el año 1913– 1926. Observatorio Central 
Meteorológico.

-  Observatorio Central Meteorológico (España). 1932– 
1950. Resumen de las observaciones efectuadas durante 
el año 1927– 1937. Observatorio Central Meteorológico.

-  Annaes do Observatório do Infante Dom Luiz em Lisboa. 
1863– 1939. Vols. 1– 77.

-  Observatorio Astronómico de Madrid (España). 1884– 
1904. Resumen de las observaciones efectuadas en la 
Península y algunas de sus islas adyacentes durante los 
años 1876– 1901. Observatorio Astronómico de Madrid.

-  Anuario del Servicio Meteorológico Español.
-  Monografía de las aguas y baños minerales de Alange. 

1829, 1838, 1847, 1848, 1850, 1861, 1865, 1866, 1868, 
1872, 1876– 1887, 1889– 1893, 1895– 1901. – Manuscripts 
preserved in the Library of the Universidad Complutense 
(Madrid, Spain).

-  Monografía de las aguas y baños minerales de 
Montemayor. 1839– 1842, 1844, 1845, 1860– 1866, 1876, 
1879, 1880– 1885, 1887, 1889– 1892, 1894– 1901, 1916. 
Manuscripts preserved in the Library of the Universidad 
Complutense (Madrid, Spain).

-  Boletín del Observatorio Meteorológico del Colegio de 
Nuestra Señora del Recuerdo. Madrid. Published data of 
the meteorological station of the “Colegio de San José” 
(Villafranca de los Barros, Badajoz, Spain).

-  Revista de Extremadura. 1899– 1902. Observaciones me-
teorológicas tomadas en Cáceres referentes a los años 
1897– 1901. Tomo I– IV. Revista de Extremadura.

-  Gazeta de Madrid. Colección histórica. 1863– 1901. 
https://www.boe.es/busca r/gazeta.php?

-  Consultas y Decretos del Duque de Feria. Archivo 
Municipal de Zafra, Badajoz (Spain).

-  Logbooks of Meteorological Observations. Library of 
Territorial headquarters of the AEMET in Badajoz.
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