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KEYWORDS: ABSTRACT: Cli-DaRe@School is a citizen science project, started in spring 2022, whose main goal
Climate; is to make a remarkable step forward toward the digitization of the huge heritage of historical
Climate change; Italian meteorological observations. These are still largely unexploited, as many records are only
Climate records; available on paper or as scanned images. In the first year, the project focused on four comprehen-
Time series; sive monographs including about 6000 records of monthly temperature and precipitation data.
Education A team of 334 students from 10 different high schools in Italy was engaged. Each school was

assigned pdf files containing the scanned pages to digitize, along with spreadsheet templates
for data entry and related tutorials. The person-hours dedicated to data digitization were about
4000, making about 4000 pages digitized. Students had the opportunity to join a training pro-
gram consisting of seminars to delve into various aspects of climate change and meteorology,
and specific activities aimed to make them aware of the potentialities of the recovered data.
Cli-DaRe@School is an important two-fold initiative: It demonstrated the potentialities of high
school students in providing an enormous contribution to past meteorological data rescue and
proved to be of great educational value, offering young students an easy hands-on experience
with climate data and making them more conscious of how science investigates past climatic
trends. Therefore, we decided to continue with this experience and to make Cli-DaRe@School a
permanent project to be offered to schools every year.

SIGNIFICANCE STATEMENT: Meteorological archives worldwide contain considerable amounts
of data available only on paper and, therefore, not easily usable for research. The cause is
mainly the lack of resources for their digitization. This work, presenting the digitization of about
4000 pages of meteorological data performed by high school students, demonstrates how citizen
science is an amazing resource for recovering this remarkable cultural heritage, achieving a two-fold
benefit: contributing to scientific research through massive digitization of meteorological archives
and training young generations by raising their awareness of the environment and climate change.
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1. Introduction

Historical weather observations are crucial for the science of climate. However, a wealth of
old weather records is still available only on paper and hence hardly accessible and, even
worse, exposed to serious risks of damage or loss. Rescuing these data requires a huge amount
of work, and the resources so far available for professional keying were far from being suf-
ficient to process all the available records. Therefore, the digitization of past meteorological
observations is a critical goal for many meteorological services worldwide.

Projects pursuing climate data rescue have considerably increased since the turn of the
century. This was favored by concerted international initiatives (e.g., Allan et al. 2011;
Bronnimann et al. 2018) and by the growing contribution of citizen science activities (Brunet
and Jones 2011; Ryan et al. 2018; Hawkins et al. 2019; Mateus et al. 2021; Hawkins et al.
2022; Teleti et al. 2024; Hawkins 2024). Nevertheless, the fraction of historical data not yet
digitized is still very large in most countries (e.g., Bronnimann et al. 2019).

In the history of meteorology, Italy had a pivotal role in the development of observations,
starting from the invention of some of the most important instruments to the establishment
of the first multinational network of observations within Europe (Camuffo and Bertolin 2012).
For these reasons, a huge heritage of enormously valuable data has been accumulated in
many Italian archives over the past three centuries, including the data of several records
starting in the eighteenth century (see e.g., Cocheo and Camuffo 2002; Maugeri et al. 2002;
Di Napoli and Mercalli 2008; Camuffo et al. 2017). A great part of these data are, however,
not yet available in a computer-readable format.

In this framework, the Italian Association of Atmospheric Sciences and Meteorology
(AISAM) launched the project Cli-DaRe@School in spring 2022, which is the branch of the
project Citizen Science for Italian Climate Data Rescue (Cli-DaRe) specifically meant to engage
high school students in climate data rescue. The engagement of the students relied on “dual
training” (learning and working), which offers to the students in the last 3 years of Italian
high schools an opportunity to spend some time in an internship at a company or an institu-
tion where they work on a specific assignment. In the Cli-DaRe@School project, each student
is committed for about 30-40h, including 10-15 h dedicated to data entry and the rest to
other learning activities. During the school year 2022/23, ten Italian schools from different
Italian regions participated in the project engaging 334 students. The activities allowed
keying about 4000 pages of data.

This paper aims to present the activities performed and discuss what we learned from the
first year of this project.

AMERICAN METEOROLOGICAL SOCIETY BAMS

[MM[AU%CCHHUL%COL@ gm\ nlnEzé;I(g)S/NQS 12:21 PM UTC



2. Data sources and methods for the keying and the checking of the records

The selected data sources were four monographs published by the Italian Hydrographic
Service, which are so far available as hard copies only. Three of them are collections of
monthly precipitation records [Ministero dei Lavori Pubblici (Consiglio Superiore delle
Acque - Ispettorato del Servizio Idrografico) 1918, 1919, 1920; Ministero dei Lavori Pub-
blici (Consiglio Superiore delle Acque — Servizio Idrografico) 1921; Ministero dei Lavori
Pubblici (Consiglio Superiore — Servizio Idrografico) 1925, 1928, 1930, 1955, 1956, 1957,
1958, 1959] and one is a collection of monthly temperature records [Ministero dei Lavori
Pubblici (Consiglio Superiore — Servizio Idrografico) 1966]. The first monograph containing
precipitation data covers the years before 1916 (ERED-pre-1916), while the other ones span
the periods 1916-20 (ERED-1916-1920) and 1921-50 (NHS-P-1921-1950), respectively.
The monograph containing temperature data (NHS-T-1926-55) covers the period 1926-55.
These monographs are divided into volumes and/or files, and the data are reported in tables
summarizing data from single stations. In the three monographs concerning precipitation,
the data are total precipitation and the number of rainy days for each month. The monograph
concerning temperature has a similar organization. However, two data tables are reported for
each station: the first for the monthly averages and the second for the monthly extremes of
daily minima and maxima. In all monographs, metadata are provided before each station’s
data table. More details on these data sources are reported in Table 1, whereas examples of
the layout of the data tables are shown in Figs. 1a, 2a, 3a, and 4a.

All the data sources were first scanned, and the resulting images were saved in Portable
Document Format. Then, the pages to be processed were selected and distributed to
the schools participating in the Cli-DaRe@School project. To do this, we prepared an OneDrive
directory for each school and uploaded the scanned volumes of interest and a spreadsheet
reporting the list of the pages to be processed. The OneDrive directories of the schools can
be accessed for reading by all students and for editing by their teachers, allowing them to
upload the digitized data.

We also provided spreadsheet templates for data keying (Figs. 1b, 2b, 3b, and 4b). They
replicate the same structure of the pages to digitize, with data and metadata informa-
tion to be inserted in specific assigned cells, so that the following check of the digitized
spreadsheets can be automatically done with specific R code. In these spreadsheets,
the cells reporting yearly or 10-yr statistics are subjected to conditional formatting rules.
Specifically, they become green when the reported digitized values match the correspond-
ing ones obtained from the spreadsheet. If these control cells do not become green, the
students are therefore invited to carefully check the corresponding entries and to correct
any mistakes.

Besides the templates, we also provided detailed instructions for scholars. The first point
of these instructions concerns the naming of the files produced by the students, which
have to allow us to identify (i) the data source; (ii) the volume or file within the data source;
(iii) the page number of the data table; (iv) the name of the station; and (v) the class, the school,
and the name of the student who performed the digitization. These strings must naturally
be formatted following our instructions to allow us to decode them correctly. The second
point of these instructions concerns the metadata. In this case, the most critical issue con-
cerns the coordinates, which must be entered correctly by digitizing the symbols indicating
the degrees and the primes and specifying whether the longitude is west or east of the refer-
ence Rome Montemario meridian. The last point concerns data entry. All cells for data entry
are prefilled with the character “>,” indicating the missing data. Then, the students must
replace them with the monthly data and the yearly or 10-yr (or long-term) statistics. These
data are automatically checked through conditional formatting rules: In the instructions,
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TasLe 1. Details on the data sources used within the Cli-DaRe@School project. They are ERED-pre-1916 [Ministero dei Lavori
Pubblici (Consiglio Superiore delle Acque - Ispettorato del Servizio Idrografico) 1918, 1919, 1920; Ministero dei Lavori

Pubblici (Consiglio Superiore delle Acque - Servizio Idrografico) 1921; Ministero dei Lavori Pubblici (Consiglio Superiore —
Servizio Idrografico)1928], ERED-1916-1920 [Ministero dei Lavori Pubblici (Consiglio Superiore — Servizio Idrografico) 1925,
1930]; NHS-P-1921-1950 [Ministero dei Lavori Pubblici (Consiglio Superiore — Servizio Idrografico) 1955, 1956, 1957, 1958, 1959],

and NHS-T-1926-1955 [Ministero dei Lavori Pubblici (Consiglio Superiore — Servizio Idrografico) 1966].

ERED-pre-1916

Vol. 1: Peninsular Italy
(vol divided into nine files).
Vol. 2: Po River catchment.
Vol. 3: other catchments of

northern Italy.

Before 1916. The longest
record starts in 1725

No. of volumes/files

Covered period

No. of data pages 1515

No. of stations 2186

Was this data source Only for a negligible number
already available in of stations
computer-readable

format?

Did we rescue this Yes

data source entirely?

Station position
available?

Yes, in degrees and minutes.
Lon expressed with reference
to Monte Mario meridian

Station elevation
available?

Station name available?

Data reported Monthly and yearly
precipitation, monthly and
yearly number of rainy days,
totals and averages for each
month and for the year for
precipitation, and number
of rainy days over the entire

period covered by the data

Symbol of missing data ?

A data table sometimes
refers to more than one
station within the same
municipality. In this case, an
additional row is added to
the table in correspondence
of the station change in
order to provide the new
metadata. When a year has
no data, it is not reported in
the table. Consecutive rows
may therefore not concern
consecutive years

Notes

ERED-1916-1920

These data sources update
ERED-pre-1916. Vol. 4:
Peninsular Italy. Vol. 5: Po

river catchment. Vol. 6: other
catchments of northern Italy.

1916-20

382
1519

Only for a negligible
number of stations

Yes

No, station position is
reported only in Vol. 6

NHS-P-1921-1950

These data sources are
organized in 14 files
(1,2,3,4,5,6,7,38,9, 10,
11, 12A, 12B, 12Q).

1921-50

3614
3614

Yes, for some specific
catchments/regions
(about 55% of stations
was already available in
computer-readable format)

No, we considered only
the data not yet available
in computer-readable
format (i.e., 1579 pages/
stations were assigned to
students)

Yes, in degrees and
minutes. Lon expressed
with reference to Monte

Mario meridian

Yes, for all data sources

Yes, for all data sources

Monthly and yearly
precipitation, monthly and
yearly number of rainy days,
totals and averages for each
month and for the year for
precipitation, and number
of rainy days over the entire
period covered by the data
in ERED-pre-1916 and
ERED-1916-1920

?

Station position is not
reported because this data
source is just an update
of ERED-pre-1916. This is
also why the long-term
averages are reported,
considering also the data in
ERE-pre-1916. When a year
has no data, it is not
reported in the table.
Consecutive rows may
therefore not concern
consecutive years

Monthly and yearly
precipitation, monthly and
yearly number of rainy
days, averages for each
month and for the year for
precipitation, and number
of rainy days over each
10-yr period and over the
entire 30-yr period

>>

The data tables always
cover the 1921-50 period,
even when the period
covered by the data
is shorter

NHS-T-1926-1955

File 1: northern Italy.
File 2: central Italy. File 3:
southern Italy and main
islands.

1926-55

612
612

Only for a negligible
number of stations

No, only 433 pages/stations
were assigned to students

Yes, in degrees and
minutes. Lon expressed with
reference to Monte Mario
meridian

Monthly and yearly
averages of daily min and
max temp, averages for
each month and for the year
for these variables over each
10-yr period and over the
entire 30-yr period

>>

The data tables cover
always the 1926-55 period,
even when the period
covered by the data
is shorter
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Fic. 1. (a) Layout of a data page from the data source ERED-pre-1916. This data page concerns the station
Vol. 2, File 1); (b) layout of the template we provided to schools to digitize this data source.

we explain these rules and we indicate how to use them to check possible errors in the entered
values. The instructions end with some recommendations, e.g., the indication to avoid copy/
paste operations that can delete the formatting rules of the spreadsheet.

All students were assisted in the digitization work by one or more teachers from their own
school and by a contact person from the Cli-DaRe@School team.

We also prepared a detailed quality-checking procedure to control the files provided by
schools. The first step of this procedure verifies whether all the files expected from each
student are present and their names are correctly coded. Then, we check, by means of an R
code, if the spreadsheet has the right format, with no values outside the cells in which we
expect to find them, and with no changes in the cells which are not to be edited by students
(e.g., the cells with the names of the months). The code also checks the metadata, starting
from the cells containing the station’s name and the page number, comparing them with the
same information obtained from the file name. We then move to latitude and longitude, and
finally, we check if the cell containing the station’s elevation is formatted correctly. Afterward,
we use a second R code which allows checking the data by comparing the calculated yearly
sums (or averages for temperature) with the corresponding values entered by students. The
same check is also performed for the monthly 10-yr averages (when present) and for the aver-
ages over the entire considered period (not present for 1916-20 data).

All these checks are performed by cycling over the files provided by each school, and an
output file is produced reporting if errors are present and indicating which are the errors
for each file. Then, the procedure requires quickly opening each Excel file. If no errors are
reported, it only requires checking a few values to be sure that the data provided by each
student were not copied from the data of another station. Otherwise, if the R code indicates
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mm_days | mm_days | mm_days| mm days | mm_days| mm days| mm days| mm days| mm days | mm days| mm days

116 [$5 5 [152 9 [196 10 (307 8 |60 2 |13 I |08 1 |00 0 [160 5 |74 3 [135 9
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Fic. 2. (a) Layout of a data page from the data source ERED-1916-1920. This data page concerns four stations in Sicily (Page 12,
Vol. 4); (b) layout of the template we provided to schools to digitize this data source. The reported example concerns the station
of Girgenti.

one Or more errors, it is necessary to evaluate whether the data must be corrected or if the
error/errors are simply due to incorrect sums or averages in the original data tables.

3. Learning activities proposed to the students

One of the main goals of the Cli-DaRe@School project was to make the students aware of the
high relevance of climate data rescue activities. This has indeed been achieved through data
digitization, but other learning activities have also been proposed to reach this goal.

a. Introductory lectures. At the beginning of the project, we provided two introductory lec-
tures to each of the schools participating in the project: the first aimed at giving a general
presentation of the relevance of data rescue activities and the second focused on presenting
the specific data rescue activities proposed within the project.

The first lecture starts by discussing why we need long records of meteorological data.
This discussion highlights that the knowledge of both the spatial distribution of the climate
resources and observed climate change critically depends on the availability of a high-density
network of digital long-term station records. After assessing the relevance of past climate
observations, we summarize where we are with the rescuing of Italian past meteorological
data. This part of the lecture allows pointing out that, in Italy, the period with the highest
fraction of data yet to be rescued is the one starting from the establishment of the first na-
tional network (1860s-1870s) to the 1940s, whereas a higher fraction of data are available
in computer-readable format for the most recent and the earliest periods. Then, we underline
that the number of stations quickly increased in this period, highlighting that, when the
network of the Hydrographic Service was completely organized (1920s), several thousands of
thermopluviometric stations were in operation in Italy. The next step of the lecture provides
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Fic. 3. (a) Layout of a data page from the data source NHS-P-1921-1950. This data page concerns the station of Cerignale (Page
63, File 12C); (b) layout of the template we provided to schools to digitize this data source.

an estimation of the costs, in terms of manpower, which are necessary to rescue this huge
amount of data. This estimate allows us to point out that with the current rate of funding for
climate data rescue activities in Italy, managing the recovering of these data by means of
funded projects seems to be an impossible task. Then, we explain that citizen-science-based
projects can be excellent options for rescuing these data, also presenting successful initiatives
carried out in other countries (e.g., Hawkins et al. 2022). We finally present the Cli-DaRe@
School project, highlighting the key role that it can have in increasing the fraction of Italian
records of meteorological data available in computer-readable format. The general goal of
this introductory lecture is to motivate students by showing them the high relevance of their
work for a better understanding of climate and climate change.

The second lecture starts by presenting the data source we propose to the school. We then
explain the organization of the OneDrive folder created to share the materials, and we pres-
ent the spreadsheet associating the pages to digitize to each student. We finally present the
instructions and the template for data keying, and we digitize a few rows and a few columns
of the data tables together with the students showing them the role of the control cells with
the yearly totals and with the 10-yr means.

b. Tutorial on the importance of accurate station metadata. A series of meteorologi-
cal data to be used for climatic analysis must be referred to a specific point in space. Of
course, this sounds rather intuitive, but it is not always obvious when old records are
considered. Therefore, we set up a learning module aimed both to explain to students the
relevance of correct georeferencing of stations and to provide them with a methodology
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Fic. 4. (a) Layout of a data page from the data source NHS-T-1926-1955. This data page concerns the station of Trieste (Page 24,
Vol. 1); (b) layout of the template we provided to schools to digitize this data source.

for checking the correctness of the station coordinates. In this module, we first invite
students to read a brief text we prepared to explain basic geographic concepts, such as
the definitions of meridian, parallel, elevation, and the conversion of coordinates from
sexagesimal degrees to decimal degrees and vice versa. Since, in the data sources, the
coordinates are expressed with respect to the ROMA4O0 reference system, in this text, we
explain how to convert them to the Greenwich World Geodetic System 1984 (WGS84) ref-
erence system. We then invite students to read another brief text we prepared to explain
how to check the correctness of the coordinates by means of the Google Earth web ap-
plication. Then, using this tool, students have to check if the station’s coordinates point
to a location with a name equal or similar to the station’s name. This task is performed
according to the flowchart in Fig. 5, where an example relative to the station of Madonna
di Campiglio (Fig. 5b) is shown.

At the end of this activity, students are requested to report the results of their checks in a
spreadsheet, according to a template we provided them.

c. Tutorial on errors and inhomogeneities in the data records. Long-term series of
meteorological data may be affected by errors and inhomogeneities (Aguilar et al. 2003;
Brunetti et al. 2006) that can affect the temporal signal we want to study. This issue is not
intuitive for students, as in their perception, precipitation and temperature are easy to
measure, and they cannot imagine how relevant problems may affect related records.
Therefore, we decided to prepare an informative text on this issue. Its first goal is to
explain that the measure of precipitation and air temperature is not so easy, especially when

AMERICAN METEOROLOGICAL SOCIETY BAMS IMaAﬁ%gnﬂc;%e%%Bow\’nlgeégaq)y%/ﬁ 12:21 PM UTC



coordinate
and name
coherent?

Yes No

Does
elevation
match
longitude and
latitude?

we find on

Google Earth a
location

corresponding to

2

Yes

Yes

Y

Coordinates do Latitude and v
not pre.sent longitude are not Yes / establish that We keep
relevant issues accurate. coordinates the
We search for a are wrong? indicated
neighboring point coordinates
maximizing the
matc};sg‘(:;?il:l;me’ We try correcting | | We keep the
P : coordinates indicated
elevation coordinates

Moving around the selected .

point the gradient of the S Station name: Madonna di Campiglio;
clevation is high being located [ % st 48 Digitized coordinates: 46° 14* - 1° 37" W
in a mountain region. Tn y (Monte Mario meridian) - 1553m
particular, moving towards the

centre of the city the elevation

decreases and becomes more f The position is close to Madonna di

similar to l_he digitized one. ¢ Campiglio. Coordinates and name, are
The station was probably opiT coherent.

located in the centre of the city.
A suggested position giving a
better matching between name,
coordinates and elevation is
46.234° - 10.827° - 1553m.

Gopgle Farth

Fic. 5. (a) Flowchart reporting the main steps of the station’s coordinate check. (b) Example of the
coordinate check for the station of Madonna di Campiglio. The yellow point shows the digitized
coordinates, while the red point shows the revised coordinates after the check.

it is performed at sites which are not optimal for such measurements (WMO 2023), a condition
that is rather frequent in the data sources we considered, especially for the many stations
located in urban areas. In other cases, the stations were located rather close to the observer’s
house or to other natural or artificial obstacles potentially influencing the measures. We
tried, therefore, to explain to the students that, in these situations, any possible change in
the environment around a station or any possible small displacement of it may cause relevant
inhomogeneities in the data series. Other inhomogeneities may arise from changes in the
instruments and instrument screens. Moreover, relevant inhomogeneities may occur when
a record in the data sources is actually referring to two (or more) sites associated with the
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same station. The second goal of the informative text is to explain how the potential inho-
mogeneities present in the data records can be managed. This text therefore explains that
monthly temperature and precipitation records generally have a rather high spatial coher-
ence, allowing us using the neighboring stations to produce a reference record to test the
homogeneity of the considered station record.

For each station digitized by the students, we performed a first homogeneity check of its
record (test series), by verifying the consistency with a reference series reconstructed by
interpolating the data of the neighboring stations already available in our dataset [follow-
ing the procedure described in Crespi et al. (2021)]. An example of this activity is shown in
Fig. 6. Even in this case, we helped the students by providing a template spreadsheet together
with detailed instructions.

d. Additional training activities. The project team researchers proposed seven follow-up
meetings on meteorology, climate, and climate change to be held in person and remotely
to reach a larger number of students. The aim was to provide students with basic concepts
to understand not only the importance and the goal of their activity in the frame of the
Cli-DaRe@School project but also to make them more aware of the complexity of the cli-
mate system and the relevance of the climate change issue. A final online event was also
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Fic. 6. Comparison between yearly precipitation records with corresponding reference series records for (a) Fleri station that
has a good agreement with its reference record and (b) Dongo station that has a clear inhomogeneity between 1934 and 1935.
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organized to share the results of the first year of activities among the participants in the
Cli-DaRe@School project. At this event, after an introduction by the project staff, we invited
the General Director of the Italian National Meteorological Agency—ItaliaMeteo, to give a
talk emphasizing the importance of the Cli-DaRe@School project and encouraging its con-
tinuation in the years to come. However, the protagonists of the event were above all the
students who illustrated the results of their activities. The event was closed by a presentation
of the project team highlighting the work results and by an open discussion providing sug-
gestions for the organization of the project in the 2023/24 school year. Finally, we invited
students to participate in some conferences and other events organized by AISAM.

4. Results and discussion

Ten schools were engaged in the project over the 2022/23 school year (Fig. 7). The participa-
tion of the students was defined together with the involved teachers in several meetings orga-
nized from May to September 2022. The outcome was a series of learning agreements, signed
between the individual schools and AISAM. In these agreements, the terms of collaboration
were established with each school: the number of students and involved teachers, learning
objectives, methods of carrying out the educational path, and working hours predicted for
each student. The working hours of each student changed from school to school: our sug-
gestion was to plan about 40 h. However, for a significant fraction of the schools, this time
commitment was too high as students also had other dual-training activities, and the total
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Fic. 7. Italian schools engaged in the project in the school year 2022/23 and number of engaged students and teachers for each
school. The figure also provides information about the type of involvement, the assigned data sources, and the number of as-
signed pages and stations.
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number of hours to spend on these activities could not exceed a fixed threshold. In this case,
the schools could participate with a lower time commitment, deleting some learning activities.

The project involved 334 students and 20 teachers. The method used to engage the stu-
dents changed from school to school: For five schools (228 students), the participation of
entire classes was decided by the teaching staff, whereas for the other five schools (106 stu-
dents), the individual students had the possibility of selecting the Cli-DaRe@School project
among a range of proposed opportunities. Some institutes began the project activities in
October 2022, others started only at the beginning of 2023.

A total amount of 3909 pages of data (corresponding to 5717 station records) was assigned
to students for data digitization, distributed among various data sources as indicated in
Table 1.

For NHS-P-1921-1950 and NHS-T-1926-1955, each page had 5 metadata and 34 lines
(30years plus 3 decadal means plus one 30-yr mean) of 12 monthly and one annual value
for total precipitation and wet days or minimum and maximum temperatures to digitize,
corresponding to 889 entries per page. Nevertheless, for some stations, the actual number
of lines per page to digitize was lower because of missing data periods. For the other data
sources, there were fewer lines per page to digitize (up to 28 and 20 for ERED-pre-1915 and
ERED-1916-1920, respectively). In this case, however, the number of metadata to digitize was
higher because each page generally reported the values of more than one station. Moreover,
no lines without data were present because the missing years were not reported in the tables,
and also, the value of the year had to be digitized as it was not preindicated in the spreadsheet.

The working time necessary for the digitization of one page was, therefore, more or less
the same for all data sources: about 1 h, also taking into account the work time necessary for
students to check the instructions. The average rate of completion of the assigned digitization
work was 95%. This rate varied from school to school. The highest values were reached in
schools where the students chose to participate in the project, whereas the completion rate
was generally lower where the teaching staff decided the participation.

The rescue activity in this first year of the project significantly improved the data avail-
ability for Italy from 1950 backward (Fig. 8). In fact, if we take as reference the most extensive

-ISPRA/SCIA
-ISPRA/SCIA+Cli-DaRe

w !
3 3000
:]_) 5000
; 4000
o) 3000
B 20001 3004
g
(U 1000
Y— Q
O 1800 1850 1900 1950 2000
| -
8 1000
=
S
=

0

1800 1825 1850 1875 1900 1925 1950

Year

Fic. 8. Increase in data availability as a result of the Cli-DaRe@School project: The black curve represents
the availability of the ISPRA/SCIA dataset (the largest national dataset), while the red curve indicates
the enhanced availability attributable to the contribution of Cli-DaRe@School before 1950. The inset
shows the whole period covered by the ISPRA/SCIA dataset.
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dataset available nowadays for our country [the SCIA dataset of the Istituto Superiore per la
Protezione e la Ricerca Ambientale (ISPRA), https:/scia.isprambiente.it/], the data availability
has more than doubled between the 1920s and 1940s and before that, when few station
series were available in ISPRA/SCIA, we significantly increased the number of data, to few
hundreds of stations in the 1870s and 1880s up to about 1000 in the 1910s. This makes clear
the importance of the contribution of these students to a much more accurate reconstruction
of the climate of our country for the past centuries.

The check of the student data files is still in progress. We have already checked about
half of the stations, allowing us a reasonable view of the quality of the students’ digitization
activities. Indeed, metadata turned out to be a frequent source of errors, mainly the incor-
rect spelling of the station name or the incorrect entry of the coordinates, whereas a rather
low fraction of the students entered the data in the wrong cells. In addition, the fraction of
pages with differences between the calculated yearly sums (or averages for temperature)
and the corresponding values entered by the students turned out to be rather high (about
30%), even though about half of the cases did not depend on the digitization work but on
errors in the original data source. A rather low fraction of students (about 25%) completed
all their activities without errors in the digitized values. On the contrary, other students
(about 20%) performed a high number of errors (i.e., more than 100 errors over the assigned
10-15 pages). For some of them, these errors were mainly concentrated in a specific file
and, for instance, this can occur when a student forgets digitizing part of a data table. For
others, most of the produced files had many errors, indicating that the digitization was
performed with little attention.

The presence of a significant number of errors highlights that the detailed procedure we
set up to check the student data files and to correct their errors (see section 2) is very im-
portant to ensure the accuracy of the digitized data. This procedure requires a great effort
(about 6 min per digitized page), but this effort is rather small (about 10% in terms of working
hours) when compared to that necessary for data digitization. It is worth mentioning that this
checking was partly done by university students (attending programs for degrees in physics
and environmental sciences) working on their final dissertation within the Cli-DaRe@School
research team.

The remaining stations’ files not yet checked for the quality of the digitization are those
of ERED-pre-1916 and ERED-1916-1920 for which the monthly 10-yr averages and/or the
monthly averages over the covered period are not available, reducing the ability of our checks
to identify potential errors. For these files, a second digitization is in progress.

It is interesting to note that the number of students who attempted to cheat (e.g., by copy-
ing and pasting the digitized values from one datasheet to the next one) was extremely low.
This suggests that nearly all the students seriously accepted the commitment of accomplish-
ing their own assignments. However, a few students did not digitize the cells with the yearly
statistics, filling them with the appropriate Excel formulas. It is not clear for us whether this
was an attempt of cheating or simply an effect of a careless reading of our instructions: In any
case, it forced us to check all the sheets for this problem and to spend a significant amount
of time correcting the critical ones.

At the end of the project, we submitted a questionnaire to the students (see the online sup-
plemental material). The objective was to (i) probe the overall satisfaction with the proposed
activities, (ii) understand if the provided material is adequate, (iii) verify the expected and
reached objectives, and (iv) investigate the opinion of students about some ideas for future
perspectives of the project.

About half of the students (158 out of 334) completed the questionnaire. We consider
this result satisfying, considering that it was anonymous, and therefore, teachers could
not solicit noncompliant students. Moreover, the questionnaire was proposed at the end of
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May 2023, when the Emilia—Romagna region was subjected to a very strong precipitation
event with extensive flooding in the cities of two schools involved in the project (accounting
about 50% of all involved students) causing significant impacts to the schools and to some
of the students.

The questionnaire highlighted a higher satisfaction for the students who explicitly chose
to participate in the project (51 students, hereinafter students A), with respect to those who
participated as a class group (107 students, hereinafter students B). The difference between
these two groups of students clearly emerges from almost all of the questions (see supple-
mental material). A clear example is question 2.1 asking about the general satisfaction with
the project, which allowed us to realize that a positive answer (i.e., “definitely yes” or “more
yes than no”) was provided by 73% of students A and by 56% of students B.

Besides the satisfaction with the project, it was also interesting for us to verify whether
students perceived as not sufficiently qualifying the task connected with the digitization of
the data (question 2.2). In this case, we realized that 67% of students A provided a negative
response (“more no than yes” or “definitively no”), compared to 40% of students B. This sug-
gests us that some of the students did not fully understand the general framework of data
rescue activities and the great value of the rescued records and, in accordance with almost
all the other questions, it regarded more students B than students A.

Even though the fraction of students who provided comments or suggestions was rather
low (between 10% and 20%), their contributions were indeed useful to complete the picture
we got from the multiple-choice questions: A significant number of the comments asked for
more activities focusing on the analysis of the rescued records. Consistently, another topic
frequently raised concerned the too high amount of data to digitize. In conclusion, the gen-
eral picture is that students suggest reducing the digitization activities in favor of learning
opportunities linked to data analysis. This is not an easy issue as the digitized records are
provided at the end of the activities and must be subjected to a quality-checking procedure
before the analyses. However, in the future, we will add to the proposed learning opportuni-
ties a tutorial on the analysis of time series of meteorological data exploiting the data already
available in our hands.

Last but not least, we got very good feedback through one of the most important questions
of the entire questionnaire (question 4.1), which asked if the Cli-DaRe@School dual training
was useful to help students understand the huge work required to set up a robust dataset
necessary to investigate climate change, with 92% and 86% of positive answers for students
A and students B, respectively (see supplemental material). We also got good feedback when
asking if the seminars allowed students to get a general picture of the climate change issue.
In this case, the positive answers were 100% and 70% for students A and B, respectively.

We submitted a similar questionnaire to the teachers. It was aimed at evaluating both their
level of satisfaction and their perception of students’ satisfaction.

The level of satisfaction was higher for the teachers than for the students, as highlighted
by the question on the general satisfaction with the project (100% of positive answers).

Interestingly, the teachers seem too optimistic (85% of positive answers) in evaluating the
satisfaction of their students. This outcome is only slightly higher than the corresponding
result obtained from students A, while it is much higher than the result we got from students
B. This is probably because the teachers implicitly focus more on the level of satisfaction of
motivated students, and group A reflects this type of students, while group B includes both
motivated students and less motivated ones.

Finally, the level of satisfaction of the teachers turned out to be very high also concerning
the organization of the project (learning agreements, contacts with the team of researchers,
and the exchange of the project materials) with most of the answers falling into the category
definitely yes.
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From the comments and suggestions, the teachers also recommend reducing the digitiza-
tion activities in favor of learning opportunities linked to data analysis.

5. Conclusions

The activities we performed within the Cli-DaRe@School project in the school year 2022/23
allowed us to realize that students can make a huge contribution to rescue Italian meteorologi-
cal data. However, to set up a successful project, it is necessary to clearly explain the great
importance of data rescue tasks to scholars and to offer them, besides data digitization, other
learning activities related to the climate change issue. Specifically, we understood that the
amount of data to digitize should not exceed 10000 entries per student and that the work-
ing hours for digitization activities should not exceed 30% of the total working hours of each
student. In the school year 2022/23, we have often exceeded these thresholds assigning a
too high fraction of the activities to data digitization.

A critical issue of the Cli-DaRe@School project is that it requires a strong commitment,
in terms of working hours, both for the teachers of the engaged schools and for the team of
researchers leading the project. While the research team can be expanded by collecting funds
for the project, the level of commitment of the teachers seems to be more difficult to increase:
Most of the dual training projects that are proposed to the students of Italian high schools, in
fact, require only a marginal commitment of the teachers. To avoid this becoming a critical
limitation, we have to enhance the contribution of the project research team to the activities
supporting the teachers.

Another critical issue concerns the method used for recruiting the students. In the
school year 2022/23, we accepted both students who had voluntarily chosen to participate
in the project and students who participated as a class group. This approach maximized
the number of students, and this is indeed a great benefit in terms of rescued data. On the
other hand, students participating as a class group seldom have high motivation, and some
of them work with a low level of commitment. Also in the current year, the participation
is open to both groups of students. In the future, we have to decide whether it is better to
focus the project resources on the most motivated students or to adopt a more inclusive
approach.

Last but not least, rescued data have to be subjected to a detailed checking procedure
and included in already existing archives to enhance data availability both in terms of
available records and time periods covered by them. In the school year 2022/23, we have
engaged university students for this activity: We think they can be a valuable resource for the
Cli-DaRe@School project, and we aim to enhance their presence even more in the next years,
also by providing work-study programs for them.
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