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The ARCIS project

Abstract: Monitoring and description of the observed climate are extremely important not only on the scientific point of view,
but also for their contribution to decision making at political level. In fact, they represent both a crucial contribution to the
assessment of the climatological characteristics of a region, and a starting point for all activities related with planning of
infrastructures, land use and agricultural and energy production. In Italy, climate monitoring activities are currently covered
at local level by Regional Meteorological Services, and at national level by National Institutions like Aereonautica Militare and
CRA-CMA. The project ARCIS (ARchivio Climatologico per l’Italia Settentrionale), started in 2008 and now approaching its
first renewal, represents an effort done by some Italian Regional Meteorological Services in order to coordinate their activities
in the field of climatology. The main target of this project consists of building a unified, high-density and long term climatological
data base, which can be used in order to issue climatological products at super-regional scale, using shared methodologies for
the treatment of climatological data. In the present note is a description of the project, of its aims, of some preliminary results
and of its future perspectives.
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In Italy, hydrological and climatological monitoring
were institutionally covered by the Servizio
Idrografico e Mareografico Nazionale (SIMN).
After this Service was closed, starting from about
2001 its duties were assigned to local Regional
Meteorological Services (RMSs). Several of these
Services have taken up all monitoring activities and
associated duties, continuing to issue the main
official products offered by the SIMN for the
territory included in their administrative borders.
All the same, the fragmentation of these activities
into several contributions, depending on
administrative jurisdiction, has gradually produced
several differences between the climate services
offered by the different regions, together with some
institutional inefficiencies. These translated into a
general difficulty for the users in accessing the
climatological products and data, mainly due to the
fact that in some regions the official Institute
covering these activities has changed in time and
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INTRODUCTION
Monitoring and description of the observed climate
are extremely important not only on the scientific
point of view, but also for their contribution to
decision making at political level. In fact, they
represent both a crucial contribution to the
assessment of the geographical and the climatological
characteristics of a region, and a starting point for all
activities related with planning of infrastructures,
land use and agricultural and energy production.
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Riassunto: Il monitoraggio e la descrizione del clima osservato sono attività di grande rilevanza non solo ai fini della ricerca
scientifica ma anche ai fini della gestione territoriale. Esse infatti sono sia un contributo essenziale allo studio delle caratteristiche
climatologiche di una regione che la base di partenza necessaria per tutte le attività connesse alla pianificazione, all’uso del
territorio e alla produzione agricola e di energia. In Italia, le attività di monitoraggio climatico a livello locale fanno parte dei
compiti istituzionali dei Servizi Meteorologici Regionali, ma nello stesso tempo altre Istituzioni Nazionali, come l’Aereonautica
Militare e il CRA-CMA, svolgono simili attività a livello nazionale. Il progetto ARCIS (ARchivio Climatologico per l’Italia
Settentrionale), iniziato nel 2008 ed ora prossimo al suo primo rinnovo, rappresenta il tentativo di alcuni Servizi Meteorologici
Regionali italiani di coordinare le loro attività nel campo della climatologia. La principale finalità del progetto è la creazione
di un data base climatologico centralizzato, ad alta densità di stazioni e continuativo per lunghi periodi di tempo, che permetta
di pubblicare prodotti climatologici a scala sovra-regionale, utilizzando standard condivisi di trattamento dei dati storici a
valenza climatica. Nella presente nota è descritto il Progetto, i suoi obiettivi, i risultati sin qui ottenuti e le prospettive future.
Parole chiave: climatologia, Nord Italia, interpolazione spaziale, precipitazioni, controllo qualità di dati meteorologici.
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that the Institutional Reference at national level
may be different for each RMS, ranging from the
Environmental Agency, to Civil Protection Agency
or even to Institutes connected with the University.
Several efforts have been tried in order to offer
climatological products at national or at least superregional level. Some of these efforts are linked
to research activities mostly connected with
international or European projects (Brunetti et al.,
2006; Frei and Schär, 1998), others are the result of
the work of National Institutions coordinating the
activity of some of the RMSs (see for example the
experience of the ‘Sistema nazionale per la
raccolta, l’elaborazione e la diffusione di dati
Climatologici di Interesse Ambientale’, SCIA,
described in http://www.scia.sinanet.apat.it/). In
general, most of these climatological products are
characterised by problems in the time and space
coverage of the climatological observing network,
due to the difficulty in the collection of data (Frei
and Schär, 1998), or by low density of stations
linked to the choice of using only data of Institutes
monitoring climate at national level, like
Aereonautica Militare (Toreti and Desiato, 2007;
Toreti et al., 2006; Brunetti et al., 2006).
The growing difficulties recognised by the RMSs
in covering their duties related with climate
monitoring, in making their products known
outside their administrative jurisdictions and in
collaborating to research and to institutional
activities both at national and at international level
have resulted into the acknowledgement of the
need to coordinate their activities related with the
production of climate products. The ARCIS
project (ARchivio Climatologico per l’Italia Settentrionale) is the first effort done by some RMSs
aimed at coordinating their climatological activities
independently from their own institutional
references at super-regional level. It consists of a
five year agreement, signed in 2008 by several
Italian regions, now approaching at its first
renewal, aimed at building a common, high density
climatological data base of daily data as a starting
point in order to issue climatological super-regional
products and services. Although the original
agreement mentioned only the necessity of
building a shared climatological data base of daily
data and of establishing a scientific working group
which would identify and implement the project
activities, the project has managed not only to
reach its original goal, but also to design and to
start the activities related with the use of data and
with the production of common climatological
products (like an up to date atlas of precipitation

over Northern Italy). The following document
describes the objectives of the project and its first
preliminary results.
THE ARCIS PRODUCTS
During the first five years of work, the ARCIS
working group has managed to produce:
• a shared climatological data base of observational
station data, accessible only to the project
participants;
• a public web site, (http://www.arcis.it/) where the
project and its results are described and where the
public products are made available;
• commonly approved methodologies used to check
the data quality, the homogeneity of climatological
time series and their synchronicity;
• commonly approved methodologies finalised to
produce a daily analysis for each surface climatological parameter;
• a group of preliminary results including a
climatology of precipitation and temperature for
the territory covered by the Administrations
participating to the project.
In the following, it is given a brief overview of each
product, a more detailed description of data,
methods and final results being demanded to future
publications.
THE DATA BASE
The data base includes daily precipitation and
minimum and maximum temperature data covering
the period from 1961 to 2010. It was decided not to
include in this data base all data recorded for these
three parameters over the period and territory of
interest. On the contrary, each RMS has performed
a preliminary selection of data so as to include in the
data base only the data recorded at stations
presenting characteristics of good data quality and
high temporal coverage. In case a station presenting
a long climatological time series did not cover the
whole period addressed by the project, it was
decided to cover the remaining time window with
the data of another station, located as close as
possible to the original one and presenting similar
characteristics of high quality and statistical
homogeneity. This choice allowed to manage the
problem connected with the automation of the
climate monitoring network, often connected with a
change in location of the original climatological
stations, and with the necessary changes in the
location of the stations, connected with a change in
their surrounding environment.
Currently, the ARCIS data base includes about 700
climatological time series of daily precipitation and
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THE QUALITY CONTROL METHODS
Before use, all data are checked for quality and all
climatological time series are checked for
homogeneity and synchronicity, by means of
methods approved by all partners.
The selected quality control strategy is mostly based
on the work described in Pavan et al. (1999). Data are
first checked for their plausibility, that is whether their
values fall within the range covered by the instrument
used to measure them. Then, their internal
consistency is checked (requiring for example that
minimum temperature is less than or equal to the
maximum temperature in the same day and same
location). Finally, the data undergo climatological,
spatial and temporal checks in order to assure

a

consistency between data recorded at different
locations at the same time or at subsequent time.
Then all time series are checked for their statistical
homogeneity using three tests: the Standard Normal
Homogeneity Test (SNHT; Alexandersson and
Moberg, 1997), the Craddock (Craddock, 1979) and
the Vincent test (Vincent, 1998).
Finally, all time series recognised to be
homogeneous are checked for their synchronicity,
by testing that the observational time at which data
are recorded at one station are in agreement with
those at which data are recorded at all other
stations. When a systematic disagreement is found
between the observational times at two stations for
one or more period, the time at which data are
attributed are corrected. This procedure assumes
that the observational time is known to be correct
at least at one station. Applying it before producing
daily analysis map allows to avoid most
inconsistencies between data and to improve the
quality of the daily final products.
More details on the methods of quality control,
homogeneity testing and synchronicity testing and
correction over mentioned can be found in Antolini
et al. (2013).
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about 200 time series of daily minimum and
maximum temperature. Fig. 1 shows the maps of
the ARCIS precipitation (a) and temperature (b)
monitoring network, different symbols referring to
stations maintained by different RMSs. Although
the precipitation density is already high in large
areas of the domain and presents a high level of
continuity in time, it is meant to be improved in the
near future by increasing the station density where
necessary. On the contrary, the density of the
temperature monitoring network is thought to be
still insufficient both for its spatial distribution and
its temporal coverage in order to produce robust
evaluations of the regional climate variability.

THE ANALYSES
All data satisfying the requirements of quality
described before can be used by the ARCIS
partners in order to produce daily analysis over the

b

Fig. 1 - Maps of the precipitation (a) and temperature (b) ARCIS monitoring network. Different symbols refer to stations
maintained by different RMSs.
Fig. 1 - Mappe delle reti di monitoraggio ARCIS per la precipitazione (a) e la temperatura (b). I diversi simboli indicano
stazioni mantenute da diversi SMR.
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whole territory covered by the ARCIS conventions.
At present two methods have been used in order to
produce preliminary climate products.
On the one side, an objective analysis is being
produced on a 10 km regular grid by
interpolating the station data using specific
methods based on Kriging (Krige, 1951),
customised depending on the surface parameter
considered (Antolini et al. 2013).
On the other side, the same data have been used in
order to produce an optimal interpolation analysis
(Uboldi et al., 2008; Kalnay, 2003) on a regular grid
of about 13 km resolution (Ronchi et al., 2008).
By applying to each field these analysis methods, it
was possible to produce daily maps for each
parameter and, starting from those, compute
climatological mean values, trends and their
significance both at annual and at seasonal scale.
Panels a and b in Fig. 2 show the maps of the total
annual precipitation climatology for the period
1961-2000, obtained with the two analysis
methodologies, namely (a) shows the results
obtained by applying the method of Antolini et al.
(2013), while (b) results obtained by applying the
method of Ronchi et al. (2008).
The results obtained using the two analysis
methods are similar and compatible with other
results achieved within similar climatological
exercises available in the literature, although in
some cases the higher station density available

a
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within the ARCIS data base allows to detail the
local climate variability both in time and in
space.
FUTURE PERSPECTIVES
The ARCIS Project is now at its first renewal. The
results achieved during these first five years are
promising, especially in view of the fact that they
have been produced as part of the operational
activities of each RMS, without any extra-funding.
In the near future it is meant to publish the final
results of the climatological analyses earlier
mentioned in this note for the period 1961-2010 for
precipitation: the high density, approximately
spatially uniform and continuous time coverage of
data collected within the ARCIS project for this
parameter represent great improvements with
respect to all climate products publicly available at
present for Northern Italy. Next, it is meant to focus
on the improvement of the temperature monitoring
network both in terms of time and space, so as to
allow to produce robust climate products also for
this parameter.
Finally it is meant to extend this project to other
regions who have already expressed interest for
participating to this initiative. This particular step
could be crucial in the perspective to make the
ARCIS experience a paradigm for the advantageous
development of a distributed national provider of
climate services.

b

Fig. 2 - Maps of the total annual precipitation climatology 1961-2000, a) obtained using the method by Antolini et al (2013);
b) obtained using the method by Ronchi et al (2008). In panel b, grey shading indicates area with insufficient station coverage in the ARCIS data-base at the time of the analysis computation.
Fig. 2 - Mappe di climatologia della precipitazione cumulata annua per il periodo 1961-2000, a) ottenuta usando il metodo
di Antolini et al (2013); b) ottenuta usando il metodo di Ronchi et al (2008). Nel pannello b, l’ombreggiatura grigia indica aree
con una copertura di stazioni insufficiente nel data-base ARCIS al tempo in cui l’analisi è stata calcolata.
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