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Abstract. Long historical climate records typically contain inhomogeneities. Parallel measurements are ideal to
study such non-climatic changes. In this study we will analyse the transition from conventional precipitation
observations to automatic weather stations. The dataset comes from two independent climate networks in the
region of Piedmont, Italy. From this dataset we could identify 20 pairs of stations with up to 15 years of overlap.
This is a valuable dataset because it allows us to study an ensemble of independently managed pairs of standardquality stations. The main systematic inhomogeneity was found to be the number of rainy days, defined as days
with more than 1 mm precipitation. The automatic weather stations report more rainy days. On average they
report 5 days more per year, which is also important for changes in precipitation intensity defined as the average
precipitation on rainy days. On the other hand, for the monthly precipitation sums the inhomogeneity is more
random and does not seem to lead to systematic effects.
Key words: precipitation, parallel measurements, inhomogeneities.
1. Introduction
Long term climate datasets are essential to study climate change. More specifically, long series of rainfall are
essential for various hydrological applications related to water resource planning, power production, irrigation,
flood control, forecasting and validation of remotely sensed data from space platforms. However, these
applications require high quality long series. The observations need to be recorded, transmitted, digitized, quality
controlled and then examined by an expert familiar with the instruments and the climatology (Mekis and
Vincent, 2011).
Italy has a leading role in the development of meteorological observations. This role is well highlights by the
invention of some of the most important meteorological instruments (Galileo Galilei’s thermometer, 1607,
Torricelli's barometer, 1643, and Cusano’s hair hygrometer) and the foundation of the first observational
network (Accademia del Cimento, 1657). This interest in meteorology over the last three centuries has produced
a wealth of observational data of enormous value.
This long legacy, however, also means that the Italian networks have experienced many technological,
economical and organizational changes, which may affect the homogeneity of the record (Peterson et al., 1998;
Aguilar et al., 2003). Consequently, studies on non-climatic changes are necessary to be able to reliably interpret
the climatic changes (Parker, 1994). For precipitation gauge measurements inhomogeneities can be cause by
changes in wind-induced undercatchment, wetting losses (water adhering to the surface of the inner walls) and
evaporation losses (Mekis and Vincent, 2011). Due to undercatchment, even small changes in instrument
geometry and local wind pattern can cause inhomogeneities; this is especially the case for frozen precipitation.
It is necessary to apply a homogenization procedure to detect and correct non-climatic changes. In Europe the
standard normal homogeneity test (Alexandersson 1986) was often used to homogenize to monthly or annual
precipitation series (Tuomervirta, 2001; Wijngaard et al., 2003; Berget et al., 2005; Wang et al., 2007; Acquaotta et
al., 2009; Buishand et al., 2013). The benchmarking of a large range of homogenization methods in the COST
Action HOME has shown that modern methods produce clearly much more homogeneous temperature and
precipitation data than traditional methods. In fact, for precipitation, only the best methods were able to improve
the homogeneity of the data (Venema et al., 2012). Most of these modern methods have in common that they
detect and correct multiple breaks in one series simultaneously and that they are designed to handle
inhomogeneities in the reference series.
These homogenization corrections allow the quantification of the climatic changes in the mean value of
precipitation and in some indices of rain (Klein Tank and Konnen, 2003; Moberg et al., 2006 Lenderink et al.,
2009; Burauskaite-Harju et al., 2012). These studies found significant increasing trends in the mean annual
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precipitation and in the average precipitation intensity, in particular in winter. The extreme weather and climate
events that have a deep impact on society are studied less because they require high-quality daily series. The most
direct way to study non-climatic biases in daily data relies on parallel measurements with multiple measurement
set-ups. At present, such studies are limited to small regional case studies (Van der Meulen and Brandsma, 2008;
Böhm et al., 2010; Brunet et al., 2011). With this study we would like to enrich the literature by studying the most
important basic precipitation parameters, the monthly sums and number of rainy days.
We will analyze the recent transition to automatic precipitation measurements in Piedmont, Italy. Baciu et al.
(2005) and Boroneant et al. (2006) have shown for the transition to AWS in Romania that magnitude of the
break inhomogeneity differed strongly per station; some stations showed hardly any difference, whereas others
showed a clear inhomogeneity. Consequently an important feature of our study is that it is based on 20 pairs of
nearby high-quality stations. This enables us to study the variability of the inhomogeneity from station to station.
The paper is structured as follows. In Section 2 we will introduce the networks and their instruments. Section 3
details the statistical measures used in the comparison and will also explain how the pairs are build and describe
their properties. The differences we find between the pairs are presented in Section 4. The paper finishes with
the presentation of the more important results and the discussion of the importance to not neglect the quality
and the history of the series.
2. Dataset
The first network under study is the one of the Hydrographic Mareographic Italian Service (SIMN), which was
founded in 1913 with the aim to standardize and organize the pluviometric, the thermometric and hydrometric
measurements. Before that time, these measurements were carried out in an uncoordinated way by various
individual institutions in the States that existed before the unification of Italy. The Hydrological Annals of the
SIMN are our main source of metadata about the history of the network. These annals were published until
1990.
The dataset of Piedmont, region of North Western Italy, was including in the Po basin. In January 1913 the
density of meteorological stations was 1 rain gauge per 438 km2 (Hydrological Annals, 1917). In the following
years, the network expanded rapidly, especially in the years between the world wars, after which a slow and
steady decline followed continuing until the ´70s. In 1970, the year with most data, the dataset contained 135
totalizing rain gauges, 149 registering rain gauges and 11 instruments to register the snow at high elevations
(Cagnazzi et al., 2007, SIMI, 1976, 1990). The density of the network was 1 gauge per 202 km2. In the closing
year, 2002, the SIMN handled only 142 meteorological stations in total.
A new meteorological network was build up in Piedmont starting 1986. It was managed initially by the Technical
Services of the Piedmont Region and since 2002 by the Regional Agency for Environmental Protection
Piedmont (ARPA). In 1986 ARPA had 42 stations. Now it is extended to 400 automatic stations with a density
of 1 rain gauge per 70 km2 (Cagnazzi et al., 2007).
In 2002, a national law has forced the unification of the meteorological networks owned by the SIMN with those
of the ARPA. Because the ARPA network was more modern, ARPA has decided to discontinue the SIMN
stations after unification for reasons of technological innovation and cost-effectiveness.
In Piedmont there are therefore rain series from two different meteorological networks; the SIMN network, with
data collected from 01/01/1913 to 31/12/2002 and the ARPA network of automatic stations, that providing
information since 1986. This gives us an overlapping period of up to 15 years to study the influence of this
transition in detail.
2.1 Instrumentation
2.1.1 Servizio Idrografico Mareografico Italiano (SIMN)
Most of the rainfall stations of SIMN have used a tipping bucket rain gauge with a calibrated mouth (1000 cm²),
a bucket and a writing system on diagram paper. Any movement of the lever corresponds to 20 gr of water and
every click of the pen represents 0.2 mm of rain. The height of the mouth was typically 2 m (Figure 1). The
stations of SIMN require the presence of an operator for collecting the measurements. The registration of the
rain gauge was done on a paper roll, which needed to be collected weekly and read for the manual transcription
of the values. This instrumentation consequently requires a weekly maintenance.
In some stations totalizing rain gauges were still in use, which have to be read daily. They were built using a
bucket, which is open at the top and linked to a receiver funnel, which again is connected in turn to a conical bin,
which is provided with a tap to empty the container. The mouth of the sensor was placed at a height of 1.5 m.
The funnels have a mouth with a surface of 1000 cm2, corresponding to a diameter of 35.7 cm (Figure 1) (Russo
et al., 1997)
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Figure 1: Photos of the two instruments used by SIMN to measurement the rain; left the totalizing rain gauge; right the rain
gauge.

2.1.2 Agenzia Regionale per la Protezione Ambientale (ARPA) Piemonte
The instrument used by ARPA is a rain gauge with a calibrated mouth (1000 cm²) and a tipping bucket. The
overturning of the bucket activates a contact that provides an electrical signal for every 0.2 mm of rain. The
height of the mouth is 1.5 m. The instrument, PMB2, has a range of measurement between 0 and 300 mm/h
with a range of operation between -30 °C and 80 °C, if a heater is used (Figure 2).
The data are subjected to an immediate quality control, during which a flag is attached to every value and the
data is directly transmitted to the database.

Figure 2: Photo of rain gauge utilizing by ARPA Piedmont.

2.2. Geography of the Piedmont
The area of Piedmont is 25,399 km2 and has about 4.3 million inhabitants. It borders the nations of Switzerland
and France; in Italy it borders the regions of Lombardia, Valle d’Aosta, Liguria and Emilia-Romagna. It is the
second largest Italian region, after Sicily.
From a geomorphological point of view Piedmont can be divided into three large areas: an outer mountain arc
(Western Alps and Apennine mountains), then the Piedmont Plain and finally the wide hilly area of Monferrato
and Langhe (Figure 6).
The mountain arc is in the north, west and south of Piedmont, this is the largest area and covers about 12,380
km2, that is, 48.7 % of the entire region. Piedmont Alps have the highest peaks in Italy and Europe: the Monviso
(3,841 m), the Ciamarella (3,676 m), the massive of Gran Paradiso (4,061 m) and the Monte Rosa (4,634 m).
The Piedmont Plain extends for 6,450 km2 (25.4 %) and occupies the area at the foot of the Alps. The plains are
divided into a southern and a northern part, with hills in between.
The hilly area covers 6,570 km2 (25.9 %), occupying the south-eastern area of the Piedmont. It is composed by
the hills of Turin in the west, the Monferrato hills in the north-east, and the Langhe region in the south, on both
sides of the Tanaro River.
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Two major factors determine the thermal-pluviometric characteristics of Piedmont. The major internal factor
that controls the climate in Piedmont is the orography. The variation of the latitude is not important given the
relatively small extent in of the area (2° 20' difference of latitude). Circulation is the most important outside
influence, with relatively dry continental air flowing in from the Po Valley in the east and relatively moist
Mediterranean and Atlantic air coming in with north-west flows.
3. Methodology
We have selected locations with pairs of stations according to several criteria. First of all, they need to have an
overlapping period greater than 5 years (Vincent and Mekis, 2009).
A further selection criterion is the difference in elevation. Based on the work done by Biancotti et al., 2005, on
the rainfall gradient, the difference in elevation between two stations must be less than or equal to 200 m.
For the selected SIMN and ARPA stations a continuous and accurate station history (metadata) is available. We
have studied this information to avoid potential breaks in the series, whether due to changes of locations or
instrument.
For every location we have created a metadata file that shows: the locations of the meteorological stations, the
basin it belongs to, the latitude, the longitude, the altitude, the instrument type, the change of location or
instrument, the elevation difference, the distance between the two stations, operating periods and overlapping
period. In addition, for each meteorological station cartographical maps with different levels of detail have been
drawn, while the photographic documentation completes the information (Table 1, Figure 3 and Figure 4). The
photos allow seeing the conditions of the instruments. The cartography, obtained from the CTR (Regional
Technical Cartography) scale 1:10.000, contains topographic and urban planning information. Finally, the pairs
of meteorological stations were place on the topographic map of Italy, scale 1:25.000 (Military Geographical
Institute, Cartographic State Agency) to show their relative positions.
Table 1: Example of a metadata file for a pair of the two meteorological stations in Vercelli.

VERCELLI

SIMN station

ARPA station

Stazione risicoltura

Vercelli -cod. 198-

Vercelli (VC)

Vercelli (VC)

Location
Basin
Elevation [m a.s.l.]
Latitude N

Cascina Boraso
Sesia
135
45° 19’ 50”

Casello Ruggerina
Sesia
132
45° 19’ 32”

Longitude E
Coordinate UTM X

8° 21’ 40”
319738

8° 23’ 26”
452237

Coordinate UTM Y

4994608
1927
rain gauge UM8100 SIAP
31/12/2003

5019386
17/06/1993
rain gauge PMB2
active

1927 thermograph

17/06/1993 thermograph

31/12/2003

active

Name or technical code
Municipalities

Precipitation (start – sensor type)
Precipitation (end)
Temperature (start – sensor type)
Temperature (end)
Distance [m]
Difference of elevation[m]

1360
3

Period of overlap precipitation

1994 – 2003

Period of overlap temperature

1994 - 2003
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Figure 3: Cartography of two meteorological stations in Vercelli.

Figure 4: left: SIMN meteorological station in Vercelli; right ARPA meteorological station in Vercelli.

Manual quality control was carried out using the software RClimdex (Zhang et al., 2004). The program highlights
obviously wrong precipitation data, such as negative values, and creates plots that allow the identification of
outliers (Figure 5). For the SIMN stations the identification of the outliers, maximum values of daily
precipitation, is very important because it allow us to identify incorrect values due to erroneous transcription of
the daily data. A typical example of a transcription error is a weekly accumulation that was transcribed as the
value of one day. Such an error is relatively simple to identify, but it is necessary to re-check the data in the
original paper records.

Figure 5: Plot of daily precipitation series (in grey) of
Vercelli measured by ARPA station from 1987 to 2006.
The daily missing values are indicated by black circles.

For the SIMN stations we have consulted the
Hydrological Annals (Hydrographic Mareographic

5

National Service archives), which state for every year the geographic coordinates of each station (latitude,
longitude and elevation) and the instrument type. Furthermore, we have been inspected the original records on
which the potential breaks, changes of location or instrumentation, have been marked.
For the ARPA stations data, an automated check has been performed and the values have been flagged. The
flags are indicated with the alphabetic letters: A, B, C, D, E, R, and Z; see Table 2. The flags from A to D
indicate values that may be wrong because of missing or suspicious hourly data, E indicates that the data was
derived from hydrological balance and R reconstructed data. Correct data values are indicated with the flag Z.
Data with the flags A, B, C, D, E and R have been neglected in our subsequent analysis.
Table 2: Flags got the ARPA data and their definitions.

Flag
A
B
C
D
E
R
Z

Definition
Aggregation calculated on a percentage of hourly data less than 75%
Aggregation judged not good at time of interactive validation
Aggregation judged suspicious at time of interactive validation
Aggregation judged very suspicious at time of interactive validation
Data derived from hydrological balance with melted snow
Reconstructed data using neighbors stations
Correct data

Starting in 1989 there are 55 municipalities in our study region with two meteorological stations. These locations
are uniformly distributed (Figure 6), their elevations range varies between 83 m a.s.l. for Sale and 1810 m a.s.l. for
Malciaussia.

Figure 6: The 55 locations with pairs of meteorological stations in Piedmont: white squares denote the meteorological
stations that were utilized in the comparison.

These 55 locations, with a total of 110 daily precipitation series, have been quality controlled to identify any
anomalies and gaps. A month with less than 80% daily values is considered a gap itself. If a year has one month
or more of missing data this year itself is considered to be a gap (Gokturk et al., 2008; Klein Tank et al., 2002).
Of these 55 pairs of stations only 20 pairs showed good continuity, an adequate overlapping period and did not
have a too large elevation difference these are listed in Table 3.
Table 3: The 20 selected locations for the compared the SIMN precipitation series and ARPA precipitation series: elevation
[m a.s.l.], difference of elevation [m], distance [m] and period of overlap.
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Location
Ala di Stura
Bardonecchia
Boves
Bra
Carcoforo
Casale M.to
Ceresole Reale
Cumiana
Lanzo T.se
Locana - L.Valsoera
Luserna S. Giovanni
Mondovi
Oropa
Piedicavallo
Salbeltrand
Susa
Torino
Valprato Soana
Varallo Sesia
Vercelli

SIMN
ARPA Difference
Distance
elevation elevation elevation
1006
1250
590
290
1150
113
2260
289
540
2410
478
440
1180
1050
1031
510
270
1550
453
135

1006
1353
575
285
1290
118
2304
327
580
2365
475
422
1186
1040
1010
520
240
1555
470
132

0
103
15
5
140
5
44
38
40
45
3
18
6
10
21
10
30
5
17
3

70
800
1240
15
2500
20
920
2800
2200
250
760
390
5
180
1250
820
850
465
2040
1360

Period
1993–2003
1991-2003
1988–2003
1993–2003
1997–2003
1988–2000
1996–2003
1988–2003
1989–1999
1987-2003
1988–2003
1993–2003
1991–2002
1996–2003
1991–2002
1991–2003
1990–2003
1993–1999
1989–2003
1994–2003

To be able to make a direct comparison between the daily pluviometric series, missing values in one series were
also set to be missing in its counterpart before computing monthly statistics. We have analyzed the monthly
precipitation sums and the number of rainy days, i.e. days with precipitation ≥ 1 mm.
On the pairs of series a 2-factorial ANOVA test was applied. One factor is the month and the second factor is
the network membership: SIMN or ARPA. For the ANOVA test the data need to be normally distributed. Thus,
we have applied the Shapiro–Wilk test. It tests the null hypothesis that a sample comes from a normally
distributed population. We have, furthermore, calculated the Spearman correlation coefficient. This distribution
independent method is a robust alternative to the Pearson correlation coefficient and uses the ranks of the data
rather than the values themselves. For all tests an α=5% significance level has been used. To visually analyze the
relationship between the stations of each pair, scatter plots were produced.
In a next step, from the monthly precipitation amounts, the series of their ratios have been calculated;

Ri , j 

RSIMN ,i , j
RARPA ,i , j

And for the rain days the series of their difference

Di , j  NRSIMN ,i , j  NRARPA ,i , j

Where i = 1,2....,12 and indicates the month and j = 1986,1987,….,2002) and indicates the year.
Over these series, Ri,j and Di,j, a statistical analysis has been carried out. The influence of possible outliers has
been reduced by calculating the distribution tails, identified as the 2nd and the 98th quantiles and then excluding
more extreme values in the calculation of the statistical parameters (Dixon, 1950).
The extreme values of the ratio and difference series, the values in tail of the distribution, have been checked by
examining the daily values of SIMN and ARPA precipitation series. If the data were too divergent the daily
values were re-checked by comparing them with the values of neighboring stations to identify which of the two
meteorological stations had not measured the variable correctly.
5. Results
5.1 Monthly rain sums
The analysis starts with the calculation of the correlation coefficients of the monthly sums. All rank correlations
were greater than 0.90, except for the location Valprato Soana (0.86), (Table 4). The strong correlations are due
to a good linear relationship as seen in the scatter plots (Figure 7). It should be noted that, these monthly
correlations do not show whether the same amount was observed, nor whether the same precipitation events
have been recorded.
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The scatter plot between the correlation coefficient and the distance does not show any clear relationships
(Figure 8). The absence of a relationship is illustrated by the station pairs with a correlation coefficient around
0.95, corresponding to the meteorological stations of Bra, Casale M.to, Bardonecchia, Vercelli, Varallo Sesia and
Lanzo T.se. The distance between these pairs of stations ranges from 1.5 m to 2200 m.
Also between the correlation coefficient and the difference in elevation no obvious relationship is seen (Figure
8).

Figure 7: Scatter plot of Oropa (left) and Valprato Soana (right).

Figure 8: Scatter plot between correlation coefficient and difference elevation (left) and between correlation coefficient and
distance (right).

In most cases the SIMN rain gauges have measured larger precipitation sums than those of the ARPA stations;
see Table 4. On average SIMN stations measured 10 % more precipitation. Only in four locations, Cumiana,
Luserna, Lanzo T.se and Torino, the opposite situation is seen. In these stations ARPA measured 9 % more
precipitation.
The Shapiro-Wilk test does not reject the hypothesis that the monthly precipitations series have a normal
distribution. Only in the SIMN series of Oropa the p-value of the test is nearly significant (p = 0.07).
The variable “month” in the 2-factorial ANOVA test for the amount of rain is statistically significant for all
locations. All stations have a seasonal cycle in the mean precipitation sums. In all stations we have identified a
continental pluviometric regime with a minimum in winter and a maximum in spring or autumn (Acquaotta et
al., 2012, 2013, Biancotti et al., 1998).
The variable “network” differs from station to station (Table 4). In 9 locations, which we will call the stable
locations, the monthly precipitation series do not dependent on the network according to the ANOVA test. The
two meteorological networks recorded about the same monthly amount of rain. In these locations, the average
monthly precipitation ratios ranged between 0.9 and 1.1, indicating that the monthly precipitation amounts differ
less than 10 %.
In the remaining 11 locations, the variable locations, the monthly precipitation sums recorded do depend on the
network. The precipitation ratios show a difference of more than 10 % in the most locations. In particular, the
largest deviations have been obtained for the station of Casale Monferrato, Boves, Bra and Locana L. Valsoera
where the ratio shows a difference equal to or greater than 30 % (Table 4).
Table 4: Results of the average monthly precipitation ratios between the SIMN and ARPA precipitation series. In bold we
have highlighted the 9 stable locations, locations with stable result according to the ANOVA test. The table furthermore
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lists the difference in elevation in meters [m], the distance in meters [m], the mean annual value of precipitations recorded
by SIMN and ARPA in millimeter [mm], the mean ratio, R [SIMN/ARPA], the error, Err R, the correlation coefficient, ρ
and the p-value of the ANOVA, (statistically significant p ≤ 0.05). The last three rows of the table give the mean values over
all locations, over the stable locations and over the variable locations, and their ratio.

Location

Difference
Distance SIMN ARPA
elevation

R

Err R

ρ

ANOVA

Ala di Stura
Bardonecchia

0
103

70
800

1413
751

1278
734

1.11 0.03 0.94
1.03 0.02 0.95

<0.001
0.95

Boves
Bra
Carcoforo
Casale Monferrato

15
5
140
5

1240
15
2500
20

1338
731
1683
673

1107
616
1416
570

1.23
1.20
1.20
1.30

0.05
0.02
0.02
0.02

<0.001
<0.001
<0.001
<0.001

Ceresole Reale

44

920

988

903

1.11

0.11 0.93

0.23

Cumiana

38

2800

806

837

0.98 0.04 0.92

0.12

Lanzo T.se
Locana – L. Valsoera
Luserna S. Giovanni

40
45
3

2200
250
760

1101
1198
996

1428 0.78 0.03 0.95
909 1.31 0.09 0.91
1018 0.98 0.05 0.93

<0.001
<0.001
0.28

Mondovì
Oropa
Piedicavallo

18
6
10

390
5
180

839
2240
1798

760
1955
1736

1.10 0.03 0.94
1.15 0.02 0.99
1.03 0.02 0.98

0.04
<0.001
0.13

Salbertrand

21

1250

764

732

1.06 0.05 0.92

0.51

Susa

10

820

717

700

1.02 0.02 0.97

0.16

Torino

30

850

823

851

0.97 0.02 0.98

0.007

Valprato Soana

5

465

1177

1142

1.05 0.06 0.86

0.76

Varallo Sesia

17

2040

1961

1792

1.10 0.02 0.95

0.06

Vercelli

3

1360

827

763

1.10 0.03 0.95

0.02

All location

28

947

1141.2 1062.4 1.07

Stable locations

28

1115

1106.5 1066.0 1.04

Variable locations

28

809

1169.6 1059.5 1.10

0.91
0.95
0.97
0.95

The temporal behavior of the differences is illustrated for two different locations: Locana - L. Valsoera (Figure 9)
and Bardonecchia (Figure 10). In the first location we have calculated an average precipitation ratio of 1.4, while
the correlation was low. On the other hand, the average ratio in Bardonecchia was near unity and the correlation
was high (0.95).
It can be seen that the ratio of Locana - L. Valsoera is not only high, but it also show a strong interannual
variability (Figure 9). In Bardonecchia the average annual precipitation ratio is not only near unity, but also
shows very little scatter (Figure 10), except for the year 1991. The deviation in 1991 can be understood by
comparing the daily rain data of the two stations in Bardonecchia with those of neighboring station, Salbertrand.
It is found that the ARPA instrument has only measured minimal amounts and has not recorded the clear
precipitation events seen in both the SIMN station in the neighboring station.
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Figure 9: Annual (left axis) and cumulative amount (right axis) of daily precipitation series of Locana L. Valsoera (left panel;
in grey ARPA series and in black the SIMN series). Annual precipitation ratio of Locana L. Valsoera (right).

Figure 10: Annual and cumulative amount of daily precipitation series of Bardonecchia (left; in grey ARPA series and in
black the SIMN series). Annual precipitation ratio of Bardonecchia (right).

5.2 Number of rainy days
From the daily precipitation series we have calculated the monthly number of rainy days.
As the first step we have calculated the correlation coefficient and studied possible relations with distance and
difference elevations. The correlation coefficients show high values, between 0.80 and 0.96. Looking the Figure
11, scatter plot of the correlation coefficient and distance and the scatter plot of the correlation coefficient and
difference elevations, we do not highlight any clear relation between the variables, just as this was previously not
possible for the precipitation sums.

Figure 11: Scatter plot between the correlation coefficient and distance (right) and between the correlation coefficient and
difference in elevation (left).
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Also for these series the Shapiro-Wilk test shows a normal distribution, which allows us to apply the 2-factorial
ANOVA. In all locations the first factor “month” is significant for the number of rainy days. The seasonal cycle
of number of rainy days and the seasonal cycle in the mean precipitation sums are positively correlated.
The second factor “network” is not significant in 11 case, which we will call the stable stations and in 9 case, the
variable stations, the test does detect a relationship (Table 5).
Table 5: Results of the average monthly number of rainy days and its difference between the SIMN and ARPA precipitation
series. In bold we have highlighted the 11 stable stations. The table also lists the difference in elevation [m], the distance [m],
the mean annual value of number rainy days recorded by SIMN and ARPA, the mean difference, D [SIMN-ARPA], its
error, Err D, the correlation coefficient, ρ and the p-value of the ANOVA second factorial (statistically significant if less
than 0.05). The last three rows of the table give the mean values over all locations, over the stable locations and over the
variable locations, and their difference.

Location
Ala di Stura

Difference
Distance N-SIMN N-ARPA
elevation

D

Err D

ρ

ANOVA

0

70

91

92

-1

4

0.83

0.37

Bardonecchia
Boves
Bra
Carcoforo
Casale Monferrato
Ceresole Reale

103
15
5
140
5
44

800
1240
15
2500
20
920

89
52
68
66
63
99

91
82
61
96
61
101

-2
-30
7
-30
2
2

3
3
1
5
1
1

0.86
0.85
0.91
0.92
0.92
0.88

0.15
<0.001
0.002
<0.001
0.23
0.04

Cumiana

38

2800

69

71

-2

1

0.93

0.16

Lanzo T.se
Locana – L. Valsoera

40
45

2200
250

73
99

93
94

-20
5

4
2

0.92
0.80

<0.001
0.23

Luserna S. Giovanni

3

760

71

78

-7

3

0.87

0.03

Mondovì
Oropa

18
6

390
5

65
105

65
100

0.94
0.95

0.95
0.01

Piedicavallo

10

180

93

106

-14

2

0.90

<0.001

Salbertrand

21

1250

84

87

-3

2

0.91

0.30

Susa

10

820

75

76

-1

1

94

0.36

Torino

30

850

69

73

-3

1

0.96

0.01

Valprato Soana

5

465

102

111

-9

3

0.84

0.25

Varallo Sesia

17

2040

95

94

-0.2

1.4

0.92

0.50

Vercelli

3

1360

69

67

1

2

0.94

0.50

All location

28

947

80

85

-5

Stable locations

28

1115

82

83

-1

Variable locations

28

809

77

88

-10

-0.01 0.12
5
2

The stable stations typically have a difference series for the number of rainy days near to zero, between -3 and 5,
except for Valprato Soana where the mean difference is equal -9 (Figure 12, Table 5). In the stable locations the
largest number of rainy days is found in the ARPA stations, except for Casale Monferrato, Locana and Vercelli
where the opposite situation is seen. In the variable stations the difference in 3 locations is near to zero, between
-3 and 5, while the other 6 places show larger differences, between -30 and 7 (Figure 12, Table 5). In the 3
variable locations where the difference is near to zero, Ceresole Reale, Oropa and Torino, there are a differences
in the season cycle. At Ceresole Reale the maximum difference is in summer, the minimum in autumn, at Oropa
the maximum gap is in winter, the minimum in summer while at Torino the maximum is in summer and
minimum in spring.
Also for the variable stations the largest number of rainy days is found in the ARPA stations except for Bra.
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Figure 12: Annual and cumulative amount of number of rainy days series of Mondovi( left). Annual and cumulative amount
of number of rainy days series of Boves (right). In grey ARPA series and in black the SIMN series.

5.3 Comparison between precipitation series and number of rainy days series
Comparing the results obtained by the 2-factorial ANOVA on the two types of series, monthly precipitation
sums and the number of rainy days, only 6 locations, Bardonecchia, Cumiana, Salbertrand, Susa, Valprato Soana
and Varallo Sesia, show stable results for both variables.
In these locations the analysis of the precipitation series have showed variations of less or equal to 10% in both
the annual sums and number of rainy days and also less than 10 % in the seasons averages. The geographical
conditions of analyzed sites do not appear so different. The cause of the discrepancies among the two networks
may sometimes be explained by breakdown of the instrumentation because the differences between the two
series were not constant during the years. To explain these variations we have taken into consideration the
precipitation data of the neighboring stations and thus have identified some cases of incorrect behavior of one of
the two rain gauges. Had these periods been removed, the differences would have been even smaller.
Six places, Boves, Bra, Carcoforo, Lanzo, Oropa and Torino, are unstable with respect to both variables. The
analysis of the precipitation series and of the number of rainy days have shown significant deviations between
the meteorological stations. The difference between the instruments of the two networks, periods of incorrect
behavior and the geographical conditions have contributed to the larger differences.
The station Bra deserves some additional attention. This very long secular meteorological station started in 1862
and was also replaced by an automatic station. The original SIMN station was located on the roof of a building,
while the new ARPA station was in the garden. During the study period the two stations utilized rain gauges with
similar characteristics, thus the most important difference was the location. For all the variables analyzed, the
SIMN station measured greater amounts. On average, the ARPA station has registered 16 % less precipitation.
The largest difference, on average -35 %, has been found in winter, followed by autumn with -14 %. On average,
the number of rainy days in the new stations –was 10 % less. The maximum discrepancies were seen in winter, 21 %, and then in spring with -9 %. We speculate that the ARPA station registered less precipitation due to the
trees in the garden, one of which was near the instrument.
In the other 8 locations at least in one variable, monthly precipitation or number of rainy days, the ANOVA test
was significant. Five locations, Casale Monferrato, Mondovi, Ala di Stura, Locana and Vercelli, are stable with
respect to the number of rainy days, but not for the precipitation sums. Finally, three locations, Ceresole,
Luserna S. G. and Piedicavallo, are stable with respect to the precipitation sums, but not for to the number of
rainy days.
In this category we would like to highlight the station of Piedicavallo. This pair is unique because here we can
compare a totalized rain gauge and an automatic rain gauge. The comparison for the amount of rain did not
show large differences. In fact the ARPA station has measured on average 3% less precipitation than the SIMN
station. However, clear differences emerge for the number of rainy days. On average the new station had 16 %
less rainy days. In winter the difference is equal to 36 %, while in autumn it is 15 %.
CONCLUSIONS
We have studied an important non-climatic change in the precipitation record of the Piedmont region. This
region is home to many long daily precipitation series. The meteorological observations have been recorded
continuously since 1913.
In 2002 the observational network was replaced by a new automatic network.. In 20 locations the transition from
the old to the new network has allowed for a period of overlapping measurements for up to 15 years. The
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overlapping period provides a unique dataset with independently measured parallel observations. This enabled us
to study how much the rich heritage of information collected in the 90 years of recording was damaged by the
closure of the original meteorological stations.
The new automatic weather stations showed 7 % more precipitation and 5 % less rainy days as the original
observations.
The applied methodology has allowed us to discern the stations with the least difference in the amount of
recorded precipitation and in the number of rainy days. Only 6 of the 20 locations show little changes due to the
transition in the monthly rain sums and the number of rainy days. In these locations the analysis of the
precipitation series have showed variations of less or equal to 10 % in both the annual sums and number of rainy
days and also less than 10% in the seasons averages. In these high-quality stations, a detailed historical
investigation and an accurate analysis for several time periods have highlighted differences that were explained by
breakdown of the instrumentation. Had these periods been removed, the differences would have been even
smaller. In the lower quality stations such periods are less visible, but can sometimes be found for individual
months.
Two stations need to be considered separately as they had uncommon transitions. The first is Piedicavallo, where
the instrument changed from a totalize rain gauge to an automatic rain gauge. This change seems to affect the
number of rainy days more than the amount of precipitation. The second station is Bra, which is a very long
series and where the location of the instrumentations changed from a roof to the garden. Roof measurements
were typical in the early instrumental period. In Bra both variables considered, monthly precipitation and number
of rainy days, show important differences.
The study has clearly highlighted the importance of analyzing parallel measurements for the study of nonclimatic changes in the climate record. This is especially important in case of precipitation, where statistical
relative homogenization is hampered by low cross-correlations between stations. The differences were found to
vary highly from location to location, emphasizing the importance of studying ensembles of parallel
measurements over studying single pairs of observations.
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