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Abstract. In this study we compare three gridded observed
datasets of daily precipitation (EOBS, MAP and NWIOI)
over the Great Alpine Region (GAR) and a subregion in
northwest Italy (NWI) in order to better understand the past
variability of daily climate extremes and to set up a basis
for developing regional climate scenarios. The grids are first
compared with respect to their temporal similarity by cal-
culating the correlation and relative mean absolute error of
the time series. They are then compared with respect to their
spatial similarity to the climatology of the ETCCDI indices
(characterizing total precipitation, dry and wet spells and ex-
tremes with short return periods). The results indicate first
that most EOBS gridpoint series in northeastern Italy have
to be shifted back by 1 day to have maximum overlap of
the measurement period and, second, that both the temporal
and spatial similarities of most indices are higher between
the NWIOI and MAP than between MAP or the NWIOI and
EOBS. These results suggest that, although there is generally
good temporal agreement between the three datasets, EOBS
should be treated with caution, especially for extreme indices
over the GAR region, and it does not provide reliable clima-
tology over the NWI region. The high agreement between
MAP and NWIOI, on the other hand, builds confidence in us-
ing these datasets. Users should consider carefully the limita-
tions of the gridded observations available: the uncertainties
of the observed datasets cannot be neglected in the overall
uncertainties cascade that characterizes climate change stu-
dies.

1 Introduction

The European Alpine region, which is geographically com-
plex and heterogeneous, is characterized by a great variabil-
ity of precipitation regimes (Scḧar et al., 1998) due to the
influences of different climatological regimes, such as the
Mediterranean, continental, Atlantic, and polar ones (Benis-
ton, 2005). In addition, precipitation plays a major role in
water resources and natural hazards in this area, with high
hydrogeological risk and strong human pressure (Bates et al.,
2008).

As a first step in developing high-resolution regional cli-
mate scenarios for climate change impact/adaptation studies,
it is necessary to carefully analyse long observation datasets,
especially those data which allow us to focus on precipita-
tion extremes on a regional scale. Unfortunately, a number
of constraints, such as periods of unavailability and poor-
quality data, may limit such analysis, as may the low repre-
sentativeness of in situ observations, which greatly depend
on instrument location and spatial density of the network
(Haylock et al., 2008). Indeed, the daily high-resolution grid-
ded datasets have a number of potential inaccuracies and er-
rors. Generally, interpolation errors increase as the network
density decreases, especially for variables with non-Gaussian
spatial characteristics (e.g. precipitation), and degrade in ar-
eas of complex terrain (e.g. mountain areas,Hofstra et al.,
2009).

Nevertheless, daily high-resolution gridded datasets de-
rived from meteorological station measurements have be-
come increasingly popular for regional scenario development
since these observed datasets provide temporally complete
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1458 M. Turco et al.: Assessing observations for precipitation extremes in alpine areas

time series of areal averages (and not point values) which
can be directly compared to validate regional models (see,
e.g.Frei et al., 2003; Suklitsch et al., 2011) or to calibrate
the statistical downscaling methods (see, e.g.Schmidli et al.,
2006, 2007).

Rigorous evaluation of distribution and frequency of ex-
treme events is thus an important step in assessing the reli-
ability of the datasets for climate downscaling and climate
impact studies in this region. Indeed, developing regional
gridded datasets is a key problem for climate change im-
pact/adaptation studies and has become a strategic topic in
national and international climate programmes, such as the
ARCIS initiative (http://www.arcis.it/), and the EURO4M
project (http://www.euro4m.eu/). ARCIS (the climatological
archive for northern Italy) is a project run by the regional and
provincial agencies for environmental protection in northern
Italy with the ultimate aim of building a database of daily
climatological data for northern Italy. The objective of the
EU-funded EURO4M project (European Reanalysis and Ob-
servations for Monitoring) is to provide reliable information
on the state and evolution of the European climate develop-
ing high-resolution datasets. Both projects are likely to make
these datasets available in the next few months.

Taking into account these considerations, in this study we
compare three public high-resolution datasets of interpolated
precipitation: (i) EOBS (Haylock et al., 2008), (ii) MAP (Frei
and Scḧar, 1998), and (iii) the recently developed NWIOI
dataset (Ronchi et al., 2008; AAVV , 2011) over the Greater
Alpine Region (GAR) and a subregion in northwest Italy
(NWI). The EOBS dataset (Haylock et al., 2008) is the first
publicly available daily gridded dataset covering the whole
of Europe at a very high spatial resolution (25 km) and is
continuously updated, making it one of the most widely used
datasets and a most useful tool for the scientific community.
Unfortunately, a number of studies have shown a potential
weakness of this dataset in regions of sparse data (see, e.g.
Kyselý and Plavcov́a, 2010; Herrera et al., 2012; Maraun
et al., 2012, for the Czech Republic, Spain and UK, respec-
tively).

Hofstra et al.(2009) compare MAP and EOBS (first ver-
sion) over the GAR domain, finding a general underestima-
tion of EOBS, larger errors in the Alps, and an overestima-
tion of extreme precipitation. These results have been con-
firmed byFlaounas et al.(2012), who estimate the uncertain-
ties of the EOBS dataset for temperature and precipitation
over three domains covered by HyMeX (HYdrological cycle
in the Mediterranean EXperiment,http://www.hymex.org/)
stations: (i) Israel, (ii) coastal region of southern France,
and (iii) northeastern Italy. Their analysis indicates that the
EOBS uncertainties are rather important and cannot be ne-
glected during development of the regional scenarios.

Here we extend these studies, (i) analyzing the latest avail-
able version of EOBS (v. 7.0), (ii) testing the new NWIOI
dataset and (iii) calculating, in addition to standard measures
of temporal similarity, their spatial similarity of aggregated

values of a subset of the standard “moderate” extreme precip-
itation indices defined by the World Meteorological Organi-
zation (WMO) CC1/CLIVAR/JCOMM Expert Team on Cli-
mate Change Detection and Indices (ETCCDI; for more de-
tails seehttp://cccma.seos.uvic.ca/ETCCDIor WMO, 2009).

Specifically, EOBS v. 7.0 has approximately doubled the
station density in the GAR domain with respect to the first
EOBS version (passing from around 350 to 750 stations)
through the inclusion of several records from northern Italy.
A careful analysis of these series has revealed that most of the
EOBS gridpoint series in northeastern Italy have to be shifted
back by 1 day to have the maximum overlap of the measure-
ment period. This result highlights the importance of assess-
ing the consistency of new gridded observation versions that
are developed when new historical instrumental data become
available (through digitalization and data quality control).

Although no perfect gridded observations exist, some are
more reliable than others – for example, through the inclu-
sion of more observations. The new NWIOI covering the
NWI domain is the dataset with the longest period with hun-
dreds of stations over this region (∼ 200). This grid allows
a third term of comparison to be added, leading to greater
reliability in the results of this assessment.

Finally, in the context of the development and evaluation
of models for regional climate studies, of paramount impor-
tance is the assessment of uncertainties, not only of the mod-
els themselves but also of the validating datasets. Our anal-
ysis of day-count precipitation indices in the Alpine region
should provide an easy, straightforward way for those who
validate models to understand whether or not their results
are within the gridded observation uncertainties. Indeed, the
use of the standard ETCCDI indices makes comparative data
analysis possible.

This paper is organized as follows: after this Introduction,
Sect. 2 describes the observational datasets and the compar-
ison measures used in this study, then Sect. 3 analyses the
results, while Sects. 4 and 5 discuss and summarize the main
conclusions of this study.

2 Data and methods

2.1 Observations

We consider three public high-resolution datasets of in-
terpolated observations: (i) MAP (Frei and Scḧar, 1998),
(ii) EOBS (Haylock et al., 2008), and (iii) NWIOI (Ronchi
et al., 2008; AAVV , 2011). These datasets are daily observa-
tional grids for precipitation and are all produced using data
from quality-controlled stations. Table1 summarizes some
details on these datasets.

We consider two domains (Fig.1): (i) the Great Alpine
Region (GAR; 2.25− 17.25◦ E, 42.25− 48.75◦ N) and (ii) a
zoom on the GAR, in northwest Italy (NWI; 6.50− 9.50◦ E,
44.00− 46.50◦ N). The first domain, GAR, covers the
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Table 1.The three datasets considered in this study showing spatial resolution, available period, number of stations over the GAR/NWI areas
and links to their respective web pages.

Dataset Resolution Period GAR NWI Link

(no. of stations)

MAP v. 4.0 0.25◦
× 0.1667◦ 1971–1998 ∼ 6500 ∼ 60 http://www.map.meteoswiss.ch/map-doc/rrclim.htm

(∼ 25 km×20 km)

EOBS v. 7.0 0.25◦
× 0.25◦ 1950–2013 ∼ 750 ∼ 10 http://eca.knmi.nl/

(∼ 25 km×25 km)

NWIOI v. 2.0 0.125◦ × 0.125◦ 1958–2013 Available only ∼ 200 http://rsaonline.arpa.piemonte.it/meteoclima50/
(∼ 15 km×15 km) for NWI
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Fig. 1. (A) Topography of GAR domain as represented by EOBS at 0.25◦
× 0.25◦. The inset shows the NWI domain.(B) Topography of

NWI domain as represented by NWIOI at 0.125◦ × 0.125◦. The pictures report the geographic locations mentioned in the text.

European Alps and the adjacent plains, while NWI covers
the ridge of the Alps of the Piedmont and Aosta Valley re-
gions (which have the highest peaks of the Alps, including
Mont Blanc, 4810 m) and the adjacent plains.

The MAP dataset, composed of∼ 6500 stations, covers
the GAR area and provides reliable data only over the period
1971–1990. For more recent years (1991–1998), the station
coverage for northern Italy is lower and many of the Ital-
ian stations are suspected of having data quality problems
(Frei and Scḧar, 1998; Hofstra et al., 2009). MAP was devel-
oped using a modified version of the SYMAP interpolation
method ofShepard(1984), which consists in areal-averaged
values weighing the bias-uncorrected, quality-controlled ob-
servations in a search radius around the gridpoint. This
dataset is considered reliable for reproducing the mesoscale
patterns of the present alpine climatology, at least qualita-
tively (Frei and Scḧar, 1998).

EOBS is the state-of-the-art publicly available high-
resolution daily dataset for Europe, based on a network of
more than two thousand stations. Compared to MAP, EOBS
is based on a lower number of stations – around 750 records
over the GAR domain. This grid was derived applying the
kriging method in a three-step process. First, monthly totals
were interpolated using thin plate splines taking into account
latitude, longitude and elevation. It should be noted that, as
we discuss in Sect.3.3, taking into account the elevation in
the interpolation process could be a key factor in explaining
the larger discrepancy from MAP and NWIOI in the spatial

patterns of the ETCCDI values. Second, daily anomalies (i.e.
departures from the monthly totals) were interpolated using
an indicator kriging and, third, the magnitudes were inter-
polated using universal kriging for the occurrence outcomes
(Haylock et al., 2008).

NWIOI covers the NWI domain and is the dataset with the
longest period covered by hundreds of daily stations over this
region (∼ 200). The interpolation process is based on the op-
timal interpolation (OI) technique. The role of this algorithm
in atmospheric modelling is extensively described byKalnay
(2003). The method used to generate NWIOI is an implemen-
tation of OI, described in detail byUboldi et al.(2008) and
concisely presented here. This method differs from kriging
since it assumes a meteorological background as first-guess
field. For NWIOI, a “pseudo” background field is built from
the data in order to represent the main spatial trends present
in the field and detected by the observations. This algorithm
then produces a precipitation interpolation field through the
background field corrected by a linear combination of the dif-
ferences between this first guess and the rain station records.
The coefficients of the linear combination are derived by
minimizing the covariance matrices of observed and back-
ground field data. This method makes it possible to weigh the
contribution to the precipitation value at each gridpoint from
the nearest observation data, while using an external back-
ground field makes it possible to achieve time homogeneity
and spatial coherence in the final dataset.

www.nat-hazards-earth-syst-sci.net/13/1457/2013/ Nat. Hazards Earth Syst. Sci., 13, 1457–1468, 2013
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To compare the three datasets, we focus on the common re-
liable period, 1971–1990, and the daily outputs of the MAP
and NWIOI are bilinearly interpolated (upscaled) from their
original resolution to the grid defined by EOBS. While this
process may introduce a small additional uncertainty, we
considered it negligible.

2.2 Comparison measures

Two main approaches have been applied to compare the three
datasets (seeMurphy, 1993, for a description of verification
methods). Firstly, as a measure of the temporal agreement
between the time series, the datasets are compared at a grid-
point basis using standard verification measures (e.g. corre-
lation). Specifically, at each gridpoint, we compute the rel-
ative mean absolute error (MAEr) relative to the observed
mean of the reference dataset (in order to remove the influ-
ence of the precipitation amount) and the Pearson correla-
tion (CORR; we calculate both the Pearson and the Spear-
man correlation without qualitative differences) between the
datasets. We establish as reference datasets the MAP dataset
for the GAR domain and NWIOI for the NWI domain since
it is reasonable to expect smaller errors for those grids with
higher station density. The spatial median and interquartile
range (IQR) of the scores considered are then reported above
the relative figures (Figs.2 and3).

Secondly, we consider standard verification measures (e.g.
bias) to assess the spatial agreement of annually or season-
ally aggregated values between the datasets. Specifically, we
compare the observed climatologies (spatial patterns) of a
subset of the standard ETCCDI indices (WMO, 2009). Ta-
ble 2 describes the ETCCDI indices that we calculate (total
precipitation amount, number of precipitation days with pre-
cipitation greater than 1 mm, 10 mm, or 20 mm, maximum
precipitation over 1 and 5 days and the number of consecu-
tive wet or dry days). All the indices are calculated on annual
and seasonal scales over the common period 1971–1990 (ex-
cept those which make no sense on a seasonal scale, such as
the CDD index since the longest period without rainfall can
occur across two seasons).

A graphic summary of how closely the spatial patterns of
the different datasets match each other is provided by the
Taylor diagram (Taylor, 2001). The Taylor diagram makes
it possible to summarize the similarity between two spatial
fields in a single bidimensional plot in order to reproduce
(i) the spatial characteristics (spatial correlation,C), (ii) the
spatial variability (standard deviation,S), and (iii) the quan-
tities (centred root-mean-square error,R). It should be noted
that the statistics have been normalized by dividing both the
centred root-mean-square and the standard deviations by the
standard deviation of the reference datasets. In this way it is
possible to compare the different indices. Furthermore, in or-
der to include information about overall biases, the colour of
each point indicates the difference between the simulated and
observed mean, normalized by the mean of the reference grid

(bias or mean error,M). The reference datasets are indicated
in the plot as OBS at (1, 0) on the axis. Thus, more similar
datasets to the reference datasets are closer to this point.

3 Results

3.1 Temporal similarity

In this section we estimate the temporal similarity of the three
datasets. To this aim, for each gridpoint we computed the
MAEr and the CORR between a dataset and the “reference”
ones (MAP for the GAR domain and NWIOI for the NWI
domain, as explained in the previous section). Figure2 shows
the spatial distribution of the accuracy metrics over the GAR
domain. Both metrics highlight that although agreement in
the GAR domain is generally quite high (i.e. correlation with
average values around 90 %), there are larger differences in
northeastern Italy (Figs.2a and b).

Starting from these results, we scrutinized the data and
found a “shifting error” in the data assignment of the daily
times series of the EOBS datasets in this area. During the
period under study (1971–1990), there was an important
change in the measurement practice in Italy. Until 1986, the
daily reading time was at 09:00 UTC and the “Servizio Idro-
grafico Mareografico Nazionale” (the body specifically re-
sponsible for collecting the data in Italy) assigned the daily
accumulated rainfall of a day D to the precipitation regis-
tered from 09:00 UTC on day D-1 to 09:00 UTC on day D.
That is, these station records have to be shifted back by 1
day to have maximum overlap of the measurement period
(09:00–09:00 UTC) and the 00:00–24:00 UTC time period.
From 1987 on, the reading time was generally at 00:00 UTC
and the data assignment started to be correct. We confirmed
this shifting error directly by checking the assigned data in
the original database for the stations provided to the EOBS
developers (V. Pavan, personal communication, 2013). For
each year in the period 1971–1990, we also calculated the
cross correlation between each gridpoint time series of the
MAP and EOBS dataset and plotted the lag where there was
the maximum correlation between the time series. This anal-
ysis confirms that in northeastern Italy, the EOBS datasets
display the highest correlation with MAP at +1 day’s time
lag during the period 1971–1986. The dotted black circles
in Fig. 2a and c indicates the EOBS gridpoints whose ac-
cumulated precipitation series are erroneously shifted, while
the highest correlation between MAP and EOBS is always
at the time lag 0 for the other gridpoint of the domain, and
over the whole GAR domain during the period 1987–1990,
with some minor exceptions. In particular, for the period
1987–1990 we have not accurate metadata and the results of
the cross-correlation analysis does not provide a guidance to
clearly say if a series needs to be date shifted or not. Thus,
we did not make changes to the dataset during these four
years. Further analysis should be done to face this “date shift
problem”, when more data and metadata will be available.

Nat. Hazards Earth Syst. Sci., 13, 1457–1468, 2013 www.nat-hazards-earth-syst-sci.net/13/1457/2013/
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Table 2.Climatic mean and extreme indices for precipitation used in this work (see also ETCCDI,http://cccma.seos.uvic.ca/ETCCDI).

Label Description Units

PRCPTOT total precipitation mm
R1 number of days with precipitation over 1 mmday−1 (i.e. rainy days) day
SDII mean precipitation amount on a wet day mm
R10 number of days with precipitation over 10 mmday−1 day
R20 number of days with precipitation over 20 mmday−1 day
RX1DAY maximum precipitation in 1 day mm
RX5DAY maximum precipitation in 5 days mm
CWD consecutive wet days (> 1 mm) day
CDD consecutive dry days (< 1 mm) day
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 EOBS vs MAP, MAEr:  0.42 IQR: 0.31 / 0.55B)

 

 EOBS* vs MAP, CORR:  0.90 IQR: 0.85 / 0.95C)

 

 EOBS* vs MAP, MAEr:  0.40 IQR: 0.30 / 0.52D)

Fig. 2. (A) CORR (Pearson correlation) comparing EOBS and MAP over GAR; dotted black circles indicate the EOBS gridpoints whose
accumulated precipitation series have to be shifted back by 1 day to have maximum overlap of the measurement period. The inset shows the
NWI domain.(B) MAEr comparing EOBS and MAP.(C) and(D) are the same as(A) and(B) but for the shift-corrected EOBS (EOBS*).
The values at the top of each map are the median and interquartile range (IQR) of the spatial distribution of the corresponding score.

We then repeated the analysis considering a shift-corrected
version EOBS. The corrected EOBS version clearly outper-
forms the original (Fig.2). Thus, in the following analysis
we consider only the shift-corrected version of EOBS. Com-
pared to the first version of EOBS analysed byHofstra et al.
(2009), the shift-corrected EOBS v. 7.0 provides a slightly
better regionally averaged skill (CORR = 0.90 versus 0.88,
and MAEr = 0.40 versus 0.51, as reported in Table 2 ofHofs-
tra et al., 2009) and better agreement over northeastern Italy,
where the station density has increased significantly.

Generally, the greatest inconsistencies (with MAEr val-
ues even greater than 100 %) between the datasets are in
the NWI region. Figure3 concerns the analysis of this area.
Now the corrected EOBS is considered. This figure indicates
greater correspondence between MAP and NWIOI than be-
tween MAP or NWIOI and EOBS. As expected, a common
pattern is the greater discrepancy between the grids over the
mountainous areas. In particular, the greater differences be-
tween MAP and NWIOI on the Aosta Valley border could be
related to a lack of stations outside the Italian border in the
NWIOI dataset.

These results are valid even when considering the sea-
sonal series (not shown) instead of the annual ones, with
temporal agreement measures of the same order of magni-
tude (e.g.C ' 90 % and MAEr' 45 %, except in JJA with
MAEr = 52 %).

3.2 Spatial similarity of aggregated indices over GAR

The annual climatology (spatial pattern), averaged over the
studied period (1971–1990) for the precipitation indices
shown in Table2, has been calculated for the three datasets
(see Fig.4 for the GAR domain and Fig.5 for the NWI do-
main). The panels in Fig.4 show the annual values of the
indices for MAP (first column), EOBS (second column) and
the differences of EOBS minus MAP (third column); the
numbers below the figures indicate the calculated similarity
scores (i.e. those used in the Taylor diagram).

This figure shows quite good spatial similarity between
MAP and EOBS over the GAR domain, with spatial correla-
tion generally around 80 %. The similarity between the two
datasets is generally high for PRCPTOT, R1, SDII and R10,

www.nat-hazards-earth-syst-sci.net/13/1457/2013/ Nat. Hazards Earth Syst. Sci., 13, 1457–1468, 2013
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Fig. 3.CORR (top panels) and MAEr (bottom panels) comparing EOBS (shift corrected), MAP and NWIOI over NWI. The values at the top
of each map are the median and the interquartile range (IQR) of the spatial distribution of the corresponding score.

with a mean error of less than−10 % (the minus sign indi-
cates that EOBS has, on average, lower values than MAP),
similar standard deviation, and a centred root-mean-square
error of less than 0.6. The difference maps (third column)
show that although generally EOBS has lower values than
MAP, over the Alpine chain EOBS has higher values, espe-
cially over NWI. The following analysis over the NWI do-
main focuses on this area. For R20 and for the extremes in-
dices RX1DAY and RX5DAY, the discrepancies are greater,
with a mean error of between−10 % and−20 %. Further-
more, the three areas with the highest maximum values, the
south of France, the Toce Valley (in the north of Piedmont)
and the northeast of Italy, are not highlighted by EOBS. Fi-
nally, the frequency indices CWD and CDD, indicate a quite
high spatial similarity.

As well as the dataset assessment, Fig.4 also provides use-
ful information on the climatology of the ETCCDI indices
over the GAR domain. Here, despite the relatively small size
of the selected region (around 1200 km×700 km), the spa-
tial distributions of daily precipitation indices vary widely.
Topography, distance from the Mediterranean and position
play a dominant role in determining the spatial distribution of
these indices. On this scale, total precipitation is quite well
correlated with the alpine chain (despite several exceptions
on a smaller scale), ranging from around 1000 mmyr−1 over
the lowlands to maximum values of over 2000 mmyr−1 over
the mountains.

The climatology map of the R1 indicates quite a strong
south to north gradient, with more than 120 days of rain (i.e.
once every 3 days, on average) in the northern part of the
GAR domain. In this area the precipitation intensity (SDII
index) is quite low, while the maximum values, amounting

to over 15 mmday−1, are located in the south of France, the
Toce Valley and the northeast of Italy. Over these three ar-
eas and the reliefs, there are more than 60 days with pre-
cipitation greater than 10 mmday−1 and 30 days with pre-
cipitation greater than 20 mmday−1. These indices, R10 and
R20, are spatially similar to the PRCPTOT index, whereas
the extremes indices are more similar to the climatology
map of SDII, where the three areas mentioned above have
RX1DAY values over 140 mmday−1 and RX5DAY values
over 250 mm(5days)−1. Finally, the frequency indices CWD
and CDD again confirm the great spatial variability of the
GAR domain, from regions with more than 15 consecutive
days of rain (in the north) to regions with 40 consecutive dry
days (in the Po Valley).

3.3 Spatial similarity of aggregated indices over NWI

Figure 5 shows the climatology (averaged over the period
1971–1990) for the precipitation indices given in Table2
for the three datasets. The panels in Fig.5 indicate the an-
nual values of the indices for MAP (first column), EOBS
(second column), NWIOI (third column; the grid taken as
reference) and their respective differences (fourth and fifth
columns). Table3 summarizes the spatial similarity scores
of these maps.

This comparison shows the high agreement between MAP
and NWIOI (e.g. spatial correlation around 70− 90 %, de-
pending on the index). This is an important result since it
builds confidence in using the MAP and NWIOI datasets for
climate studies. Indeed, the former reference dataset is com-
monly accepted as a reliable description of the mesoscale
variability of precipitation in the Alps (Frei and Scḧar, 1998).
The latter dataset, based on a high number of stations (around

Nat. Hazards Earth Syst. Sci., 13, 1457–1468, 2013 www.nat-hazards-earth-syst-sci.net/13/1457/2013/



M. Turco et al.: Assessing observations for precipitation extremes in alpine areas 1463

Table 3.Spatial validation scores (mean errorM, standard deviationS, centred root mean squareR, correlationC) for the MAP and EOBS
values, with regard to the NWIOI values for the climatologies of the annual precipitation extremes indices shown in Table2 over Piedmont
and the Aosta Valley.

Index MAP EOBS

PRCPTOT M = 0.01 S = 1.03 R = 0.51 C = 0.87 M = −0.05 S = 1.10 R = 1.45 C = 0.04
R1 M = −0.05 S = 1.35 R = 0.77 C = 0.83 M = −0.06 S = 1.51 R = 1.15 C = 0.65
SDII M = 0.07 S = 0.97 R = 0.39 C = 0.92 M = 0.01 S = 0.81 R = 1.54 C = −0.43
R10 M = 0.02 S = 0.93 R = 0.59 C = 0.82 M = 0.08 S = 1.47 R = 1.92 C = −0.18
R20 M = 0.06 S = 0.95 R = 0.44 C = 0.90 M = −0.08 S = 1.04 R = 1.64 C = −0.29
RX1DAY M = 0.05 S = 1.10 R = 0.49 C = 0.90 M = −0.18 S = 0.53 R = 1.13 C = −0.00
RX5DAY M = 0.01 S = 0.97 R = 0.40 C = 0.92 M = −0.23 S = 0.37 R = 1.16 C = −0.28
CWD M = −0.13 S = 0.79 R = 0.69 C = 0.72 M = −0.16 S = 0.68 R = 1.21 C = 0.01
CDD M = −0.02 S = 1.20 R = 0.58 C = 0.87 M = −0.00 S = 1.76 R = 1.04 C = 0.86

200), shows high agreement with MAP, suggesting the re-
liability of these two grids. Instead, the low or even nega-
tive spatial correlations for the EOBS grid suggest that this
dataset, at least for certain studies such as the analysis of the
regional alpine climatology, cannot be considered reliable.

We underline that this conclusion is supported by the evi-
dence that its spatial pattern, which is very different from
those of MAP and NWIOI over the NWI region, is implausi-
ble also from a physical point of view. The spatial variability
of the daily precipitation indices is very high over the NWI
domain, in spite of its relatively small surface area (around
29 000 km2). The maximum values (up to 2000 mmyr−1) are
in the northeast, close to the foothills adjacent to the Monte
Rosa chain. The position of this alpine chain, intercepting the
humid winds from the south, and its relative proximity to the
sea, are the factors that explain these high averaged values.
The lower values are in the Po Valley, about 800 mmyr−1,
and in some inner valleys, like for example in the Aosta Val-
ley (in the north) and the Susa Valley (in the west), which
are sheltered from the humid flows to the blocking action of
mountain ridges. On the contrary, the EOBS correction with
altitude shifts the precipitation peaks from the pre-mountain
range to the mountains located at the border of the NWI do-
main. It should be noted that while for MAP and NWIOI
there is no significant linear relationship between orography
and mean precipitation, the correlation for EOBS is around
88 % (78 % considering the mean daily variability). Please
also notice that, while in alpine areas it is generally recog-
nized that the stations tend to be at low elevations (e.g. moun-
tain valleys), correct compensation of the measurement error
deriving from this incomplete representative clustering is not
a trivial question. This is mainly due to the spatial variability
of the non-linear precipitation–elevation relationships.

Considering the spatial patterns of the ETCCDI indices,
the rainy days index also shows high spatial variability (from
around 80 up to 160 daysyr−1), while the intensity of pre-
cipitation varies less, with averaged values of 9 mmday−1.
The indices R10 (average around 30 daysyr−1) and R20
(average around 12 daysyr−1) are spatially similar to the

PRCPTOT index. The extremes index RX1DAY (RX5DAY)
shows the higher spatial variability, with values ranging from
40 mmday−1 (100 mm(5days)−1) over the lowlands and in-
ner valleys up to 120 mmday−1 (250 mm(5days)−1) over the
northwest alpine area. Finally, the CWD index shows the
highest difference between the MAP and NWIOI datasets
(M = −13 %). The regional average of the CWD index
varies between about 8/9 days with continuous rain. The re-
gional averaged period with consecutive dry days (CDD in-
dex) is around 30 daysyr−1.

Focusing on the seasonal scale, the spatial similarity of the
MAP and EOBS datasets in reproducing the NWIOI clima-
tologies of the ETCCDI indices is shown in the Taylor dia-
grams displayed in Fig.6. For all the seasons, EOBS shows
greater discrepancies, especially in winter, probably linked
to snow measurement problems.

The precipitation in the NWI domain is characterized by
large variability: not only spatially, but also in time. In Fig.7
we compare the three datasets on a monthly scale in order to
assess their correspondence for annual cycles of certain in-
dices. We consider the annual cycle of the indices PRCPTOT,
R1, R20, and RX1DAY, averaging the gridpoint indices in
the domain and considering the common period 1971–1990.
In this case, too, there is greater agreement between NWIOI
and MAP, while EOBS underestimates the peaks of the an-
nual cycle, particularly the extremes index RX1DAY.

4 Discussion

In the context of climate studies, the analysis of high-
resolution daily observation is of the utmost importance.
These datasets allow the main climatic features of their area
of reference to be defined and can, for instance, be used
to analyse the indices of daily precipitation extremes. Fur-
thermore, gridded datasets derived from meteorological sta-
tion measurements are most important in setting up the ba-
sis for the development of regional climate scenarios. Un-
fortunately, a number of constraints involving climate data
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Fig. 4. Spatial distribution of mean values (averaged over the period 1971–1990) of the MAP (left), EOBS (central) and their differences
(right), for the annual precipitation extremes indices shown in Table2. The spatial validation scores (mean errorM, standard deviationS,
centred root mean squareR, correlationC) for the EOBS values, with respect to the MAP values, are given below the corresponding panels.

(i.e. availability of the data and their quality) could limit the
analysis of daily fields, which is even more challenging in
the alpine area, given the complexity of the topography in
this region.

These reasons have motivated this study, in which we
have compared three public datasets over the Alpine area:
(i) MAP, (ii) EOBS, and (iii) NWIOI. We have compared
these datasets over two domains (GAR and NWI), investi-
gating their temporal similarity by means of certain standard
descriptive statistics (CORR and MAEr), and their spatial si-

milarity, comparing the spatial climatologies of several ETC-
CDI extreme precipitation indices on an annual and seasonal
scale.

Each dataset has limitations that need to be considered.
The MAP grid, covering the Great Alpine Area, is based
on thousands (∼ 6500) of quality-controlled stations, but is
available (and reliable) only for the period 1971–1990. It
would be really desirable for it to be kept updated. The EOBS
grid, covering the whole of Europe, is based on fewer stations
over the GAR domain, around only 750. Its advantage is its
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Fig. 5. Spatial distribution of mean values (averaged over the period 1971–1990) of the MAP, EOBS and NWIOI, and their respective
differences, for the annual precipitation extremes indices shown in Table2 over Piedmont and the Aosta Valley.

continuous updating. Finally, the NWIOI, based on hundreds
of stations, has a very high spatial resolution and is contin-
uously updated. However, it covers only a part of the GAR
domain (NWI).

Given these considerations, EOBS could be very attractive
to users who need constantly updated high-resolution data or

data that simply cover recent periods over the GAR domain.
The numerous studies that use this data to analyse past cli-
matology or to evaluate the regional scenarios (by means of
RCMs or statistical downscaling methods) confirm this fact.
However, this grid in particular may suffer from a number of
potential uncertainties (Haylock et al., 2008), since in general
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Fig. 6.Taylor diagrams for seasonal precipitation climatology over the NWI domain. The most similar points to the NWIOI dataset are closer
to the point indicated as OBS. The squares with a smalle are used for EOBS (a capitalE is used for negative correlations), while the circles
with the letterm are for MAP. The colours indicate the bias (in percentage with respect to the NWIOI value) of the dataset. The numbers
correspond to the different indices: 1 = PRCPTOT; 2 = R1; 3 = SDII; 4 = R10; 5 = R20; 6 = RX1DAY.

the accuracy decreases as the network density decreases. Our
study highlights that this dataset may be considered reli-
able only for mean values over the GAR domain and could
indicate, even for a relatively small area like NWI region,
whether a year is above or below normal. Indeed, although
the temporal correlation of the daily series in this region is
approximately 70 % (see Sect. 3.1), the EOBS grid seems
unable to reproduce the spatial precipitation variability over
this region. That is, EOBS could indicate whether a year is
above or below normal over the NWI domain, while across
this domain it might not highlight which places are wet or
dry. It should be noted thatCiccarelli et al.(2008) show that
the interannual precipitation variability over NWI is gener-
ally coherent over the entire area; that is, dry (wet) years are
usually dry (wet) over the whole region. This means that a
few stations (such as those that compose the EOBS grid) al-
low the interannual variability of the precipitation to be cap-
tured, at least to some extent. However, the high biases for

the extremes indices (e.g. Fig.5) suggest that EOBS might
only indicate whether a year is above or below normal, while
it cannot provide reliable quantitative information.

Finally, it should be noted that these datasets may be af-
fected by common measurement errors, such as undercatch
due to wind or evaporation losses and/or snow drift into the
rain gauge. The resulting bias could be an averaged under-
estimation of around 10 % (Frei and Scḧar, 1998). However,
none of the three datasets takes into account a correction term
for these errors. So possible systematic underestimation of
the amount of precipitation should therefore be taken into
account.

5 Summary and conclusions

Our assessment of the Alpine region, focusing on temporal
similarity, indicates that (i) most of the EOBS gridpoint se-
ries in northeastern Italy have to be shifted back by 1 day to
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Fig. 7.Seasonal cycle (averaged monthly values) of spatially averaged indices. Solid circles and a continuous line represent the NWIOI data,
empty squares and a dashed line represent the MAP data, while empty circles and a dashed line represent the EOBS data.

have maximum overlap of the measurement period, (ii) the
shift-corrected EOBS version generally shows good agree-
ment in terms of temporal correlation with MAP on the GAR
domain, and (iii) there is also a relatively good temporal
agreement between the three datasets over the NWI domain,
with higher similarity between NWIOI and MAP than be-
tween MAP or NWIOI and EOBS.

Focusing on spatial similarity of ETCCDI climatologies,
the main results are the following: (i) highest discrepancies
have been found for the extremes indices, both on an annual
and seasonal time scale (the highest differences are in win-
ter); (ii) EOBS cannot be used for spatial climatology of ex-
treme indices over the GAR domain and for any index over
NWI (the spatial correlations with NWIOI are even negative
and show unrealistic precipitation patterns over the Alpine
chain); (iii) EOBS generally has lower values than MAP in
most of the GAR domain, probably because it is based on
fewer stations and the resulting interpolated fields are over-
smoothed (Hofstra et al., 2010).

MAP and NWIOI generally show good agreement, which
contributes to a greater confidence in using these databases.
The main practical limitations of these datasets are that MAP
covers only 20 yr, while NWI covers a relatively small re-
gion. Unfortunately, EOBS, which is continually updated and
covers the entire domain, has shown the greatest discrepan-
cies.

The users should carefully take into account the limitations
of the observed datasets. Without proper high-resolution ob-
servations it is difficult or impossible to develop reliable
high-resolution scenarios. Thus, once again, this work em-

phasizes the importance of making climate data accessible
for research activities.

Our future research would address the problem of the im-
pact of climate change on hydrology, evaluating and cali-
brating the high-resolution outputs of COSMO-CLM (Zollo
et al., 2012) by means of a hybrid downscaling strategy
(Turco et al., 2011). This study is the first step in this direc-
tion, providing the groundwork to choose the most reliable
dataset to develop regional scenarios over the Alpine region.
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