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Bioclimates of Italy
Simone Pesaresi, Edoardo Biondi and Simona Casavecchia

Department of Agricultural, Food and Environmental Sciences (D3A), Marche Polytechnic University, Ancona, Italy

ABSTRACT
The Worldwide Bioclimatic Classification System according to Rivas-Martínez (WBCS) is a
bioclimatic classification that is widely used in vegetation science, geobotany, and landscape
ecology. To date, only one complete WBCS map has been produced for Italy at the national
scale. Here, we define two major updates to the WBCS map of Italy: improvements to the
surface spatial accuracy for the climate, especially for precipitation; and detailed mapping of
the Submediterraneity Index and its levels, which mainly characterize the ecotone area
between the Mediterranean and the Temperate macrobioclimates. Finally, all WBCS units (i.e.
macrobioclimates, bioclimatic variants, bioclimates, continentality types, bioclimatic belts)
and the Submediterraneity Index are mapped on a scale of 1:2,500,000. These maps and the
bioclimatic indices and monthly climatic surfaces are available here as raster data-sets
(resolution, 900 m) and are useful for accurate bioclimatic diagnosis for the entire Italian
territory. They will also support vegetation–environment relationship analysis, ecological
modeling, and applied studies of climate change at the national scale.
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1. Introduction

The Worldwide Bioclimatic Classification System
according to Rivas-Martínez (WBCS; Rivas-Martínez,
1993) is a bioclimatic classification system that is
widely used in vegetation sciences, especially in geobo-
tany and landscape ecology. The WBCS has been
repeatedly redefined and updated (Rivas-Martínez,
1993, 2004, 2008; Rivas-Martínez, Sáenz, & Penas,
2011) to improve the correspondence between the
main climatic factors, expressed as bioclimatic par-
ameters and indices, and the distribution patterns of
the vegetation at different spatial scales. It consists of
the following bioclimatic units (in top-down hierarch-
ical order): macrobioclimate, bioclimatic variant, bio-
climate, and bioclimatic belt, as defined by the
combination of Thermotype and Ombrotype. At a glo-
bal scale, theWBCS recognizes 5 macrobioclimates (i.e.
Polar, Boreal, Temperate, Mediterranean, and Tropi-
cal), 8 bioclimatic variants (Rivas-Martínez, Penas,
Del Rio, Rivas Sáenz, & García-Sancho, 2015), and 28
bioclimates. At a local scale, the bioclimatic belts clas-
sify the variations within bioclimates, in terms of temp-
erature and precipitation.

Italy covers two macrobioclimates (i.e. Mediterra-
nean and Temperate), four bioclimates, and two biocli-
matic variants (Submediterranean and Steppic) (e.g.
Biondi & Baldoni, 1993, 1995; Blasi & Michetti, 2005;
Pesaresi, Galdenzi, Biondi, & Casavecchia, 2014). The
Mediterranean macrobioclimate is characterized by at

least two consecutive arid summer months, while the
Temperate macrobioclimate does not have any sum-
mer aridity.

In terms of summer aridity and plant formations,
the Submediterranean bioclimatic variant (of the Tem-
perate macrobioclimate) represents the ecotone area
between the Mediterranean and Temperate macrobio-
climates. This variant is identifiable and characterized
by positive values of the Submediterraneity Index
(Isbm), which defines six levels, from extremely weak
to extremely strong, according to Rivas-Martínez
et al. (2011). The Submediterranean bioclimatic variant
has been recently highlighted for its original phytocoe-
notic, syntaxonomic, and habitat diversity (sensuHabi-
tats Directive 92/43/ECC; Biondi et al., 2015). Indeed,
there are many Submediterranean syntaxa that have
been described as part of the Italian Vegetation Pro-
drome (Biondi, Allegrezza, 2014 et al., 2014; Biondi,
Blasi et al., 2014; Biondi, Casavecchia, Pesaresi, Gang-
ale, & Uzunov, 2014) and have been adopted at the
continental level in the European Vegetation Prodrome
(Mucina et al., 2016).

The Steppic bioclimatic variant can instead belong
to both of these macrobioclimates. This variant is
characterized by climates that are at least semiconti-
nental, with low winter precipitation and low summer
aridity, which in a Temperate macrobioclimate can also
produce positive Isbm values. Therefore, positive Isbm
values, which mainly describe the Submediterranean
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bioclimatic variant, can also occur for the Steppic bio-
climatic variant. The Steppic variant was recently
mapped by Pesaresi et al. (2014), and it is mainly
located in areas of the Po Valley (as a Temperate
macrobioclimate). Therefore, for Italy, detailed map-
ping of the bioclimatic variants and the Isbm would
be a useful tool for geobotanical and syntaxonomic
investigations and further insight.

To date, for Italy, the map of Pesaresi et al. (2014) is
the only full implementation of the WBCS at this
national scale. This bioclimatic map of Italy, however,
has two critical aspects: (i) it is based on global climatic
surfaces of WorlClim (version 1.4; Hijmans, Cameron,
Parra, Jones, & Jarvis, 2005), from where it obtains its
spatial accuracy limits. These limits mainly concern the
precipitation surfaces, and they have resulted in minor
inaccuracies in Ombrotypes mapping (see Table 11 in
Pesaresi et al., 2014). They are determined by the low
density of the local observations used in WorldClim,
in relation to the extreme variability of the rainfall
levels in the Italian territories (e.g. determined locally
by effects of orographic barriers, coast effects; see
Figure 3 in Pesaresi et al., 2014); (ii) the Isbm levels
were mapped in a simplified form, as the six levels
were grouped into two groups, of weak and strong.

Therefore, the present study aims to update the bio-
climatic WBCS map of Italy, by improvements to the
spatial accuracy of the climatic surfaces (and especially
precipitation) on which to apply the WBCS, and by
mapping the Isbm in detail. All of the WBCS biocli-
matic units (i.e. macrobioclimates, bioclimates, biocli-
matic variants, continentality types, Thermotypes,
Ombrotypes) and the Isbm have been set up as a

map series, and together with bioclimatic indices and
parameters, these are available as raster data-sets.

2. Materials and methods

2.1. Study area

The study area is the entire Italian territory. Due to its
geographic position at the center of the Mediterranean
basin, and combined with its wide latitudinal extent
and orographic heterogeneity (Figure 1), the Italian ter-
ritory is characterized by high climatic variability and
diversity. It represents a long narrow ‘bridge’ between
the Temperate and Mediterranean macrobioclimates
(Biondi & Baldoni, 1995).

2.2. The WBCS

TheWBCS was detailed by Rivas-Martínez et al. (2011)
and was summarized for Italy by Pesaresi et al. (2014).
The details of the Isbm and the Submediterranean and
Steppic bioclimatic variants are as given in the follow-
ing subsections.

2.2.1. Submediterraneity index
A territory that lies within the Temperate macrobiocli-
mate will have a positive Isbm (i.e. >0) if at least one of
the summer months has precipitation (in mm) <2.8
times the mean temperature (°C, in tenths) of the
same month (Iosi <2.8). Depending on the Isbm, six
distinct levels are distinguishable (from extremely
weak to extremely strong; for details see Rivas-Martí-
nez et al., 2011).

Figure 1. Maps for the collection of the local meteorological data, for the precipitation stations (a) and the thermometric stations
(b). The system reference is UTM (WGS84) zone 32 N.
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2.2.2. Submediterranean bioclimatic variant
A territory that lies within the Temperate macrobiocli-
mate belongs to the Submediterranean bioclimatic var-
iant if it has Isbm >0 and does not belong to the Steppic
variant.

2.2.3. Steppic bioclimatic variant
A territory that lies within the Temperate or Mediter-
ranean macrobioclimates belongs to the Steppic biocli-
matic variant if it is at least low semicontinental, with
low winter precipitation, and low summer aridity. In
more detail, the Steppic variant must have: Continen-
tality Index (Ic) >17; annual Ombrothermic Index
(Io) from 0.2 to 6.0 (i.e. lower hyperarid to upper sub-
humid) with more summer precipitation than winter
precipitation; and finally, at least one summer month
with precipitation (in mm) <3 times the mean temp-
erature (°C, in tenths) of the same month (Iosi <3). If
this last condition is less than 2.8 (Iosi <2.8) and the ter-
ritory lies within the Temperate macrobioclimate, this
will produce a positive Isbm.

As indicated in the Introduction, in the Temperate
macrobioclimate, both bioclimatic variants can have
positive Isbm. Therefore, in the present study, we
mapped in detail the bioclimatic variants and the
Isbm for all of the Temperate macrobioclimate terri-
tories with Isbm >0 (including the Steppic territories)
that we considered as Submediterraneity sensu lato.

2.3. Climatic data processing and WBCS
mapping

Local meteorological data were collected from the ‘Ita-
lian national system for the collection of climatological
data of environmental interest’ (http://www.scia.
sinanet.apat.it/home.asp – Desiato, Fioravanti,
Fraschetti, Perconti, & Toreti, 2011; http://clisun.
casaccia.enea.it/Pagine/Index.htm – Petrarca, Spinelli,
Cogliani, & Mancini, 1999) for the period 1960–1990
(e.g. WorldClim version 1.4). Figure 1 shows the
locations of the 2893 precipitation stations and 869
thermometric stations. Meteorological stations with
shorter observation periods (with at least 20 years)
were included in the data-set for their high values in
the spatial interpolation. Missing values were filled by
interpolation with the nearest station.

2.3.1. Geostatistical mapping of precipitation and
temperature
To obtain climatic surfaces that were suitable for
improving of the spatial accuracy of the WBCS map
of Italy, we considered that it was adequate to calibrate
and correct (via regression kriging; Hengl, 2007;
Pebesma, 2004) the WorldClim surfaces with a dense
data-set of local meteorological observations (Figure
1), and then not necessary to create climatic surfaces
ex novo; this resulted in the search for the best spatial

interpolation technique with the best set of auxiliary
physiographic variables.

In practice, regression kriging between local climatic
data (i.e. dependent variables) and the WorldClim data
(i.e. independent variables) was applied to the follow-
ing monthly variables: average mean temperature and
precipitation (for each month of the year) and mean
minimum and maximum temperatures for January,
February, and December. These latter are useful for
the calculation of the Simple and Compensated Thermi-
city Indices (see Rivas-Martínez et al., 2011). The mean
monthly precipitation was appropriately transformed
(log, sqrt) if it was far from normal.

The ten-fold cross-validation method calculation of
the mean absolute error (MAE) and the normalized
root mean squared error (RMSEr) were then used to
select the best variogram model and to evaluate the
overall accuracy of the spatial predictions. The
RMSEr is the square root of the mean squared differ-
ence between the observed and predicted values,
divided by the standard deviation of the data. The
MAE is the mean of the absolute differences between
the observed values and the predicted values. The accu-
racy of the spatial interpolation was adequate, with
RMSEr less than (or close to) 0.4. In this case, the
model accounted for 85% of the variability in the vali-
dation points (R2 = 1 − RMSEr2; Hengl, 2007).

Finally, in terms of the MAE, we compared these
new calibrated climatic surfaces with those produced
with different methods at national scales for the same
territory (Brunetti, Maugeri, Nanni, Simolo, & Spinoni,
2014; Pesaresi et al., 2014).

2.3.2. Mapping the WBCS
We mapped the macrobioclimates, bioclimates, biocli-
matic variants, continentality types, Ombrotypes, and
Thermotypes and the Isbm by applying the WBCS to
the new climatic surfaces obtained here, using the
mapalgebra language (in the Esri ArcGIS geographic
information system). To determine the validity of
these maps also at a regional scale for the Ombrotypes
and Thermotypes according to the weighed Cohen’s K
statistic (Cohen, 1968), we assessed the degree of agree-
ment between the high-resolution maps constructed
for the Sardinia region (Canu et al., 2015) (see
Additional Materials for more details).

3. Results

3.1. Geostatistical mapping of precipitation and
temperature

The surfaces of the entire Italian territory were mapped
down to 900 m spatial resolution (approximately
equivalent to that of WorldClim). These referred to
the period of observation from 1960 to 1990, for the
monthly climatic variables considered (i.e. average
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mean temperature and precipitation for each month of
the year; mean maximum and minimum temperatures
for January, February, and December). The RMSEr and
MAE for the monthly climatic surfaces obtained by
ten-fold cross-validation are shown in Table 1. The var-
iogram models selected for the regression kriging are
shown in Figures S1 and S2 of the Additional Materials.

The RMSEr of the monthly precipitation surfaces
were ≤0.4 for April, May, June, July, August, and Sep-
tember, while they were >0.4 for the other months
(although all were close to 0.4, except February,
March, and November). The variation explained (R2)
was from 75% to 96%. The MAEs were from 5.45 to
16.12, and all were better than those of the bioclimatic
map of Pesaresi et al. (2014) (Table 1).

The differences (in mm) between the surfaces of the
mean annual precipitation (sumof themonthly precipi-
tation produced here) and those ofWorldClim (used by
Pesaresi et al., 2014) clearly showed where the precipi-
tation levels were largely determined by the orographic
barriers (also highlighting the rain shadow areas) and
where the WorldClim surfaces were inaccurate and
incomplete at the national scale (Figure 2).

The RMSEr of the monthly temperature surfaces
were all ≤0.4, and the variation explained (R2) was
from 88% to 95%. The MAE were from 0.73 to 0.98.
The MAE of the mean temperature surfaces were all
smaller than those reported by Pesaresi et al. (2014),
and larger than those of Brunetti et al. (2014)
(especially for the months from April to August).

Finally, all of the fundamental climatic surfaces for
applying the WBCS to the Italian territories in terms
of the RMSEr had adequate spatial accuracy, and
were mean annual precipitation and temperature
(with RMSEr 0.40 and 0.27, respectively; not given in
Table 1) and mean monthly precipitation and tempera-
ture for May, June, July, and August (see Table 1).

3.2. Bioclimatic classification system mapping

The WBCS mapping process (using mapalgebra) pro-
duced the WBCS map series of Italy (Main Map),
and consists of the following maps (scale 1: 2,500,000):

. Macrobioclimate and bioclimatic variants;

. Bioclimates and bioclimatic variants;

. Submediterraneity index (Isbm);

. Continentality types;

. Thermotypes;

. Ombrotypes;

Table 1. Normalized RMSEr and MAEs for the monthly precipitation and temperature surfaces obtained by ten-fold cross-validation
surfaces (months: 1 January to 12 December).

Measure

Month

1 2 3 4 5 6 7 8 9 10 11 12

Precipitation
RMSEr 0.43 0.47 0.50 0.40 0.29 0.21 0.21 0.22 0.37 0.43 0.46 0.42
R2 (%) 82 78 75 84 92 96 96 95 86 82 79 82
MAE (mm) 13.43 12.47 12.06 10.92 9.10 7.14 5.45 6.79 8.96 13.58 16.12 14.97
MAE (mm)a 24.00 19.00 20.00 16.00 15.00 12.00 9.00 12.00 13.00 21.00 27.00 25.00
Mean temperature
RMSEr 0.26 0.25 0.29 0.34 0.34 0.34 0.35 0.32 0.30 0.26 0.23 0.23
R2 (%) 93 94 92 88 88 88 88 90 91 93 95 95
MAE (°C) 0.73 0.72 0.70 0.79 0.75 0.82 0.87 0.85 0.79 0.72 0.71 0.76
MAE (°C)a 0.80 0.80 0.80 0.90 0.80 0.90 0.90 0.90 0.80 0.80 0.80 0.80
MAE (°C)b 0.77 0.69 0.60 0.58 0.58 0.62 0.66 0.65 0.62 0.63 0.67 0.78
Minimum temperature
RMSEr 0.29 0.30 – – – – – – – – – 0.28
R2 (%) 92 91 – – – – – – – – – 92
MAE (°C) 0.98 0.97 – – – – – – – – – 0.98
Maximum temperature
RMSEr 0.27 0.32 – – – – – – – – – 0.26
R2 (%) 93 90 – – – – – – – – – 93
MAE (°C) 0.85 0.84 – – – – – – – – – 0.83
afrom Pesaresi et al. (2014).
bfrom Brunetti et al. (2014).

Figure 2. Mean annual precipitation differences between the
surface from the present study and that of WorldClim version
1.4 (as used by Pesaresi et al., 2014). The system reference is
UTM (WGS84) zone 32 N.
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The mapping included two macrobioclimates (Med-
iterranean and Temperate), two bioclimatic variants of
the Temperate macrobioclimate (Submediterranean
and Steppic), five Isbm levels (from Extremely weak to
Highly strong; terminology in agreement with Rivas-
Martínez et al., 2011), four bioclimates, seven continen-
tality types (from strong semihyperoceanic to weak sub-
continental), 11 Ombrothermic horizons (from lower
semiarid to ultrahyperhumid), and 19 Thermotypic
horizons (from upper infra-Mediterranean to gelid).

The Mediterranean macrobioclimate covers 39.4%
of the Italian territory (301,340 km²), while the Tem-
perate macrobioclimate covers 60.6%. The Temperate
macrobioclimate is divided into Eutemperate (without
any bioclimatic variant), Submediterranean (Temper-
ate macrobioclimate, Submediterranean variant), and
Steppic (Temperate macrobioclimate, Steppic variant).
These cover 25.4%, 27.4%, and 7.8% of the Italian ter-
ritory, respectively (Table 2).

The Temperatemacrobioclimate territories with posi-
tive Isbm (Submediterraneity sensu lato) covers 34.8% of
the Italian territory (27.4% as Temperate macrobiocli-
mate, Submediterranean variant; 7.4% as Temperate
macrobioclimate, Steppic variant, with Isbm >0) (Table
2). The levels are as follows: Extremelyweak (4%),Highly
weak (6%), Weak (9.5%), Strong (10%), and Highly
strong (5.2%). The Steppic variant of the Temperate
macrobioclimate covers 7.8% of the Italian territory,
and only 0.4% did not have a positive Isbm (Table 2).

In terms of the weighed Cohen’s K statistic, the
agreement between the maps of Italy presented here
and those realized at a regional scale for the Island of
Sardinia is very high, for both Ombrotypes (k = 0.75,
z = 58.3***) and Thermotypes (k = 0.82, z = 58.1***).

The monthly precipitation and temperature sur-
faces, the WBCS units (Main Map), and all of the indi-
ces and parameters used in the WBCS mapping of Italy
are supplied in Esri grid raster format in the Additional
Materials.

4. Conclusions

The bioclimatic map of Italy was successfully updated,
achieving the objectives of the present study. In par-
ticular, improvements have been made to the spatial
accuracy of the monthly precipitation and temperature
surfaces (with reference to the period of 1960–1990),
which were obtained through calibration (regression

kriging) of the WorldClim surfaces with a dense
point data-set of local meteorological observations. In
terms of the RMSEr, the use of regression kriging as
the calibration process was therefore effective on a
national scale, as most of the climatic surfaces have sat-
isfactory global spatial accuracy (only the mean
monthly precipitation for February, March, and
November are >0.4). Furthermore, in terms of the
MAE, all of the climatic surfaces (and especially that
of precipitation) are better than those used by Pesaresi
et al. (2014), although the temperature surfaces are less
accurate than those produced by Brunetti et al. (2014)
(not available online) (Table 1).

The spatial accuracy on a national scale appears
effective also at the regional scale: in terms of the
Cohen’s K statistic, the agreement between the
WBCS map produced here and the high-resolution
map of the Sardinia region (Canu et al., 2015) is high
for both Ombrotypes and Thermotypes. In addition,
all of the Temperate macrobioclimate territories with
positive Isbm, along with its distinct levels (five levels
identified, from Extremely weak to Highly strong),
have been mapped in detail.

These territories (34.8% of the entire Italian territory
and 57% of the Temperate macrobioclimate) mainly
describe the Submediterranean bioclimatic variant and
a large part of the Steppic bioclimatic variant. The Sub-
mediterranean bioclimatic variant represents the ecotone
area between the Mediterranean and Temperate macro-
bioclimates. It is important for its original and high phy-
tocoenotic, syntaxonomic, and habitat diversity (sensu
Habitats Directive 92/43/EEC), and it covers 27.4% of
the entire Italian territory. The Steppic bioclimatic var-
iant, instead, covers 7.8% of the Italian territories (with
7.4%with Isbm>0), and further investigations areneeded
to define its phytocoenotic originality.

The WBCS units of Italy mapped on a scale of
1:2,500,000 (i.e. macrobioclimates, bioclimates, biocli-
matic variants, continentality types, Thermotypes, and
Ombrotypes) and the Isbm levels have been organized
as a map series (Main Map). All of the maps produced
here and the grid raster data-set supplied (raster data-
set of all parameters; WBCS bioclimatic indices and
units are supplied in the Additional Materials) allow
accurate bioclimatic diagnosis for the entire Italian ter-
ritory. These will be useful to support the analysis of the
vegetation–environment relationships, and for ecologi-
cal modeling, biodiversity conservation, and applied
studies of climate change at the national scale.

Software

All of the geostatistical operations (i.e. regression kri-
ging, variogram selection, cross-validation) were per-
formed in R (R Core Team, 2012) using ‘Gstat’
(Pebesma, 2004) and ‘Automap’ (Hiemstra, Pebesma,
Twenhöfel, & Heuvelink, 2009) R packages. The

Table 2. Pivot table of macrobioclimates and bioclimatic
variants.

Macrobioclimate

Bioclimatic variant

TotalNone Submediterranean Steppic

Mediterranean 39.4 – – 39.4
Temperate 25.4 27.4 7.8 (7.4) 60.6

Data are percentages of the entire Italian territory (301,340 km²); Steppic
variant with Isbm >0 values are represented in parenthesis.
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compilation of the algorithms of the conditional state-
ments (i.e. the map algebra), the calculation of the par-
ameters, and the bioclimatic indices for the generation
of the maps (Main Map) were performed using Esri
ArcGIS 9.0, via the raster calculator tool.

Data

We provide the maps and the most important biocli-
matic indices for the full study area in raster data for-
mat. The system reference is UTM (WGS84) zone 32
N. The raster resolution is 900 m, about the same as
the WorldClim resolution (30 arc-second datum
WGS84). The readme.pdf file gives the code values
for the classified raster and the Additional Materials.

Disclosure statement
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