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Analysis of the Climatic Aggressiveness of Rainfall
in the Abruzzo Region
Bruno Di Lena1*, Fernando Antenucci1, Lorenzo Vergni3, Luigi Mariani2

Abstract: The aim of this paper has been to describe the space and time behavior of the climatic aggressiveness of
rainfall in the Abruzzo region by means of the Modified Fournier Index (MFI). A preliminary evaluation of the MFI
reliability has been performed by comparing the mean MFI with the corresponding RUSLE rainfall-runoff erosivity
factor (R) at 9 stations for which rainfall data at 15-minute time steps are available. Afterwards, the spatial variability
of MFI was investigated using an ordinary Kriging. The temporal variability has been studied evaluating the slope and
the significance of trends in the MFI time series. Results show that the region of Abruzzo can be subdivided in 3
spatially coherent zones, characterized by different levels of climatic aggressiveness of rainfall: area with low
aggressiveness (endo-mountain area ad coastal area with low yearly rainfall) and area with medium aggressiveness
(mountain areas with abundant precipitation) which embeds some spots with high aggressiveness. Time behavior
shows a decline of the climatic aggressiveness which can be attributed to the new climatic phase that affects the EuroMediterranean area from the 90’s of the twentieth century.
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EI30 there is usually scarce availability of high quality
datasets on a regional scale, because rainfall data at
a small time step are required. Fort this reason,
other indices have been proposed based on hourly
maximum rainfall intensity with a given return time
(Renard and Freimund, 1994; Lo et al., 1985) or
based on daily rainfall (Bagarello and D’Asaro,
1994). Furthermore, the Fournier index (Fournier,
1960) was modified by Arnoldus (1980) to obtain
the MFI index which can be applied when only
monthly data are available. MFI index calculation is
based on the ratio between the sum of the squared
monthly precipitation and the total yearly
precipitation. According to this index, for a given
total yearly rainfall an higher erosivity is observed
when rainfall events are concentrated on brief
periods along the year.
Literature provides several examples of the use of
MFI as simplified index for the evaluation of the
rainfall aggressiveness. Ferro et al., (1991) studying
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INTRODUCTION
Soil erosion is a complex phenomenon driven by
many factors such as climate, soil physical
characteristics, slope and slope length, vegetation
cover, and tillage system. With regard to the climate,
it is essential to evaluate the rainfall aggressivity on
soil (erosivity) which depends on rainfall amount
and intensity.
Different indices of erosivity have been proposed
and the most appropriate ones seem to be those
relating soil erosion with kinetic energy of rainfall,
such as the well-known EI30 (Wischmeier, 1959,
Renard et al., 1997). However for the calculation of
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Riassunto: Scopo della ricerca è stato quello di descrivere, con riferimento al territorio abruzzese, la variabilità spazio
temporale dell’aggressività climatica della pioggia descritta per mezzo del Modified Fournier Index (MFI).
L’attendibilità di tale indice è stata preliminarmente valutata confrontando i valori medi di MFI con i corrispondenti
valori del fattore di erosività della pioggia (R) della RUSLE, quantificati in 9 stazioni per le quali erano disponibili dati
di precipitazione a 15 minuti. La variabilità spaziale di MFI è stata quindi indagata tramite un Kriging ordinario. La
variabilità temporale è stata studiata valutando intensità e significatività dei trend nelle serie di MFI. I risultati ottenuti
mostrano che a livello spaziale il territorio regionale è suddivisibile in 3 zone spazialmente coerenti, caratterizzate da
diversi livelli di aggressività climatica della pioggia: una zona a bassa aggressività (areale costiero ed areale endomontano a più bassa piovosità) ed una a media aggressività (aree montane più piovose). In queste ultime si evidenziano
alcune zone con elevati valori di aggressività. A livello temporale si evidenzia una generale riduzione dell’aggressività
climatica della pioggia che potrebbe essere associato alla nuova fase climatica che interessa l’area euro-mediterranea
dagli anni 90 del XX secolo.
Parole chiave: indice MFI, Abruzzo, variabilità spaziale e temporale.
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the spatial variability of erosivity in Sicily, showed an
evident correlation between MFI and EI30. Gregori
et al. (2006), on 292 Italian stations, observed a close
relationship between the MFI and other simplified
indices of aggressiveness (such as the highest rainfall
recorded in intervals of 6 and 24 hours for a return
period of 2 years).
The European project CORINE (Coordination of
Information on the Environment) adopted both the
MFI index and the Gaussen Bagnolus aridity index
in order to the determine an index of climatic
erosivity, which is useful to assess the potential and
current risk of erosion (CORINE,1995).
Taguas et al (2011), in the light of the good
relationship between the calculated rainfall erosivity
recorded every 10 minutes for a period of three
years and the one defined by the MFI, have used
this later to analyze the erosivity of rainfall in
southern Spain.
Deyanira and Donald (2005) found a good
relationship between the MFI obtained for different
areas of Venezuela and the erosivity factor of the
USLE model (Wischemeier and Smith, 1978).
The MFI has also been recently applied by De Luis
et al., (2010) which evaluated the long-term trends
of the rainfall erosivity in the Iberian Peninsula.
This paper analyzes rainfall erosivity by the MFI, in

75 locations in the Abruzzo region evenly distributed
over the territory, for the period 1951-2009. The
purposes of this analysis are to: identify the
homogeneous areas in terms of MFI and highlight
the possible presence of trends in MFI during the
examined period.
DATA AND METHODS
The study was carried out using the monthly rainfall
data collected by the Hydrographic Service of the
Abruzzo region for the reference period 1951-2009
in 75 stations which show a percentage of missing
data less than 10% and are evenly distributed over
the territory (Fig. 1).
Missing data were reconstructed from the data of
stations with a distance of less than 20 km (Vergni et
al., 2009) and adopting the technique of weighted
average with weight inversely proportional to the
square of the distance (Wei and Mc Guinness, 1973).
The index MFI for each station and for each year
was calculated with the following formula:

where p (mm) is monthly precipitation and P (mm)
is the yearly precipitation.
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Fig. 1 - Location
of stations used
for this study.
Fig. 1 - Posizione
delle stazioni usate
in questo studio.
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Tab. 1 - MFI index classification.
Tab. 1 - Classificazione dell’indice MFI.

It is interesting to observe that MFI can be also
computed as a function of the Precipitation
Concentration Index (PCI; Olivier, 1980)

According
to
this
relationship,
rainfall
aggressiveness by MFI is higher where there are
high values of precipitation concentration (high
seasonality, high PCI) and/or total annual
precipitation (P).
Climatic aggressiveness of rainfall has been
interpreted adopting the classes listed in table 1
(Gregori et al., 2006).
The trend analysis over the reference period has
been carried out applying the Mann-Kendall non
parametric test on cumulative annual rainfall and
MFI index (Mann, 1945; Kendall, 1975).
The absence of trends in the population from which
the dataset under investigation has been extracted
is the null hypothesis (H0) of the Mann-Kendall
test. According to the alternative hypothesis,
however, it is true that the series analyzed have a
positive or negative trend.
Assuming H0 as true, the standard value (Zs) of the
test statistic calculated on Kendall’s series, has a
probability (p-value) given by:

Where φ is the cumulative probability function of a
standard normal distribution. It follows that the
decrease of p-value (less than a certain significance
level) increases the evidence of the presence of
trends (rejection of H0). In the present paper a pvalue <0.10 was considered significant. The
Mann-Kendall test can detect the existence of a
monotonic trend, but does not allow its
measurement. For this reason the nonparametric
Theil-Sen estimator (Theil, 1950; Sen, 1968) has

been adopted to estimate the slope (β) of the
straight lines interpolating the data.
The Kendall and Zyp libraries of the R statistical
software have been adopted respectively for the
calculus of the Mann-kendall test and the Theil-Sen
estimator.
The detection of areas affected by significant trends
(decreasing or increasing), associated with high
levels of confidence (p-value <0.10), was obtained
by interpolating punctual p-values of the MannKendall test with the technique of Ordinary Kriging.
The maps has been produced with the version 7 of
the Surfer software.
EVALUATION OF THE MFI RELIABILITY
The use of the MFI in the quantification of the
rainfall erosivity has been analyzed and verified
by many authors (Arnoldus, 1980; Ferro et al.,
1991; Coutinho and Tomas, 1994). In this paper a
further evaluation (not exhaustive, due the limited
available dataset) of the MFI index is performed.
At this end, the best term of comparison is the
rainfall erosivity factor R (MJ mm ha-1 h-1 year-1)
of the revised universal soil loss equation
(RUSLE) generally considered as one of the best
parameters to quantify rainfall erosivity.
Following the procedure suggested by the more
recent RUSLE erosion modelling framework
(Renard et al., 1997), R can be calculated as
follows:

where Ek (MJ ha-1) and I30,k (mm h-1) are respectively
the total storm kinetic energy and the maximum 30minute rainfall intensity of the kth storm, m is the
number of storms in each year, n is the number of
years used to obtain the average R. The product
EkI30,k or simply EI30 (MJ mm ha-1 h-1) is the erosivity
associated to each storm. Single storms are rainfall
periods separated from other rain periods by more
than 6 hours with no precipitation.
The total storm kinetic energy is quantified by:

where er is the rainfall energy per unit depth of area
per unit area (MJ ha-1 mm-1) and DVr is the depth of
rainfall (mm) for the rth increment (of duration tr)
of the storm hyetograph which is divided in T parts
(each part is assumed to have constant intensity).
The rainfall energy per unit depth of rainfall (er, MJ
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ha-1 mm-1) is quantified by the equation of Brown
and Foster (1987):

where the rainfall intensity can be computed as Ir =
ΔVr /tr (mm h-1).
The R calculation requires the availability of
hyetograms, at least at 30-minute time step.
In the recent decades, several meteorological
stations of the Abruzzo region were instrumented
to provide data at 15-minute time step. Among
these stations, 9 were selected (Arsita, Bomba,
Caramanico Terme, Catignano, L’Aquila, Pescara,
Sulmona, Teramo and Vasto) taking into account the
data quality (completeness) and ensuring an
acceptable area coverage of the region (Fig. 2 ). The
data available for the time series 2002-2009 were
used for the comparison between the mean MFI
index and the R factor, as shown in Fig. 3.
The agreement (R2=0.80) between the mean values of
the two indices is satisfactory, taking into account the
simplicity of the MFI index. Also the accuracy of the
obtained model can be considered acceptable, being
the Absolute Percentage Error (MAPE) and the Root
Mean Square Error (RMSE) 17% and 232.8
MJ·mm·ha-1·h-1·year-1 respectively. At any rate, the

validity and the applicability of the model is limited to
the period and to MFI range on which the relationship
has been derived. Furthermore a longer time series of
R values would make it possible to perform both the
calibration and the validation of the model splitting the
series in two distinct datasets.

Fig. 3 - Comparison between the mean values of Modified
Fournier Index (MFI) and of rainfall erosivity factor (R)
computed with regards to 9 stations and a 9-year time series.
Fig. 3 - Confronto fra i valori medi del Modified Fournier
Index (MFI) e del fattore di aggressività della pioggia (R)
riferiti a serie novennali di nove stazioni.
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Fig. 2 - Stations used for
the comparison between
the R-factor of RUSLE
and the index MFI.
Fig. 2 - Stazioni utilizzate
per il confronto tra il
fattore R della RUSLE e
l’indice MFI.
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Fig. 4 - Semivariogram of MFI data. A spherical model with
nugget=100, sill=350 and range=8000 has been adopted.
Fig. 4 - Semivariogramma dei dati dell’indice MFI. È stato
adottato il modello sferico con nugget =100, sill=350 e
range=8000.

RESULTS AND DISCUSSION
A preliminary approach to the relationship between
yearly rainfall and MFI has been carried out
analyzing the spatial behavior of the mean values.
For this purpose the ordinary Kriging technique has
been adopted preceded by the analysis of the
experimental semivariogram followed by the
adoption of a gaussian variogram model (Fig. 4).
The map of yearly mean precipitation has been
already presented and discussed (Di Lena et al.,
2012). Therefore, only the map of the mean yearly
MFI for the period 1951-2009 (mean MFI values)
is here presented (Fig. 5).
The climatic aggressiveness of rainfall is more
considerable in areas at higher altitude characterized
by higher yearly rainfall. On the other hand, a lower
rainfall aggressiveness, stated by lower values of MFI
below 100, can be appreciated for areas with lower
yearly rainfall and more specifically:
– the central areas of the province of Aquila, where
significant foehn-stau regimes give rise to a strong
endo-mountain effect (Di Lena et al., 2012).
– the coastal area, where there isn’t the enhancing
effect on rainfall due to the relief and local
maxima are only due to the abrupt roughness
increase in correspondence with the sea-land
transition (Andersson, 1981).
Fig. 5 - Map of the mean
MFI values for Abruzzo
region for the 1951-2009
period.
Fig. 5 - Mappa dei valori
medi di MFI per la regione
Abruzzo per il periodo
1951-2009.
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continue

downward trends are significant only in 27 stations
with an average slope of β -0.500 units / year. In
most cases, the significant decrease in MFI index
has a correspondence in the decrease of cumulative
annual rainfall.
Some exceptions are the stations of Chieti, Pescara,
Pratola Peligna, Fara Filiorum Petri and
Pennapiedimonte where the significant decrease of
annual rainfall didn’t cause a significant decrease of
MFI. Furhtermore, a significant decline of the MFI
has been found in the location of Beffi Acciano,
although the same has not been affected by a
significant decrease of annual rainfall. These
conditions could be attributed to the monthly
distribution of rainfall that has remained
unchanged, balancing or reducing the effect of the
decreasing trend in the cumulated rainfall. At any
rate it is evident that, under the typical climatic
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Following the criteria of table 1, it can be stated that
the climatic erosivity of rainfall is low in 40 localities
(53.3% of the total), medium in 33 (44.0%) and high
in 2 (2.6%) with the maximum at Sant’Eufemia a
Maiella (169.5) and the minimum at Barisciano (70).
The coefficient of variability, which describes the
data dispersion around the mean, reaches its
maximum at Roccacasale (38.5%) and its minimum
at Sulmona (18.4%) (Tab. 2).
The trend analysis highlights that the MFI index is
decreasing in 63 locations representing 84% of the
total, with an average slope β of -0.307 units / year.
The MFI index is rising at 12 sites with an average
slope β of 0.157 units / year. The increasing trend
was significant only at the station of Tornimparte
where the slope β is 0.667 units / year (Tab. 3).
The decrease is closely correlated, as expected, with
the trend in cumulative annual rainfall (Tab. 3). The
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Tab. 2 - Descriptive statistics of the MFI index.
Tab. 2 - Statistiche descrittive dell’indice MFI.
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Tab. 3 - Results of the Mann-Kendall test applied to the MFI index and to the yearly mean precipitation (ns = not significant,
+ P0.10, * P0.05, ** P0.01, *** P0.001). Significant trends are shown in bold.
Tab. 3 - Risultati del test di Man-kendall applicato all’indice MFI e alle precipitazioni medie annue. (ns = non significativo,
+ P0.10, * P0.05, ** P0.01, *** P0.001). In neretto sono riportati i trend significativi.
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conditions of the Abruzzo region, the MFI is mainly
affected by the total precipitation amount. In
different climatic conditions, characterized by a very
marked seasonality, the MFI would show values and
dynamics less correlated with those of total annual
precipitation.
The comparison between the spatial distribution of
trends in annual precipitation MFI index shows the
partial overlap of the areas affected by significant
decreases (Figg. 6-7) in the provinces of Chieti and
Pescara. In this large area the number of stations
characterized by a significant drop in the index MFI
is lower than the number of stations affected by
significant decrease of rainfall. The significant
reduction of the index MFI is particularly relevant
in the north of the province of Teramo and in a
central belt that covers the provinces of Aquila and
Pescara. In the provinces of Pescara and Chieti the
same phenomenon affects few locations of the
coastal hilly area.
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CONCLUSIONS
The use of the Index MFI has allowed us to
analyze the climatic aggressiveness of rainfall in
the Abruzzo region. Despite of its simplicity, the

42

MFI index showed a good agreement with the
RUSLE aggressivity factor R, computed at some
stations of the region with reference to a limited
period of time.
The analysis of the spatial variability of the MFI,
showed that, due to the climatic characteristics of
the region, MFI is usually higher in areas with
higher annual rainfall. A general decrease in MFI,
usually linked to the decline in annual rainfall,
was also observed. Overall, this significant
decrease affects much more the internal areas
than the hilly coast.
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The areas colored in white
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increasing trend.
Fig. 7 - Distribuzione
spaziale dei trend
dell’indice MFI. Le aree
colorate di bianco sono
quelle dove si verificano
trend significativi (p-value
<0.10). Le frecce verso il
basso indicano trend
decrescenti, mentre quelle
verso l’alto indicano trend
crescenti.
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