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Abstract  
The objective of this study was to investigate the spatial and temporal distribution of 
annual precipitation erosivity in Bucharest (Romania). The analyzed period was 
2009-2016, 1961-1990, using the indices: Fournier (IF), Fournier Modified (IFM), 
adapted to pluviometric recordings obtained from the meteorological station at the 
Polytechnic University of Bucharest, Faculty of Biotechnical Systems Engineering. 
Given the abundant rainfall in the summer months with implications for the soil, it is 
important to know the mathematical equations that can be quickly applied to assess 
soil erosion. The indices Fournier and Fournier modified obtained fall largely under 
the moderate aggressiveness class, but there have been years when the precipitation 
aggressiveness was moderate (2012, 2014). Erosion calculated according to Silva 
and Rufino is low throughout the analyzed period. This knowledge is very important 
to avoid the negative effects of pluvial erosion on agricultural crops. 
 
Keywords: erosivity index, Fournier indexes, Fournier modified index, rainfall 
aggressiveness 
 
Introduction  
The erosive concept of rainfall describes erosivity as an interaction between the 
kinetic energy of rain drops and the surface of the soil. This may lead to a greater or 
lesser degree of detachment and reduction in the transport of soil particles 
depending on the amount of energy and rainfall, taking into account the same soil 
type, the same topographical conditions, and soil coverage (Ene et al 2010, 
Radulescu 2008, Radulescu et al 2010, Radulescu et al 2011a, Radulescu et al 
2011b). 
On the one hand, various authors have found good relationships between the 
Fournier index and annual values of rainfall erosivity (Bertoni & Lombardi Neto 
1990, Oliveira & Medina 1990, Oduro-Afriyie 1996). According to Bertoni & 
Lombardi Neto (1990), the ideal condition is to compute a data set of at least 20-
year rainfall, but it is possible to determine the erosivity using 10-year rainfall 
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records. Mannaerts & Gabriels studied in 2000 rainfall erosivity for Cape Verde 
Islands by means of 7-year rainfall pluviometric records. 
For Cape Verde Islands was calculated significant relations with exponential 
equation by considering storms greater than 9 mm (erosive storms) (Mannaerts & 
Gabriels 2000). This study proposes two regression models for estimating 
precipitation erosiveness and identifying suitable models in Bucharest Romania, 
based on daily, monthly, and annual rainfall data of the weather station. The detailed 
objectives of this study can be summarized as follows: (a) to construct new models 
for the large scale estimation of the erosive factor in Bucharest; and (b) to analyze 
the spatial distribution of the daily, monthly and annual rainfall erosivity in 
Bucharest. Excessive precipitation amounts lead to intense erosion of soils, 
landslides, floods and floods (Balteanu 1984, Rusanescu & Rusanescu 2013). 
The climate and topography of the surrounding area of Bucharest are suitable for 
agriculture (Rusanescu 2014a). 
 
Materials and Methods  
In this paper, rainfall recorded by weather station at the Faculty of Biotechnical 
Systems Engineering from Polytechnic University of Bucharest is located at 
coordinates 44.4380N Latitude, 26.0470E Longitude and 76.6 m elevation. 
AWS weather station model / EV has a range wireless transmission up to 300 m and 
integrated set of sensors, stanchion 1.77 m and related tripod. It is equipped with 
sensors for acquisition of meteorological parameters: temperature, pressure, relative 
humidity, wind direction and speed, precipitation, solar radiation intensity 
(Rusanescu & Rusanescu 2013). Data is transmitted every hour throughout the day 
at the site. The system enables instant viewing of measurements of meteorological 
parameters mentioned (Weather station Technical Paper 2009). 
The maximum intensity of rainfall measurable: 0-300 mm / h. 
The evaluation of pluvial aggression on the substrate was determined using the 
following indices: Fournier Index (IF), Fournier Modified Index (IFM) and Angot 
Index. These indices can be used to assess soil susceptibility to erosion, to calculate 
the erodibility of land and soil losses, to assess sloping land sensitivity due to 
intense precipitation (Scrinzi et al 2006, Sfiru et al 2011). 
Interpretation of erosive classes determined by the Fournier index (Sfiru et al 2011, 
Alexandre Marco da Silva 2004) is follow: 
The classes of rainfall erosion based on IF are: 0-20 mm very low erosion; 20-40 
mm low erosion; 40-60 mm moderate erosion; 60-80 mm severe erosion; 80-100 
mm very severe erosion; > 100 mm extremely severe erosion (Oduro-Afriyie 1996), 
(Alexandre Marco da Silva 2004). According to Rusanescu et al (2014b), classes of 
rainfall erosion based on MFI are: 0-60 very low; 60 – 90 mm low; 90-120 mm 
moderate; 120-160 mm high; > 160 mm very high. Pluviometric records were 
obtained from the meteorological station at the Polytechnic University of Bucharest, 
Faculty of Biotechnical Systems Engineering, Romania (Rusanescu 2016b). Data 
recording was for periods 2009-2016, 1960-1990. 
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Fournier Index 
Estimation of pluviometric erosion using the Fournier index (IF). The Fournier (IF) 
index is calculated based on the rainfall in the rainy month of the year, and the 
annual rainfall thus expressing rainfall (Rusanescu et al 2018, Rusanescu et al 
2016a). 

P
P

IF m
2

=      (1) 

where: IF - Fournier Index, Pm - rainfall in m month of the most rainy year in year 
(mm), P - annual rainfall (mm). 
 
Fournier Modified Index (MFI) 
The Fournier Modified Index (IFM) is determined with equation (2): 

    ∑=
12

1

2

P
p

IFM i                                      (2) 

where: pi - the average rainfall for the month i (mm), P - the average annual rainfall 
and IFM - the modified Fournier index (Scrinzi et al 2006, Rusanescu 2014a). 
 
Results and Discussion 
The Fournier rainfall aggressive classes were calculated based on the amount of 
precipitation recorded by the weather station at the Faculty of Engineering of 
Biotechnical Systems Polytechnic University of Bucharest (2009-2016, 1960-1990). 
The annual values of the Fournier (IF) index calculated for Bucharest during the 
period 2009-2016, 1960-1990, reach values below 60 mm in the years: 2009, 2010, 
2011, 2013, 2014, 2016 low rainfall aggressiveness. In 2015, 1960-1990 rainfall 
aggressiveness is very low. In 2012 (64.9 mm), characterized by a severe rainfall 
aggression, due to the conditions of the plain relief, the low degree of coverage with 
forest vegetation, the problems related to wilting, soil washing and erosion in the 
surface may increase. The soils in the area near Polytechnic University of Bucharest 
are in a very low or low rainfall erosion class in most of the analyzed years, except 
in 2012 when severe pluvial erosion was used using the scale of Oduro-Afriyie 
1996. 
The pluvial aggression classes based on IF calculated for Bucharest 2009-2016, 
1961-1990 are as follows: in order the year followed by IF (mm): 2009 with 31 mm; 
2010 with 20.1 mm; 2011 with 37.2 mm; 2012 with 64.8 mm; 2013 with 11.0 mm; 
2014 with 24.6 mm; 2015 with 14.2 mm; 2016 with 22.3 mm; 2009-2016 with 16.7 
mm; 1961-1990 with 10 mm. 
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Figure 1. Values obtained for the Fournier and Fournier index for Bucharest 2009-
2016. 
 
Classes of flood erosion by MFI for Bucharest ranges 2009-2016 and 1961-1990  
are as follows: for the years 1961-1990 with 53.6 mm; 2009-2016  with 66.6 mm; 
2009 with 78.7 mm; 2010 with 75.0 mm; 2011 with 77.4 mm; 2012 with 96.6 mm; 
2013  with 77.7 mm; 2014 with 105.6 mm; 2015 with 73.8 mm and 2016 with 87.9 
mm. 
In Bucharest the average values of this index range are from 53.6 mm to 105.9 mm. 
According to the pluvial aggressive classes, MFI for Bucharest results in a low 
aggressiveness for the years: 2009, 2010, 2011, 2013, 2015, 2016, 1961-1990. For 
the years 2012 and 2014, there is a moderate aggressiveness. 
The triggering of geomorphologic erosion processes may have as a determining 
factor either a long duration of precipitation or a high intensity of precipitation, 
which leads to the accumulation of a large volume of water, which flows on the 
slopes in the form of sludge, favoring the production of the processes Irritation and 
torrentiality. 
Thus, as a result of the analysis of the IF and MFIs calculated for the period 2009-
2016, it is concluded that the soils in Bucharest are subject to a low, very low and 
moderate rain aggressive risk, being classified as rainwater aggressive classes 1 and 
2, but also to a risk of moderate pluvial aggressiveness depending on the 
morphodynamic characteristics of the analyzed area and the duration and intensity 
of precipitations falling within the time interval to be analyzed.  
The annual distribution of the maximum amount of precipitation in 24 hours is not 
uniform (Rusanescu et al 2010). Multiannual monthly distribution shows a 
continuous rise in rainfall from January to June when it reaches the maximum 
(197.4 mm in June 2012) and then decreases until February to a minimum (0.3 mm 
in December 2013). In the cold season, due to low thermal convection and the 
prevalence of anticyclonic circulation, the maximum amount of rainfall in 24 hours 
is smaller and slightly erosive compared to summer precipitation. This is due to the 
substrate and soil resistance due to low temperature. There are exceptions in the cold 
season when the monthly averages are exceeded (in Bucharest, the maximum of 
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February was 84.8 mm on February 10, 2010, and the maximum of 152.9 mm took 
place on December 17, 2014). These exceptions in the cold season are due to 
exceptional synoptic situations, meaning the adhesion of moisture-loaded air 
masses. 
Research conducted by the Pedological and Agrochemical Research Institute shows 
that the pluvial aggression in Romania has the following characteristics: it is smaller 
in the Western part of the country (0.08), moderate in the Southern (0.13), Eastern 
and Northeast (0.10) and high in the Center of the country, the Sub-Carpathian hills 
(0.14), the Transylvania Plateau (0.12) and the Carpathians (0.15 – 0.16) (Costea 
2012). Most torrential rains occur in the summer, especially in June and July. 
 

 
Figure 2. Precipitation recorded in Bucharest during 2009-2016, 1961-1990. 
 
The equations used to determine the monthly / annual values of erosivity according 
to the surface of the territory and their authors. Equation (3), according to Rufino et 
al 1993 is a linear model; Equation (4) according to Silva (2001) is based on 
Fournier's model: 

( )xx MR ⋅+= 20.455.19    (3) 
 

763.69307.42
2

+







⋅=

P
MR x

x
  (4) 

where Rx is the factor R (MJ mm ha -1 h -1 year -1) for the month x, Mx is the average 
depth of the monthly precipitation (mm) and P is the average annual precipitation 
(mm) (Silva 2001). Class for interpretation of annual erosivity index (R) where 
erosivity (MJ mm year - 1 ha - 1 h - 1) are as follows: R ≤ 2452 low erosivity; 2452 < 
R ≤ 4905 medium erosivity; 4905 < R ≤ 7357 medium-strong erosivity; 7357 < R ≤ 
9810 strong erosivity; R > 9810 very strong erosivity. 
It is noticed that the erosivity is low throughout the analyzed period. Erosion 
calculated for the same period according to Silva 2001 is low. 
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Table 3. Erosivity calculated according to Rufino et al 1993 according to the rainfall 
recorded in Bucharest during the period 2009-2016, 1961-1990 
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Table 4. Erosion calculated according to Silva 2001 depending on rainfall recorded 
in Bucharest during 2009-2016, 1961-1990 
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Conclusions 
Applying Fournier indices to assess aggressiveness of precipitation is a simple, rapid 
method. The two indices are influenced by the pluviometric characteristics, thus the 
monthly and annual values recorded at the representative stations for Bucharest, 
which give them their local or regional character.  
Both variants of the Fournier indices indicate the same classes of pluvial aggression. 
The modified Fournier Index is more relevant to the study of aggressiveness of 
precipitation because it takes into account the value of precipitation in different 
months of the year and the variation over a given year. The indices obtained fall 
largely under the moderate aggressiveness class, but there have been years when the 
precipitation aggressiveness was moderate (2012, 2014). 
From the analysis of the indices of pluvial aggression assessment on the substrate, 
periodically, favorable conditions of occurrence and manifestation of the pluvial 
erosion processes are created, their effect being stronger when they intervene after a 
prolonged drought period, especially in the periods of march - April, July and 
august, or in some cases from October to November. For the years 2013 and 2014, 
the high values of over 2 - 2.5 and even 3 at some stations indicate the creation of 
favorable conditions for triggering of slope and linear erosion processes. Erosion 
calculated according to Silva 2001 and Rufino 1993 is low throughout the analyzed 
period.  
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