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Abstract. Soil erosion is one of the most widespread environmental problems in Bulgaria, which often occurs together
with other dangerous phenomena such as landslides, soil degradation, wind erosion, etc. The main factor for erosion
is rainfall. Rainfall erosivity is an indicator of the potential of rainfall to generate erosion processes and is of funda-
mental importance in the analysis of the climate vulnerability of a given region. The purpose of the present study is
to assess rainfall erosivity in one of the most populated regions of Bulgaria — the Southwest by comparing the results
of two indices - the Fournier index (FI) and the modified Fournier index (MFI). The results show that, in general, the
studied stations belong to a low class of erosivity. It is found that MFI has greater sensitivity and provides more detail,

showing also years with high and even very high rainfall erosivity.
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Introduction

Soil erosion risk assessment is particularly important
for land use under climate change. A key parameter
in this assessment is the erosivity of rainfall, which
is one of the main controlling factors of soil erosion
by water. Along with air temperature, precipitation
provides information about the state of the climate.
On the background of the general trend towards a
decrease in precipitation amounts in Southern Eu-
rope, including Bulgaria (EEA, 2012; IPCC, 2021),
an increase in the frequency and intensity of heavy
precipitation has been observed in recent years (Bo-
cheva et al., 2010; IPCC, 2021). This could lead to
a risk to the population from soil erosion, debris
flows and floods. The alternation of dry periods and
periods of intense rainfall favours the development
of a soil erosion, as dry soils are much more sus-
ceptible to erosion than wet ones. Rainfall erosivity
determines the potential of precipitation to generate
erosion processes (Luki¢ et al., 2019). Revealing
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long-term trends in rainfall erosivity is important
for clarifying the potential influence of rainfall on
the development of erosion processes (Yang, Lu,
2015). Despite the numerous publications (Kend-
erova, Orev, 2001; Rousseva, 2012; Ozsahin et al.,
2018) many questions regarding the impact of pre-
cipitation on soil erosion occurrence on local scale
in Bulgaria need to be clarified.

The present study aims to assess the impact of
rainfall on soil erosion in areas with different cli-
matic characteristics based on the monthly precipi-
tation data. To achieve this aim, the Fournier index
and the Modified Fournier index were calculated
based on monthly precipitation data and rainfall
erosivity at an annual scale was analysed.

Study area, data and methods

The study area is Southwest Bulgaria, which is one
of the most populated regions of the country. The
rainfall erosivity was estimated based on the month-

https://bgd.bg/review-bgs


https://doi.org/10.52215/rev.bgs.2022.83.3.221

ly data from six meteorological stations located at
the territories with various climatic types: moderate
continental (Sofia), transitional continental (Kyus-
tendil and Blagoevgrad), continental Mediterranean
(Sandanski) and mountainous (Cherni Vrah and
Mussala).

Using data from pluviographic records to esti-
mate rainfall erosivity is quite difficult and time-
consuming. Moreover, it is not always possible
to provide such data for local studies. To solve
this problem, the Fournier index (FI) and modi-
fied Fournier index (MFI), which correspond very
well with the erosive R-factor for rainfall are rec-
ommended (Diodato, Bellocchi, 2007; Nigel, Rug-
hooputh, 2010). In the present study the average
rainfall erosivity was calculated according to the
formulas:
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Fig. 1. Variability of FI for the period 1961-2020
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where p? ~is monthly precipitation total of the
rainiest month (mm) and P is the annual quantity of
precipitation.
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where p, is monthly precipitation.

According to the values of FI and MFI the fol-
lowing erosivity classes can be defined: very low
(VL): 0 <FI <20;0<MFI <60; low (L): 20 < FI
<40, 60 < FI £90; moderate (M): 40 < FI <60, 90
< MFI < 120; severe (S) 60 < FI < 80, 120 < MFI
<160; very severe (VS) 80 <FI <100, 160 < MFI;
extremely severe (ES) 100 < FI (Lukic et al., 2019).

Results and discussion

The values of FI show that rainfall erosivity in the
investigated region for most of the years is very
low or low (Fig. 1). Similar results were found
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Table 1. Number of years in different rainfall erosivity classes according to MFI

Meteorological

. Period VL L M S VS
station
1961-1990 6 13 8 2 1
Sofia
1991-2020 7 7 8 4 4
) 1961-1990 6 13 9 1 1
Kyustendil
1991-2020 7 14 7 2 0
1961-1990 9 14 5 1 1
Blagoevgrad
1991-2020 12 10 5 3 0
1961-1990 14 11 3 2 0
Sandanski
1991-2020 10 11 9 0 0
B 1961-1990 10 9 5 6 0
Chernii vrah
1991-2020 23 6 1 0 0
1961-1990 14 10 2 1 3
Musala
1991-2020 17 11 1 1 0

by Nikolova et al. (2021) for two other regions of
Bulgaria — Lovech in the central part of Northern
Bulgaria and Kardzhali in Southeastern Bulgaria.
For the stations located in non-mountainous parts
(Sofia, Kyustendil, Blagoevgrad and Sandanski)
three or four years have moderate erosivity. An in-
crease in rainfall erosivity is characteristic for the
high mountainous stations — Cherni Vrah with 14
years and Musala with 11 years that belong to the
moderate erosive class. In general, the FI had higher
values for dry years. The years of moderate erosiv-
ity for most of the study stations were 1983, 1985,
or 1990. These were some of the driest years for
the studied period. Intense rainfall during periods
of drought can lead to significant development of
soil erosion. A severe rainfall erosivity was estab-
lished for 1990 (one of the driest years for the stud-
ied period) for the stations Kyustendil and Blago-
evgrad, both of which are in temperate-continental
climate zone. The beginning of the studied period is
characterized by high rainfall erosivity at the high-
mountainous station Musala — for 1962 — very high
and for 1963 — extremely high. On the other side,
the high values of the FI are due to high monthly
precipitation (snowfall) in the winter months, which
does not directly lead to the occurrence of signifi-
cant erosion processes. Such could be observed dur-
ing rapid snowmelt. The trend of the FI for the pe-
riod 1961-2020 in most of the stations was negative
but for the last years of the studied period (2018,
2019) an increase in values is found (Fig. 1).
According to MFI most of the years belong to
very low and low erosivity classes. For the stations
Sofia, Kyustendil and Blagoevgrad, the largest num-
ber of years (20-24) are with low rainfall erosivity,
while for the high mountain stations, years with

very low erosivity predominate (Tabl. 1). Based on
the frequency of intensive rainfalls Rouseva et al.
(2010) found similar results showing weak to mod-
erate rainfall erosivity in most parts of the Blago-
evgrad district. The comparison of the two 30-years
periods shows a relatively even distribution of years
with a given rainfall erosivity class. Between two
and six years for the individual stations there is high
erosivity of rainfall, and with very high erosivity
were up to 5 years. The largest number of years with
severe and very severe rainfall erosivity was found
for the station Sofia.

The MFI shows a greater variety of erosivity
classes, as it is calculated based on rainfall for all
months of the year and is therefore more sensitive
to the intra-annual distribution of rainfall. Lukic et
al. (2019) pointed out that the results obtained with
MFTI are more reliable for estimating rainfall erosiv-
ity than FI values. This statement is also confirmed
by the analyses of the two indices in the present
study.

Conclusion

Based on the present calculation and analyses the
following conclusion can be drawn:

* On average for the period 1961-2020, both in-
dices (FI and MFI) show low rainfall erosivity.
Between 3 years (Musala) and 16 years (Sofia
and Kyustendil) have moderate rainfall erosiv-
ity.

* For the high mountainous stations Musala and
Cherni Vrah, the years with very low rainfall
erosivity preponderate, and for the rest of the
studied stations — those with low and moderate
erosivity.
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* According to the MFI, between 3% and 10%
of the years for the period 1991-2020 have
high rainfall erosivity, with the higher values
being characteristic of the northern part of the
studied territory. The maximum number of
years (5) with very severe rainfall erosivity
was observed in the region of Sofia.
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