RISCURI SI CATASTROFE, NR. XV, VOL. 18, NR. 1/2016

RAINFALL AGGRESSIVENESS EVALUATION
IN REGHIN HILLS USING FOURNIER INDEX
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Abstract: Aggressiveness erosive force of rainfall is the express of kinetic energy
and potential energy of rain water runoff on slopes. In the absence of a database for
the analysis of parameters that define the torrencial rainfall, the rainfall erosivity
factor was calculated by Fournier Index, Modified Fournier Index based on the
monthly and annual precipitation.
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1. INTRODUCTION

Reghin Hills constitue the division of subarpathian hills alignment axed on
Mures Valley, situated in the inner part of Eastern Carpathian (Transylvanian Sub-
Carpathians, Mac, 1972), enclosed between the exit of Mures River from Toplita-
Deda gorge sector and the interfluve of Teleac and Caluser Valley, which marks
the southern boundery along Ernei Locality. They are delimited from Bistrita Hills
(N) and Transylvanian Plain (V) by Lut Valley and in the east they overlap the
Gurghiu and Caliman Piedmont Strip (Pop, 2001).

The intensity of erosion process is influenced by a series of natural factors
(lithology, climate, slope pitch and length, soil type and texture, type and grade of
vegetation cover) as well as human factors, whose activities can slow down or
amplify the erosion processes.

Among the climate factors, the major factor is the atmospheric rainfall with
direct or indirect implications, which plays the decisive role in breakout,
reactivation and maintanance of erosion processes.

The annual average rainfalls register increase from Mures Corridor toward
the actual sub-mountainous area due to the morphometric relief change and to the
mountain area influence. The analysis of probability and the assurance degree of
the different rainfall quantity in the western extremity of the studied area shows the
highest frequencies of rainfall quantity between 600-700 mm/year and the highest
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assurance (81,9%) represents the rainfall quantity between 550-600 mm/year. In
the eastern sub-mountainous area, at Eremitu Station, the highest frequency of
rainfall quantity registers values is between 951-1000 mm/year, which represents
19,4%, followed by the intervals between 751-800 mm/year and 851-900 mm/year
with 16,1% according to the studied years. The rainfall analysis acording to Angot
index denotes the highest rain overflow for the interval May-September and
according to the susceptibility classes, the months with the highest susceptibility
concerning the slope processes and erosion are June and July (Szilagyi et al, 2013).
The torrential nature of the precipitation in the warm season plays an
important role, which due to the denudation, splash, erosion, rain wash and laminar
flow processes include an increased soil erosion potential, with more significant
effects under conditions of events preceeded by a longer period of rain deficiency.

2. MATERIALS AND METHODS

In the absence of a database necessary for the analysis of parameters which
define the precipitation (duration, intensity, water quantity and core position), the
Fournier Index has been calculated in order to evaluate the rain aggressiveness.
The modified Fournier Index is based on the rainfall quantity registered between
1978-2008 at the stations as follows: Targu Mures (9=46°32', A=24°32°,
H =308m), Eremitu (¢ = 46°40', 2=25°00°, H =510m) and Gurghiu (¢=46°46',
A=24°51°, H=415m), as well as the interval between 1987-2008 at Batos Station
(o = 46°54', A=24°39¢, H =449m) .

Fournier Index (FI) estimates the rain aggressiveness according to the
rainfall quantity of precipitation of the most rainy month of the year (pmax) and the
annual quantity of precipitation (P) and it is expressed by the following formula:
IF = p%max/P (Fournier, 1960).

Modified Fournier Index (MFI) proposed by Arnoldus (1980) holds a bigger
relevance because it estimates the rainfall aggressiveness considering the rainfall
quantity registered in each month (p;) and de annual rainfall quantity (P) according
to the equation: IFM = Ypi*/P

The obtained results have been interpreted on the basis of the included
values in the table below:

Table 1. Rain aggressiveness classes according FI and MFI

Fl Rain aggressiveness classes MFI
0-20 Very low 0-60
20-40 Low 60-90
40-60 Moderate 90-120
60-80 Severe 120-160
80-100 Very severe > 160
>100 Extremely severe
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3. RESULTS AND DISCUSSION

The multi-annual average values of the Fournier Index for the period under
review is 21,5 mm at Targu Mures, 24,7 mm at Batos, 25,5 mm at Gurghiu and
32,8 mm at Eremitu Stations, values which show a low rainfall aggressiveness for
the whole studied area.

According to this index, the greatest frequencies was registered by the years
with a very low and low rainfall aggressiveness, which represents weightof 22,6-
50%, as well as of 45,2-51,6% from all the studied cases. The number of the years
with a moderate rainfall aggressiveness has registered a frequency between 3,2-
16% of the cases and those with a severe aggressiveness have registered a
frequency of 3,2% at Targu Mures and Gurghiu Stations and 9,7% in the
submountainous area, at Eremitu Station (Fig. 1 and 2).

IF
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Fig. 1. The annual variation of Fournier Index 1978-2008

According to Modified Fournier Index, the multi-annual average values for
the same period is 69,6 mm at Targu Mures, 74,7 mm at Batos, 84,4 mm at
Gurghiu and 101,4 mm at Eremitu, values which indicate a low to moderate
rainfall aggressiviness for the studied area.

The frequency of years with positive deviation has registered a frequency of
51,6 % at Targu Mures, 38,7% at Eremitu, 41,9% at Gurghiu and 45,5% at Batos.
The highest values of positive deviation of this index are situated between 4 and 26
mm, with maximal values of 34 mm (2007) and 45 mm (2005) at Targu Mures, 31
mm (1978) at Eremitu, 47,7 mm (1978) at Gurghiu and 25,2 (2005) mm at Batos
(Fig.3).

The percentage of rainfall aggression classes (Fig.4) shows an increase of
field vulnerability for the rainfall erosion from West towards East. This way, for
Batos Hills and Mures Corridor, the Modified Fournier Index shows a very low
rainfall agressiveness in 13,6-32,3% of cases, a low aggressiveness in 61,3-77,3%
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and a moderate aggressiveness in 6,4-9,1% of the cases. In the eastern sub-
mountainous area, the number of the years characterized by low rainfall
aggressiveness have a share of 22,6% of cases, and those with a moderate and
severe aggressiveness have share of 64,5% and 12,9% of cases.
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Fig. 2. The weight of rainfall aggressiveness classes according to Fournier Index
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Fig. 3. The annual variation of Modified Fournier Index 1978-2008
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Fig. 4. The annual change of Modified Fournier Index
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Fig.5. The correlation between the Fournier Index and the Modified Fournier Index 1978-
2008

The correlation between IF and IFM (Fig. 5) highlights a significant
connection value between the two indices: r €[0,4;0,6]. The correlation index
shows higher values at Targu Mures (0,59) and Batos (0,51) and gets lower at
higher altitudes (Eremitu 0,43). This decrease is influenced by the mountain area
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upon the pluviometric characteristics in the eastern division of the studied area, fact
which explains also the difference between the degrees of rainfall agressiveness
showed by the two indices of the sub-mountainous areas.

4. CONCLUSIONS

Fournier Index shows a low rainfall aggressiveness for the western and
central area and a low to moderate aggressiveness in the eastern sub-mountainous
area. The lowest erosion susceptibility presents the cold season of the year, but the
periods with rain gauge overflow of this season could influence the evolution of
slope processes in the very next period. The water resulted from the rainfalls and
from the snow melting ensures the humidity excess of the substratum, offering this
way a high vulnerability to the fields toward the slope processes, increasing also
the susceptibility toward reactivation and triggering of mass movements
(superficial landslide) under the conditions of rain gauge excess in spring season.

The field vulnerability toward denudation, splash erosion, rain wash and
laminar flow can be amplified or dimmed by the other erosion influence factors,
such as the slope length and pitch, soil type and texture, type and grade of
vegetation cover, the usage method of the fields, as well as by the applied measures
against erosion.
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*** Tabele meteorologice TM 11 (1978-2008).
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