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Abstract: Soil erosion is one of the most significant issues around the world. In addition to the direct
harmful effect on the soil itself, which reduces agricultural productivity, soil erosion impacts
socioeconomic factors and the flow of sediments in riverbeds. It is exacerbated by human activities,
particularly on land use, in correlation with the current global climate change. The goal of this research is
to determine the amount of eroded soil in the Basca Chiojdului hydrographic basin that is further transported
downstream and settles in riverbeds contributing to solid flow. The achieve the goal, the RUSLE soil
erosion model, widely used in the literature was implemented. The RUSLE model is widely used in studies
of soil erosion around the world. It was based on the previous USLE model and takes into account five
factors that influence erosion: rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS),
land cover and management (C), and supporting practice (P). In the current paper, the K Factor is calculated
using a global database provided by the World Soil Information System and it takes into account the
percentage fraction of sand, silt, clay, and organic matter in the soil. The LS Factor considers the
configuration of the slopes on which the torrential runoff regime depends, and it is computed using the
USPED method and a DEM with a resolution of 10 meters to improve accuracy. The R Factor represents
the regime of liquid precipitation that has the capacity to displace particles of soil, and it was calculated
using multi-year precipitation data for the period 1961-2000. The C Factor is estimated using NDVI
calculated seasonally rather than relying on a single image date. This seasonal approach provides a more
accurate representation of vegetation cover dynamics throughout the year, allowing for a detailed analysis
of seasonal variations in soil loss and their direct influence on sediment transport processes. Overall, the
maximum soil erosion rates reach the amount of 45 tonnes per year. The areas with the highest erosion rates
in the basin have also high LS and CP factors, and overlap with deforested areas. Significant levels of
erosion occur in areas with clays, marls and sandstones in the substrate.
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1. INTRODUCTION economic impacts, including reduced agricultural

productivity and increased sediment transport in

Soil erosion, defined as the process of soil
particle detachment, transportation by erosive
agents, and accumulation in various environments
such as riverbeds, is a critical environmental issue
with  far-reaching  implications. It  affects
approximately 17.5% of the world’s land, with water
erosion accounting for half of this area (Huang et al.,
2020). Soil erosion is considered one of the primary
drivers of soil degradation, with severe socio-

rivers (Pimentel, 2006; Borrelli et al., 2018; Eekhout
& Vente, 2022). The degradation primarily affects
soil fertility, organic matter content, and structure,
ultimately reducing crop yields. According to
Pimentel (2006), soil provides approximately 99.7%
of all food consumed by humans. Yet, with a global
population of 8.2 billion, expected to exceed 9.5
billion by 2050, the need to address soil degradation
has become increasingly urgent to meet rising food
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demand (Pimentel & Burgess, 2013).

Soil erosion also plays a significant role in
altering sediment dynamics within river systems,
increasing turbidity, solid flow, and pollutant
transport, with approximately 60% of eroded soil
ending up in rivers (Asselman et al., 2003; Borrelli et
al., 2013; Suif et al., 2016; Chuenchum et al., 2019;
Gusarov, 2021). Moreover, the erosion of the upper
soil layers results in the loss of microorganisms and
nutrients (Meena et al., 2017), further reducing
fertility over time (Xiao et al. 2017). Beyond its
impact on soil health, erosion contributes to the
release of approximately 75% of stored soil carbon
into the atmosphere, thereby influencing the carbon
cycle (Quinton et al., 2010; Bosco et al., 2015).

Historically, soil erosion has been a natural
process; however, over the past 4000 years, it has
been significantly accelerated by human activities,
particularly deforestation, which has had the greatest
impact (Oost et al., 2012; Jenny et al., 2019).
Archaeologists have linked moments of intense soil
degradation to the decline of civilizations in Greece,
Rome, and the Americas (Van Andel et al., 1990;
Beach et al., 2006). Since the early 20th century,
climate change has further exacerbated soil erosion,
with a 7% increase in precipitation over land surfaces
in temperate latitudes (Dore, 2005; Gabriels, 2006).
In Europe, torrential rainfall is projected to increase
by up to 15%, potentially amplifying erosion rates by
58% in vulnerable areas (Klik & Eitzinger, 2010).

To address this growing concern, research on
soil erosion has increasingly adopted GIS-based
approaches to estimate erosion rates at local and
regional scales. The Revised Universal Soil Loss
Equation (RUSLE) model is the most widely used
framework, accounting for approximately 90% of
global soil erosion studies (Borelli et al., 2018;
Bircher et al., 2022). Originally developed as an
improvement to the USLE model (Wischmeier,
1984), RUSLE integrates advancements such as the
use of satellite-derived NDVI data to estimate the C
factor (Mammari et al., 2023; Guo et al., 2023;
Covasnianu & Tudose, 2013). Its simplicity and cost-
effectiveness have made it a standard tool for erosion
modeling, with applications ranging from South
America and Asia, where erosion rates exceed 30-40
tonnes ha™ year, to Europe and North America,
where the average rate is 17 tonnes ha™' year™
(Pimentel et al., 1995; Mukanov et al., 2019).

In Romania, soil erosion research began with
the works of Motoc et al. (1975, 1979), who
implemented the USLE model. Studies have
highlighted the severe wvulnerability of the
Subcarpathians,  particularly  the  Curvature
Subcarpathians, where erosion rates often exceed

30-45 tonnes ha™ year!, leading to the formation of
ravines, torrents, and landslides (Mircea et al., 2010;
Arghius & Arghius, 2011; Patriche, 2018; 2023).
Recent research has also emphasized the
effectiveness of conservation measures, such as
strip-cropping systems, afforestation, and the
reshaping of agricultural roads, in reducing soil
erosion by up to 70% (Niacsu et al.,, 2022;
Virghileanu et al., 2024).

This study focuses on the Basca Chiojdului
watershed in the Curvature Subcarpathians, one of
Romania’s most erosion-prone regions where erosion
rates exceed natural soil regeneration capacity. Using
the RUSLE model and GIS techniques, this research
aims to estimate soil erosion rates and quantify the
contribution of eroded soil to sediment loads in the
river on a season basis. The study also addresses the
lack of quantitative data on sediment transport in the
Basca Chiojdului basin.

2.STUDY AREA

The Basca Chiojdului River is a tributary of the
Buzau River having a length of 32 kilometers. It is
located in Romania, at the contact between the
Curvature  Carpathians and the  Curvature
Subcarpathians. In the catchment area, the altitude
ranges from 240 meters to 1452 meters in the north-
west mountainous area (Figure 1). From a geological
point of view flysch, sandstones, clays, and marls
predominate within the basin (IGR, 1968). Soils are
mainly represented by cambisol (CM) and podzol
(PZ), (ICPA, 1974). The land use is dominated by
natural vegetation represented by nemoral, mixed,
transition and conifer forests (CLC, 2018). The built-
up, agricultural and fruit tree areas are second place
in terms of extent.

The multi-year average of monthly discharges
is represented in the table below (Table 1). The

Table 1. Monthly average discharges in Basca Chiojdului
basin (INHGA, 2023).

Average monthly

Month discharge (m3/s)
January 0.99
February 1.09
March 1.2
April 2.29
May 1.78
June 2.07
July 1.11
August 0.73
September 0.62
October 0.55
November 0.82
December 1.13
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(a) (b)

highest recorded flows are typically ten times greater
than the average. The three highest maximum flows
were recorded in 1991 (268 m?/s), 1996 (76 m3/s), and
1998 (33.8 m3/s) (INHGA, 2023). The basin covers
sub-Carpathian and Carpathian areas, with annual

Figure 1. Location of the Basca Chiojdului basin: a) in Europe; b) in Romania; c) detailed location.

precipitation exceeding 1000 mm. During the
summer months, usually June and July, the
precipitations have a torrential regime, with a large
amount falling in a short period of time, resulting in
flash floods and inundations.
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3. MATERIALS AND METHODS

This study is based on the Revised universal
soil loss equation (RUSLE) (Renard et al., 1994;
Demirci & Karaburun, 2012; Ghosal & Bhattacharya,
2020) model in order to calculate the amount of
eroded soil. One of the RUSLE method benefits is
that it is very flexible, as it can be tailored to the
specific environmental characteristics of a given area
and does not involve high costs (Jahun et al., 2015;
Magsoom et al., 2020). RUSLE model uses five
major factors: rainfall erosivity, soil erodibility,
support practice factor, slope length and steepness,
land cover and land management factor. Soil erosion
is expressed in tonnes per hectare per year. The
limitations of this approach include the inability to
capture all the specific characteristics of the study
area at a very large scale (Zhang et al., 2013;
Andualem et al.,, 2023). Consequently, certain
influential aspects of the local environment may be
overlooked in the analysis.

The five factors that make up this model were
computed in ArcGIS Pro at a resolution of 10 meters.

A=R XKXLSXCXP(1)

where A = mean soil loss (tonnes ha™ year™), R =
precipitation erosivity factor (MJ mm ha™ year™), K
= soil erodibility factor (tonnes ha h h™ MJ! mm™),
LS =slope length and slope steepness factor, C = land
cover and management factor and P = support
practice factor (Erdogan et al., 2006; Panditharathne
et al., 2019).

The rainfall erosivity factor (R) represents the
amount of liquid precipitation during a year and
measures the erosive power of the rain based on its
kinetic energy (Wischmeier & Smith, 1978; Bekele
& Geml, 2021). It is highly dependent on the
intensity and frequency of rainfall in a given period.
The R factor takes into account precipitation that
directly dislocates rock particles, resulting in various
types of erosion on slopes. Through transportation,
these rock particles reach and discharge into the
main rivers, contributing to solid flow. In this study,
the rainfall erosivity factor was determined using
annual rainfall data from the National
Meteorological Institute (ANM, 2008), for the
period of 1961 - 2000. To calculate soil erosion by
season, we used multitemporal precipitation raster
data from the National Meteorological Institute. The
average precipitation for each month was extracted
and used in the raster calculator to multiply the
layers (ANM, 2024). Furthermore, the rainfall
erosivity factor was processed using equation as
follows (Zhang et al., 2002):

R =0.0483 = P *x 1.61 (2)

where R = rainfall erosivity factor, P = rainfall (mm).

The main factor influencing the extent of soil
erosion is the soil erodibility factor (K). It considers
the physical and chemical properties of soil rocks
when assessing the vulnerability of the soil layer to
erosion. It takes into account four key characteristics:
the fraction of sand, silt, clay, and organic matter in
the soil. In general, soils that contain a higher amount
of clay are more resistant to erosion, while soils that
contain a higher amount of silt and sand tend to be
more vulnerable (Wang & Shi, 2015). The K-factor
data was taken from the World Soil Information
System (Baties, 2024). The layer dataset was
downloaded and uploaded in GIS programme for
further processing. In the layer's attribute table, new
fields were created to store information about sand
(3), clay (4), organic matter (5) and silt (6):

fsand = {0.2 + 0.3 exp [(—3()).256 msand (1 — %)]}

Msiit
mclay+mgje

felay = ( )" @

_ _ 0.0256+*0rg
fOTg - {1 org+exp[3.72—2.95*org]} (5)

0.71(1—

msand)

100 msand ] (6)

)+exp[-5.51+22.9+1-"2000

fSilt = [(1_msand

100
k = fsand - fclay - fsilt - forg * 0.1317 (7)

where fsand is the fraction of sand, mg; is the fraction
of silt content, mclay is the fraction of clay content,
org is the fraction of organic carbon content.

The slope length and slope steepness factor
(LS) (Remortel et al., 2001; Zhang et al., 2023)
represents a combination of two slope particularities,
slope length and the slope steepness, as erosion-
controlling factors. It was calculated using the
USPED (Unit Stream Power Erosion and Deposition)
method (Warren et al., 2023), which uses the flow
accumulation and the slope of the watershed,
multiplied in ArcGIS Pro 3.2.2. To improve the
model's accuracy, the resolution of the DEM was
processed to 10 meters. The Fill, Flow accumulation,
and Flow direction layers were created, and then
multiplied using the following formulae in the raster
calculator:

A m
L=(m+1)x(55) (8)

221
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where L is the slope length, S is the slope steepness,
A is the area of upland flow, mis 1.6, S° is the slope
in degrees, nis 1.3.

The land cover and management factor (C)
depicts vegetation cover, which is one of the most
important factors. It represents the ratio between the
amount of soil lost under the influence of a certain
type of vegetation and an identical area in tilled
continuous fallow (Wischmeier, 1978; Zhou et al.,
2008). In general forests prevent the greatest number
of raindrops from falling on the canopy, protecting
the soil best from erosion, whereas bare land is more
vulnerable to precipitation’s Kinetic energy,
exacerbating erosion.

This factor was calculated using the Romanian
scale land use map from (ICPA, 2018). In the attribute
table assigned a C factor value to each type of land
cover.

The supporting practice factor (P) represents
human interventions on land use. This factor was

assigned a value 1 due to lack of information.

At the end all the five factors were multiplied
resulting in a map for each (Figure 2).

In addition to the conventional calculation
method, we computed the C Factor using satellite
images, from which the NDVI index was derived to
determine the RUSLE model. We used 4 Sentinel 2
L2A satellite images with a resolution of 10 m,
corresponding to the 4 seasons, during the year 2024.
The months chosen were January, April, July and
October depending on the available data without
cloud cover, in the middle of the season. The NDVI
was calculated in ArcGIS Pro 3.2.2 using bands 3
(red) and 4 (nearred) (Figure 3). The factor C was
derived from the NDVI maps, using the formula
proposed by Van der Knijff (1999), adapted for
European region:

cf = (e_z%> (10)
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Figure 2. Parameters of RUSLE model, a) land cover and management factor, b) soil erodibility factor, c) slope length
and slope steepness factor, d) rainfall erosivity factor.
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Figure 3. NDVI maps for a) April; b) July; c) October; d) January, in Basca Chiojdului basin, 2024.

4. RESULTS AND DISCUSSION

covers approximately 18 km? with high soil erosion
continuously distributed, highlighting the vulnerable

The 5 factors, of which the P factor was nature of the region.
considered 1 due to lack of data, were multiplied to High erosion rates also run parallel to Basca
produce the first final RUSLE map. As can be seen,  Chiojdului river, along both the right and left bank,
the study area is mostly covered by low erosion passing through the towns of Calvini, Bascenii de
values. The mean value of soil erosion is 9.69. The Sus, Slobozia, Catina, Chiojdu, Plescioara, Basca
highest values of soil erosion are found mainly inthe  Chiojdului, Olari, Frasinet, Slobozia and Valea
central area and following the main river channels Catinei. High levels of soil erosion are also found

(Figure 4).

along the Zeletin river until its confluence with Basca

The highest values of soil erosion, ranging Chiojdului, meeting along the way the towns of Valea
between 30 and 45 tonnes ha™' year’, are mainly  Stupinii, Bodesti, Tarlesti, Zeletin.
distributed in the Starchiojd - Batrani area, located in In the Northen region lies a small, solitary area
the central part of the basin (Figure 4). This vast area  of about 1.7 km? with a high soil erosion of over 45
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tonnes ha™' year™ (Figure 4). The only human impact
is represented by deforestation and the presence of
forest roads.The lowest erosion rates are found
mainly in the northern central and north-western
areas, where the transition from the Subcarpathians to
the Carpathians takes place, as well as in the south,
where the slopes are fully covered in forest.

The amount of eroded material and its
distribution within the basin varies according to the
season, as the land cover changes according to the
phenophases (Figure 5).

During the summer and autumn, the basin has
low soil erosion rates. The high values are mainly

found in the central area and Northen area, both
affected by deforestation. (Figure 5c, d).

During April, when the liquid precipitation is
high and the vegetation is in full transformation
process, the area experiences high soil erosion rates,
mainly found in the northern and central southwestern
areas (Figure 5b).

During the winter, the Basca Chiojdului basin
has high rates of soil erosion, most widespread in
terms of surface area covered (Figure. 5a). During
this season, the deciduous forests have lost their
canopy, and precipitation reaches the ground directly,
generating erosion.
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Figure 4. Soil loss map in Basca Chiojdului basin.
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Figure 5. Soil loss maps using NDVI C Factor based on season a) January; b) April; c) July; d) October, in Basca
Chiojdului basin, 2024.

Recent studies have shown that soil erosion in  Romanian territory. Previous studies (Rosca et al.,
Europe is expected to increase by an average 18% 2012; Niacsu et al., 2021; Patriche, 2023; Sestras et
by 2050 (Panagos et al., 2017). Romania follows a  al., 2023a) found similar estimates for soil erosion
similar trajectory, with an average of 2.94 tonnes in Subcarpathian and other areas of Romania.
ha™ year™ increasing to 3.74 tonnes ha™ year! in  According to Patriche (2023), who applied the
2060 (Patriche, 2023). Therefore, studies related to RUSLE model in Romania, the values in the

soil erosion are vital to taking mitigation measures.

Subcarpathian areas range mostly between 20 and 60

Soil erosion in the Basca Chiojdului tonnes ha™ year™. In another paper, Sestras et al.
hydrographic basin was measured using the classic  (2023b) studied soil erosion in Cluj County,
RUSLE method and NDVI satellite images. The resulting values between 20 and 40 tonnes ha! year!
study is based on specialized literature from Europe in highter altitudes areas. Niacsu et al. (2021)
and Romania, with the results supported by applied the RUSLE model for the Racova Basin
scientific articles written specifically for the located in the central area of the Moldavian Plateau.
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Soil erosion values were over 35 tonnes ha™ year™.

The mean soil erosion rate is 9.69 tonnes ha™
year . The maximum erosion rate over 45 tonnes ha™!
year!' is mainly found in areas with sparse vegetation
or even agricultural land. The highest erosion rates
within the basin overlap with areas where the LS
factor and the C factor are also high.

The high soil erosion values in the Starchiojd
region come as a result of intense human activity. The
areas surrounding the locality of Starchiojd have been
heavily deforested for the expansion of agricultural
land. The predominant rocks are sandstones, clays,
marls, which are friable and prone to erosion. Being
a rural area with a low economy where the land is
owned by the locals for subsistence agriculture, no
adequate land management measures against erosion
have been taken.

The same applies to the regions of Varful
Cornetului peak, Pe pod la Brad peak, Mesteceni
peak, following the Zeletin River until its confluence
with Basca Chiojdului, Calvini, Bascenii de Sus,
Slobozia and Citina. The slopes are being deforested,
with human intervention fragmenting forest patches
and making them vulnerable to rain erosion. The
primary rocks are gravel, clay, marls and sand.

Unlike to the other examples, the north-eastern
area is mostly covered in forest, with massive
sandstones (Tarciu sandstones) making up the
substrate. In this particular case the high erosion is
caused by four circular deforested areas, isolated
from each other, where water easily penetrates and
starts the erosion process at lower altitudes.

The northen area where the transition occurs
knows low rates of erosion due to low human impact,
cohesive rocks (sandstone, flysch) and dense forest
covering the area. Similar characteristics can also be
observed in the southern region, with Iless
anthropogenic influence, low altitudes, reduced
slopes and forest vegetation covering the soil.

In contrast to previous articles, this paper
includes the RUSLE seasonal model calculated using
NDVI images. The resulting erosion values are
consistent with those obtained in other papers that
applied the RUSLE model in different areas of
Romania.

In the summer when the trees crown is at its
most developed, the surface of the soil is covered,
protected by vegetation and therefore erosion is
lower. The dense canopy of the nemoral forest
prevents rainfall from direct impact. However, there
are areas characterized by high erosion even in the
summer season, on interfluves and slope-connected
areas.

On the other hand, the erosion values are the
highest during winter season, when the mainly

nemoral vegetation sheds its leaves, exposing the soil
to raindrop erosion. As in the previous case, the
highest values are found on slopes and interfluves,
where woody vegetation was previously present.

5. CONCLUSIONS

With the impact of climate change, the use of
soil erosion models has become crucial to
determining the intensity of erosion at the local level
as well as the most affected areas. Besides the
harmful effects on the soil itself, erosion also plays an
important role in the river dynamics, as a quantity of
sediments is transported in the channels, contributing
to the solid flow. Our study has succeded to obtain
guantitative data in terms of the amount of eroded soil
within the basin. The main goal was to compensate
for the lack of hydrological data on sediment flow in
the Basca Chiojdului riverbed. Moreover, this study
can serve to local authorities as base research to take
further measures regarding better land management.

The results of this study show that the Basca
Chiojdului watershed is mostly forested, particularly
in the northern area at higher altitudes, resulting in
lower soil erosion rates. The central area, Starchiojd,
has the highest rates of soil erosion, 40 - 50 tonnes
ha™ year™, but they also occur in the southern and
northern part of the basin, following the main river
channels. They overlap with deforested areas, steep
slopes, soft clay or marl rocks and poor land
management.
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