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Abstract: As the fertile topsoil is constantly washed away and agricultural production is decreased,
soil erosion is a serious environmental issue that affects the entire planet. All river basins experience
changes in land use that affect sediment dynamics, soil erodibility, and hydrologic response. The main
reason for the faster erosion rates is frequently attributed to those alterations. In the current study,
the Intensity of Erosion and Outflow (IntErO) model was used to estimate the sediment yield and
maximum outflow from three river basins in Cluj County, Transylvania, Romania. Because the county
is hilly and has significant erosion issues, it is essential to have a solid understanding of how soil
erosion occurs in river basins. This will allow for more precise planning of soil conservation projects
and will allow for more effective management of the severity of the erosion processes. The IntErO
model offers quick, efficient, and feasible insight into how changing land use affects soil erosion
processes. The testing of the procedures that have been put into place is an essential component
of the ongoing development of watershed management strategies at the regional level. The relief
characteristics and predominant land use of the three selected prototype river basins significantly
influenced the resulting real soil losses. The application of the IntErO model in assessing soil erosion
rates in the Transylvanian hills represents a novel approach. The findings of this study hold potential
for informing policymakers in the formulation of more robust regulations pertaining to soil and water
conservation. Consequently, the implementation of such measures is expected to contribute to the
safeguarding of river basin soils.

Keywords: erosion potential; land management; soil erosion rates; runoff; river basin

1. Introduction

Soil erosion is a significant environmental problem that is present in every region of
the world, but it is most prevalent in countries that are still in the process of establishing
their economies [1,2]. The production of sediment and the erosion of soil are two of the
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most significant challenges to the sustainable management of soil and water resources [3,4].
The implementation of any strategy for the scientifically sound conservation of soil and
water, as well as for integrated land management, requires quantification of these processes.
The quickening of soil erosion brought on by global human activity has led to an increase
in sediment flow in many parts of the world [5–7]. The natural process of soil erosion takes
place when the forces that hold soil particles together are surpassed by the power of wind
and water acting on the soil surface [8,9]. Erosion can be caused by a number of different
factors. The presence of vegetation cover shields the soil from the destructive impacts
of these wind and water pressures. This protective layer can be easily disturbed by land
management operations such as ploughing and extensive grazing, which leave the soil
vulnerable to the processes of erosion [10,11]. Unwanted additional repercussions of soil
erosion have been identified as a serious problem for human sustainability. These impacts
include the loss of soil fertility, a drop in water quality, modification of the hydrological
systems, and environmental contaminations. Alterations to land use and land cover are
critical regulating elements that can have a significant impact on the hydrological response
of a watershed. A significant link between soil loss and shifts in land use has been found to
exist, according to the findings of a number of studies [12–14]. Changes in land use need to
be considered on a local scale because they have the potential to affect the water balance
within a watershed and the variability of that balance, as well as to increase the flow of
sediment and nutrients into rivers. Sampling of stream sediment and direct measurements
of soil erosion in watersheds both demand large investments of both time and money on the
part of the investigator [9,15]. As a result, experts from all around the world are currently
interested in the use of soil erosion and sediment yield models at the watershed scale.
For a quantitative knowledge of hydrological processes at the watershed scale, modeling
of microscale processes like infiltration, permeability, and even the transit of water and
particles in porous soils is also required. These processes include infiltration, permeability,
and the transport of water and particles [16–18].

The first thing that happens in the process of erosion is the breaking up of soil particles,
which is followed by transport and deposition of those particles [9,19]. Increases in the
velocity and transport capacity of the overland flow lead to an increase in the size and
amount of soil sediment that is carried, whereas declines in the latter cause sediment
deposition. Erosion of the soil is a form of non-point source pollution that can result
in the silting of rivers and the contamination of water [20,21]. Erosion of the soil also
has an impact on the normal flood discharge, as well as the service life and efficiency of
hydropower facilities. Erosion of soil can be caused by a variety of factors, including both
natural circumstances and human activity [22]. The geomorphology, soil type, climate,
and vegetation are all aspects of nature that play a role. Construction, land development,
and land use are the primary aspects of human activity that have a role. One of the most
important single factor that contributes to increased soil erosion and sediment yield is
changes in land use. To address the multitude of environmental problems caused by the
soil sediments removed from river basins and transferred elsewhere, at the watershed scale,
a complete understanding and computation of soil loss is necessary. Because more research
is being carried out to enhance soil erosion models that can better estimate soil loss at
watershed and basin levels, soil loss and sediment supply have become key challenges in
today’s world. This is because more research is being carried out to develop soil erosion
models that can better estimate soil loss [8,23]. This will make it easier to pinpoint the
main areas where soil erosion is occurring, which is required in order to focus conservation
efforts on achieving the best outcomes. Assessment of the erosion that happens within a
watershed is necessary for determining the quantity of sediment that is moved, transported,
and deposited inside and outside of the basin, which is critical for resolving a variety
of environmental challenges. It is possible to obtain direct measurements of erosion in
a watershed by measuring the transport of solids in the closing section over the course
of multiple years [24–26]. When there is a lack of hydrometric and discharge data for a
watershed, modeling is a good and proven approach that may be used to analyze the
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amount of erosion and discharge that occurs in the watershed [1,5,9]. Because of these
factors, mathematical erosion models were constructed in order to forecast the degree to
which erosion will occur and the amount of silt that would be produced. Since the Universal
Soil Loss Equation (USLE) and the Revised Universal Soil Loss Equation (RUSLE), two of
the most widely used and widely accepted soil erosion models, can only calculate long-
term soil loss at a specific location, it is essential to use alternative erosion models that can
forecast sediment yield and maximum outflow on a watershed scale [27–29]. Numerous
models of soil erosion have been developed throughout the world to determine the level of
soil erosion and the maximum quantity of water that can flow out of the basin outlet. The
Intensity of Erosion and Outflow (IntErO) model is utilized in the research to compute the
soil erosion rate and maximum outflow. This is possible due to the model’s usability and
capacity to process large datasets.

When viewed over a shorter time frame, the negative consequences that soil erosion
has on agricultural output and the ecosystem are, for the most part, invisible. Under normal
circumstances, soil erosion is a continuous, progressive occurrence [9,10,30]. If there is no
accelerated land degradation process, such as gullying or landslides, then we often do not
become aware of the problems until it is either too late to do something about them or it
would be prohibitively expensive to do so. The rate of soil erosion is increasing, which has
consequences for agriculture and has the potential to significantly cut the expected lifespan
of reservoirs. These activities may, over the course of time, alter the manner in which
ecosystem services are carried out, and deplete fundamental natural resources [31,32].
However, only a small number of medium-to-large catchments have access to these data,
while tiny basins and a diversity of landscapes still lack this type of information. Although
these data are only accessible for a small number of medium-to-large catchments, the
analysis that is based on gauging data can help detect the effects that changes in land
use have on soil erosion and sediment dynamics. In order to measure how soil erosion
and sediment yield respond to changes in land use, numerical simulations of soil erosion
processes have proven to be a reliable alternative tool [8,19].

The primary aim of this study is to utilize the IntErO model in order to assess the
maximum outflow and soil erosion intensity within three river basins located in Cluj County,
Transylvania. The selection of the river basins was based on their individual characteristics,
which encompass a variety of land uses or relief, and provide a wide array of environmental
and ecological functions. In recent years, there has been a noticeable increase in erosion
rates [33–35], leading to a subsequent decline in agricultural output within the region. The
degree of soil erosion at the river basin level in the research region must be determined in
order to establish appropriate soil and water conservation measures in place to solve the
issue. It is commonly acknowledged that good land management can, to some extent, slow
down the processes of soil erosion [12,13]. This is necessary for the gathering of field data
and the use of predictive models for the evaluation of different management scenarios for
soil protection. Modeling the erosion process offers a realistic option that can accurately
estimate both runoff and soil loss, because conventional methods for detecting erosion
and sedimentation in the field are time-consuming and expensive. The IntErO model has
been used to understand the severity of erosion in similarly organized river basins around
the world in conjunction with other soil erosion models, but it has not yet been utilized
in Romania to estimate sediment production. The objective of this study is to provide
assistance to land use planners in enhancing their comprehension of the magnitude of
soil erosion and facilitating the implementation of efficient soil- and water-conservation
techniques. The objective of this study is to develop a sustainable modeling approach that
can be calibrated and validated in the three river basins located in Cluj County, Romania.
The aim is to assess the ability of water resources to fulfil the water demands of the local
community, agricultural activities, and environmental–ecological sectors.

Because of the complexity of the erosion process and the features, regional and tem-
poral fluctuation of soil erosion, and the non-existence or lack of associated data, the
application of empirical models became necessary. Researchers are compelled to use em-
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pirical models on a variety of scales, due to the complexity of hydrological processes, the
geographical and temporal heterogeneity of all effective components, and the unavailability
of key observed field data. The calculations performed by the IntErO model proved to be a
valuable tool in evaluating the production of sediments in soils, particularly in evaluating
different scenarios after establishing the input database for river basins in Transylvania,
Romania. These calculations will serve as a good starting point for future evaluations, and
will be of use in evaluating different scenarios.

2. Materials and Methods
2.1. Study Area

Cluj County, with an area of 6674 km2, is located in the NW part of Romania, between
the parallels of 46◦24′47′′ and 47◦28′44′′ north latitude and the meridians of 23◦39′22′′ and
24◦13′46′′ east longitude, and includes 81 Territorial Administrative Units (TAUs). Cluj
County is located in the center of Transylvania at the intersection of three large physical-
geographical units, namely: Transylvania Plain, Someşan Plateau (Cluj and Dej Hills) and
the Apuseni mountain area (Figure 1). The geomorphological, lithological, bioclimatic and
pedological differentiation creates a great variability of vegetation factors in this area.
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Figure 1. The geographical location of the study areas; (a) Batin river basin, (b) Risca river basin,
(c) Chinteni river basin.

Of the total area of the county, 63.8% is occupied by agricultural land, 25.1% by forest
land, 2.9% by constructions, 1.8% by roads, and 5% by degraded and unproductive land.
The hilly area of Cluj County is geographically part of the greater Transylvanian Depression.
This represents the largest inter Carpathian negative morphological area, formed during the
alpine cuts, with a general appearance of hills and plateaus, tectonically compartmentalized
into sequences of geomorphological zones, arranged almost concentrically, in increasingly
lower steps, from the outside to the inside, with great variations in structure and relief from
one area to another [36,37].

The Transylvanian plain includes the southeastern part of Cluj County, and is charac-
terized by altitudes between 250 and 500 m, with gentle hills separated by narrow valleys,
often with excess humidity, with ridges on southern exposures and with gentle slopes and
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slope processes on northern exposures. The average annual temperature is 8–9◦C and the
annual total precipitation is 500–600 mm. Starting from a partially woody vegetation, but
with a dominating grassy hay vegetation, clay parent materials rich in calcium carbonate,
in interaction with the other solidification factors, favored the strong dominance of bioac-
cumulation, forming black soils in this area: chernozem, cambic chernoziom, faeoziom,
rendzina, pseudorendzine, etc. [36].

The Someşan Plateau includes the central and northwestern part of Cluj County. In the
Someşan Plateau, the relief is much more energetic and active, with intense slope processes
triggered over time. The southern slopes are short and steeply segmented, with ravines and
torrents. The northern slopes are longer, colder, and undulating, with the general elevation
between 450 and 800 m. The average annual temperature is 7–8 ◦C and the average annual
precipitation is 600–700 mm. The specific conditions of areas in the forest area with a
rainfall surplus of +50 to +100 mm annually and parent materials poorer in basic elements
led to the predominance of weakly to moderately acidic bioaccumulation and leaching,
with the formation of soils from the class of luvisols: preluvosol, luvosol, etc. Pseudogleyic
soils or pseudogleyic subtypes, to varying degrees, are also common.

The premontane area of the Apuseni mountains is located in the northwestern marginal
part of Cluj County; although in some places it presents a gentler relief, it differs climatically
and ecologically, and this continues with the montane area, where between 800 and 1200 m
altitude only, some areas are still worked as arable on plateaus and southern exposures.

The three river basins (Figure 2) chosen for the IntErO model implementation belong
to the three large physical-geographical units previously mentioned. The Batin river
basin and village of Batin are located in the northern part of the Transylvanian Plain, the
southeastern part of Cluj County, equidistant from the cities of Beclean, Dej and Gherla.
The area has rich sources of water (springs, marshes), good limestone for construction, and
fairly fertile soil on the hills, meadows and forests. A significant portion of the area is used
for agriculture. The Rasca River Basin is a component of the premontane region of the
Apuseni Mountains, and is situated in the western portion of Cluj County; it also includes
Rasca Village. Rasca is one of the largest rural areas in Romania, located specifically in
Romanian mountain villages, with large distances between households. The local economy
is primarily based on animal husbandry and traditional agriculture, as well as tourism.
Chinteni river basin incorporates Chinteni village, and is located approximately 22 km
(14 miles) west of Cluj-Napoca, the county’s capital city. The region belongs to the Someşan
Plateau, and is surrounded by picturesque landscape, including hills and forests, making
it an attractive destination for nature lovers and outdoor enthusiasts. The local economy
is primarily based on agriculture and small-scale businesses. Being in close proximity to
Cluj-Napoca, in the last two decades Chinteni has transitioned to a suburb, and the built-up
area of the village is in continuous expansion.

Appl. Sci. 2023, 13, 9481 18 of 20 
 

 
Figure 2. Aerial photos of the three river basins with subsequent villages (Batin—(left), Rasca—
(center), Chinteni—(right)). 

The relief shows significant differences within the entire hilly area of Cluj County. 
Here are the greatest contrasts of stationary factors, due to the very rugged relief and the 
varied lithological substrate. In general, any relief change brings about fundamental 
changes in the set of local factors forming interdependencies in the topoclimate, in the 
characteristics of the soils, and in the physiognomy of the vegetation. The relief creates 
contrasts of exposures, inversions of temperature, and patches of vegetation unevenly in-
fluenced by the wind and subjected differently to precipitation, etc. The relief is what de-
termines the differences in the characteristics of the soils, namely: deeper soils in the gen-
tler parts of the slope, and thin and eroded soils in the strongly inclined parts. 

2.2. Methodological Approach and IntErO Model 
The present research study aims to utilize the IntErO model in order to predict the 

magnitude of soil erosion and the maximum outflow from three specific river basins lo-
cated in Cluj County. The utilization of the IntErO model, in conjunction with other soil 
erosion models, facilitates an exhaustive understanding of the extent of erosion observed 
in river basins that exhibit similar characteristics throughout various global regions [1,5,9]. 
There have been many different models of soil erosion devised, and they have all been 
evaluated on a global scale. The primary issue with process-based models is that they have 
an excessively high number of input parameters, and there are insufficient data to evaluate 
the model’s predictions. Therefore, empirical models for determining the amount of soil 
erosion play an important part in the process of planning for soil conservation. The Ero-
sion Potential Method (EPM) of Gavrilovic [38,39] is an empirical model that was initially 
developed for Yugoslavia. It has since been utilized in various research studies, particu-
larly to explore the effect of land use on soil erosion and sediment output. The method’s 
ability to be used to analyze the risk of erosion using techniques and modeling spatial 
data (in a GIS platform) is a big advantage. The Intensity of Erosion and Outflow (IntErO) 
developed by Spalevic [9,40,41] is a program package for the Windows Operating System 
that includes the EPM as an incorporated part of the algorithm (Figure 3). As field-based 
erosion studies are laborious, expensive, and require a considerable amount of time, the 
use of soil erosion models to assess the severity of soil erosion on a regional scale is gaining 
favor in today’s world. In contrast to other models, models of soil erosion can quickly 
determine the amount of soil that has been lost, given that the relevant data are usually 
available and open-source. 

Figure 2. Aerial photos of the three river basins with subsequent villages (Batin—(left),
Rasca—(center), Chinteni—(right)).

The relief shows significant differences within the entire hilly area of Cluj County.
Here are the greatest contrasts of stationary factors, due to the very rugged relief and
the varied lithological substrate. In general, any relief change brings about fundamental
changes in the set of local factors forming interdependencies in the topoclimate, in the
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characteristics of the soils, and in the physiognomy of the vegetation. The relief creates
contrasts of exposures, inversions of temperature, and patches of vegetation unevenly
influenced by the wind and subjected differently to precipitation, etc. The relief is what
determines the differences in the characteristics of the soils, namely: deeper soils in the
gentler parts of the slope, and thin and eroded soils in the strongly inclined parts.

2.2. Methodological Approach and IntErO Model

The present research study aims to utilize the IntErO model in order to predict the
magnitude of soil erosion and the maximum outflow from three specific river basins
located in Cluj County. The utilization of the IntErO model, in conjunction with other soil
erosion models, facilitates an exhaustive understanding of the extent of erosion observed
in river basins that exhibit similar characteristics throughout various global regions [1,5,9].
There have been many different models of soil erosion devised, and they have all been
evaluated on a global scale. The primary issue with process-based models is that they
have an excessively high number of input parameters, and there are insufficient data to
evaluate the model’s predictions. Therefore, empirical models for determining the amount
of soil erosion play an important part in the process of planning for soil conservation.
The Erosion Potential Method (EPM) of Gavrilovic [38,39] is an empirical model that was
initially developed for Yugoslavia. It has since been utilized in various research studies,
particularly to explore the effect of land use on soil erosion and sediment output. The
method’s ability to be used to analyze the risk of erosion using techniques and modeling
spatial data (in a GIS platform) is a big advantage. The Intensity of Erosion and Outflow
(IntErO) developed by Spalevic [9,40,41] is a program package for the Windows Operating
System that includes the EPM as an incorporated part of the algorithm (Figure 3). As
field-based erosion studies are laborious, expensive, and require a considerable amount of
time, the use of soil erosion models to assess the severity of soil erosion on a regional scale
is gaining favor in today’s world. In contrast to other models, models of soil erosion can
quickly determine the amount of soil that has been lost, given that the relevant data are
usually available and open-source.
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The IntErO model is capable of managing a large number of data, thanks to its
processing of 22 inputs, which results in the return of 26 final result parameters once
the calculations have been performed. Figure 3 illustrates the flowchart for the IntErO
algorithm, complete with the input and output data. Due to the fact that it is founded on
both descriptive and quantitative methodologies, the IntErO model might be referred to as
a semi-quantitative one. This approach is the most quantitative compared to other semi-
quantitative methods, since it only employs descriptive assessment for three characteristics:
soil erodibility, soil protection, and the degree of erosion in the catchment. A limitation of
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the IntErO model is that the necessary database and workflow is time-consuming, and can
be carried out on individual river basins. Thus, in order to generate erosion assessments on
larger areas, it is necessary to establish numerous watershed IntErO scenarios, as opposed to
USLE, RUSLE and other methods capable of generating results on large areas. Nevertheless,
the IntErO model is advantageous for smaller-scale implementations, where individual
river basins can be analyzed, as well as for analyzing the impact of climate change, land use
and land-cover changes. Predictions and estimations can easily be obtained based on the
interchangeable values from the IntErO workflow, in order to determine how the climatic
factors and land use affect the erosion processes.

2.3. Data Acquisition, Physio-Geographical and Climate Characteristics

GIS geometry calculations use spatial data to deliver accurate geographical analyses
and measurements. Using the GIS environment, the ArcMap 10.8, and the available data
regarding the geometry of the river basins and the hydrological network, several input
parameters were calculated and then inserted in the IntErO model [5,9]. These parameters,
with each graphical display, are presented in Figure 4, and include: the river basin area
(F), the length of the watershed (O), the area of the bigger river basin part and the area of
the smaller river basin part (Fv & Fm), the natural length of the main watercourse (Lv),
the shortest distance between the fountainhead and mouth (Lm), the total length of the
main watercourse with tributaries (∑L), the length of the contours and area between the
contours (Liz & f), and the river basin length measured with a series of parallel lines (Lb).
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The creation of the database imposes a specific management, in concordance with the
necessary 22 inputs for the IntErO model. Considering the necessities of the model, a GIS
database was created, complexly structured on vector and raster layers, starting from the
primary database (contours, hydrography, soil, land cover, etc.) and moving to the derivate
data (meteo data, digital elevation model, etc.).

For the DEM-derived data, such as contour levels 100 m equidistant and the maximum
and minimum elevations in each river basin, the SRTM DEM with 25 m resolution was
used. The Shuttle Radar Topography Mission Digital Elevation Model (SRTM DEM) is
a dataset compiled from radar data gathered during the 2000 space shuttle mission by
NASA. It provides global elevation data and a three-dimensional representation of the
Earth’s terrain. The resolutions and precisions of the data differ, with enhanced versions
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available for specific regions. The SRTM DEM (Figure 5, top) is utilized extensively for
cartography, terrain analysis, hydrological modeling, and infrastructure planning. It is open
to the public and has become a valuable resource for scientific and commercial applications
worldwide [42].
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This investigation considered the geological structure of the terrain in terms of the
permeability and erodibility of rocks. The geological map for the study area necessary for
the permeability was extracted from The International Hydrogeological Map of Europe,
scale 1:1,500,000 (Figure 5, top middle). The International Hydrogeological Map of Europe
(IHME) is a project that seeks to standardize the representation of hydrogeological data
throughout Europe. It combines information from multiple sources to generate a unified
map depicting aquifers, groundwater flow, quality, and other pertinent parameters. The
IHME promotes data standardization and harmonization, thereby facilitating international
collaboration and consistent groundwater-management practices. It supports sustain-
able water management, planning, and decision-making processes, serving as a valuable
resource for policymakers, water resource administrators, and researchers [43].

The soil database was constructed by digitizing 1:200,000 scale maps with the SRCS
ICPA-1980 (Romanian Soil Classification System), naming and updating them to the FAO
UNESCO SRTS 2003 (Romanian Soil Taxonomy System) designations (Figure 5, bottom
middle) [8,19].
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Corine Land Cover (CLC) is a dataset that provides information on land cover and
land use across Europe. It is produced by the European Environment Agency (EEA) and
provides valuable information for various applications and disciplines (Figure 5, bottom).
The CLC 2018 dataset is of great importance, due to its ability to monitor and assess changes
in land cover over time, aid in land management and planning decisions, contribute to
biodiversity conservation efforts, support climate change research, and facilitate cross-
border and international cooperation. The CLC 2018 dataset is essential for environmental
monitoring, land management, biodiversity conservation, climate change research, and in-
ternational cooperation. It allows for the monitoring of land cover changes, aids in informed
decision making for land management and planning, supports biodiversity conservation
efforts, helps study climate change impacts, and enables cross-border collaboration and
harmonization of land cover data in Europe [44,45].

In order to generate the average annual precipitation and average-annual-temperature-
figure datasets regarding the rainfall and temperature, multiannual datasets were used from
meteorological stations nearest to the three river basins. The average annual temperature
and precipitation were calculated as 8.1 ◦C and 653 mm for Batin, 4.7 ◦C and 939 mm for
Rasca, and 8.4 ◦C and 681 mm for Chinteni. The values are based on the meteorological
station data from Cluj County, and the GIS climate figures developed (Figure 6).
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In terms of precipitation, the highest amounts occur in summer, 200–300 mm, and
the lowest in winter, 70–120 mm. The torrential nature of the summer rains is particularly
intense [36]. They activate torrential erosion and landslides. In the rainy years, the amount
of precipitation almost doubles compared to the multiannual average, which leads to the
exaggerated rise of the river levels (up to 5–8 m) and is the cause of catastrophic floods,
especially because of the lack of forests and forest curtains, especially in the TAUs situated
in the flatter areas with 4–6% degrees of forestation. This percentage is far below the limit
of 16% afforestation (per physical-geographical unit), which is considered the limit below
which the susceptibility to desertification is very high. For the hilly area of Cluj County, the
critical period from the point of view of rain erosion is represented by the months of May,
June and July.

3. Results
3.1. RUSLE Erosion Modeling in Cluj County

Soil loss due to water erosion threatens the sustainability of agriculture and food secu-
rity. The soil is a limited natural resource that can only be used after it has had thousands
of years to develop. According to Greiner [46], the sustainability of this ecosystem is vital
for the production of food, as well as many other products and services that ecosystems
provide, such as the management of climate and the cycling of nutrients. However, with
the current trends in erosion, urbanization, and climate change, impacts that promote the
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decline of its surface layers (which are more fertile) constitute a concern for current and
future generations [47,48].

Based on the integration of the RUSLE model as a spatial analysis model into the
GIS software, the evaluation of the soil erosion rate was carried out. The main goal of
this model, which was to calculate annual soil losses, was to assess the danger that soil
erosion poses. The model is a useful tool that can be used to coordinate the appropriate
management of soil erosion-sensitive areas, since it plays a predictive role regarding the
development of affected regions over the medium and long term [5]. The model is a useful
tool for effective coordination, as a result. In the case of agriculture, where the main goals
are to analyze soil erodibility and quantify soil losses in order to assess land in terms of
its potential for agricultural output, the RUSLE model is particularly well adapted for the
evaluation of soil erosion [49]. The RUSLE model is especially suitable for this assessment.

The slope of the arable land conditions the rational use of the soil, and imposes
technological and mechanization restrictions. On a national level, of the total arable land,
approx. 30% are lands located on slopes and exposed to the phenomenon of erosion, and
in Cluj County they represent approx. 80%. Soil erosion, with water from precipitation as
a triggering factor, affects an area of 94,908.2 ha of the mapped surface, of which surface
erosion represents 76,769.6 ha and the rest is deep erosion (gullies and ravines). Figure 7
illustrates the RUSLE soil erosion modeling for Cluj County and the three chosen river
basins, with the results expressed in tons per hectare per year.
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The RUSLE has a significant benefit over the IntErO, in that it is a spatially explicit
model, whereas the IntErO calculates sediment yield on a more global scale for the entire
basin. The IntErO model also calculates maximum outflow from the river basin, the
asymmetry of the river basin and the coefficients of the river basin form, watershed
development, the river basin tortuousness, the region’s permeability, and vegetation cover;
these parameters are also of particular importance in determining the soil loss of a landscape.
This is in contrast to the RUSLE model, which is more focused on the calculation of soil loss
alone. Due to its ability to determine both the sediment delivery ratio and the sediment
output, IntErO has a significant advantage over RUSLE. Because not all of the erosion
materials produced are lost from the river basin, RUSLE only determines gross soil-erosion
rates, which may or may not include soil lost from the river basin [5]. However, the volume
of soil actually leaving the river basin is represented by the sediment yield as measured by
the IntErO model.
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3.2. IntErO Implementation on the Three Selected Prototype River Basins in Cluj County

The results following the IntErO model implementation in the three river basins from
Cluj County are presented in the following tables: Table 1, which constitutes the input
data, Tables 2–4, which present the values of the factors used in the intensity of erosion and
outflow for each of the river basins, and Table 5, which represents the IntErO report with
the result outputs.

The Y, Xa and ϕ coefficients presented in Tables 2–4 display the soil cover, soil re-
sistance and type/extent of erosion in each of the three river basins. The coefficient of
soil cover (protection) is denoted by the letter X, and it is a dimensionless quantity that
is determined by the catchment’s land use, as well as the vegetative cover. The value
of this coefficient might range anywhere from 0.05 to 1. A low level of soil protection is
indicated by values near to 0, while a high level of soil protection is indicated by values
close to 1. Y is the coefficient of soil erodibility, which reflects the resistance of soils to
erosion. It is dependent on the pedological and lithological properties of the watershed.
The values of this dimensionless factor can be obtained either by studies in a laboratory
or from measurements taken in the field, and the range typically extends from 0.25 to 2.
Formations with values close to 2 are considered to have a high erodibility, whilst those
with values close to 0.25 have a low erodibility. When conducting this research, the Y factor
was determined by analyzing the data from the soil map, as well as the geological map of
the study area. Following that, coefficient values were allotted to the various types of soil
based on the EPM recommendations as well as the results of earlier studies [1,5,9,38,39].
ϕ is a coefficient that changes, depending on the amount of active erosion, as well as the
degree to which linear erosion extends and the magnitude of mass movements. It is a factor
that has no dimensions, and its values can vary from 0.1 to 1. According to the principles
outlined in the EPM technique, a value of ϕ has been assigned to each distinct category of
erosion form [40,41].

The data presented in Table 5 presents the calculation result of the IntErO model
implementation for the three river watersheds. The coefficients of the river basin form (A),
was calculated as 0.58 for Batin, 0.45 for Rasca, and 0.52 for Chinteni. The coefficient of the
watershed development (m) had the values of 0.39, 0.72, 0.63, and the average river basin
width (B) had the values of 3.21, 1.87, 2.54 km for the three river basins. The asymmetry
coefficients (a) of the river basins were calculated as 0.02, 0.93 and 0.08, which indicates the
possibility of large flood waves coming in the future for the Rasca watershed, which had a
high value. The drainage density of the study river basin (G)—a key aspect affecting the
flood hydrograph and erosion process is the drainage density—was calculated as 1.03, 1.08
and 0.45, which indicates that there is a medium density of the hydrographic network in the
three watersheds. Maximum outflow from the river basin (Qmax) was estimated to be 26.22,
67.58 and 33.47 m3 s−1, highlighting the greater value for the mountainous Rasca river
basin. According to the IntErO report, the Z coefficient for Batin and Rasca was 0.227 and
0.211, which indicates that both river basins belong to the fourth destruction category (out
of five), highlighting that the strength of the erosion process is weak, and, according to the
erosion type, it is surface erosion. The Z coefficient for the Chinteni watershed, estimated as
0.434, indicates that the river basin belongs to the third destruction category. The strength of
the erosion process is high, and, according to the erosion type, it is mixed erosion [1,9]. The
production of erosion material (W yr) in the three river basins was calculated to be 4610.5,
4429.8 and 25,236.9 m3 yr−1, and the coefficient (Ru) of the deposit retention (sediment
delivery ration) was calculated as 0.207, 0.326 and 0.175. It implies that 20.7%, 32.6% and
17.5% of the total eroded material reaches the outlet point, whereas the remaining 79.3%,
67.4% and 82.5% is deposited on the basin slopes and within the hydrological drainage
system. Calculated real soil losses (Ggod) per year per square kilometer for the studied
river basins were estimated to be 44.73, 70.59 and 99.71 m3 km−2 yr−1, which indicates the
Batin and Rasca river basins belong to the fifth category, which is a region of weak erosion.
The value for the Chinteni river basins belongs to the fourth category, which is a region of
moderate erosion [1,9].
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Table 1. Input data for the IntErO model.

Input Data Abbr. Unit Batin Rasca Chinteni

River basin area F km2 21.29 20.47 44.17

The length of the watershed O km 19.06 26.48 39.82

Natural length of the main watercourse Lv km 6.41 11.55 14.9

The shortest distance between the fountainhead and mouth Lm km 5.81 8.88 12.72

The total length of the main watercourse with tributaries of I and II class ΣL km 21.92 22.11 20.02

River basin length measured with a series of parallel lines Lb km 6.64 10.93 17.37

The area of the bigger river basin part Fv km2 10.76 14.98 22.94

The area of the smaller river basin part Fm km2 10.54 5.49 21.23

Altitude of the first contour line h0 m 291 500 323

Equidistance ∆h m 100 100 100

The lowest river basin elevation Hmin m 291 493 323

The highest river basin elevation Hmax m 593 1396 673

A part of the river basin consisting of very permeable products from rocks (limestone, sand, gravel) fp 0.5 0 0.5

A part of the river basin area consisting of medium-permeable rocks (slates, marls, brownstone) fpp 0.5 0 0.5

A part of the river basin consisting of poor-water-permeability rocks (heavy clay, compact eruptive) fo 0 1 0

A part of the river basin under forests fs 0.35 0.7 0.08

A part of the river basin under grass, meadows, pastures and orchards ft 0.31 0.1 0.27

A part of the river basin under bare land, ploughland and ground without grass vegetation fg 0.34 0.21 0.65

The volume of the torrent rain hb mm 29.1 37.8 30.3

Average annual air temperature t0 ◦C 8.1 4.7 8.4

Average annual precipitation Hgod mm 653 939 681
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Table 2. Values of the factors used in calculating the intensity of erosion and outflow for Batin river basin.

Input Data Abbr. Value Remarks Percentage

Types of soil products and related types Y 0.6
Well-structured Chernozems and alluvial, well-structured deposits 64.74%

Brown forest soils and mountain soils 35.26%

River-basin planning, coefficient of the river-basin planning Xa 0.55

Ploughlands 30.31%

Mountain pastures 29.45%

Well-constituted forests 28.52%

Degraded forests 6.55%

Bare lands 3.24%

Orchards and vineyards 1.93%

Numeral equivalents of visible and clearly exposed erosion process ϕ 0.28

Bare, compact igneous 37.84%

Well-structured Chernozems and alluvial well-structured deposits 18.92%

Solid and Schist limestone, Terra Rosa and Humic soil 16.21%

Brown forest soils and mountain soils 16.21%

Decomposed limestone and marls—cement rocks 8.10%

Serpentines, red sandstone, flysch deposits 2.72%

Table 3. Values of the factors used in calculating the intensity of erosion and outflow for Rasca river basin.

Input Data Abbr. Value Remarks Percentage

Types of soil products and related types Y 0.8 Brown forest soils and mountain soils 100%

River basin planning, coefficient of the river-basin planning Xa 0.38

Well-constituted forests 52.25%

Ploughlands 20.83%

Degraded forests 17.33%

Mountain pastures 9.59%

Numeral equivalents of visible and clearly exposed erosion process ϕ 0.13

Bare, compact igneous 70.06%

Well-structured Chernozems and alluvial well-structured deposits 20.30%

Brown forest soils and mountain soils 9.64%
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Table 4. Values of the factors used in calculating the intensity of erosion and outflow for Chinteni river basin.

Input Data Abbr. Value Remarks Percentage

Types of soil products and related types Y 0.8

Brown forest soils and mountain soils 71%

Decomposed limestone and marls—cement rocks 14.50%

Epieugleysol and marshlands 14.50%

River basin planning, coefficient of the river-basin planning Xa 0.72

Ploughlands 64.79%

Meadows 18.35%

Well-constituted forests 8.48%

Orchards and vineyards 8.37%

Numeral equivalents of visible and clearly exposed erosion process ϕ 0.32

Well-structured Chernozems and alluvial well-structured deposits 48.24%

Podzols and Parapodzols, decomposed Schist 10.05%

Solid and Schist limestone, Terra Rosa and Humic soil 10.05%

Brown forest soils and mountain soils 10.05%

Serpentines, red sandstone, flysch deposits 10.05%

Bare, compact igneous 8.53%

Sand, gravel and incoherent soil 1.01%

Saline soils 1.01%

Decomposed limestone and marls—cement rocks 1.01%
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Table 5. IntErO report for the three river basins.

Results Abbr. Unit Batin Rasca Chinteni

Coefficient of the river basin form A 0.58 0.45 0.52

Coefficient of the watershed development m 0.39 0.72 0.63

Average river basin width B km 3.21 1.87 2.54

(A)symmetry of the river basin a 0.02 0.93 0.08

Density of the river network of the basin G 1.03 1.08 0.45

Coefficient of the river basin tortuousness K 1.1 1.3 1.17

Average river basin altitude Hsr m 441.77 959.6 441.5

Average elevation difference of the river basin D m 150.77 466.6 118.5

Average river basin decline Isr % 16.31 33.04 16.71

The height of the local erosion base of the river basin Hleb m 302 903 350

Coefficient of the erosion energy of the river basin’s relief Er 44.75 135.13 43.22

Coefficient of the region’s permeability S1 0.55 1 0.55

Coefficient of the vegetation cover S2 0.8 0.7 0.91

Analytical presentation of the water retention in inflow W m 0.4113 0.497 0.3992

Energetic potential of water flow during torrent rains 2 gDF
1
2 m km s 250.96 432.93 320.45

Maximal outflow from the river basin Qmax m3/s 26.22 67.58 33.47

Temperature coefficient of the region T 0.96 0.75 0.96

Coefficient of the river basin erosion Z 0.227 0.211 0.434

Production of erosion material in the river basin W year m3/yr 4610.5 4429.8 25236.9

Coefficient of the deposit retention Ru 0.207 0.326 0.175

Real soil losses Ggod m3/yr 952.34 1445.12 4404.13

Real soil losses per km2 Ggod/km2 m3/km2 yr 44.73 70.59 99.71
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4. Discussion

Prevention is the most effective method for ensuring safety from the processes of soil
erosion and catastrophic flooding [50]. The creation of this organized IntErO database for
the river basins will aid erosion control planning, enabling a comprehensive river-basin
management system. The three river basins that were selected to be representative of
the most significant geographic locations in Cluj County were evaluated for soil erosion
and sediment yield, using the IntErO model in this study. According to the model’s
conclusions, an increase in the intensity of flooding should be expected as a result of the
recent change in land use. According to the results of the study, the river basins fall into
the fourth and third destruction category, which indicates that the rate of erosion is from
low to moderate, and that the major kind of erosion is surface erosion, with Chinteni
having mixed erosion. The growth of agricultural land, and the degradation of forest
lands, as well as deforestation, are all factors that are contributing to an increase in the
peak flow and sediment yield in the areas [51–53]. Compared to the Batin river basin,
which according to geographical characteristics has a depression landform and real soil
losses of 44.73 m3 km−2 yr−1, Rasca belongs to the Western Romanian Carpathians, and
has real soil losses of 70.59 m3 km−2 yr−1. The results are justifiable, given the significantly
increased slopes in Rasca and the lower permeability, due to the abundance of gneisses
(Figure 5). The Chinteni river basin registered the highest values, respectively a real soil
loss of 99.71 m3 km−2 yr−1. The results are directly correlated to the land use of the area
(Figure 8), given that the Chinteni river basin had the highest percentage of ploughland,
with 64.79%, as opposed to 30.31% for Batin and 20.83% for Rasca. The very low percentage
of well-consolidated forests also influenced the higher value of erosion in the Chinteni river
basin, considering the value of 8.48% as opposed to 28.52% for Batin and 64.79% for Rasca.
Also, as highlighted in Figure 5, the predominant type of soils in the Chinteni river basin
are mollisols, which have an increased erosion susceptibility.
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The findings of this study align with the research conducted by Rodrigo-Comino et al. [12],
which demonstrates a direct correlation between the intensity of soil erosion and agricul-
tural practices. Furthermore, a multitude of methodologies and research findings have
consistently highlighted the need to implement crop rotation practices as a means to miti-
gate soil erosion [5]. Agriculture plays a crucial role in land management, since it serves
as the primary means for mitigating soil erosion. This phenomenon is observable across
several crop varieties, resulting in a decrease in the severity of soil erosion due to the
regrowth of vegetation [9,50].
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The strain exerted on agricultural and forest land in Romania has been significantly
amplified in recent decades, due to anthropogenic forces. The consequence of this phe-
nomenon has led to a decline in the vegetation cover, subsequently resulting in significant
degradation and depletion of rich soil. In addition to agricultural mismanagement and
land use practices, water-induced erosion is identified as the primary form of soil erosion
in Romania [8,33]. The primary factors that contribute significantly to water erosion are
precipitation and the resulting runoff. Additionally, it is worth noting that fluvial erosion in
streams can also generate water erosion. The erosion described can exert a notable influence
on the topography, owing to the notably elevated quantities of precipitation observed in
some regions of the nation.

5. Conclusions

The outcomes of this study indicate the importance of factors such as rainfall, temper-
ature, soil, land use, and geology, in the modeling and estimation of sediment yield and
maximum discharge in each of the prototype river basins selected. The proliferation of
the erosion phenomena in Cluj County, Romania, can be attributed to a diverse range of
factors. The sources encompass a combination of natural and anthropogenic influences.
The attributes of the river basins within the studied region exerted a substantial influence
on the extent of soil erosion. The aforementioned elements encompassed the spatial ar-
rangement of the land, the study of water in the region, and the physical features of the
landscape. Furthermore, the geological composition and permeability of the rocks, the
diverse range of land use and land cover, and the magnitude of the strong precipitation
events were all significant factors to be taken into account. The observed soil erosion rate
in the Chinteni river basin was 99.71 m3 km−2 yr−1, twice as high as that in Batin, despite
the similarities in their characteristics. This finding indicates that the Chinteni region is ex-
periencing significant degradation, and emphasizes the urgent need for the deployment of
soil conservation measures in the area. Calculating the soil loss rate and maximum outflow
using the IntErO model compares favorably to difficult alternatives regarding field-based
methods of estimating sediment yield, due to these methods requiring significant work
and a significant amount of time to provide comparable findings. Following the model’s
calibration and validation processes, it will be possible to use it to analyze similar river
basins in Romania and other regions of Europe. The findings of this study can provide
policymakers with useful information for developing improved guidelines for soil and
water conservation, which will conserve the soils of the river basins, as well as the future
implementation of the IntErO model, in order to analyze the impact of climate change, land
use and land cover changes.
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