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Abstract

Soil erosion is acknowledged as a major environmental problem, threatening sustainable
livelihoods around the world. Inappropriate land use and land management is often viewed as
main cause of accelerated erosion rates. Therefore, modelling soil erosion rates under various
land use and climate conditions is key to understand the impact of future land management
and climate change on land degradation. For the Boljanska Rijeka River Basin (Polimlje,
Montenegro), we studied soil erosion processes, using a series of data that are reflecting
variations in land use over a period of four decades (1970-2013). The computer-graphic
IntErO model was used to calculate soil erosion intensity, taking data of Forest Management
Plans, Cadastre, Landsat images and Statistical Yearbooks into account. It was concluded that
the condition of the vegetation cover and the land use influenced the development of erosion
processes in the river basin. For the current state of land use, calculated maximal outflow
from the river basin is 212 m3s-1 and the net soil loss is 8644 m³ year-1. This indicates that the
river basin belongs in „Destruction Category V”, according to the classification system of
Gavrilovic. The strength of the erosion process is medium, and according to the erosion type,
it is mixed erosion. Change of the land use in structure for the period of four decades (1970-
2013), in the studied river basin, decreased the soil erosion intensity by 3.95%.
Key words: Soil erosion rates, Runoff, Land use, Modelling, Prediction, IntErO model.

Introduction

Erosion is responsible for large soil losses. According to Poesen et al. (2003) in this part of
Europe, erosion has led to the formation of extensive degraded areas called badlands, in
which high rates of soil loss is observed (Mathys et al. 2003).

According to Spalevic (2011), Kostadinov et al. (2006), Lazarevic (1996) water erosion
has affected 13,135 km2 or 95% of the total territory of Montenegro (13,812 km2). Erosion
caused by water is dominant in the terrains with high slopes due to complex physical and
geographical conditions paired with reckless logging (Spalevic et al. 2012).

The exploitation of forests and the irrational use of land caused a change in land use
structure (Nyssen et al., 2012), and the quality of vegetation cover in the studied river. The
soil and geological substrate are exposed to the impact of various agents, particularly water,
temperature and gravity. A field survey shows that in some places, some ridges, gullies and
ravines have appeared; at some highlands sandbanks are present.

All these facts obtained in the process of the field survey led the authors to analyse the
impact of land use on soil erosion intensity in this area using a computer-graphic method.
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Material and methods

The study was conducted in the area of the river basin of Boljanska Rijeka, a right-hand
tributary of the river Lim, which lies on the slopes of Kurilo (1314m) on the North, Krstac
(910m) and Macino brdo (1076) from the South (Figure 1). The river basin of Boljanska
Rijeka encompasses an area of 27.5 km2. It is part of the natural entity of the Polimlje region
(North-East of Montenegro). The natural length of the main watercourse, Lv, is 6.5 km. The
shortest distance between the fountainhead and the mouth, Lm, is 6 km. The total length of
the main watercourse, with tributaries of I and II class, ΣL, is 8.66 km.

Fieldwork was undertaken to collect detailed information on the intensity and the forms
of soil erosion, the status of plant cover, the type of land use, and the measures in place to
reduce or alleviate the erosion processes. Morphometric methods were used to determine the
slope, the specific lengths, the exposition and form of the slopes, the depth of the erosion
base and the density of erosion rills.

We drew on the earlier pedological work of Fustic and Djuretic (2000), who analysed the
physical and chemical properties of all the Montenegrin soils, including those in the study
area of Boljanska Rijeka. Furthermore, some pedological profiles had been reopened, and soil
samples were taken for physical and chemical analysis. The granulometric composition of the
soil was determined by the pipette method; the soil samples were air-dried at 105°C and
dispersed using sodium pyrophosphate. The soil reaction (pH in H2O and nKCl) was
determined with a potentiometer.
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Polimlje: 43.245703 N, 19.580383 E (North); 42.508046 N, 19.905853 E (South);
43.148092 N, 19.485626 E (West); 42.963960 N, 20.120087 E (East).

Figure 1: Study area
The total carbonates were determined by the volumetric Scheibler method; the content of

the total organic matter was determined by the Kotzman method; easily accessible
phosphorous and potassium were determined by the Al-method, and the adsorptive complex
(y1, S, T, V) was determined by the Kappen method.

Reduction of soil erosion to preserve soil quality and to maintain land productivity
constitutes a major challenge for mountainous soils. Soil erosion can be reduced by
appropriate land management. It requires both the collection of field data and the predictive
model for the evaluation of different management scenarios for the protection of soils. Field
measurements of erosion and sedimentation using classical techniques is time-consuming and
expensive (Bujan et al. 2000). The modelling of the erosion process has progressed rapidly,
and a variety of models have been developed to predict both the runoff and soil loss (Zhang
et al. 1996).

Most of the methodologies remained at the qualitative (descriptive) level, relying on
empirical evidence and expert subjective evaluation of the conditions. In the South-Eastern
European Region two methodologies have achieved the required level of standardization of
research procedures to minimize subjective errors of the researchers, which allows obtaining
uniform results, tracking the state of changes in erosion intensity over a period of time.

The first method is the "Soil Loss Equation" of the U.S. Soil Conservation Services,
further improved, now known as USLE (Universal Soil Loss Equation). Another method is
the "Erosion Potential Method - EPM", created, developed, and calibrated in Yugoslavia
(Gavrilovic, 1972).

Both of these methods are standard for use in agriculture and water management,
according to its primary purpose, but it should be noted that the accuracy of the USLE
method ends for the surfaces with the slope of less than 70 as it is developed for determining
of erosion processes for agricultural production. “Erosion Potential Method” covers a wide
range of soil erosion intensities.

According to previous experience, and verifications (Spalevic, 2011, 2012, 2013) the
most reliable method for determining the sediment yields and the intensity of the erosion
processes for the area of North of Montenegro is the Erosion Potential Method..

Blinkov and Kostadinov (2010) evaluated applicability of various erosion risk assessment
methods for engineering purposes. Factors taken into consideration depended on scale,
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various erosion tasks as well as various sector needs. The EPM was the most suitable on
catchment level for the watershed management needs in this Region.

The use of computer-graphics in research on runoff and the intensity of soil erosion have
been demonstrated in Montenegro, specifically in the Region of Polimlje (Spalevic et al.
2013, 2012, 2011, 2007, 2004, 2003, 2001, 2000, 2000a, 1999, 1999a), Fustic and Spalevic
(2000). That approach was used in the research on the river basin of Boljanska Rijeka. We
used the Intensity of Erosion and Outflow (IntErO) program package (Spalevic, 2011) to
obtain data on forecasts of maximum runoff from the basin and soil erosion intensity. EPM is
embedded in the algorithm of this computer-graphic method.

Results and discussion

Physical-geographical characteristics and erosion factors
The river basin of Boljanska Rijeka stretches from its inflow to Lim (Hmin, is 550 m) to the
tops of the Kofiljaca, where the Hmax is 1314 m. There is a flat area in and around the village
of Rasova, mild slopes around the village Boljana and steep slopes in the upper part of the
river basin on the slopes of Kofiljaca. The average river basin decline, Isr, is 41.6% and
indicates that in the river basin prevail very steep slopes. The average river basin altitude,
Hsr, is 736.33 m; the average elevation difference of the river basin, D, is 186.33 m.

Figure 2: Details from the River basin: Zminjica (left), Boljanska River (right)

Climatic characteristics
The area is characterised by dry summers; rainy autumns and springs; and cold winters. The
absolute maximum air temperature is 39.2OC. Winters are severe, so much so that negative
temperatures can fall to a minimum of -27.6OC. In terms of rainfall, there are two
characteristically rainy periods of the year: the first-cold period (October-March) and the
second-warm period (April-September).

The amount of torrential rain, hb, is 84.7 mm. The average annual air temperature, t0, is
8.9°C. The average annual precipitation, Hyear, is 873 mm.

The geological structure of the area
In the structural-tectonic sense, the studied area belongs to the Durmitor geotectonic unit of
the inner Dinarides of Northern and North-eastern Montenegro (Zivaljevic, 1989).
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The geological structure of
that part of Montenegro consists
mainly of Paleozoic clastic,
carbonate and silicate volcanic
rocks and sediments of the
Triassic, Jurassic, Cretaceous-
Paleogene and Neogene sediments
and Quaternary.

The coefficient of the region's
permeability, S1, is calculated on
0.96. The structure, according to
the permeable products from rocks
is presented in the Figure 3.

Figure 3: Structure of the Boljanska River basin
according to the permeable products from rocks

Soil characteristics of the area
Going from the inflow of the Boljanska Rijeka past Lim to the surrounding mountainous
terrain, the most common soil types are Brown district (acid) soils (84%) and Brown eutric
soils (15%); close to the inflow of Boljanska River to Lim, Alluvial-deluvial soils.

Vegetation and Land use
The studied area is located in Dinaridi Province of the Middle-Southern-East European
mountainous biogeographical region. The dominant type of vegetation in the studied river
basin is forests accounting for two thirds of the total vegetation cover.

Plant communities of the studied area belongs to the following classes of vegetation:
Querco-fagetea Br.-Bl. Et Vlieger 37.; Quercetea robori-petreae br.-Bl. Et Tx. 43.; Alnetea
glutinosae Br.-Bl. et Tx. 43.; Arhenanteretea Br.-Bl. 47.; Festuco brometea Br.-Bl. et Tx.
43.; Plantaginetea majoris Tx. et Prsg. 50; Salicetea herbacea Br.-Bl. 47.

On the vertical profile, River basin of Boljanska river is differentiated from the following
forest communities: (1) Quercetum petraeae-cerridis, Lak. Mostly in the southern exposure
of the valleys of the main watercourse, and the lower parts of its tributaries; (2) Quercetum
petraeae montenegrinum, Lak. On the hilly parts of the river basin; (3) Fagetum montanum
differentiated into several associations (Curovic et al. 2011) and (4) Abieti - Fagetum
moesiacae Blec and Lak.

Most of the river basin is covered with low beech forests (Fagetum montanum) and
forests of Sessile oak and Turkish oak (Quercetum petraeae-cerridis). On the southern
exposures and lower altitudes there are forests of Sessile oak and Turkish oak (Quercetum
petraeae-cerridis). A narrow belt near the river in the lower part of the river basin is covered
with hygrophilic forest (Alnetea glutinosae, Salicetea herbacea). At the higher parts of the
basin there are mixed of broadleaves and deciduous tree species (Abieti - Fagetum
moesiacae). In last decades climate change on forest ecosystems affected moving of the
vegetation vertical layout belts (Curovic and Spalevic, 2010).

The coefficient of the vegetation cover, S2, is calculated on 0.7. The coefficient of the
river basin planning, Xa, is 0.5. Of the total river basin area, related to the river basin
structure, degraded forests are the most widespread form (40.67%). Further proportion is as
follows: well-constituted forests (21.9%), arable land - plough-lands (14.07%), meadows
(12.35%), grassland (6.76%), and orchards (4.25%). The structure of the river basin of
Boljanska Rijeka, according to the land use is presented in Figure 4.
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Figure 4: Land use in the river basin of Boljanska Rijeka (year 2013)

Characteristics of the basin regarding issues of soil erosion and runoff
The dominant erosion form in this area is
surface runoff, but more severe forms of
erosion, such as rills, gullies and ravines, occur
also.

The erosion causes some places to lose
fertile land, and results in sterile alluvial
deposits on the fertile soils of the small alluvial
terraces close to the main watercourse. Surface
erosion has taken place in all the soils on the
slopes, with the effect that this erosion is most
pronounced on the steep slopes with scarce or
denuded vegetation cover. Figure 7: Detail from the basin - Kurilo

We used the software IntErO for calculation of the soil erosion intensity and the
maximum outflow.

Coefficient of the river basin form, A, is calculated on 0.95. Coefficient of the watershed
development, m, is 0.34 and average river basin width, B, is 2.12 km. (A)symmetry of the
river basin, a, is calculated on 0.69 and indicates that there is a possibility for large flood
waves to appear in the river basin.

Density of the river basin network, G, is calculated on 0.32 and indicates there is low
density of the hydrographic network. The height of the local erosion base of the river basin,
Hleb, is 764 m. Coefficient of the erosion energy of the river basin's relief, Er, is 106.28.

Coefficient of the river basin erosion, Z, is 0.537. The strength of the erosion process is
medium, and according to the erosion type, it is mixed erosion.

Production of erosion material in the river basin, Wgod, is calculated on 29484 m3 year-1;
Coefficient of the deposit retention, Ru, on 0.293. For the current state of land use, calculated
maximal outflow from the river basin is 212 m3s-1. Real soil losses, G year, are calculated on
8644 m3 year-1; and the specific real soil losses on 315 m3 km-2 year-1.

The impact of Land use on Soil erosion
Using a series of data of Forest Management Plans, Cadastre, Landsat images and Statistical
Yearbooks that are characterizing variations in land use over the period of four decades
(1970-2013) it is concluded that:

- Area under forests is prevailing covering around two thirds of the area; meadows,
pastures and orchards covers around quarter of the studied river basin; ploughed land and
ground without grass vegetation are decreasing from 16% (1970) to 14% (2013). The land
use changes are presented on Figure 8.
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Figure 8: Land use (period 1970-2013) Figure 9: Forests (fs)

Figure 10: Orchards and meadows (ft) Figure 11: Bare lands, & Plough-lands (fg)

- Increase of areas under the forests over
the period of time is presented on Figure
9.
-Decrease of the areas under the grassland
is presented on Figure 10.
-The areas under bare lands & plough-
lands on figure 11.

Figure 12. Stanica Scekic showing the change of land
use: from wheat (1980) to meadows (2010).

The impact of land use on soil erosion intensity over the period of four decades in the
Boljanska river basin is presented in the Figures 13 – 16.

Figure 13. Vegetation cover coefficient Figure 14. River basin erosion coefficient

Figure 15. Production of erosion material in the basin Figure 16. Real soil losses

Those graphics explained that the value of the Vegetation cover coefficient (S2) stabilised
on 0.7 after the decade 1990. The value of the River basin erosion coefficient (Figure 14) is
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decreasing from 0.552 (1970) to 0.537 (2013). Production of erosion material (Figure 15)
over the period of four decades in the river basin is also decreasing from 30697 m3 year-1

(1970) to 29484 m3 year-1 (2013). Real soil losses for the river basin per year (Figure 16) are
decreased for 356 m³ year-1, from 9000 m³ year-1 (1970) to 8644 m³ year-1 (2013).

Conclusion

Many factors have influenced the erosion processes in the territory of the river basin of
Boljanska Rijeka. The most significant factors are the area’s climate, relief, geological
substrate and pedological composition, as well as the condition of the vegetation cover and
the land use.

Maximal outflow (appearance of 100 years) from the river basin, Qmax, is 212 m3 s-1 and
is suggesting the possibility of a large flood. The strength of the erosion process is medium,
and the erosion type is mixed erosion. The calculated soil losses were 8644 m³/year (315
m³/km²/year).

Change of the land use in structure for the period of four decades (1970-2013), in the
studied river basin, according to our analyses, decreased the soil erosion intensity for
3.95%.
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