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Abstract: For an integral perception of the possibility of forecasting erosion-deposition processes
and their consequences it is essential to analyze the factors of erosion and deposition. The attempt
was made in the paper to analyze quantitative and qualitative impact of some of the most
important factors of erosion-deposition processes. The analysis was performed through a
multidisciplinary approach, on the example of the Zapadna Morava River upper basin. The
methodology of research encompasses an application of the adequate knowledge from the areas of
meteorology, geomorphology, hydrogeology, spatial planning, economic geography, forestry,
hydrology and environmental protection. The analysis encompasses meteorological factors, terrain
characteristics and anthropogenic factors. The importance of the analysis and forecasts of the
investigated processes for the industry, economy, spatial planning and environmental protection
was emphasized.
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Introduction

Erosion and deposition processes represent one of the most up-to-date problems
of strategic importance for eco-systems, industry, economy, spatial planning and
environmental protection. The forecast basis of these processes and their
consequences represents an analysis of factors of influence.

In the run-off process, connection is obvious between erosion and deposition
processes. The processes of erosion and deposition are related and commonly
interacting. “Pure” erosion or “pure” deposition occurs in small areas. An area
“without deposits”, or of “purely erosional landforms” is just a likely narrow
zone on either side of a watershed.
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Deposition and erosion are influenced by a large number of factors: geological,
geomorphological, meteorological, as well as plant cover, hzdrological and
anthropogenic factors. Certain factors have different, sometimes opposite effects
on the processes of mechanical and chemical erosion, as well as on the process
of deposition. Quantification of factors that primarily affect the erosion-
deposition processes allows analysis/forecast of these processes. The basic
objective of this paper is a quantitative and qualitative analysis of the most
important factors of influence on erosion/deposition and an assessment - forecast
of their integral effect on the case example of the Zapadna Morava river upper
catchment.

Processes of mechanical and chemical erosion, and silt as a product of erosion
processes, have a negative environmental aspects associated with the industry,
more exactly waterpower engineering and economics. Deposit is the basic
transporter of chemical and biological pollution of water currents. A significant
portion of the polluting substances are transferred by suspended deposit particles
impacting negatively river ecosystem and water quality for use in waterpower
engineering (water-supply and irrigation).

M ethodology of research

An analysis of the major factors of erosion/deposition processes was done
through a multidisciplinary approach by applying the relevant knowledge from
different scientific disciplines. The choice of a catchment area was performed
without any conditional constraints.

By introducing quantitative geomorphological analysis in research procedure
collecting qualitative new data was enabled (Mustafi¢ et al, 2008). Input data are
obtained through physical measurements and by carthometric way. First step in a
research relates to formation of a relevant database from the domain of
analysis/forecast on the basis of the grid-system. Geographic maps at scale
1:25,000 served to determine cartographic parameters. The selected catchment
area is divided into unit squares of 1 km?” resolution. Relevant data are updated
for each field and used as a matrix in the quantitative analysis: lower left corner
coordinates, maximum, minimum and mean altitudes, slope and woodiness
(Dragicevi¢, 2002). The amount of precipitation and other meteorological
parameters are added by the method of numerical analysis to each elementary
field obtained by standard measurements. The squares traversed by the
watershed are subdivided into 100 smaller squares of 100x100 m, for a more
accurate estimate in the catchment border area.
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Among other things, a quantitative analysis was performed of the relief intensity
(“potential energy of relief”), and slope, height zoning, atmospheric precipitation
and woodiness. The results are presented carthographically, using the program
package Surfer 10. In this way, areas are obtained where intensive erosion is
expected, more exactly areas of expected deposition, which represent the basis
for forecast of these processes. In addition, the qualitative analysis covered
physical-geographic status, geologic setting and importance of artificial factors.
The forecast of integral effect was verified in field observations.

In the methodology of precipitation analysis, series of monthly precipitations
were used, obtained by standard measurements on meteorological stations, from
the domain of analysis/forecast of erosion-deposition processes (Nikoli¢ et al,
2005). The calculation of the evapotranspiration was performed by the
application of the developed numerical model (Nikoli¢, 2002; Nikoli¢ &
Prohaska, 2005). The input of the model consisted of sufficiently long series of
monthly quantities of the relevant meteorological parameters, which were
routinely measured and commonly available.

Results
Basic physical-geographical conditions of the selected area

The subject of research relates to the Zapadna Morava river catchment upstream
of the gauging station Milocaj Bridge, located about 9 km upstream of Kraljevo.
The rectangle framing the catchment is between latitude 43°18.3" and 44°8.7'
north, and longitude 19°30.7' and 20°42' east. For a correct analysis of the
erosion-deposition processes adjacent to the watershed, the rectangle framing the
catchment is enlarged a few kilometres on each side. This enlargement included
precipitation measurements at major meteorological stations (Valjevo,
Kragujevac, Kraljevo, Kopaonik, Sjenica and Zlatibor) near the catchment.

The Zapadna Morava river upper catchment area of 4655 km’® falls into the
category of “large catchments™. In terms of the regional geography, this area
includes parts of different entities: southwestern Sumadija, western Morava
valley, northeastern Old Valachian highland and Valjevo ranges.

Surface configuration of the catchment is polygenetic (tectonic-fluvial, karst,
abrasion, denudation) and multiphase in character. In geomorphological sense,
configuration of the terrain studied belongs to terrains with genetic and
morphologic diversity, which resulted from different formations: from clastic,
organogenic and chemical sediments to regional metamorphic and contact-
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metamorphic rocks, and varied groups of magmatites. Its biogeographic
diversity consists of tree communities, grass vegetation and field cultures.
Hydrogeology is also diverse. In brief, the characteristic of the observed terrain
is both surface and subsurface heterogeneity. Physical-geographical factors are
important because they control the intensity of erosion- deposition processes.

Factors of erosion/deposition processes

Factors that have an impact on the erosion-deposition processes are divided into
three categories: terrain characteristics, meteorological factors and anthropo-
genic factors.

Characteristics of a terrain are the characteristics of its drainage system and
streams. Characteristics of a catchment or a drainage area are its morphologic,
geometrical and elevation characteristics and other important factors are
geology, vegetation and groundwater (Nikoli¢ et al, 2007). Characteristics of
streams mainly refer to their permeability.

The influence of vegetation on run-off, evapotranspiration, erosion and
deposition is variable. For example, forests directly control processes of
evapotranspiration and run-off through the forest/ground system albedo
variation, through the influence on other energy balance components, on
temperature regime, on wind in forest, turbulent wind entering woods and solar
energy consumption in photosynthesis. The indirect control by forest is shallow
soil freezing, or faster water percolation in forest during the winter. In contrast,
run-off over the open land is greater in winter, because the deep-frozen soil acts
as a water-bearing layer.

Meteorological factors include primarily precipitation and evapotranspiration
effects on the run-off and -erosion-deposition processes. The effect of
precipitation is expressed through intensity and duration. Equal rainfall amounts
of two different durations cause different run-offs and different effects on the
erosion/deposition processes. Rainfall duration influence depends on the size
and character of the catchment. Small catchments are more affected by storm
rains than large ones.

In addition to rainfall and run-off, the evapotranspiration is a major quantity in
the account of the water balance, on which depend the run-off as well as erosion
and deposition processes (Niki¢ et al, 2009). Evapotranspiration depends
primarily from the energy and dynamic conditions, whilst forest ecosystems and
other plants, and the ground may largely modify the process. Trees and other
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types of vegetation biologically control, through surface resistance, the
evapotranspiration and exert influence on the air current effect.

The process of the evapotranspiration is prevailing in the summer, which
reduces the run-off, or the rainfall reaching stream. With the declining
evapotranspiration in the autumn, groundwater storage is replenished and
rainfalls run off more into the streams intensifying erosion and deposition.

Anthropogenic impacts relate primarily to the impacts of human activities on the
processes of runoff, erosion and deposition through spatial planning:
construction of embankments, stream-regulation works, dams and appurtenant
structures, converting natural lands (pastures and woods) into agricultural fields,
bogs into woods, and rapid urbanization with asphalt, concrete and other
artificial impermeable surfaces. An additional form of anthropogenic impacts on
erosion and deposition processes relates to climate modifiers through influence
on precipitation regime, evapotranspiration and runoff.

Quantitative relief analysis

Relief digitalization is needed for the quantitative analysis /forecast of the
erosion-deposition processes. By using digital data on Figure 1, two-dimensional
survey of the terrain from the domain of analysis/forecast was given.

The recognizability of some landforms, such as Ca¢ak lowland and other
characteristic features, indicates accuracy of the relief digitalization. The relief
has a significant influence on the development of erosion processes, especially
in water erosion (Nikoli¢ et al, 2007).

The relief energy of the Zapadna Morava river upper catchment

For the analysis of spatial intensity of erosion/deposition a map of “potential
energy of relief” has significant importance, or vertical break down of relief in
terms of the potential energy of ground determined by quantitative analysis
elevation difference between the highest and the lowest points within the unit
areas. Spatial distribution of the calculated potential relief energy of the Zapadna
Morava river upper catchment is represented on Figure 2.

Spaces of high “relief energy” are the areas of expected erosion. Vice versa,
spaces of low “energy” are areas of expected deposition. Contour lines of the
“energy of relief” higher than 100 denote the areas well disposed to erosion,
even more so that the positive value of “energy” is higher. Isolines represented
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by smaller values denote the areas of intensive deposition of the previously
eroded material. Isolines also locate maximum (higher than +300, or darkest on
the map) and minimum (less than 100, or most brightest on the map) relief
intensities in the area. The analysis gains in importance if combined with field
observations. Suitable conditions for deposition prevail in major river valleys,
particularly in the Ca¢ak and PoZega lowland, and in Ov&ar-Kablar gorge.
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Figure 1. Two-dimensional survey of the Zapadna Morava river upper basin relief
Quantitative spatial analysis of ground slope

The slope of terrain is also a good indicator of erosion/deposition processes. It is
defined by the angle that ground surface makes with the horizontal plane. Steep
basin parts (5° or more) are potential areas of intensive erosion (enhanced,
severe and very severe erosion), whereas less inclined lands are the likely areas
of the eroded material deposition or mild erosion (average, low or erosion in
traces). Whether this will be the actual situation depends on how effective are
other factors, such as climate, vegetation, geology, human activities, and the
like. This in turn suggests the necessity of both external and internal research.
Figure 3 gives a spatial survey of the studied terrain slope.
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Figure 2. Distribution of “relief energy” of the Zapadna Morava river upper catchment

Slopes in the interval 0-5° are widespread on 16.23% of the territory of the
basin, while slopes of 5-20° encompass 76.03% of the studied basin surface.
Slopes of more than 20° are on remaining 7.74% of the territory of the studied
Zapadna Morava river basin part. Generally, on arbitrary terrain with a large
slope angle, the intensity of erosion processes is greatly increased.

Hypsometric analysis of the studied river basin

Hypsometric analysis provides the characteristics of high-altitude terrain. A
schedule of the upper watershed of the Zapadna Morava river upper basin,
obtained by numerical analysis, was given in Table 1.

This procedure obtains information about the representation of the mountainous
terrain parts and the degree of predisposition for erosion processes. Depending
on the altitude of the terrain is also a spatial planning and its proper use. Mean
elevation of the explored catchment area, obtained by numerical analysis, stands
at 730m.
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Figure 3. The survey of spatial distribution of slope angles
of the Zapadna Morava river upper catchment

Terrain geology of the explored area

Geological substrates, primarily through the influence of water permeability of
the terrain, modify the process of evapotranspiration, runoff and erosion-
deposition processes (Nikoli¢ et al, 2007; Nikoli¢ et al, 2008). Geology of the
study area is complex, composed of various Paleozoic metamorphic, Mesozoic
sedimentary and magmatic, Neogene rocks and the newest, Quaternary
sediments. Geological setting and structure are studied from the base geological
map at scale 1:100,000.

Paleozoic rocks have a large distribution in the Moravica and Luznica basins

north of Uzice and Pozega. These are largely metamorphic sandstone,
conglomerate, slate and phyllite.
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Table 1. Elevation zones of the Zapadna Morava upper river basin
in relation to “Milo¢ajski most” profile

AL; (I)TNL}TEDE AREA CUMULATIV AREA AREA PERCENT
(m) (km”) (km”) (%)
1800 - 1900 1.29 1.29 0.03
1700 - 1800 7.81 9.10 0.20
1600 - 1700 5.86 14.96 0.32
1500 - 1600 18.23 33.19 0.71
1400 - 1500 65.74 98.93 2.13
1300 - 1400 149.67 248.60 5.34
1200 - 1300 161.12 409.72 8.80
1100 - 1200 221.61 631.33 13.56
1000 — 1100 265.07 896.40 19.26
900 - 1000 373.92 1270.32 27.29
800 - 900 535.20 1805.52 38.79
700 - 800 635.75 2441.27 52.44
600 - 700 574.12 3015.39 64.78
500 - 600 577.73 3593.12 77.19
400 - 500 444.22 4037.34 86.73
300 - 400 281.44 4318.78 92.78
200 - 300 331.97 4650.75 99.91
100 - 200 4.20 4654.95 100.00

Triassic rocks are fully developed, dominantly in the southwestern, partly
northern and central parts of the area. Lower Triassic consists of different rocks,
mainly sand-shale and marl-slate series, and sandstone and limestone. Middle
Triassic sedimentary rocks occur in two small areas. One is the Ovcar-Kablar
gorge of the Banjska stream built up of thick carbonate rocks. The other,
Detinja-Veliki Rzav-Mali Rzav, is made up of Middle Triassic stratified, thick-
bedded or massive dolomitic limestones over the Lower Triassic unit. Upper
Triassic rocks are clean, massive limestones high on the Ovc¢ar and Kablar
mountains.

Jurassic rocks form wide continuous tracts of dominantly magmatic and less
sedimentary rocks. These are chiefly serpentinite, gabbro, diabase and rocks of
the diabase-chert formation. Serpentinite and harzburgite are extensive in the
north and southwest of the study area. Gabbro and diabase form a narrow tract in
the Kamenica valley. The diabase-chert formation of Jurassic age is located in
two minor areas: the Veliki Rzav and the Mali Rzav, and the Petinja valley to
Bioska and Stapari.
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The Cretaceous, widespread in the Bjelica basin and east of the Moravica,
consists of conglomerate, sandstone, limestone and marl. Most abundant are
massive limestone and flysch.

The Neogene is represented only by Miocene rocks, which are widespread in
Neogene lake basins, such as Calak-Kraljevo, PoZega and Dobrinja basins.
These deposits are sandstone, marl, shale, marly limestone, sand and clay. The
Miocene includes volcanic rocks, largely in Gornja Trepca, dominantly quartz
latite, latite and pyroclastics.

The newest deposits in the area are lake sediments, fluvial terraces, proluvium,
diluvium and alluvium. Alluvial deposits are located in several places along
rivers. The largest alluvial plain is deposits from the Zapadna Morava and there
are minor deposits in the river valleys of Mali Rzav, Veliki Rzav, Detinja,
Skrapez, Moravica, Bjelica, Cemernica and smaller streams. The composition is
always the same: gravel and sand, and less common coarse clay.

Geological structure of terrain significantly affects erosion processes by
resistance and water permeability of rocks. Favorable conditions for the erosion
exists at certain terrain areas that encompass non-resistant rocks, and
unfavorable conditions exist at water permeable terrains (due to reduced
surface runoff, increased infiltration and underground water runoff). Adverse
conditions generally can be expected at carbonate rocks.

Woodiness of the explored area

It is known that permanent vegetation, such as forests, represent the most
powerful forces opposed to the harmful effects of erosion. Forest ecosystems
have a major impact on water runoff, development of erosion processes and
deposits transport (Kostadinov, 2008).

Input data for quantitative analysis of woodiness are determined by carthometric
way. The map in Figure 5 shows wood-coverage percent of the explored terrain.
Forests are extensive (72.1%) in the Zapadna Morava catchment between the
Bjelica and Kamenica and less (64%) in the upper reaches of the Moravica,
upstream of Ivanjica. Wood-coverage is relatively small in the upper Detinja,
and the smallest between the Cemernica near Cacak and Milogaj near Kraljevo,
compatible with the different geology and landforms.
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Figure 4. Wood-coverage percent for Zapadna Morava river upper basin

An increase of vegetation cover abates erosion. Conversely, destruction of
vegetation cover opens the way to water and aeolian erosion. This reflects the
special importance of forest ecosystems.

Zapadna Morava river upper catchment precipitation

Pluvial erosion, which is the most widespread, is one of the most important
erosion processes. Distribution of the average precipitation sums, during the
period 1981-2010, above the upper watershed of the Zapadna Morava river, is
presented in Figure 4.

Average amounts of precipitation, less than 750 mm, are registered in Pozega
lowland and on the very south of the basin. Higher values of annual precipitation
sums, those over 850 mm, can be seen in mountainous branches of Old
Valachian-Raska highland.
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Figure 5. The average precipitation above the Zapadna Morava upper reaches
(Source of data: RHMI Serbia)

In addition to the annual amount, short rainfalls may be important for erosion.
Erosion is sometimes more intensive in the regions with small amounts of
precipitation, where most of the annual precipitation amount rapidly discharges
within a short period of time. This analysis requires rainfall intensities, which
are determined from pluviograph records, if such are available, as well as special
samples for the analysis of silts with the goal of reducing mistakes (Manojlovi¢
et al, 2003; Dragicevi¢ et al, 2007).

In addition to destruction, removal and transport of ground surface, processes of
erosion and deposition deteriorate river-water regime. As a result of erosion,
there is a deposition of large amounts of silts that result in raised riverbed
bottoms, while banks are lowered. That has a consequence of increased water
levels and the occurrence of floods.

Precipitations discharged in the upper catchment of the Zapadna Morava river

evaporate (66%) and there is a run off (34%). Generally, concerning forecast,
increased precipitation leads to heavier erosion.
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Anthropogenic impact

Qualitative analysis of the impact of anthropogenic factors is possible through a
field research. By the exploration of lower parts of Moravica basin effects of the
anthropogenic factors are visible and result from wood cutting, improper grazing
of these terrains and disturbance of the equilibrium of natural erosion and
denudation processes. Torrents, that result from storm rains, carry very large
amounts of diluvium materials from slopes of this part of the basin.
Characteristic examples of such processes are visible in the lowest course of the
Megarski stream and in the Presjeka valley at the base of Mucanj Mountain.

Erosion processes, evidently enhanced by cutting forests, can be observed in the
basin of Djetinja and Skrapez. On the other hand, terrains with a large slope are
noticed that are relatively resistant to wash off processes, which is conditioned
by afforestation. These processes of erosion, decelerated by the influence of
anthropogenic factors, can be seen on steep slopes of Ovcar and Kablar.

Discussion

A potential areas of intensified erosion or deposition are obtained by quantitative
analysis of parameters that primarily influence erosion-deposition processes.
Verification of expected impact is performed through a field research. Given the
large number of influencing factors, where some of them have the opposite
effect, a need for field research arises that would carry out verification of the
expected impact. The presented quantitative analysis gains in importance if
combined with qualitative field research. That can be illustrated by a few
characteristic examples:

1. Erosion processes in case of impermeable rocks should be most widespread in
highly mountainous part of the Moravica basin where by quantitative analysis
the greatest relief energy is obtained. Quantitative analysis showed that this is
the strongest field of dissection and the largest energy relief. However, field
research (Nikoli¢ et al, 2007) has shown that these forms are very rare in this
part of basin, which can be explained by terrain coverage with thick forests that
prevent or substantially mitigate erosion and denudation of steep and high valley
sides.

2. Erosion proceses in the Moravica basin are fairly represented in the limestone
ranges of Mu¢anj, Cemerno and Kukutnica, as well as in canyons or gorges of
the Veliki Rzav and Mali Rzav. This is probably a consequence of prevailing
influence of terrain slope, with collaboration of other factors such as
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precipitation quantity, wind effect and chemical processes in these areas, but
also the influence of man and improper grazing of these fields.

3. In the area of Detinja and Skrapez basins a characteristic example of advanced
erosion processes can be noticed on bases of schist, serpentine and sandstone. As
a consequence of terrain wash off, riverbeds of above mentioned rivers are full
of torrential deposits. Erosion processes of serious proportions have been
enhanced by wood clearing. The Skrapez has transformed into a torrent
intermittently filled in the spring and flooding Pozega suburbs. The upper
Cemernica is also an intermittent torrent.

4. Research in the field of Ovcar-Kablar gorge confirms favorable conditions for
deposition in areas that are obtained by a theoretical quantitative analysis. A
characteristic example relates to gorge lakes. Depositing of carried/pulled silt in
the most upstream lake "Ovc¢ar Banja" to some extent slowed down filing of
downstream accumulation " Meduvrsje ". Nevertheless, around 2/3 of useful
accumulation of lake " Meduvrsje " is already filled with silt. The intensive
filling of the mentioned accumulations reduced their capability in terms of flood
protection and caused unfavorable consequences from the aspect of water usage
for the production of electrical energy (Figure 6).

Figure 6. Detail of Medjuvrsje lake deposition and vegetation appearance (Photo: J. Nikoli¢)

5. On steep slopes of Ovcar and Kablar characteristic erosion processes that are
most visible in an area built of the diabase-chert formation rocks can be noticed.
It is also noticeable that erosion processes very much depend on slope and
woodiness of terrain. Erosion intensity is high or medium on majority of
diabase-chert built slopes on the left side of the gorge. Heavily eroding are also
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small areas on the right gorge side, especially in the site of the Meduvrsje Dam.
Other terrain parts, regardless of steep slopes, are relatively resistant to wash off
process. Still, natural or artificial reforestation counteracts erosion.

Great intensity of erosion and sediment transport has resulted in the destruction
of vegetation in mountainous areas, the occurrence of waste land, an imbalance
of the ecosystem and environmental pollution. These processes have direct
implications for spatial planning strategies, as well as on the economy and the
economic effects of each area.

Conclusion

Many natural factors influence the processes of erosion and deposition, among
which the most important are geological, meteorological, morphological,
hydrological, biogeographical, as well as anthropogenic factors. Analysis,
among other things, showed full justification of quantifying the most important
parameters of the studied process. The basic feature of the quantitative analysis
is that results are verifiable and have multiple applicability in practice. The
results of quantitative analysis are very suitable for the perception of spatial
distribution and intensity of erosion-deposition processes, forecast for their
further development, planning of space use, planning and implementation of
anti-erosion and anti-torrent measures, environmental protection, appraisal of
certain economic effects and the like.

Use of the numerical model in determining evapotranspiration also proved
correct and appropriate. Analysis/forecast of erosion process, sediment transport
and its deposition has a significant impact on the environment. The direct impact
of the erosion process is reflected in the loss of soil and vegetation on the slopes
of the terrain and in an imbalance of the ecosystem, while indirect impact is
reflected in mechanical pollution of water current and accumulation of sediment.
The indirect effect of erosion process on the environment occurs through
transport of erosional deposits by the hydrographic network and the process of
sediment accumulation. The most significant effect of erosion process and
sediment transport on the environment consists of the introduction of chemical
and biological contaminants in river flows and water quality deterioration.
Pollutants reach the hydrographic network through the process of washing away
of eroded sediment. This means that the erosional deposition performs
mechanical and chemical pollution of water and disturbs the ecological balance
of water currents or lakes. Toxic metals are transmitted over the river flow,
almost exclusively associated with a suspended sediment, as well as nitrogen,
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phosphorus and potassium because of erosion from agricultural areas in which
the mineral fertilizers are entered.

Erosion /deposition processes have a negative environmental aspects associated
with waterpower engineering. They represent constraining factor in spatial
planning due to its negative impact and demand arranging erosional terrains
through implementation of the entire complex of anti-erosion measures and anti-
erosion works. On the other hand there are also positive effects of the erosion
process and sediment creation because the sediments represent an important
natural resource. There is undeniable importance of the gravel and sand as
construction materials. Another potentially positive effect relates to the
deposition of suspended sediment through river flooding in coastal area of river.
Suspended sediment, created in the process of erosion of pedological terrain
layer can increase fertility of land on which it is deposited in certain situations,
although this is not always the case. All this has important economic
implications.

With respect to complexity of the research in erosion/deposition processes,
office research combined with field research is needed for verification. The
methodology of analysis/forecast of the erosion/deposition factors, on the
example of a basin with heterogeneous geological/geophysical conditions,
produced a very good result. The applied methodology can be used for research
of arbitrary terrains.

References

Dragicevié, S. (2002): Balans of deposits in the basin Kolubara. Faculty of Geogaphy, University
of Belgrade, 184 p

Dragicevi¢, S., Manojlovi¢, P., & Nikoli¢, J. (2007): Methodolical Spot of Establishing Silt
Deposit concentration in Serbian Rivers. Bulletin of the Serbian Geographical Society 87(1),
pp 15-22

Kostadinov, S. (2008): Torrential Streams and Erosion (in Serbian). Faculty of Forestry, Belgrade,
505p

Manojlovi¢, P., Mustafi¢, S., & Dragicevi¢, S. (2003): The Silt Carring in Jerma River Basin.
Bulletin of the Serbian Geographical Society, 83(2), pp 3-10

Mustafi¢, S., Kostadinov, S., & Manojlovi¢, P. (2008): Risk of Artificial Lake ,,Zavoj“ to
Pprocesses of Erosion - methodological, knowing and protecting aspect. Bulletin of the
Serbian Geographical Society, 88(1), pp 29-42

Nikic, Z., Nikolic J., Ristic, R., & Stojadinovic, D., (2009): Chemical erosion and hydrologic
budget for the Susure karst plateau. First Internatioonal Conference from Degradation

30



The study of natural characteristics of the basin as a function of forecasting erosion and deposition
processes on the example of the selected basin

through Soil and Water Conservation to Sustainable Soil Management. WASER, ESSC,
ISI-UNESCO and Faculty of Forestry Belgrade University, 7 pp

Nikolic, J. (2002): Evaporation of Water in Natural Conditions - Geological, Hidrological and
Meteorological Aspects (in Serbian). Scientific Monograph, Republic Hidro-meteorological
Institute of Serbia, Belgrade, 380 p

Nikoli¢, J., Ducié, V., & Dragicevi¢, S. (2005): The Analysis of Precipitation Conducted on the
Upper Watershed of the West Morava River. Bulletin of the Serbian Geographical Society,
85(1), pp 19-30

Nikoli¢, J., & Prohaska S. (2005): Determination of Evapotranspiration in Heterogeneous
Geological Conditions on the Case Example of the Veliki Rzav River Basin: Proceedings of
the Int. Con. and field seminars “Water Resources and Environmental Problems in Karst”.
National Committee of the IAH of Serbia and Montenegro, Belgrade - Kotor, Institute of
Hydrogeology - Faculty of Mining and Geology, Belgrade, 609-614.

Nikoli¢, J., Niki¢, Z., & Duci¢ V. (2007): The Infuence of Geological Terrain in Runoff. Forestry,
59(1-2), pp 39-48.

Nikoli¢, J., Niki¢ Z., & Stojadinovi¢ D. (2007): Water erosion and geodiversity of Jadovnik
mountain, Western Serbia. International Conference Erosion and Torrent Control as a
Factor in Sustainable River Basin Management. Belgrade, WASWC ISI-UNESKO,
WASER, Faculty of Forestry, 7 pp.

Nikoli¢, J., Niki¢ Z., Duci¢ V., (2007): The calculation of evapotranspiration in the forest
ecosystems on the case example of Moravica basin. International Conference Erosion and
Torrent Control as a Factor in Sustainable River Basin Management, Belgrade, WASWC
ISI-UNESKO, WASER, Faculty of Forestry, 7 pp.

Nikolic, J., Nikic, Z., Ducic, V. (2008): Model of runoff determination on hydrologicaly
unexplored basins. IAH, IHP UNESCO, WMO, ISBN 978-961-91090-2-1, Ljubljana, 8 pp.

31




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [498.898 708.661]
>> setpagedevice


