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This paper is dealing with soil erosion assessment using two different approaches: nuclear
model and erosion potential method, also known as Gavrilovic's method. Complex valley sys-
tems on Titel Loess Plateau were selected for investigation. Radiocaesium is favored in many
studies as an optimal erosion tracer due to its relatively long half-life, negligible renewal in the
environment and strongly binding ability onto soil particles. The use of gamma-spectrometry
in environmental testing laboratories acts as a precise and fast measurement technique for de-
termination of 137Cs activity concentrations, without the need for complicate preparation of
samples. Annual erosion and deposition rates were estimated according to three conversion
models for uncultivated land: the profile distribution model with two years of dominant fall-
out of 137Cs (1963 and 1986) and the diffusion and migration model using WALLING soft-
ware. The applied nuclear models were validated by comparison with erosion potential model
which is the most relevant empirical model for erosion processes in torrent valleys. The ob-
tained results indicate a good agreement with overall low values of average annual soil erosion
rates on all soil profiles in the investigated area. Correlation analysis has determined the dif-
ferent influence of slope, terrain curvature, and vegetation index on the erosion models.
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Titel Loess Plateau

INTRODUCTION - EVOLUTION OF
HANGING VALLEYS ON TITEL LOESS
PLATEAU

Titel Loess Plateau (TLP) is situated near the
confluence of the Tisza and Danube rivers in the
southern central part of the Autonomous Province of
Vojvodina, Serbia, fig. 1. This elliptical loess island
extends between the settlements Mosorin (NW), Titel
(SE), Lok (S), and Vilovo (SW). Loess horizons are
dusty deposits that have accumulated during Aeolian
activity during the last five glacial and interglacial pe-
riods in the Pleistocene and throughout the Holocene
(approximately 600 000 years). In the conditions of

* Corresponding author, e-mail: kristina.kalkan@biosense.rs

warm and humid interglacial climate, fossil soils were
formed. At the extreme southeastern part of the pla-
teau, about 200 m SE from the Titel settlement the
geo-locality Loess Pyramid is located with two hang-
ing valleys (or gullies) which are the subject of our re-
search.

All the recent hanging valleys on the TLP were
formed during the Holocene by the same processes. In
the first phase of evolution, it is assumed that valley's
lower part was at a slight slope in relation to the Tisza
River, than it is today. The position of the Tisza
riverbed then, would be as shown in fig. 2. A. With the
fluctuation of the climate and its gradual transition to a
wetter and warmer phase, the level of the Tisza River
increased significantly, which caused the migration of
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Figure 1. The geographical position of TLP on the geomorphological map of the Autonomous Province of Vojvodina (A)

with marked position of study area (B) [1], modified
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Fig 2. Schematic illustration of evolution of the hanging valley on TLP; the assumed appearance of the valley before the
erosion of the Tisza River (A), the reduction of the length of the valley by the erosion of the Tisza River (B) and the current

appearance of the valley (C) [2]

its bed in the direction of TLP. Due to long-term verti-
cal erosion, the Tiszariverbed is leveled, and the lower
part of the valley is washed away by lateral erosion,
fig. 2(b). After the gradual lowering of the water level

in the last phase, there was a re-migration of the Tisza
riverbed towards its original position, fig. 2(c). As a
result, two new relief units were formed — a hanging
valley at the site of the slope and a small alluvial plain
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at the site of the Tisza riverbed. Such a relationship of
relief members has been maintained to these days [2].

The two hanging valleys at geo-locality Loess
Pyramid were tributaries of proto valley orientated to
the larger Titel alluvial fan with the same orientation as
the surrounding big valley (today gullies) in the vicin-
ity of Titel settlement. After the appearance of a sec-
ond phase, fig. 2(b) with intensive fluvial erosion by
the Tisza River, the erosion destroyed most of this
proto valley and initiated a change in drainage from
south to east. In this way, two tributaries of the former
proto valley are drained directly into the Tisza River
[3, 4]. As the process of fluvial erosion progressed,
these valleys became closer to each other, especially in
its upper part, due to the intense lowering of the com-
mon watershed, deepening their beds, and regres-
sively cutting [5]. The final phase of morphogenesis of
this feature involves the latest Tisza River erosion
event, which allowed the two large V-shaped hanging
valleys [3, 4], fig. 2(c). With the transition to the drier
phase, where the proluvial and pluvial erosion are
dominant, these valleys were transformed into gullies.
The results of geochemical analysis [6] confirmed this
assumption of which indicates that the loess pyramid
is not a product of sediment accumulation by these
hanging valleys.

In older literature [5, 7], these two hanging val-
leys are known as the Northern and Southern valleys.
Based on current remote sensing analyzes and field re-
search, it has been established that in the case of the
Northern valley, the process of cutting the riverbed is
still present, which is why, compared to the South val-
ley, its longitudinal profile of the riverbed is more in-
consistent. In contrast, the bed of the South valley is not
cut. Due to these characteristics, the names — Recent
lower gully (referring to the northern gully) and Fossil
upper gully (referring to the southern gully), fig. 3 are

Sample 11

Figure 3. The study area with
sampled soil profiles

Sample 12

more appropriate. Between the gullies is a low water-
shed with an average 2 m width which widens slightly
towards the Loess Pyramid.

Gullies on TLP represent relict remains on the
edge of the plateau of former valleys through which it
was drained into the Tisza or Danube rivers. As such,
they represent the largest forms of relief on the plateau,
so they are the largest sources of sediments as well as
their transporters [8, 9]. The main difference between
the mentioned relief members is the degree of
anthropogenic influence which changed their mor-
phological structure. Since in this paper we decided to
investigate soil erosion on the example of a well-stud-
ied gully from the aspect of its genesis and evolution
[5, 7] in which human influence is negligible, this pa-
per represents a contribution to the study of erosion of
uncultivated soil, typical for gullies.

The nuclear models with the determination of ar-
tificial origin radionuclide '3’Cs in soil, were used to
quantify the rates of erosion processes. Through precip-
itation, this radionuclide was strongly bind to the fine
soil particles in the top layer and can thus be considered
as being essentially non-exchangeable [10-12]. The
concentration of caesium in topsoil decreases in deeper
layers under the influence of diffusion, mechanical or
chemical removal [13].

STUDY AREA

The position of the TLP between the Tisza and
the Danube contributes to the mitigation of climatic
extremes in the conditions of moderate continental cli-
mate. The average annual rainfall is 602 mm. The low-
est precipitation is in October (average 33 mm), while
their maximum is in June (average 82 mm). In sum-
mer, rain usually falls in the form of rainstorms and
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Sample 5
Sample 6

Sample 9
Sample 10
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Table 1. Topographic characteristics of the sampling locations with a description of the vegetation cover

Sample Latitude [° N] Longitude [° E] Altitude [m] Slope [°] Vegetation
1 4521011 20.30824 118 2.56 Grass
2 45.21050 20.30857 116 5.11 Grass
3 45.21068 20.30902 112 9.66 Grass
4 45.21074 20.30927 107 12.77 Grass
5 45.21079 20.30959 102 13.17 Poor grass
6 45.21096 20.30964 101 12.96 Poor grass
7 45.25142 20.15698 97 0.47 Grass
8 45.25157 20.15680 97 1.26 Grass
9 4521125 20.309833 106 17.01 Poor grass
10 45.21150 20.310028 99 17.23 Ivy
11 45.208444 20.310111 131 21.04 Grass
12 45.207194 20.310222 127 12.40 Grass

much of it evaporates. It happens that the total monthly
amount of atmospheric sediments falls in just one day.
At the end of spring and the beginning of summer,
there is enough precipitation, which is important for
the development of vegetation [2].

To investigate soil erosion processes in the val-
ley system of TLP, a total of 12 soil profiles were sam-
pled in the vicinity of Loess Pyramid geo-locality near
Titel settlement during 2017/2018. The geographic
position of TLP and the field view of the study area
with sampling points are presented in fig. 3 with topo-
graphic characteristics and vegetation cover descrip-
tion of locations given in tab. 1.

Samples 11, 12, and 1 are located outside the
gully system and were selected as potential reference
soil sites by field observation. The remaining (2-6, 9,
and 10) profiles were sampled along the gully succes-
sively towards the bank of the Tisza River, from which
profiles 2-5 were sampled at the watershed and pro-
files 6, 9, and 10 were sampled in the lower part of the
northern gully. The last profile 10 was sampled on the
floodplain material of the gully under the assumption
that this point would show the zone of accumulation of
material from the gully fig. 2(c). Profiles 7 and 8 were
sampled on small, terraced parts of TLP in Vilovo set-
tlement, also as reserved, reference profiles.

METHODOLOGY OF INVESTIGATION

All the samples were prepared for gamma-spec-
trometry analysis according to the standard procedure
(drying to the constant mass, grinding, and
homogenously packing in plastic boxes of cylindrical
geometry 67 mm x 30 mm). Determination of '¥’Cs
activity concentrations was done based on gamma-
-spectrometry measurements performed with two
HPGe detector systems in the lead passive shield at the
Laboratory for radioactivity and dose measurements,
Faculty of Sciences, University of Novi Sad, Serbia.
On both detectors, manufactured by ORTEC (relative
efficiency 32.4 % ) and Canberra (relative efficiency
100 %) typical time of measurement yielded 80 000 s

[14]. All the samples of one soil profile were measured
on the same detector. Efficiency calibration of detec-
tion systems was carried out with certified reference
material —a mixture of radionuclide gamma emitters in
the resin matrix of cylindrical geometry
Cert.No:1035-SE- 40001-17. Gamma spectra of soil
samples were acquired and analyzed using the GENIE
2000 Spectroscopy System Software program, manu-
factured by Canberra USA. Gamma ray emissions in
samples, at 662 keV, coming from the presence of
137Cs, were investigated [15].

Using the conversion models for uncultivated
soil (Walling and He, 1999, 2001), the measured '*’Cs
inventories in Bqm 2 were converted to annual soil
rates in tha™' per year. The standard Profile Distribu-
tion Model (PDM) assumes that the total deposition of
137Cs from the atmosphere occurred in 1963 and that
the vertical distribution of '3’Cs in the soil profile is
time-independent. The erosion rate Y for the observed
erosion site (if total 3’Cs inventory Au [Bqm 2] is less
than the reference inventory 4, [Bqm]) can be esti-
mated as

Y:mln(l—X)ho )
(y, —1963)p 100

where Y [tha '] is the annual soil loss, y, — the year of
sample collection, X —a percentage of '*’Cs loss in to-
tal inventory in respect to the local *’Cs inventory (de-
fined as [(Arer — Au)/Arer]100. The coefficient that de-
scribes a profile shape Ay [kgm 2] can be estimated
from vertical exponential distribution of "*’Cs mass
concentration with depth for the reference profile [16]

X

A'(X)=A,y 1-e "0 )

where A4'(x) [qu’z] is the amount of "*’Cs above the
depth x and x [kgm ] is the mass depth from soil sur-
face

When choosing a conversion model, authors
were guided by the fact that the Chernobyl accident is
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more important compared to nuclear testing in terms
of the origin of 137Cs presence in the soil layers for our
region (Serbia). For that reason, the annual values of
soil loss were calculated using the same model but
with year 1986 as a year of dominant fallout.

The previously described model of vertical dis-
tribution of radiocaesium gives approximate values of
the erosive processes rates in the case of uncultivated
soil. A far more realistic approach to erosion investiga-
tion is provided by a model that considers the migra-
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Figure 4. Vertical distributions of B31cs activity concentrations [qug’l] for each sampled profile (total 12 soil profiles)
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where C,(f) [Bqkg '] is the time variation of the *’Cs con-
centration in surface soil, /(f) [Bqm *] — the annual *’Cs
deposition flux and R [kgm ] — the annual erosion rate.

To calculate annual soil erosion loss, Walling ex-
cel add-in program was used with 80 % of total
Chernobyl fallout contribution for our region which is
in good agreement with numerous references [18-20].
For the relaxation depth H, diffusion coefficient D and
downward migration rate ¥, the values recommended
by program [21] were adopted and implemented.

RESULTS OF GAMMA-SPECTROMETRY
ANALYSIS AND QUANTIFICATION OF
ANNUAL SOIL EROSION RATES

The results of gamma spectrometry analysis are
presented graphically for 12 soil profiles in the frame
of the vertical distributions of radiocaesium concen-
trations through the soil layers, fig. 4(1)-4(12). In or-
der to convert inventory values [Bqm2] to annual ero-
sive rates [tha '], it was necessary to determine a
reference point for the research area. Soil sample 1
which is beyond the gully system was claimed as a po-
tential reference site. But its vertical distribution of
radiocaesium, fig. 4(1) and low amount of '3’Cs in-
ventory indicate erosion, fig. 5, so sample 1 is not a
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Figure 5. Total radiocaesium inventories for each soil
profile

good candidate as a reference profile. The same men-
tioned characteristics led to the decision that soil
samples 11 and 12 were also claimed as zones of ero-
sion fig. 4(11) and 4(12); fig. 5. Hence, the possibility
of soil sample 7 and 8 was brought into consideration
as reference site.

Profiles 7 and 8 were sampled in Vilovo on the ter-
raced section at the edge of TLP close to cultivated area,
fig. 6(a) and possible influence of erosion. The smallest

-1
Activity concentration of 13703 [Bgkg ]

=1
137Cs activity concentration [Bgkg |
25

(d)

Figure 6. Position of reference site on a small terrace at the edge of TLP (a), vertical distribution of '*’Cs concentrations
with depth (b), exponential function between amount of '*’Cs above depth x and mass depth (c), and vertical distribution

of radiocaesium for each soil profile (d)
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Table 2. Results of estimation for annual soil erosion
using *’Cs method with different conversion models:
PDM with two years of dominant fallout (1963 and 1986)
and the DMM

Y [tha™']
Profile '¥7Cs method
PDM (1963) DMM PDM (1986)
1 -5.11 -3.90 —8.89
2 -1.8 —-1.60 -3.13
3 -1.68 —-1.50 -2.92
4 -1.15 —-1.00 -2.00
5 -3.99 -3.20 —6.94
6 —6.54 -4.70 -11.38
9 -3.95 -3.10 —6.87
10 -3.08 -2.50 -5.36
11 -9.27 —6.00 -16.13
12 -4.54 -3.50 -7.90

caesium inventory for the profile 8, fig. 5 indicates ero-
sion that jeopardizes the possibility of location 8 as a ref-
erence site. However, obtained good exponential fit be-
tween mass concentration '*’Cs [Bqm] and mass depth
[kgm2], fig. 6(b)-6(d), resulted with selection of profile
7 as the reference sample.

The results of the calculation of annual values of
soil loss using three conversion models for radiocaesium
are shown in the tab. 2.

The obtained results are in good agreement with
the published results conducted at several locations in
the Republic of Serbia: calculations of erosive pro-
cesses by Petrovic [22] on uncultivated soil in the
valleys of P¢inja river and South Morava river using
PDM and DMM, averaged values of —12.0 tha™! per
year and —4.0 tha™! per year were obtained, respec-
tively. The rates of erosive processes on five sampled
soil profiles on uncultivated soil using PDM and
DMM were calculated using the radiocaesium
method. Erosion values range from —5.6 tha™! per year
to —28.0 tha™! per year using PDM and 2.4 tha™! per
year to —8.9 tha™! per year using DMM [22, 23].

It is surprising that profile 10 showed some ero-
sion considering that this sampling point lies on the al-
luvial plain which was also covered by dense vegeta-
tion — ivy. To establish the reason for this result, the
movement of the Tisza water level from 1986 to the
present day was analyzed, fig. 7.

By analyzing the annual water level of the Tisa
River, it was concluded that, starting from the
Chernobyl accident, the water level varied consider-
ably, and on a couple of occasions, the water level
reached the absolute height of the point at which sam-
ple 10 was formed. So, the area under the position of
sample 10 is disturbed by the Tisa River erosion too.
Looking for a point of accumulation, it would be more
realistic to perform in the Tisza riverbed, although this
is also debatable because the finest particles, to which
radiocaesium is usually attached, were probably taken
away by water.

QUANTIFICATION OF ANNUAL
DEPOSITION RATES USING THE
GAVRILOVIC'S METHOD

In the seventies of the last century, Gavrilovic¢
developed an erosion potential model for analytical
determination of erosive coefficients, quantification
of total soil erosion, and average annual transport of
sediments [25]. The model was created with the idea of
developing adequate strategies in the control of ero-
sive processes in forest areas and torrent valleys.

This empirical model is easy to use and suitable
for implementation in cases where the input parame-
ters are incomplete or do not exist. It is more applica-
ble for erosion assessment of larger areas, rather than
for smaller areas [26]. Unlike nuclear methods, this
model is not focused on the erosive process itself (ero-
sion or accumulation) but on the assessment of the to-
tal potential sediment yield and its transport in the ba-
sin. In addition, the model provides data on the
intensity of erosion and identifies high-risk areas from
the aspect of erosion problems. Field experiences indi-
cate that the model is more applicable for areas of
moderate to strong erosion, as opposed to areas of
weaker erosive potential [27].

This method considers the geological and
pedological characteristics of the terrain, topographic
characteristics (slope), climatic characteristics (aver-
age annual rainfall and average annual temperature),
and the way of land use. Climate data were taken from
the MoSorin precipitation station for the period from
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1946 to 2018. Topographic data were taken from a
slope map generated from the Digital Elevation Model
at a scale of 1:12 000 in ArcMap 10.3.1.

The coefficient of soil resistance to erosion, X,
(as a function of land use and vegetation coverage)
quantitatively expresses the protection of the area
from erosion. Its values are tabulated and range from
0.05 (lower limit of the class Mixed and dense forests)
to 1.0 (upper limit of the class Areas without plant
cover). The data source was a vector graphic of the
study area The Corine Land Cover Data [28].

The coefficient of soil erodibility, ¥, (as a func-
tion of geological and pedological characteristics of
the investigated area) shows how susceptible the soil
is to erosion. Its values are tabulated, ranging from
0.20 (lower limit of the Resistance Rock class) to 2.0
(upper limit of the class Fine sediments and soils with-
out erosion resistance). The source of data on this co-
efficient was the geological map of Serbia in the scale
of 1: 100 000, [29] and the pedological map of Serbia
in the scale of 1:50 000 [30].

The coefficient, @, represents the degree of pro-
nounced erosion processes (visibly characterized) in the
basin. Its values are tabulated, ranging from 0.10 (lower
limit of the class Limited erosion in the basin) to 1.0 (up-
per limit of the class Whole area affected by erosion). The
values of this coefficient that indicate the state of erosive
processes were determined by field research as well as
considering the coefficients X and Y [31].

In the combined expression (4), the values of ero-
sive coefficients, Z, were calculated, based on which, the
classification of erosion rates was performed for each lo-
cation

Z=Y - X(@+1%) 4)
where the parameter Y is the coefficient of soil
erodibility, X — the coefficient of land use, @ — the de-
gree of pronounced erosion processes, and / —the aver-
age slope of the terrain in percent [26, 32].

To facilitate the assessment and use of EPM co-
efficients, in addition to the original classifications
[32,33], auniversal classification of land use, geologi-
cal characteristics, and active erosive processes from
the Corine Land Cover 2000 database was attached.

The annual specific sediment production, W,
[m*km~2], could be estimated by the following equa-
tion

Wy, =MZ' (5)

where M is the climate potential of erosion in the basin
which is calculated as
M=TH .7

year

(6)

where T is the coefficient of temperature, which is
evaluated from the equation

T=(t, /10+ 01> (7)

where 7, represents annual air temperature [°C] and
Hiyeor [m’*km ] represents annual precipitation amount
[34] and could be estimated from the equation

_H f+Hy o+ H,
I

where H, ., are the annual precipitations between the

H )

is the basin area [25].

In order to the results of Gavrilovic's method be
comparable with the results of radioactive methods, it
is necessary to convert volume [m*km] into mass
units [tha™'], by multiplying with soil profile density p
[kgm™] [34, 35]. The results obtained and compared
in this way are presented in the tab. 3.

In accordance with the high values of the coeffi-
cient Z (Z> 1.00), all sampling points have excessive
or very strong erosion characteristic for gullies. The
average value of the erosion coefficient in the investi-
gated area is 1.19.

DISCUSSION OF RESULTS

Based on the obtained results of Gavrilovic 's
method, it is possible to make a comparison with the
methods of radiocaesium. The tab. 4 presents the re-
sults of four models for estimating the erosion/deposi-
tion rates in the study area.

Erosion is the dominant process at all experi-
mental sites. The EPM estimates soil losses in an area
but does not give the actual value of erosion intensity

Table 3. Annual sediment production evaluation with estimation of EPM parameters
Profile Y ) X 1[%] M z p[kgm?] | Wi [tha']
1 0.5 0.8 0.9 447 89.71 1.31 4320.0 5.82
2 0.5 0.4 0.6 8.94 89.71 1.02 3110.0 2.86
3 0.5 0.4 0.6 17.02 89.71 1.36 3490.0 4.95
4 0.5 0.3 0.4 22.66 89.71 1.01 2390.0 2.18
5 0.5 0.3 0.4 23.40 89.71 1.03 3840.0 3.59
6 0.5 1.0 0.4 23.01 89.71 1.16 3730.0 4.18
9 0.5 1.0 0.4 30.59 89.71 1.31 3740.0 5.01
10 0.5 1.0 0.4 31.01 89.71 1.31 3600.0 4.86
11 0.5 0.6 0.4 38.47 89.71 1.36 3870.0 5.51
12 0.5 0.6 0.4 21.99 89.71 1.06 4100.0 4.00
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Table 4. Comparative analysis of the annual soil erosion
assessment resulted from different methods applied

Y [tha ']
Profile Cs method EPM
PDM(1963)| DMM |PDM(1986)
1 -5.11 -3.90 -8.89 5.82
2 -1.8 -1.60 -3.13 2.86
3 —1.68 -1.50 -2.92 4.95
4 -1.15 -1.00 -2.00 2.18
5 -3.99 -3.20 -6.94 3.59
6 —6.54 -4.70 —11.38 4.18
9 -3.95 -3.10 -6.87 5.01
10 -3.08 -2.50 -5.36 4.86
11 -9.27 —6.00 -16.13 5.51
12 -4.54 -3.50 -7.90 4.00

Table 5. Correlation analysis of results obtained
by applying different models

PDM(1963)) DMM |PDM(1986)| EPM
PDM(1963) 1
DMM 0.99 1
PDM(1986) |  0.99 0.99 1
EPM 0.57 0.59 0.57 1

or determines the type of erosive process, unlike the
nuclear method in which a negative sign clearly identi-
fies erosion and a positive value for the accumulation
[35]. To determine the extent to which the results of the
four models applied are interrelated, they were sub-
jected to correlation analysis in SSPS program.

Based on the Pearson's coefficients of linear re-
gression analysis, tab. 5, it can be concluded that EPM
results have a positive moderate correlation with '37Cs
models. The best correlation was achieved with the
DMM (r = 0.59), while with PDM (1986) and PDM
(1963) a lower correlation coefficient was obtained
(from = 0.57), which was expected since the models
do not take into consideration the subsequent land re-
distribution.

The relatively good agreement of the models in-
dicates a satisfactory selection of the reference point.

Table 6. Universal annual soil loss classification in tha™

Erosion [tha™'] Erosion classification
<5 Very low
5-10 Low
10-15 Medium low
15-20 Medium
20-25 Medium-high
25-35 High
35-50 Very high
>50 Extremely high

As there is no specific categorization of the average
annual value of the erosion by the nuclear method, the
table of universal soil erosion categorization, tab. 6
was used for evaluation of the values obtained by these
four models in tha™! [36].

According to universal soil classification, all the
results indicate a generally low average value of the
erosion rate on an annual level. The highest values are
noticeable in the PDM (1986) model and the least in
the EPM, fig. 8.

The results of Gavrilovi¢ s method are in accor-
dance with the results of three conversion models for the
calculation of erosive processes by the radiocaesium
method. A similar issue was addressed by ToSi¢ et al.
[37], in the neighboring Republic of Bosnia and
Herzegovina, on the agricultural zone in the catchement
of Drenova basin, where two sites were sampled (in the
potential zone of erosion and potential zone of accumula-
tion of sediments). The proportional model (PM) and the
simplified version of the mass balance model (SVMBM)
were used to estimate the mean soil loss, soil erosion and
soil deposition redistributions rates. The results of the nu-
clear method are compared with the results of the
Gavrilovic's method. The result of the proportional
model is closer to the result of the conventional model,
because the proportional model is a less sensitive model
than the simplified version of the mass balance model.
The best agreement was achieved for the point sampled
in the potential accumulation zone where PM gives the
erosion rate of 9.19 tha™ per year, which is very close to

— 60
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5 50
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the value of 9.89 tha'per year, calculated by the
Gavrilovic's method [37].

Calculations of annual land losses, in the case of
all four models, are greater than 1 tha™!, which indi-
cates irreversible land losses, i. e, that the time re-
quired for self - renewal of land is 50 to 100 years [38].
One of the aims of this paper was to compare these re-
sults in order to validate the selected reference point
(Vilovo 7). Using SSPS program, the results of four
models were compared by #-test in order to examine
the existence of statistical significance among the
compared pairs (three pairs). The test results are
shown in the tab. 7.

It was found that there is no significant differ-
ence in the confidence interval of p = 0.05 between the
measured and estimated values, i. e., between the com-
pared pairs of models. The results of the #-test confirm
the previously made assumption that a good choice of
the reference point has been made in the case of the
radiocaesium method.

By analyzing some topographic factors (height,
slope, profile and planar curvature, and normalized
difference vegetation index — NDVI), it was con-
cluded that in this study Gavrilovic's method is more
sensitive to the character of terrain coverage, in con-
trast to the conversion models for radiocaesium which
are more sensitive to slope size, tab. 8.

Like similar empirical models (USLE, RUSLE),
the EPM can be characterized as a diagnostic tool that
should be critically interpreted and combined with
other techniques and methods whenever possible [35].
Empirical models simplify the phenomena through re-
gressive relationships of experimental data that con-
nect the statistically most relevant parameters. Be-
cause of their simplicity, the use of empirical models
has been widely documented in the scientific litera-
ture. Such models usually provide a valuable approach
for estimating soil erosion, if used in the same
geomorphological environment where they were cali-
brated [39]. By applying geographic information sys-

Table 7. The results of z-test

Paired differences Sign.
95 % confidence interval of the difference| #-test | df |(2-tail
Lower | Upper ed)
Pair 1 EPM - DMM 3243 12.0690| 3.103 | 9 | .013
Pair 2 EPM — PDM1963|-1.2146|1.5858| .300 | 9 | .771

Pair 3 EPM —~ PDM1986|-5.4851|-.2257 |-2.456| 9 | .036

Table 8. Correlations of selected topographic parameters
with model results

Profile | Planar NDVI
curvature| curvature

PDM(1963)| 0.11 | 043 | —045 | 025 | —0.04
DMM | 0.09 | 039 | 045 | 029 | —0.01
PDM(1986)| 0.11 | 043 | 045 | 025 | 0.04
EPM | 009 | 015 | 024 | 013 | 050

Altitude| Slope

tems GIS, it reduces the subjectivity of researchers by
integrating different information layers to identify and
classify certain parameters in the observed area [40].
Physical models (such as conversion models
used in the conversion of annual land losses by the nu-
clear methods) usually require a significant amount of
input and computational effort but, provide a mechani-
cal description of erosive processes and estimate the
interaction of each element, providing far more realis-
tic data in space and time [39], which is why the results
of the nuclear methods are considered a relevant esti-
mate of erosive processes in the investigated area.

CONCLUSIONS

This paper presents a detailed description of the
origin and evolution of hanging valley near the
geolocation Loess Pyramid, near the Titel settlement,
Autonomous Province of Vojvodina, Serbia. The total
of 12 soil profiles along the complex gully system and
in the vicinity at the edge of TLP, were sampled to in-
vestigate erosion and justified further development of
these hanging valleys. The method of radiocaesium,
and three different conversion models, were used to
calculate soil erosion rates. The '37Cs inventory values
of each profile were obtained by gamma spectroscopy
analysis. Validation of the estimated results was done
by comparison with empirical Gavrilovi¢ 's model,
which is used worldwide in the geographical research
of erosion processes.

Based on the linear regression analysis, it can be
concluded that the results of Gavrilovi¢ 's model are
well correlated with the results of the radiocaesium
method. The highest value of the Pearson coefficient
was obtained for the DMM model (= 0.59), while for
PDM (1986) and PDM (1963) a lower correlation co-
efficient was obtained (of »=0.57), which is expected
because this model does not consider subsequent land
redistribution. Analysis of some topographic factors
(height, slope, profile, and planar curvature) con-
cluded that Gavrilovic's method is more sensitive to
the nature of terrain coverage, in contrast to conver-
sion models that showed greater dependence on the
slope of the study area. Like similar empirical models
(USLE, RUSLE), EPM can only be considered a diag-
nostic tool that should be combined with other meth-
ods. The application of geographic information sys-
tems improves the identification and classification of
certain parameters necessary for these models.

The general results in all three cases indicate
very weak, weak, medium weak to moderate erosion.
However, there are some differences that are deter-
mined by the character of the chosen method. If we are
guided by the fact that no significant radiocaesium de-
position has occurred since the dominant fallout
radiocaesium in our area (1986) and that its activity
concentration in the depth profile of the soil changes
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relatively slowly, then the method of radiocaesium
would be the most realistic in the calculation of erosive
processes in the soil. The values of annual soil loss es-
timated from the values of '3’Cs inventory range as
follows: for DMM from—1.00 tha ! to—6.00 tha™!, for
PDM (1963) from—1.15 tha™' to—6.54 tha™", for PDM
(1986) from —2 tha™! to —16.13 tha™! and from EPM
yield 2.86 to 5.82 tha™!.

The last point sampled on the alluvial plain in the
case of the 37Cs method showed erosion despite the
expected accumulation. By analyzing the water level
of the Tisza River from 1986 to 2017, it was found that
the water on several occasions led to leaching and re-
moval of 37Cs from the plain into the Tisza riverbed
from where it was probably carried downstream to the
mouth of the Danube, which would be the subject of
some future research. The evolution of valleys along
the entire east-southeastern part of TLP can be inferred
in a way that they do not have a typical zone of accu-
mulation, so it could be sought somewhere in the west-
ern and northern parts of the plateau.

Results of correlation analysis of four topo-
graphic parameters (slope, profile curvature, planar
curvature and NDVI), and results from four models of
conversion, showed that the slope gave the best corre-
lation with radiocaesium conversion models for undis-
turbed soils, while NDVI gave the best correlation
with the results obtained by Gavrilovic's model.
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MNPOYYABAILE BUCERE JOJJMHE Y JECHO-ITAJEO3EM/bUINTHNUM
CEJMMEHTUMA U ITPOPAYYH EPO3UJE 3EM/BMIITA NIPUMEHOM
HYKIEAPHOT MOJE/IA U MOJE/A IIOTEHIIUWJAJIA EPO3UJE

Pajy ce 6aBu npopauyHOM TOAMIIEGE €PO3UBHE CTOME 3eMJBUIITA KOpUThemheM IBa pa3InuuTa
Mojiesia: HyKJIEpHOT MOjiesia M MEeTOjie MOTeHIujajna epo3uje, mo3Harte Kao ['aBpumnoBuheBa metona. 3a
noApydje MCTpaskWBama opfabpaH je KOMIUIEKCAH CHCTEM [oinHa Ha THTEJICKOM JIECHOM ILIaToy.
Pagmornesnjym je (paBopr30BaH y MHOTHM CTyAHjaMa Kao ONTHMATHH €PO3MBHU Tparad 300T CBOT
peTaTUBHO AYroT Neprofa Noypacnaja, 3aHeMapbUBOT OOHABIbAJba Y SKUBOTHO] CPEANHH U CIIOCOOHOCTH
CHaXKHOI' Be3MBalba 3a YECTULE 3eMJbUILNTA. YNOTpeba raMa-clieKTpOMEeTpuje y J1abopaTOpUjCKUM
yCJIOBMMA 32 MCIHATUBAKE PATHOAKTHBHOCTH JXUBOTHE CPEJMHE IPEICTaBIba MPENU3HY U Op3y TEXHUKY
Mepema 3a ofipebuBame KonnenTpanuje akrusHocTH 37Cs, 6€3 NOTpe6e 3a KOMINTMKOBAHOM MPHUIIPEMOM
y3opaka. ['ouiime cromne eposnje 1 akyMmyJaiyje cy NpolelheHe IPUMEHOM TPH MOjiesia KOHBep3uje 3a
HeoOpabeHo 3emsbuiTe: MOfAen AUCTpuOynuje mnpoduia 3a JBE TOfUHE JTOMHUHAHTHE [EMO3UIMje
paguonesujyma (1963. roguue u 1986. roguHe) n Mofeau auy3nje W MUTpalyje 3a 4dumje moTpede je
kopuithen Walingov mporpam. [IpuMmemeHrn HYKJIeapHI MOJENH Cy MOTBphHEHH METOOM IOTEHIMjajia
epo3uje KOjU je HajpesieBaHTHUjU eMIUPHUjCKH MOJEN 3a €pO3MBHE Tpolece y OyjuuHUM JOoJIuHaMa.
JHob6ujeHu pe3ynTaTi yKasyjy Ha JoOpo ciarame ca yrilaBHOM HUCKAM BPETHOCTHUMA TPOCEYHUX FOIUIIIHHIX
CTOTIa epo3Hje 3eMJBUIIITA Ha CBUM PO IiInMa 3eMJBHINTa Ha NCTpaskuBaHOM OApyYjy. Kopenammonom
aHAIM30M YTBPbHEH je pa3inuuuT yTrulaj Haruoa, 3aKpuBIbEHOCTH TEPEHA U BEreTAIMOHOT MHIECKCA.

Kwyune peuu: suceha ooauna, eposuja 3emmuiiitia, paououe3ujym, 2ama-cileKipomeiipuja,
Taspunosubies meitioo, Tuilieacku necHu UAATHO




