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This pa per is deal ing with soil ero sion as sess ment us ing two dif fer ent ap proaches: nu clear
model and ero sion po ten tial method, also known as Gavrilovic's method. Com plex val ley sys -
tems on Titel Loess Pla teau were se lected for in ves ti ga tion. Radiocaesium is fa vored in many
stud ies as an op ti mal ero sion tracer due to its rel a tively long half-life, neg li gi ble re newal in the
en vi ron ment and strongly bind ing abil ity onto soil par ti cles. The use of gamma-spec trom e try
in en vi ron men tal test ing lab o ra to ries acts as a pre cise and fast mea sure ment tech nique for de -
ter mi na tion of 137Cs ac tiv ity con cen tra tions, with out the need for com pli cate prep a ra tion of
sam ples. An nual ero sion and de po si tion rates were es ti mated ac cord ing to three con ver sion
mod els for un cul ti vated land: the pro file dis tri bu tion model with two years of dom i nant fall -
out of 137Cs (1963 and 1986) and the dif fu sion and mi gra tion model us ing WALL ING soft -
ware. The ap plied nu clear mod els were val i dated by com par i son with ero sion po ten tial model
which is the most rel e vant em pir i cal model for ero sion pro cesses in tor rent val leys. The ob -
tained re sults in di cate a good agree ment with over all low val ues of av er age an nual soil ero sion 
rates on all soil pro files in the in ves ti gated area. Cor re la tion anal y sis has de ter mined the dif -
fer ent in flu ence of slope, ter rain cur va ture, and veg e ta tion in dex on the ero sion mod els.
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IN TRO DUC TION - EVO LU TION OF
HANG ING VAL LEYS ON TITEL LOESS
PLA TEAU

Titel Loess Pla teau (TLP) is sit u ated near the
con flu ence of the Tisza and Dan ube rivers in the
south ern cen tral part of the Au ton o mous Prov ince of
Vojvodina, Ser bia, fig. 1. This el lip ti cal loess is land
ex tends be tween the set tle ments Mošorin (NW), Titel
(SE), Lok (S), and Vilovo (SW). Loess ho ri zons are
dusty de pos its that have ac cu mu lated dur ing Ae olian
ac tiv ity dur ing the last five gla cial and inter gla cial pe -
ri ods in the Pleis to cene and through out the Ho lo cene
(ap prox i mately 600 000 years). In the con di tions of

warm and hu mid inter gla cial cli mate, fos sil soils were
formed. At the ex treme south east ern part of the pla -
teau, about 200 m SE from the Titel set tle ment the
geo-lo cal ity Loess Pyr a mid is lo cated with two hang -
ing val leys (or gul lies) which are the sub ject of our re -
search.

All the re cent hang ing val leys on the TLP were
formed dur ing the Ho lo cene by the same pro cesses. In
the first phase of evo lu tion, it is as sumed that val ley's
lower part was at a slight slope in re la tion to the Tisza
River, than it is to day. The po si tion of the Tisza
riverbed then, would be as shown in fig. 2. A. With the
fluc tu a tion of the cli mate and its grad ual tran si tion to a
wet ter and warmer phase, the level of the Tisza River
in creased sig nif i cantly, which caused the mi gra tion of
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its bed in the di rec tion of TLP. Due to long-term ver ti -
cal ero sion, the Tisza riverbed is lev eled, and the lower 
part of the val ley is washed away by lat eral ero sion,
fig. 2(b). Af ter the grad ual low er ing of the wa ter level

in the last phase, there was a re-mi gra tion of the Tisza
riverbed to wards its orig i nal po si tion, fig. 2(c). As a
re sult, two new re lief units were formed – a hang ing
val ley at the site of the slope and a small al lu vial plain
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Fig ure 1. The geo graph ical po si tion of TLP on the geomorphological map of the Au ton o mous Prov ince of Vojvodina (A)
with marked po si tion of study area (B) [1], mod i fied

Fig 2. Sche matic il lus tra tion of evo lu tion of the hang ing val ley on TLP; the as sumed ap pear ance of the val ley be fore the
ero sion of the Tisza River (A), the re duc tion of the length of the val ley by the ero sion of the Tisza River (B) and the cur rent
ap pear ance of the val ley (C) [2]



at the site of the Tisza riverbed. Such a re la tion ship of
re lief mem bers has been main tained to these days [2].

The two hang ing val leys at geo-lo cal ity Loess
Pyr a mid were trib u tar ies of proto val ley ori en tated to
the larger Titel al lu vial fan with the same ori en ta tion as 
the sur round ing big val ley (to day gul lies) in the vi cin -
ity of Titel set tle ment. Af ter the ap pear ance of a sec -
ond phase, fig. 2(b) with in ten sive flu vial ero sion by
the Tisza River, the ero sion de stroyed most of this
proto val ley and ini ti ated a change in drain age from
south to east. In this way, two trib u tar ies of the for mer
proto val ley are drained di rectly into the Tisza River
[3, 4]. As the pro cess of flu vial ero sion pro gressed,
these val leys be came closer to each other, es pe cially in 
its up per part, due to the in tense low er ing of the com -
mon wa ter shed, deep en ing their beds, and re gres -
sively cut ting [5]. The fi nal phase of morphogenesis of 
this fea ture in volves the lat est Tisza River ero sion
event, which al lowed the two large V-shaped hang ing
val leys [3, 4], fig. 2(c). With the tran si tion to the drier
phase, where the proluvial and plu vial ero sion are
dom i nant, these val leys were trans formed into gul lies.
The re sults of geo chem i cal anal y sis [6] con firmed this
as sump tion of which in di cates that the loess pyr a mid
is not a prod uct of sed i ment ac cu mu la tion by these
hang ing val leys.

In older lit er a ture [5, 7], these two hang ing val -
leys are known as the North ern and South ern val leys.
Based on cur rent re mote sens ing an a lyzes and field re -
search, it has been es tab lished that in the case of the
North ern val ley, the pro cess of cut ting the riverbed is
still pres ent, which is why, com pared to the South val -
ley, its lon gi tu di nal pro file of the riverbed is more in -
con sis tent. In con trast, the bed of the South val ley is not
cut. Due to these char ac ter is tics, the names – Re cent
lower gully (re fer ring to the north ern gully) and Fos sil
up per gully (re fer ring to the south ern gully), fig. 3 are

more ap pro pri ate. Be tween the gul lies is a low wa ter -
shed with an av er age 2 m width which wid ens slightly
to wards the Loess Pyr a mid.

Gul lies on TLP rep re sent rel ict re mains on the
edge of the pla teau of for mer val leys through which it
was drained into the Tisza or Dan ube rivers. As such,
they rep re sent the larg est forms of re lief on the pla teau, 
so they are the larg est sources of sed i ments as well as
their trans port ers [8, 9]. The main dif fer ence be tween
the men tioned re lief mem bers is the de gree of
anthropogenic in flu ence which changed their mor -
pho log i cal struc ture. Since in this pa per we de cided to
in ves ti gate soil ero sion on the ex am ple of a well-stud -
ied gully from the as pect of its gen e sis and evo lu tion
[5, 7] in which hu man in flu ence is neg li gi ble, this pa -
per rep re sents a con tri bu tion to the study of ero sion of
un cul ti vated soil, typ i cal for gul lies.

The nu clear mod els with the de ter mi na tion of ar -
ti fi cial or i gin radionuclide 137Cs in soil, were used to
quan tify the rates of ero sion pro cesses. Through pre cip -
i ta tion, this radionuclide was strongly bind to the fine
soil par ti cles in the top layer and can thus be con sid ered
as be ing es sen tially non-ex change able [10-12]. The
con cen tra tion of cae sium in top soil de creases in deeper
lay ers un der the in flu ence of dif fu sion, me chan i cal or
chem i cal re moval [13].

STUDY AREA

The po si tion of the TLP be tween the Tisza and
the Dan ube con trib utes to the mit i ga tion of cli ma tic
ex tremes in the con di tions of mod er ate con ti nen tal cli -
mate. The av er age an nual rain fall is 602 mm. The low -
est pre cip i ta tion is in Oc to ber (av er age 33 mm), while
their max i mum is in June (av er age 82 mm). In sum -
mer, rain usu ally falls in the form of rain storms and
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Figure 3. The study area with
sam pled soil pro files



much of it evap o rates. It hap pens that the to tal monthly 
amount of at mo spheric sed i ments falls in just one day.
At the end of spring and the be gin ning of sum mer,
there is enough pre cip i ta tion, which is im por tant for
the de vel op ment of veg e ta tion [2].

To in ves ti gate soil ero sion pro cesses in the val -
ley sys tem of TLP, a to tal of 12 soil pro files were sam -
pled in the vi cin ity of Loess Pyr a mid geo-lo cal ity near
Titel set tle ment dur ing 2017/2018. The geo graphic
po si tion of TLP and the field view of the study area
with sam pling points are pre sented in fig. 3 with top o -
graphic char ac ter is tics and veg e ta tion cover de scrip -
tion of lo ca tions given in tab. 1.

Sam ples 11, 12, and 1 are lo cated out side the
gully sys tem and were se lected as po ten tial ref er ence
soil sites by field ob ser va tion. The re main ing (2-6, 9,
and 10) pro files were sam pled along the gully suc ces -
sively to wards the bank of the Tisza River, from which
pro files 2-5 were sam pled at the wa ter shed and pro -
files 6, 9, and 10 were sam pled in the lower part of the
north ern gully. The last pro file 10 was sam pled on the
floodplain ma te rial of the gully un der the as sump tion
that this point would show the zone of ac cu mu la tion of 
ma te rial from the gully fig. 2(c). Pro files 7 and 8 were
sam pled on small, ter raced parts of TLP in Vilovo set -
tle ment, also as re served, ref er ence pro files.

METH OD OL OGY OF IN VES TI GA TION

All the sam ples were pre pared for gamma-spec -
trom e try anal y sis ac cord ing to the stan dard pro ce dure
(dry ing to the con stant mass, grind ing, and
homogenously pack ing in plas tic boxes of cy lin dri cal
ge om e try 67 mm ´ 30 mm). De ter mi na tion of 137Cs
ac tiv ity con cen tra tions was done based on gamma-
-spec trom e try mea sure ments per formed with two
HPGe de tec tor sys tems in the lead pas sive shield at the
Lab o ra tory for ra dio ac tiv ity and dose mea sure ments,
Fac ulty of Sci ences, Uni ver sity of Novi Sad, Ser bia.
On both de tec tors, man u fac tured by ORTEC (rel a tive
ef fi ciency 32.4 % ) and Can berra (rel a tive ef fi ciency
100 %) typ i cal time of mea sure ment yielded 80 000 s

[14]. All the sam ples of one soil pro file were mea sured 
on the same de tec tor. Ef fi ciency cal i bra tion of de tec -
tion sys tems was car ried out with cer ti fied ref er ence
ma te rial – a mix ture of radionuclide gamma emit ters in 
the resin ma trix of cy lin dri cal ge om e try
Cert.No:1035-SE- 40001-17. Gamma spec tra of soil
sam ples were ac quired and an a lyzed us ing the GE NIE
2000 Spec tros copy Sys tem Soft ware pro gram, man u -
fac tured by Can berra USA. Gamma ray emis sions in
sam ples, at 662 keV, com ing from the pres ence of
137Cs, were in ves ti gated [15].

Us ing the con ver sion mod els for un cul ti vated
soil (Wall ing and He, 1999, 2001), the mea sured 137Cs
in ven to ries in Bqm–2 were con verted to an nual soil
rates in tha–1 per year. The stan dard Pro file Dis tri bu -
tion Model (PDM) as sumes that the to tal de po si tion of
137Cs from the at mo sphere oc curred in 1963 and that
the ver ti cal dis tri bu tion of 137Cs in the soil pro file is
time-in de pend ent. The ero sion rate Y for the ob served
ero sion site (if to tal 137Cs in ven tory Au [Bqm–2] is less
than the ref er ence in ven tory Aref [Bqm–2]) can be es ti -
mated as
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where Y [tha–1] is the an nual soil loss, ys – the year of
sam ple col lec tion, X – a per cent age of 137Cs loss in to -
tal in ven tory in re spect to the lo cal 137Cs in ven tory (de -
fined as [(Aref – Au)/Aref]100. The co ef fi cient that de -
scribes a pro file shape h0 [kgm–2] can be es ti mated
from ver ti cal ex po nen tial dis tri bu tion of 137Cs mass
con cen tra tion with depth for the ref er ence pro file [16]
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where A'(x) [Bqm–2] is the amount of 137Cs above the
depth x and x [kgm–2] is the mass depth from soil sur -
face

When choos ing a con ver sion model, au thors
were guided by the fact that the Chernobyl ac ci dent is
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Ta ble 1. Top o graphic char ac ter is tics of the sam pling lo ca tions with a de scrip tion of the veg e ta tion cover

Sam ple Lat i tude [º N] Lon gi tude [º E] Al ti tude [m] Slope [º] Veg e ta tion

1 45.21011 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 45.21125 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



more im por tant com pared to nu clear test ing in terms
of the or i gin of 137Cs pres ence in the soil lay ers for our
re gion (Ser bia). For that rea son, the an nual val ues of
soil loss were cal cu lated us ing the same model but
with year 1986 as a year of dom i nant fall out.

The pre vi ously de scribed model of ver ti cal dis -
tri bu tion of radiocaesium gives ap prox i mate val ues of
the ero sive pro cesses rates in the case of un cul ti vated
soil. A far more re al is tic ap proach to ero sion in ves ti ga -
tion is pro vided by a model that con sid ers the mi gra -

tion of 137Cs along the ver ti cal soil pro file over time
[17]. This dif fu sion and mi gra tion model (DMM) is
char ac ter ized by three vari ables: the an nual ef fec tive
dif fu sion co ef fi cient D [kg2m–4], the an nual mi gra tion
rate V [kgm–2] and re lax ation mass depth of the 137Cs
ini tial dis tri bu tion in top soil H [kgm–2]

C t
I t

H

I t

D t t
u

R Ht
V t t D( )

( ) ( )

( )

/
( ) /[» +

¢

- ¢

--
- - ¢ -

ò
e

e
p

0

1
42 l( )]t t- ¢

(3)

K. S. Kalkan, et al.: Study of Hang ing Val ley in Loess-Paleosoil Sed i ments ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 1, pp. 65-77 69

     Fig ure 4.  Ver ti cal dis tri bu tions of 137Cs ac tiv ity con cen tra tions [Bqkg–1] for each sam pled pro file (to tal 12 soil pro files)



where Cu(t) [Bqkg–1] is the time vari a tion of the 137Cs con -
cen tra tion in sur face soil, I(t) [Bqm–2]  – the an nual 137Cs
de po si tion flux and R [kgm–2] – the an nual ero sion rate. 

To cal cu late an nual soil ero sion loss, Wall ing ex -
cel add-in pro gram was used with 80 % of to tal
Chernobyl fall out con tri bu tion for our re gion which is
in good agree ment with nu mer ous ref er ences [18-20].
For the re lax ation depth H, dif fu sion co ef fi cient D and
down ward mi gra tion rate V, the val ues rec om mended
by pro gram [21] were adopted and im ple mented.

RE SULTS OF GAMMA-SPEC TROM E TRY
ANAL Y SIS AND QUAN TI FI CA TION OF
AN NUAL SOIL ERO SION RATES

The re sults of gamma spec trom e try anal y sis are
pre sented graph i cally for 12 soil pro files in the frame
of the ver ti cal dis tri bu tions of radiocaesium con cen -
tra tions through the soil lay ers, fig. 4(1)-4(12). In or -
der to con vert in ven tory val ues [Bqm–2] to an nual ero -
sive rates [tha–1], it was nec es sary to de ter mine a
ref er ence point for the re search area. Soil sam ple 1
which is be yond the gully sys tem was claimed as a po -
ten tial ref er ence site. But its ver ti cal dis tri bu tion of
radiocaesium, fig. 4(1) and low amount of 137Cs in -
ven tory in di cate ero sion, fig. 5, so sam ple 1 is not a

good can di date as a ref er ence pro file. The same men -
tioned char ac ter is tics led to the de ci sion that soil
sam ples 11 and 12 were also claimed as zones of ero -
sion fig. 4(11) and 4(12); fig. 5. Hence, the pos si bil ity
of soil sam ple 7 and 8 was brought into con sid er ation
as ref er ence site.

Pro files 7 and 8 were sam pled in Vilovo on the ter -
raced sec tion at the edge of TLP close to cul ti vated area,
fig. 6(a) and pos si ble in flu ence of ero sion. The small est
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Figure 5. To tal radiocaesium in ven to ries for each soil
pro file

Fig ure 6. Po si tion of ref er ence site on a small ter race at the edge of TLP (a), ver ti cal dis tri bu tion of 137Cs con cen tra tions
with depth (b), ex po nen tial func tion be tween amount of 137Cs above depth x and mass depth (c), and ver ti cal dis tri bu tion
of radiocaesium for each soil pro file (d)



cae sium in ven tory for the pro file 8, fig. 5 in di cates ero -
sion that jeop ar dizes the pos si bil ity of lo ca tion 8 as a ref -
er ence site. How ever, ob tained good ex po nen tial fit be -
tween mass con cen tra tion 137Cs [Bqm–2] and mass depth
[kgm–2], fig. 6(b)-6(d), re sulted with se lec tion of pro file
7 as the ref er ence sam ple.

The re sults of the cal cu la tion of an nual val ues of
soil loss us ing three con ver sion mod els for radiocaesium
are shown in the tab. 2.

The ob tained re sults are in good agree ment with
the pub lished re sults con ducted at sev eral lo ca tions in
the Re pub lic of Ser bia: cal cu la tions of ero sive pro -
cesses by Petrovi} [22] on un cul ti vated soil in the
val leys of P~inja river and South Morava river us ing
PDM and DMM, av er aged val ues of –12.0 tha–1 per
year and –4.0 tha–1 per year were ob tained, re spec -
tively. The rates of ero sive pro cesses on five sam pled
soil pro files on un cul ti vated soil us ing PDM and
DMM were cal cu lated us ing the radiocaesium
method. Ero sion val ues range from –5.6 tha–1 per year
to –28.0 tha–1 per year us ing PDM and –2.4 tha–1 per
year to –8.9 tha–1 per year us ing DMM [22, 23].

It is sur pris ing that pro file 10 showed some ero -
sion con sid er ing that this sam pling point lies on the al -
lu vial plain which was also cov ered by dense veg e ta -
tion – ivy. To es tab lish the rea son for this re sult, the
move ment of the Tisza wa ter level from 1986 to the
pres ent day was an a lyzed, fig. 7.

By an a lyz ing the an nual wa ter level of the Tisa
River, it was con cluded that, start ing from the
Chernobyl ac ci dent, the wa ter level var ied con sid er -
ably, and on a cou ple of oc ca sions, the wa ter level
reached the ab so lute height of the point at which sam -
ple 10 was formed. So, the area un der the po si tion of
sam ple 10 is dis turbed by the Tisa River ero sion too.
Look ing for a point of ac cu mu la tion, it would be more
re al is tic to per form in the Tisza riverbed, al though this
is also de bat able be cause the fin est par ti cles, to which
radiocaesium is usu ally at tached, were prob a bly taken
away by wa ter.

QUAN TI FI CA TION OF AN NUAL
DE PO SI TION RATES US ING THE
GAVRILOVIC'S METHOD

In the sev en ties of the last cen tury, Gavrilovi}
de vel oped an ero sion po ten tial model for an a lyt i cal
de ter mi na tion of ero sive co ef fi cients, quan ti fi ca tion
of to tal soil ero sion, and av er age an nual trans port of
sed i ments [25]. The model was cre ated with the idea of 
de vel op ing ad e quate strat e gies in the con trol of ero -
sive pro cesses in for est ar eas and tor rent val leys.

This em pir i cal model is easy to use and suit able
for im ple men ta tion in cases where the in put pa ram e -
ters are in com plete or do not ex ist. It is more ap pli ca -
ble for ero sion as sess ment of larger ar eas, rather than
for smaller ar eas [26]. Un like nu clear meth ods, this
model is not fo cused on the ero sive pro cess it self (ero -
sion or ac cu mu la tion) but on the as sess ment of the to -
tal po ten tial sed i ment yield and its trans port in the ba -
sin. In ad di tion, the model pro vides data on the
in ten sity of ero sion and iden ti fies high-risk ar eas from
the as pect of ero sion prob lems. Field ex pe ri ences in di -
cate that the model is more ap pli ca ble for ar eas of
mod er ate to strong ero sion, as op posed to ar eas of
weaker ero sive po ten tial [27].

This method con sid ers the geo log i cal and
pedological char ac ter is tics of the ter rain, top o graphic
char ac ter is tics (slope), cli ma tic char ac ter is tics (av er -
age an nual rain fall and av er age an nual tem per a ture),
and the way of land use. Cli mate data were taken from
the Mošorin pre cip i ta tion sta tion for the pe riod from
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Ta ble 2. Re sults of es ti ma tion for an nual soil ero sion
us ing 137Cs method with dif fer ent con ver sion mod els:
PDM with two years of dom i nant fall out (1963 and 1986)
and the DMM

Pro file

Y [tha–1]
137Cs 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

Fig ure 7. Fluc tu a tions of the
Tisza wa ter level in time
(from 1986 to 2017) [24]



1946 to 2018. Top o graphic data were taken from a
slope map gen er ated from the Dig i tal El e va tion Model 
at a scale of 1:12 000 in ArcMap 10.3.1.

The co ef fi cient of soil re sis tance to ero sion, X,
(as a func tion of land use and veg e ta tion cov er age)
quan ti ta tively ex presses the pro tec tion of the area
from ero sion. Its val ues are tab u lated and range from
0.05 (lower limit of the class Mixed and dense for ests)
to 1.0 (up per limit of the class Ar eas with out plant
cover). The data source was a vec tor graphic of the
study area The Corine Land Cover Data [28].

The co ef fi cient of soil erodibility, Y, (as a func -
tion of geo log i cal and pedological char ac ter is tics of
the in ves ti gated area) shows how sus cep ti ble the soil
is to ero sion. Its val ues are tab u lated, rang ing from
0.20 (lower limit of the Re sis tance Rock class) to 2.0
(up per limit of the class Fine sed i ments and soils with -
out ero sion re sis tance). The source of data on this co -
ef fi cient was the geo log i cal map of Ser bia in the scale
of 1: 100 000, [29] and the pedological map of Ser bia
in the scale of 1:50 000 [30].

The co ef fi cient, F, rep re sents the de gree of pro -
nounced ero sion pro cesses (vis i bly char ac ter ized) in the
ba sin. Its val ues are tab u lated, rang ing from 0.10 (lower
limit of the class Lim ited ero sion in the ba sin) to 1.0 (up -
per limit of the class Whole area af fected by ero sion). The 
val ues of this co ef fi cient that in di cate the state of ero sive
pro cesses were de ter mined by field re search as well as
con sid er ing the co ef fi cients X and Y [31].

In the com bined ex pres sion (4), the val ues of ero -
sive co ef fi cients, Z, were cal cu lated, based on which, the
clas si fi ca tion of ero sion rates was per formed for each lo -
ca tion

Z Y X I= × +( ).F 0 5 (4)

where the pa ram e ter Y is the co ef fi cient of soil
erodibility, X – the co ef fi cient of land use, F – the de -
gree of pro nounced ero sion pro cesses, and I – the av er -
age slope of the ter rain in per cent [26, 32]. 

To fa cil i tate the as sess ment and use of EPM co -
ef fi cients, in ad di tion to the orig i nal clas si fi ca tions
[32, 33], a uni ver sal clas si fi ca tion of land use, geo log i -
cal char ac ter is tics, and ac tive ero sive pro cesses from
the Corine Land Cover 2000 da ta base was at tached.

The an nual spe cific sed i ment pro duc tion, Wsp,
[m3km–2], could be es ti mated by the fol low ing equa -
tion

W MZsp = 1 5, (5)

where M is the cli mate po ten tial of ero sion in the ba sin
which is cal cu lated as

M TH= year p (6)

where T is the co ef fi cient of tem per a ture, which is
eval u ated from the equa tion

T t a= +( / . ) .10 01 0 5 (7)

where ta rep re sents an nual air tem per a ture [°C] and
Hyear [m

3km–2] rep re sents an nual pre cip i ta tion amount
[34] and could be es ti mated from the equa tion

H
H f H f H f

F
n n=

+ +1 1 2 2 L

!
(8)

where H1,2... n are the an nual pre cip i ta tions be tween the
hyetos, f 1,2....n  sur face ar eas be tween the hyetos, and F
is the ba sin area [25].

In or der to the re sults of Gavrilovic's method be
com pa ra ble with the re sults of ra dio ac tive meth ods, it
is nec es sary to con vert vol ume [m3km–2] into mass
units [tha–1], by mul ti ply ing with soil pro file den sity r
[kgm–3] [34, 35]. The re sults ob tained and com pared
in this way are pre sented in the tab. 3.

In ac cor dance with the high val ues of the co ef fi -
cient Z (Z > 1.00), all sam pling points have ex ces sive
or very strong ero sion char ac ter is tic for gul lies. The
av er age value of the ero sion co ef fi cient in the in ves ti -
gated area is 1.19.

DISCUSSION OF RE SULTS

Based on the ob tained re sults of Gavrilovic 's
method, it is pos si ble to make a com par i son with the
meth ods of radiocaesium. The tab. 4 pres ents the re -
sults of four mod els for es ti mat ing the ero sion/de po si -
tion rates in the study area.

Ero sion is the dom i nant pro cess at all ex per i -
men tal sites. The EPM es ti mates soil losses in an area
but does not give the ac tual value of ero sion in ten sity

K. S. Kalkan, et al.: Study of Hang ing Val ley in Loess-Paleosoil Sed i ments ...
72 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 1, pp. 65-77

Ta ble 3. An nual sed i ment pro duc tion eval u a tion with es ti ma tion of EPM pa ram e ters

Pro file Y F X I [%] M Z r [kgm–2] Wsp [tha–1]

1 0.5 0.8 0.9 4.47 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



or de ter mines the type of ero sive pro cess, un like the
nu clear method in which a neg a tive sign clearly iden ti -
fies ero sion and a pos i tive value for the ac cu mu la tion
[35]. To de ter mine the ex tent to which the re sults of the 
four mod els ap plied are in ter re lated, they were sub -
jected to cor re la tion anal y sis in SSPS pro gram.

Based on the Pearson's co ef fi cients of lin ear re -
gres sion anal y sis, tab. 5, it can be con cluded that EPM
re sults have a pos i tive mod er ate cor re la tion with 137Cs
mod els. The best cor re la tion was achieved with the
DMM (r = 0.59), while with PDM (1986) and PDM
(1963) a lower cor re la tion co ef fi cient was ob tained
(from r = 0.57), which was ex pected since the mod els
do not take into con sid er ation the sub se quent land re -
dis tri bu tion.

The rel a tively good agree ment of the mod els in -
di cates a sat is fac tory se lec tion of the ref er ence point.

As there is no spe cific cat e go ri za tion of the av er age
an nual value of the ero sion by the nu clear method, the
ta ble of uni ver sal soil ero sion cat e go ri za tion, tab. 6
was used for eval u a tion of the val ues ob tained by these 
four mod els in tha–1 [36].

Ac cord ing to uni ver sal soil clas si fi ca tion, all the
re sults in di cate a gen er ally low av er age value of the
ero sion rate on an an nual level. The high est val ues are
no tice able in the PDM (1986) model and the least in
the EPM, fig. 8.

The re sults of Gavrilovi} 's method are in ac cor -
dance with the re sults of three con ver sion mod els for the
cal cu la tion of ero sive pro cesses by the radiocaesium
method. A sim i lar is sue was ad dressed by To{i} et al.
[37], in the neigh bor ing Re pub lic of Bosnia and
Herzegovina, on the ag ri cul tural zone in the catchement
of Drenova ba sin, where two sites were sam pled (in the
po ten tial zone of ero sion and po ten tial zone of ac cu mu la -
tion of sed i ments). The pro por tional model (PM) and the
sim pli fied ver sion of the mass bal ance model (SVMBM) 
were used to es ti mate the mean soil loss, soil ero sion and
soil de po si tion re dis tri bu tions rates. The re sults of the nu -
clear method are com pared with the re sults of the
Gavrilovic's method. The re sult of the pro por tional
model is closer to the re sult of the con ven tional model,
be cause the pro por tional model is a less sen si tive model
than the sim pli fied ver sion of the mass bal ance model.
The best agree ment was achieved for the point sam pled
in the po ten tial ac cu mu la tion zone where PM gives the
ero sion rate of 9.19 tha–1 per year, which is very close to
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Ta ble 4. Com par a tive anal y sis of the an nual soil ero sion
as sess ment re sulted from dif fer ent meth ods ap plied

Pro file

Y [tha–1]
137Cs 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

Ta ble 5. Cor re la tion anal y sis of re sults ob tained
by ap ply ing dif fer ent mod els

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

Ta ble 6. Uni ver sal an nual soil loss clas si fi ca tion in tha–1

Ero sion [tha–1] Ero sion clas si fi ca tion

<5 Very low

5-10 Low

10-15 Me dium low

15-20 Me dium

20-25 Me dium-high

25-35 High

35-50 Very high

>50 Ex tremely high

Fig ure 8. Com par a tive
anal y sis of an nual ero sion
us ing four con ver sion
mod els



the value of 9.89 tha–1per year, cal cu lated by the
Gavrilovic's method [37].

Cal cu la tions of an nual land losses, in the case of
all four mod els, are greater than 1 tha–1, which in di -
cates ir re vers ible land losses, i. e, that the time re -
quired for self - re newal of land is 50 to 100 years [38].
One of the aims of this pa per was to com pare these re -
sults in or der to val i date the se lected ref er ence point
(Vilovo 7). Us ing SSPS pro gram, the re sults of four
mod els were com pared by t-test in or der to ex am ine
the ex is tence of sta tis ti cal sig nif i cance among the
com pared pairs (three pairs). The test re sults are
shown in the tab. 7. 

It was found that there is no sig nif i cant dif fer -
ence in the con fi dence in ter val of p = 0.05 be tween the
mea sured and es ti mated val ues, i. e., be tween the com -
pared pairs of mod els. The re sults of the t-test con firm
the pre vi ously made as sump tion that a good choice of
the ref er ence point has been made in the case of the
radiocaesium method.

By an a lyz ing some top o graphic fac tors (height,
slope, pro file and pla nar cur va ture, and nor mal ized
dif fer ence veg e ta tion in dex – NDVI), it was con -
cluded that in this study Gavrilovic's method is more
sen si tive to the char ac ter of ter rain cov er age, in con -
trast to the con ver sion mod els for radiocaesium which
are more sen si tive to slope size, tab. 8.

Like sim i lar em pir i cal mod els (USLE, RUSLE),
the EPM can be char ac ter ized as a di ag nos tic tool that
should be crit i cally in ter preted and com bined with
other tech niques and meth ods when ever pos si ble [35]. 
Em pir i cal mod els sim plify the phe nom ena through re -
gres sive re la tion ships of ex per i men tal data that con -
nect the sta tis ti cally most rel e vant pa ram e ters. Be -
cause of their sim plic ity, the use of em pir i cal mod els
has been widely doc u mented in the sci en tific lit er a -
ture. Such mod els usu ally pro vide a valu able ap proach 
for es ti mat ing soil ero sion, if used in the same
geomorphological en vi ron ment where they were cal i -
brated [39]. By ap ply ing geo graphic in for ma tion sys -

tems GIS, it re duces the sub jec tiv ity of re search ers by
in te grat ing dif fer ent in for ma tion lay ers to iden tify and
clas sify cer tain pa ram e ters in the ob served area [40].

Phys i cal mod els (such as con ver sion mod els
used in the con ver sion of an nual land losses by the nu -
clear meth ods) usu ally re quire a sig nif i cant amount of
in put and com pu ta tional ef fort but, pro vide a me chan i -
cal de scrip tion of ero sive pro cesses and es ti mate the
in ter ac tion of each el e ment, pro vid ing far more re al is -
tic data in space and time [39], which is why the re sults
of the nu clear meth ods are con sid ered a rel e vant es ti -
mate of ero sive pro cesses in the in ves ti gated area.

CON CLU SIONS

This pa per pres ents a de tailed de scrip tion of the
or i gin and evo lu tion of hang ing val ley near the
geolocation Loess Pyr a mid, near the Titel set tle ment,
Au ton o mous Prov ince of Vojvodina, Ser bia. The to tal
of 12 soil pro files along the com plex gully sys tem and
in the vi cin ity at the edge of TLP, were sam pled to in -
ves ti gate ero sion and jus ti fied fur ther de vel op ment of
these hang ing val leys. The method of radiocaesium,
and three dif fer ent con ver sion mod els, were used to
cal cu late soil ero sion rates. The 137Cs in ven tory val ues 
of each pro file were ob tained by gamma spec tros copy
anal y sis. Val i da tion of the es ti mated re sults was done
by com par i son with em pir i cal Gavrilovi} 's model,
which is used world wide in the geo graph ical re search
of ero sion pro cesses.

Based on the lin ear re gres sion anal y sis, it can be
con cluded that the re sults of Gavrilovi} 's model are
well cor re lated with the re sults of the radiocaesium
method. The high est value of the Pearson co ef fi cient
was ob tained for the DMM model (r = 0.59), while for
PDM (1986) and PDM (1963) a lower cor re la tion co -
ef fi cient was ob tained (of r = 0.57), which is ex pected
be cause this model does not con sider sub se quent land
re dis tri bu tion. Anal y sis of some top o graphic fac tors
(height, slope, pro file, and pla nar cur va ture) con -
cluded that Gavrilovic's method is more sen si tive to
the na ture of ter rain cov er age, in con trast to con ver -
sion mod els that showed greater de pend ence on the
slope of the study area. Like sim i lar em pir i cal mod els
(USLE, RUSLE), EPM can only be con sid ered a di ag -
nos tic tool that should be com bined with other meth -
ods. The ap pli ca tion of geo graphic in for ma tion sys -
tems im proves the iden ti fi ca tion and clas si fi ca tion of
cer tain pa ram e ters nec es sary for these mod els.

The gen eral re sults in all three cases in di cate
very weak, weak, me dium weak to mod er ate ero sion.
How ever, there are some dif fer ences that are de ter -
mined by the char ac ter of the cho sen method. If we are
guided by the fact that no sig nif i cant radiocaesium de -
po si tion has oc curred since the dom i nant fall out
radiocaesium in our area (1986) and that its ac tiv ity
con cen tra tion in the depth pro file of the soil changes
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Ta ble 7. The re sults of t-test

Paired dif fer ences

t-test df
Sign.
(2-tail

ed)
95 % con fi dence in ter val of the dif fer ence

Lower Up per

Pair 1 EPM – DMM .3243 2.0690 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

Ta ble 8. Cor re la tions of se lected top o graphic pa ram e ters
with model re sults

Al ti tude Slope Pro file
curvature

Pla nar
curvature NDVI

PDM(1963) 0.11 0.43 –0.45 0.25 –0.04

DMM 0.09 0.39 –0.45 0.29 –0.01

PDM(1986) 0.11 0.43 –0.45 0.25 –0.04

EPM –0.09 0.15 –0.24 0.13 0.50



rel a tively slowly, then the method of radiocaesium
would be the most re al is tic in the cal cu la tion of ero sive 
pro cesses in the soil. The val ues of an nual soil loss es -
ti mated from the val ues of 137Cs in ven tory range as
fol lows: for DMM from –1.00 tha–1 to –6.00  tha–1 , for 
PDM (1963) from –1.15  tha–1 to –6.54 tha–1 , for PDM 
(1986) from –2 tha–1 to –16.13 tha–1 and from EPM
yield 2.86 to 5.82 tha–1.

The last point sam pled on the al lu vial plain in the 
case of the 137Cs method showed ero sion de spite the
ex pected ac cu mu la tion. By an a lyz ing the wa ter level
of the Tisza River from 1986 to 2017, it was found that
the wa ter on sev eral oc ca sions led to leach ing and re -
moval of 137Cs from the plain into the Tisza riverbed
from where it was prob a bly car ried down stream to the
mouth of the Dan ube, which would be the sub ject of
some fu ture re search. The evo lu tion of val leys along
the en tire east-south east ern part of TLP can be in ferred 
in a way that they do not have a typ i cal zone of ac cu -
mu la tion, so it could be sought some where in the west -
ern and north ern parts of the pla teau.

Re sults of cor re la tion anal y sis of four top o -
graphic pa ram e ters (slope, pro file cur va ture, pla nar
cur va ture and NDVI), and re sults from four mod els of
con ver sion, showed that the slope gave the best cor re -
la tion with radiocaesium con ver sion mod els for un dis -
turbed soils, while NDVI gave the best cor re la tion
with the re sults ob tained by Gavrilovic's model.
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PROU^AVAWE  VISE]E  DOLINE  U  LESNO-PALEOZEMQI[NIM
SEDIMENTIMA I  PRORA^UN  EROZIJE  ZEMQI[TA  PRIMENOM

NUKLEARNOG  MODELA  I MODELA  POTENCIJALA  EROZIJE

Rad se bavi prora~unom godi{we erozivne stope zemqi{ta kor{}ewem dva razli~ita
modela: nuklernog modela i metode potencijala erozije, poznate kao Gavrilovi}eva metoda. Za
podru~je istra`ivawa odabran je kompleksan sistem dol ina na Titelskom lesnom platou.
Radiocezijum je favorizovan u mnogim studijama kao optimalni erozivni traga~ zbog svog
relativno dugog perioda poluraspada, zanemarqivog obnavqaqa u ̀ ivotnoj sredini i sposobnosti
sna`nog vezivawa za ~estice zemqi{ta. Upotreba gama-spektrometrije u laboratorijskim
uslovima za ispitivawe radioaktivnosti `ivotne sredine predstavqa preciznu i brzu tehniku
merewa za odre|ivawe koncentracije aktivnosti 137Cs, bez potrebe za komplikovanom pripremom
uzoraka. Godi{we stope erozije i akumulacije su procewene primenom tri modela konverzije za
neobra|eno zemqi{te: model distribucije profila za dve godine dominantne depozicije
radiocezijuma (1963. godine i 1986. godine) i modeli difuzije i migracije za ~ije potrebe je
kori{}en Walingov pro gram. Primeweni nuklearni modeli su potvr|eni metodom potencijala
erozije koji je najrelevantniji empirijski model za erozivne procese u buji~nim dolinama.
Dobijeni rezultati ukazuju na dobro slagawe sa uglavnom niskim vrednostima prose~nih godi{wih 
stopa erozije zemqi{ta na svim profilima zemqi{ta na istra`ivanom podru~ju. Korelacionom
analizom utvr|en je razli~it uticaj nagiba, zakrivqenosti terena i vegetacionog indeksa.

Kqu~ne re~i: vise}a dol ina, erozija zemqi{ta, radiocezijum, gama-spektrometrija,
Gavrilovi}ev metod, Titelski lesni plato


