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defines the mechdmsms of processes in Wthh relief forms develop, the cvolutlon, their pro er |
form to the propemes and the form of the rock masses in whxch relief. forms and formatm

ing the state of erosion in the region along the river course and the material dcposne starting fro; 1 pril
as the estuary of the Bregalnica and Vardar. It will give a brief account of the changes of thc prescnt day relle‘
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INTRODUCTION

It is well known that some parts of the relief
erode more intensely than others. This depends on
various natural geomorphological factors such as
climate, geological composition, pedology, vegeta-
tion, and anthropological activities. In geomor-
phology and other disciplines such as agriculture,
forestry and civil engineering it is not sufficient to
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decide whether erosion is more or less intense, but
there is the need of quantitative calgulation of an-
nual and multi-annual intensity of grosion in cer-
tain regions. Based on field and labdratory investi-
gations mathematical-physical eqpations were
worked out for the calculation and [production of
detritus from river basins that can belused easily.

MATHEMATICAL-PHYSICAL MODEL FOR THE DETERMINATION OF EROSION

OF THE BREGALNICA RIVER BASIN

The following equation is used for the calcu-
lation of the total erosion layers in a river basin (S.
Gavrilovi¢, 1973):

Wyear =T+ H yeye 7N Z° -F (m%/year) (1)

where:

Wyear — is the total production of annual ero-
sion layers, m’, ‘

T - is the temperature .coefficient in the river
basin,

Hye, — annual precipitation in mm/year,
7—1s the Ludolph's number,

i

Z —is the erosion coefficient,

F —is area of the entire river basin for which
. . i 4
erosion layers are determined, km-.

Temperature coefficient of the|river basin 7
(S. Gavrilovi¢, 1973) is calculated by the equation:

_ |1 0
T—\/;+Ol.1 .( Q) )

Where ¢ is the terestically meagured tempera-
ture in the regions of the field under {nvestigation.
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Based on the results from a number of field mean values of the erosion coefficient Z (Table 1).
investigation Fig. 1, a table was written for the
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Fig. 1. The Bregalnica River basin
Table 1
' Values for erosion coefficient Z (M. Markovi¢, 2001)
Type of erosion|processes Categoty of destruction ~ Subgroup  Type of erosion Coefficient of erosion level Z
a deep seated 1.31-1.50
Excessive erosipn I b mixed 1.21-1.30
c surface 1.01-1.20
a deep seated 0.91-1.00
Strong erosion III b mixed 0.81-0.90
v c surface 0.71-0.80
a deep seated 0.61-0.70
Medium erosion ‘ Jut b mixed 0.51-0.60 _
c surface 0.41-0.50 d
a deep seated 0.31-0.40
Poor erosion v b mixed 0.25-0.30
c surface 0.20-0.24
Very poor erosjon v - traces of erosion 00.1-0.19
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Part of the detritus remains in the river basin
passing a short or a long way to or through the riv-
erbed and does not arrive at the estuary. However,
the amount of deposition material that is taken or
washed away from the river basin every year and is
mixed with material speaks for the evolution of the
relief of the region. The material that remains in
the river basin is called coefficient of retention R,
(M. Klimasevski, 1979) is given by the equation:

(0-DY°S

=2 _(m¥ 3
“ =025 L+10) e ©)

where:
R, — is the coefficient of retention,
O —is the length of watershed (partial), km,

D - is the mean height difference of the river
basin, km,

L — the length of the river basin, km

The annual amount of detritus Wyear and the
coefficient of retention R, yield the annual amount
of erosion detritus that passes through hydrometric
profile and deposit as far as the estuary of the river:

3
Gyear Wyear Ru (m /year) (4)
where:
Gyear — 1s the annual amount of erosion detri-

tus that is deposited as far as the river mouth,

Wiear — 1s total production of annual erosion
material in the river basin,

R, —is the coefficient of retention.

Above-mentioned calculations yield the an-
nual production of detritus for the entire river basin
or, more precisely, the amount of detritus that
comes to the estuary of the river. This yields data
on the annual denivellation of the terrain or the
average lowering of part of the topographic sur-
face. This means that a clear picture is obtained for

the further evolution of the relief. Several river

basins that join the area under investigation were
involved in the calculation of the mathematical
model of the erosion of the Bregalnica River catch-

ment. They are the Berovo-Del&evo, Deléevo~

Kocani, Kocam—Snp, the Kratovo-Zletovo and
Stip-Veles river basins where the Bregalnica emp-
ties into the Vardar. Calculations were not carried
out on the Radovi§ river basin, which joins the
“Mantovo” water reservoir and does not join the
Bregalnica River. The entire river basin occupies
an area of 4324 km’. The length of the Bregalnica
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1s 370 km. The values of coefficient of erosion Z
were taken from a precise geomorphological study.

Strong surface erosion prevails in the Berovo-
Delcevo area with coefficient Z = 0.80.|The area is
mountainous with sporadic poor vegetation. The
average annual temperature is 9.3 °C, annual pre-
cipitation amounts to 870 mm/year (dafa from the
Hydrometeorological Institute of Maceglonia). The

area of the watershed occupies 120 km?

the length

being 120 km, with mean height variatipn between
Berovo and Del¢evo of about 355 m (T4ble 2).

Table 2 shows that the total prqduction of
erosion of river drift in the river basin amounts to

©5353700 m3/year, and erosion of the relief of

4.7 mm/year.
Table 2
+ The Berovo—Delcevo river basj
T °C 1.06
Hyeqr mm/year 870
b4 ) 3.14
1/ 73 0.71
F km? 120
oo
Wyewr ~ mlyear 2467 143
Gyear m3/year 5353700
Gumo.  mm/year 4.7
0 km 120
. D m 355
L km 370
R; m3/ycar 2.17

In the Deléevo-Kodani river basi
medium mixed erosion with coefficient

n there is
Z = 0.60.

The terrain is mountainous, grading to flatland to-

wards Kocani. In some places it is fores
some places does not abound in veget
lower parts abound in vegetation. The a
nual temperature is 11.6 °C, the annual
tion amounts to 820 mm/year, accordi
obtained from the Hydrometeorological ]
Macedonia. The river basin occupies 3
90 km, with mean height variation bet
¢evo and Kocani of some 273 m (Table 3

Table 3 shows that the total producti
drift in the river basin amounts to 2 259 92
and erosion of the relief of 2.3 mm/year.

ted and in
ation. The
verage an-
precipita-
g to data
nstitute of
in area of
ween Del-
L

on of river
0 m*/year,
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Table 3

Delcevo—Kocani river basin

o~

year

‘n =
N

Q =

year

g

O O Q

m o

°C 1.18
mm/year 820
314

0.46

km® 980

m’/year 1369 649
m/year . 2259920

mm/year 23
km 90
m ' 273
km 370
m’/year 1.65

In the Ko&ani-Stip river basin there is me-

dium mixed eros
terrain 1s flatlan
average annual t

on with coefficient Z = 0.60. The
d with abundant vegetation. The
empegature is 13.0 °C, the annual

precipitation amgunting to 620 mm/year, according

to data obtaineq
‘_ Institute of Mace
area of 890 km?

1 from the Hydrometeorological
donia. The river basin occupies an
and the length of the watershed is

60 km, with meap height variation between Kocani

and Stip of some
Table 4 shop

44 m (Table 4).
ws that the total production of river

drift in the river basin amounts to 5 333 684 m’/year,
and erosion of the relief of 0.59 mm/year. ‘

"Table 4

The Kocani-Stip river basin

s

year

3

5]

= ™

year

Q
g

x &~ O QO é:)

°C 1.24
mm/year 620
3.14
0.46
km? 890 -
m*/year 988 305
m/year 5333684
mm/year - 0.59
km 60
m 44
km 370
m’/year 0.54

The Kratovo-Zletovo area has a strong sur-
face erosion with coefficient Z = 0.80. The terrain
is mountainous and does not abound in vegetation.
The average annual temperature is 11.5 °C, the an-
nual precipitation amounting to 590° mm/year, ac-
cording to data obtained from the Hydrometeo-
rological Institute of Macedonia. The watershed
occupies an area of 880 km?®. The river basin is 40
km long with mean he1ght variation between the
Kratovo—Zletovo area (and the Kocani depression
where the basin joins the Bregalnica River)
amounts of some 631 m (Table 5).

_Table 5

The Kratovo — Zletovo River Basin

T o 1.17
Hyeor mm/year 590

T 3.14
z 071

F km? 880
Wyee ~— m/year 1354 280
Gy ~ mllyear 2261648
Grort. mm/year 2.60

0 km 40

D m 631

L km 370

R, m’/year 1.67

The Stip-Veles river basin is characterized by
poor surface erosion, the coefficient being
Z =0.24. The terrain is flatland with poor vegeta-
tion in which the Bregalnica winds intensively.
The average annual temperature is 12.9 °C and av-
erage annual precipitation about 570 mm/year ac-
cording to the Hydrometeorological Institute of

Macedonia. The river basin occupies an area of -

380 km’ the length of watershed being 60 km,
with mean height variation between Stip and Veles
of some 140 m (Table 6).

Table 6 shows that the total production of river
drift in the river basin amounts to 88 339 m *lyear,
and erosion of the relief of 0.23 mm/year.
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Table 6 efficient Z = 0.60. The terrain is mountainous with
poor vegetation grading in some places to flatland
of abundant vegetation. In the Stip-Véles basin the
T oC 1.23 Bregalnica possesses a specific geomorphologic
formation with poor vegetation intense winding.

The Stip-Veles river basin

Hys mm/year 570 ; .
e Y The watershed is 370 km long. Total|annual river
T 3.14 drift £Gye,, that is deposited from the Bregalnica
\/—3 0.11 into the Vardar and annual erosion G, Of the
Z ' terrain have an effect on the largest|river in the
F km? 380 country. The amount is given in Table 7.
Wyer ~ m’lyear 92 020 Table 7 shows that the total production of
Gy T 88 339 erosion detrltgs for the Bregglmca river bagm 18
10497 291 m’/year, and erosion of fhe relief of
Guort. mm/year 025 2.40 mm/year.
o km 60
D - 140 Table 7
L km 370 The Bregalnica river basin
3y
R“ m /ye‘lr 0-96 F. ZWyc;n' szcur Gmm‘i',
km? m*/year m*/year mm/year
The Bregalnica river basin occupies an area 4324 6271397 10497 291 2.40
of 4 324 km”. It is medium mixed erosion with co-

100%

Eye ali 19.15km ::‘

Fig. 2. The Bregalnica River — B, and Vardar River-V.
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3 eBOMYIja, HUBHHUTE CBOjCTB4
4 €O CBOjcTBaTa M hopMaTa Ha

€ eHa of noronemure PEKH H

MICHHOT PETHOH 10 TEKOT Ha q
HADaHHOT MaTepujan o u3Bopq

The Bregalnica River i$ one of the longest in
the country flowing though 4
n some geologic time it may
ole on the formation and de

 third of the territory.
perform a significant
nivelation of the area

pgy. Warsaw, 456 p.
8y, Belgrade. 306 p. (in

- Kpero Bnakes, Nemo Kapakaues,

T eoMopdorornjaTa Kako nopeGHa ucHunIMEa of
ForijaTa nma 3agaua fa maje jaceH ommc u Knacugu-
Wja na dopmara Ha OApenen penjecp. Toa smaun ga
PIA YTBPYBalhe Ha MEXaHU3MOT Ha npouecuTe Bo
HacTaHyBaaT pesjepHuTE opmu, 1a ru OJlpENY HHB-
M OJJHOCOT Ha chop-
KaprecTure Macu Bo
ce hopMupann TakBHTE penjepun dhopmu unn ¢op-
mn. OBoj Tpyx ro ondaka gendr op reomopdonoru-
Koja To pasa MaTEMaTHYKO-HU3NIKOTO npecmery-
° Ha epo3mjaTa Ha coWBOT Ha PeKkaTa Bperanumna,
. O HCTOYHHOT JieN Ha
ENOHHja, 32 la ce nobue 1I0jacHy CTMKa Ha eposujara
’ Baa peka, Kako o 3a
T IIa C& O BIMBOT Ha

CONCLUSION

it flows. The facts presented in the paper attest that
the river basin has a present day and future geo-

morphologic role.
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Pesume
;AOHPEIIEJIY BAILE HA H3HOCOT HA EPO3MJA BO CJII/IBOT HA PEKATA BPEFAJIHI/IHA

Topnop Hemmerpos, Bnatko Jomanopckn
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Toe fenyes 89, MK - 2000 UWiaua, Peiy6aura Maredonuja
kdeljo@rgf.ukim.edu.mk
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Knysnn 360posn: TeomMopgpnornya; penjedun topwmu; eposnja; ACTOHNMpakbe Ha MaTepHjan

pexara Bperanunma o pexata Bappap. Co opa ce JlaBa

JacHa CTIMKa Ha NpoMeHa Ha penjepot Bo fenemnHo BpeMe,

PaxToT, WTO cam no cebe 36opysa, feka pekarta
Bperanumua e eqna oy HOTOJIEMHATE PEKM BO HCTOUHHOT
Rien Ha MakenoHrja Kako no momxmnua TaKa ¥ 10 CBOETO
CIHBHO nofpavje, Koe 3adhaka PeYHCH ellHa TpeTHHa of
Teputopujata Ha Peny6auka Maxkegonnja, NPHIOHECYBa
BO JOTJIEHOTO reonolko Bpeme opaa PEKa Jla BpUM ro-
JIEMa y1nora Bps opmupamero n HEHUBENALHjaTa Ha
TCPEHOT HH3 KOj MUHYBa. Camure Opojku o 0Boj Tpyx
360pyBaar 3a Toa MI€KA OBaa peKa CO CBOCTO CITMBHO M0-
Aipayje BPIIK renepanna reomopdonomrka €BOJIyLIMja BO
PETHOHOT KaKo BO HajHOBO BpeMe Taka u Bo NOHaTamour-
HaTa €BONyUHja Ha TepeHoT.
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