
Jaroslav Hofierka*, Marcel Súri**

MODELLING SPATIAL AND TEMPORAL CHANGES OE 
SOIL WATER EROSION

Jarosluv Hoílcrka, Marcel Súri: Modciling spatíal and temporal changcs in soil walcr 
erosion. Geografický časopis, 1996, 3-4, 7 figs., I tal)., 32 reľs.
The papcľ prcsciils a dynamic approach in physically based soil walcľ erosion modclling in 
GIS Corning oul oť ihc unil siream power and physical ťicids theories. Dynamics tiť ihe 
phenomcnon is siudied in bolh shori-lerm and long-lcrm scales considering rclieí and 
Manning's súriace roughncss. Morphomciric paramclcrs {)ť reiieť are compuled of digital 
model oť reiieť and Manning’s súriace roughness coeťťicieni was derived oť visually 
inlcrprclcd aerial pholographs oť iwo conlrasi lime horizons (1955 and 1990). The method is 
lested on a small catchmeni selceted in Myjava hillyland.
Key words: soil water erosion modelling. geographic inťormation syslcms. aerial pholographs, 
Computer assisted visual inleiprelalion

INTRODUCTION
Soil water erosion depends on various nalural liactors and human activilies and ils 

inherenl feature is an enormous complexity. It is broadly accepted that changes in 
land usc during the last Ibur decades (collectivisation, enlargement oť agricultural 
plots, monoculturc production ctc.) háve lead to its acceleration and spatial incrcase.

At present questions oľ soil/land susceptihility to soil crosion/deposition and total 
efíect oť the process in hilly areas Ibr the period of past 40-50 ycars are diseussed. 
Diťferent research approaches háve heen applicd, c. g. complex pedo-gcomorphic
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research (Stankoviansky 1995), analysis of radioactive isotope Cs‘ '^’ (Lehotský et al. 
1993) or iTile-based modelling (Solín and Lehotský 1996). The broader overview oť 
the methods applied in soil erosion/protection research in Slovakia is available in the 
report by Čurlík et al. (1995). The geographic information systém (GIS) is an ap- 
propriatc tool for the problém analysis and modelling. It is quite obvious as it assu- 
mes the use of various data (vegetation, soil, relief, climatic data etc.) that can be 
effectively processed in GIS (see Placke et al. 1990, Mitášová et al. 1996, Pilesjô 
1992).

The Universal Soil Loss Equation (USLE model, Wischmeier and Smith 1978) is 
being frequcntly applied in agricultural pracúce but the application of this model 
vvithin a GIS is liiTÚted becausc of its properties. Eor example, the USLE model 
predicts only soil loss (not deposition) and therefore in the stage of computation the 
deposition areas mušt be a priori excluded. It is only one-dimensional, static empiri- 
cal model with limited possibilities for the analysis of thc phenomcnon dynamics. 
The physically based models consider subtle spatial and temporal changcs of contri- 
buting factors and are more appropriate for dynamic modelling.

The aim of the páper is to analyse changes of spatial and temporal distribution of 
.soil water crosion/deposition by application of the ERDEP model based on the physi­
cal fields and the unit stream power theories. Dynamics of the phenomcnon is studied 
at erosion event Icvcl with the implications for modelling longer time periods. Chan­
ges of spatial and temporal distribution of erosion/deposition duc to reliéf and land 
usc intcqiretcd Írom aerial photographs (time horizons 30. 5. 1955 íind 12. 7. 1990) 
are considered. The method is tested on the study area Kostolné located in agricultu­
ral landscape of thc Myjava Hillyland.

DYNAMIC APPROACH IN SOIL WATER EROSION MODELLING
Soil water erosion is very dynamic and spatial phenomcnon. Its dynamics stron- 

gly depends on relief geometry and súriace properties iníluencing overland llow. 
Other erosion components (e.g. soil infiltration characteristics, rainfall intensity) are 
also spatially and temporally variablc and háve strong impact on overland llow and 
water erosion process (Ogden and Julien 1993, Saghafian et al. 1995). But the assess- 
ment of these input model parameters requires statistically signilicant serics of costly 
precise lield measurements.

Some of the well-known water erosion models (c. g. WEPP, Flanagan and Nea- 
ring 1995) usc static approach deseribing a steady-state crosion/deposition eaused by 
overland llow in dynamic cquilibrium. Howcver, this situation is rather rarc in reál 
landscape due to relief configuration and/or land cover roughncss properties. Also 
the cquilibrium in overland llow on slopes vvithin a catchment is rcachcd at diíferent 
time. Therefore it is clear that exact soil water erosion modclling mušt be spatial iuid 
also dynamic in all its components.

Moore and Burch (1986a, 1986b) háve shown that Yang’s unit stream power 
theory (Yang 1973, see Moore and Burch 1986a, 1986b) can be used in sediment 
flux modelling for overland llow as well as in erosion/deposition modelling for less 
cohesive soils on slopes. It has becn shown that this approach in combination with 
the theory of physical llelds, GIS and remote sensing can providc valuable results^ťor 
evaluating water erosion/deposition rates in agricultural areas (Hofierka and Súri 
1995). This method was named thc ERDEP mcMel. In comparison to thc USLE, the 
ERDEP is a two-dimensional physically based model allowing dynamic water ero­
sion modelling.
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Moore and Burch (1986a, 1986b) háve shown thal the sediment flux per unitflow 
width at a given point on relief and given time qs can be expressed as:

9.V = ■ PY
[1]

where p is thc water density \kgm~^\, n is the Manning’s súriace roughness coeffi- 
cient, p and y are the physically based coefficients characterising properties of soil 
particles and llowing water, 6 is slope steepness at a given point, q is the water flux 
per unit llow width (spccillc water discharge)

This equation is principally the samé as generál sediment transport equation by 
Julien and Simons (1985). In the čase of erosion resistant soils thc equation [1] can 
bc multiplied by factor \-Pc/P where parameters P c and P are the critical unit 
stream power and unit stream power or the critical shear stress and shear stress, 
respectively.

Then the erosion or deposition rate E \kgm s j is computed as a divergence of 
2-dimensional dynainic vector field representing the spatial distribution of the sedi­
ment ílux per unit llow width 11 ];

q.s = q.s((wy) 0, [2]

E{{x,y),t) = diviqs) = Vejs t) q x dqx 

dx dy [3]

where .v, y are the cartesian horizontál coordinates and / is time. The similar result 
can bc obtained by computing thc net crosion/deposition rate as a directional deriva- 
tive of the scalar ficld representing intensity values of the sediment ílux per unit llow 
width in dircction of thc llow 111:

,,, , '^d.v ř)qx dc/x .
P(x,y) =-----=------cosa +------sina,

D s č)x r) y
|4|

where a is a dircction of the llow (approximatcd by anti-gradient dircction) [deg] and 
.s- is a .section of thc slope eurve. Tfie equation [4] is very close to the steady-state 
equation published by Moore (1993) which has becn derived as a directional deriva- 
tive of the sediment Ilux.

The cumulativc effect of crosion/deposition process Eh [mass/area/time] is ex­
pressed by the integrál:

Jk
Eh = ] E ((x,y), t) dl. [5]

where E[{x,y),t] is spatially and temporarily variable erosion/deposition rate 
\kgm~^s~']. In practice, the integrál is solved as a sum of erosion/deposition rates at 
time horizons with appropriate time step A t.

The spccillc water Ílux (specific water discharge) is approximatcd by product of
—9 — I•specitic contributing area Ax [m m ] and rainfall excess i [ms ]. The equation |3]
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models a simplified steady-slale water erosion/deposition and predicts erosion/depo­
sition rates near the equilibrium in overland llow. However, this situation is often 
rare in landscape and depends strongly on relief configuration, rainfall excess and 
land use. During an obvious rainfall event with erosion/deposition impact it occurs 
especially on upper parts of catchments with bare soils (see fig. 2).

The Saint-Venant differential equations deseribing overland llow háve the follo- 
wing 2D form (Saghafian et al. 1995):

dh
dt

^ d q y 
dx dy [6J

where h is the surface flow depth [m\, qx, qy are the specific water discharge in the x 
and y directions, respectively, i is the rainfall excess, t is time.

The diffusive wave approximation of the momentům equation in the .r dircction, 
for example, is

5/,= 5„,-
dx’ [7]

where Sf^ is the friction slope and is the bed slope.
Analytical solution for these equations is not known. Therefore, a numerical 

approximation of their solution is required. For example, Saghafian (1993) has im- 
plemented a 2D diffusive wave approximation of the equations as r.hydro.CASC2D 
command in GRASS GIS using a finite differcnce method. Mitáš et al. (1996) háve 
presented a stochastic approach using Monte Carlo method for a steady-state situa­
tion.

The simplified version of the ERDEP model callcd ihe index of topograpliic 
potential for erosion and deposition (Mitášová et al. 1996) considers only the infiu- 
ence of relief and models a sediment transportation capacity of overland llow. Its 
relation to the ES factor of the USLE model (Moore and Wilson 1992) is known. The 
results of the topographic potential are very close to the ERDEP model in areas with 
transportation limited čase of erosion and minimum spatial change in land cover/land 
use and soil properties (Hofierka and Súri 1995).

REMOTE SENSING EOR SOIL WATER EROSION IDENTIFICATION
AND MODELLING

The broad spectmm of visual and digital interpretation techniques of rernote 
sensing data is applied in erosion studies at various scales as summarised by .Súri 
(1996).

Aerospace data are often used for direct identifieation of eroded areas on unvege- 
tated soils as they allow to detcmiinc soil properties that can dircctiy indicate shcet 
erosion (Irons et al. 1989). These are mostly changcs in humus and water content, 
minerál composition and soil structurc (Mulders 1987). In visible wavclengths of 
electromagnetic radiation these appear as changes of soil surface colour (Eseadafal 
1993). Dramatic changes in vegetation cover can be also used as an indirect indicator 
of sheet erosion (Price 1993). Linear erosion forms can be identified using prevailin- 
gly large scale aerial photographs (Alam and Harris 1987) and occasionally - for 
larger forms - also SPOŤ data (Boceo et al. 1990).
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Aerospace data are also used to derive inpul parameters into erosion models as 
they can be effectively integrated and analysed in GIS. The most prevalent applica- 
tions are focused to the assessment of actual land cover/land use factors (e.g. see 
Lanlieri et al. 1990, Pilesjô 1992, Hofierka and Súri 1995).

The aerial photographs are valuable source of information for erosion modelling 
in large scale studies. They provide information on actual state of landscape in 
required time horizons. Visual interpretation - alternatively supported by digital ima- 
ge Processing - is a generally applied methodical approach based on the understan- 
ding of the state of landscape components, their mutual links, posilion and the way of 
their interaction with electromagnetic radiation. Landscape objects are represented on 
photographs by intcipretation features that are considered at thc identifieation of 
physiognomic patterns of land cover (Feranec and Olaheľ 1984, Feranec and Oťaheľ 
1993). Adding funetional properties and thc method of realisation of the material- 
physiognomic forms of land cover it can be said about the land utilisation or land 
use. With regard to the soil erosion models thc interpreted information on land 
cover/land use can bc used Ibr the assessment of surface roughness, vegetation and 
soil surface properties as well as for the analysis and implementation of landscape 
spatial structure and overland flow harriers.

Myjava Hillyland

Fig. 1. Position of Ihc sliidy area.

APPLICATION TO MYJAVA HILLYLAND STUDY AREA
To test the approach of the ERDEP 

* dynamic modelling, a small catchment
(1.69 km^) in the Myjava Hillyland 
(West Slovakia) was sclccted. A pre- 
dominant part of the catchment is cha­
racteristic by a typical hillyland relief, 
the uppermost part shows plateau-likc 
subupland character. The smoothly 
shaped relief with clcvation 230 to 
372 metres is disturbed only by prc- 
scncc of gullics and ravins, concentra- 
ted in some areas. The catchment is 
typical for fmger-likc convergencc of 
dclls and dell-like valleys and is wit- 
hout any permanent water course. Due 

to low resistancc of parent rocks (sandstones and claystones), considerable thiekness 
of regolith, as well as the character of land usc it was strongly affccted by soil 
erosion. Two soil units are reeognised in thc study area - the uppermost part is 
covered by typical Dystric Planosols, the rest of the catchment by Stagno-gleyic 
Luvisols with deposition forms in delí parts.

Various factors influence water erosion íind deposition. In this study only two of 
them were considered - relief and Manning ’s surface roughness coefftcient.

Digital model of relief (5 metres raster resolution) was computed in GRASS GIS 
using s.surf2d command Írom digitised contour lines at scale 1:10 000. The follo- 
wing morphometric characteristics of relief controlling overland llow were computed 
- slope steepness, aspect, profile and tangential eurvatures and specific upslope con­
tributing areas. On Fig. 2 the slope steepness and the estimation of time to equilib­
rium in overland llow (assuming bare soil) are presented. Using thc estimation oť the 
time to equilibrium in overland llow for the whole catchment we can predict a
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hydrologie behaviour oť different areas wilhin it. This is very important vvhen apply- 
ing steady-state water erosion models. The expression has the í'ollowing simplified 
form (Saghafian et al. 1995):

le =
0.6 ,0.6 n L

n.4^).3 ’ 18]

where te is the time to equilibrium in overland flow [ser], n is the Manning’s surface
roughness coefftcient, l is thc ílowpath length [m], i is the rainfall excess 
S = sin(0) where 9 is the slope steepness.

The spatial distribution of water depth of overland flow nceded for the specific 
water discharge q was computed using r.hydro.CASC2D command (Saghafian 1993). 
As the climatic and pedologie data (conceming especially rainfall intensity and infil­
tration rates) had not been available the r.hydro.CASClD command was applied with 
constant rainfall excess i set to 10 mm/hr for 15 minutes overland llow with a lime 
step 1 second used in approximation. Soil parameters p and y had been set ad hoc as 
constants for the whole catchment to 1.3 and 5.0 respectively. Then the specific 
water discharge q was computed using r.mapcalc command (GRASS 4.1 Reference 
Manual) and depth-di.scharge rclationship;

i , ■ Q.O.-S, 1.67 q = —(sin0) h , n [9]

where h is the water depth \m]. Tlie ERDEP model |3j was computed by shellscript- 
ing using r.mapcalc and r.deriv commands in GRASS GIS.

The llrst exžimple demonslrales only the inlluence of relief on spatial and tempo­
ral distribution of erosion/deposition. Tlie spatial changes in land usc and soil surface 
properties were neglected. An erosion event was modelled with a time step 1 second, 
starting from 0 to 14th minule. The 14th minule stage is close to the dynamic 
equilibrium in overland llow and the resulting pattern is similar to the spatial distri­
bution of topographic potential for erosion and deposition of the study area. For 
bcllcr understanding the erosion/deposition rates are presented on the profile 1 (Fig. 
3 and 7a) positioncd in soulh-westem part oť thc catchment. The figúre shows gro- 
wing crosion/deposition rates with crosion/deposition boundary moving downslope. 
The difference bctwecn lOth and 14th minuté is very low as the overland llow is 
close to equilibrium (the profile is located close to the catchment divide). The lower 
parts of the profile are overloaded by water al that time and overland flow changes to 
stream llow temporarily. Therefore the incrcase of compuled erosion intensity is 
rather overestimalcd. These parts oť thc catchment should bc modelled separately 
using models for stream flow in channels.

The next example documents the influence of the Manning’s surface roughness 
parameter on erosion/deposition. This parameter indicates soil surface properties and 
land cover/land use. The changes of soil properties for the study area were neglected 
and we háve focused on the laller parameter. The aerial photographs dcpicting two 
contrast time horizons (30. 5. 1955 and 12. 7. 1990) were selected. Based on compu- 
teraided visual interpretation in Topol GIS the land use classes (Fig. 4, Tab. 1) were 
derived. For the studied catchment these classes rcflecl the most relevant difťerences 
in land use that strongly control spatial and temporal distribution of erosion and 
deposition. To consider the distinet changes of inlluence of arablc land management
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Fig. 2. Slope steepness and time to cquilibrium in overland flovv.
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Fig. 3. Influence oť relicť on changes of spatial and temporal distribution of erosion and deposition 
during one erosion event (5th and 14lh minuté).
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on walcr erosion, ihc class ’small-size plots of arablc land’ was dividcd based on 
orientalion oť lbe plols in relation to the direction oť slope lines. Inteipretcd land use 
polygons were converled to raster formát in GRASS GIS and rcclassified to the 
values oť Manning’s surface roughness coelTicienl (Tab. 1) empirically assessed 
based on values published in Yoiing et al. (1987). From thc point oť view oť barricr 
eťťecl oť the land use classes, the asphalt road (with parallel dilches and ramparts 
vcgelalcd by shrubs) as well as the buill arcas can be considered as ideál barriers ťor 
overland llow.

Tab, 1. A.sse.ssment oť Manning’s .siirľacc roughne.ss coefficient IVom land use ciasses

1. Large-size plots of arable land 0.03.5
2. Medium-size plots ot arable land 0.035
3. Small-size plots oť arable land with ťurrows and terraces - in the direction oť slope line 0.030
4. Small-size plots oť arable land with ťurrows and terraces -

pcrpcndicuiar to the direction oť slope line 0.100
5. Small-size plots oť arable land with ťurrows and terraces -

diagonál to the direction oť slope line 0.300
6. Cultivaled grassiand area 0.080
7. Natural grassiand with petches of shrubs and wood 0.300
8. Forest, compael patches of wood 0.500
9. Orchards 0.020

10. Buill area 1.000
11. Asphalt road 1.000

Thus results oť the dynamic modelling on Fig. 5 present shorl term chíinges oť 
spatial and temporal distrihution of erosion/deposition for one model erosion event 
considering only relicť and land usc ťor the .30. 5. 1955 time horizon. The qtianlitali- 
vc deseription oť the eťťccls oť radical change in land usc to erosion/deposition 
distribution are documenled on the second profile (Fig. 7 b). The figuře shows lhal 
thc infiucnce oť land use is very dominant. Almost all parts oť thc profile are ťar ťrom 
thc slcady stale during thc vvhole erosion event. The intensity of thc crosion/deposi- 
lion process is continually rising. The most exposed parts are arable arcas on convex 
parls oť thc profile and grasslands on thc steepesl slopes (aboul 20 degrecs). Thcrc 
are visible shaip boundaries between ťoresl íuid arablc land or grasslands with slrong 
deposition strips. The intensity oťthis deposition depends also on convcxity/concavi- 
ty oť reliéf. For example the boundary at 400 metres distance (in horizontál direction) 
is associalcd with a rapid change in slope steepness (ťrom 20-21 deg. to 10-15 deg.) 
and therefore the deposition is very high. The high values at the end oť the profile are 
infiuenced by slrcam llow-likc waler process. This part oť thc profile is in local 
valley vvith a lemporai7 stream llow similarly to the situation deseribed in the First 
example.

Tlie samc approach was applied for the 12.7.1990 lime horizon.
The finál cumulativc nel erosion/deposition cťfcct ťor one possible erosion event 

(thc resulting erosion/deposition balance) for the given two time horizons was oblai- 
ned integrating the nel erosion/deposition rales oť thc erosion event over lime (15 
miniitcs) |5]. The results (Fig. 6 and 7c) documenl that changes oť land usc (joining 
and compaction of arable land plots, climinalion of overland tlow barriers) which are



Fig. 4. Land usc visually interpreted ťrom aerial photographs.
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Erosion/deposition rates [gm’ 
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Fig. 5. Inniience oF relief and land use for 30. 5. 1933 lime horizon on spatial and temporal distribii- 
tion of erosion and deposition during one erosion event (3th and 13th minuté).

erosion event [kgrrf
deposition stability

< -0.3

profile 3 
land use

contour lines

Fig. 6. The finál cumulative net erosion/deposition effcct ťor one possible 15 minuté erosion event 
for two time horizons 30. 3. 1935 and 12. 7. 1990.
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Fig. 7. Erosion/deposition rates for the three selected profiles:
a) three stages of one erosion event (only relief considered),
b) three stages of one erosion event (considered relief and land use in 30. 5. 19.55),
c) the finál cumulative net erosion/deposition effect for one possible 15 minuté erosion 

event for two time horizons 30. 5. 1955 and 12. 7. 1990,



266

evidcnl Ibr the two studied time horizons cotild háve basically accelcrating effect on 
water erosion process, námely in areas with lower surťacc roughness and longer 
overland llow zones. On the other hand, some parts oť the catchment were albrested 
affer year 1955 and hence showing improved stability in 1990.

Longer time periods (c. g. years) can bc modelled providing thc neccssaiy para- 
meters for all erosion cvents during the period under consideration are available. 
Techniques of digital image interpretation can provide much deeper analysis of sub­
tle temporal and spatial changcs of model input parameters as documented e. g. in 
Šúri and Lehotský (1995) and Hofierka and Súri (1995). When assuming mid-term 
changes (e. g. weeks and months over one year), the scasonal variability of surface 
roughness (soil properties and land cover/land usc), as well as the variability in 
rainfall excess should be considered. The cumulative effect of the erosion events 
over years, based on the senes oť remote sensing data, mcteorological and field 
measurements, is a good assumption for the assessment of long-tenn changes of 
erosion/deposition pattern.

CONCLUSION
Soil water erosion is a very dynamic phenomcnon. This fact should be also 

rellected in modclling techniques. The presented method - ERDEP model - is an 
example of the possible Solutions. Dynamic modelling at the level of erosion event is 
basis allowing to model thc changes in spatial distribution of crosion/deposition 
pattern and based on this also to model more prccisely thc mid-term changes (during 
one year) and long-lcrm changcs (over dccadcs) of erosion/deposition cffeets. Remo­
te sensing dala are valuable source ol information tbal can bc ušed to assess spatial 
and temporal changcs of the parameters inffuencing erosion/deposition process.

In the ncxl slagc thc ERDEP modelling approach will bc tested with assessments 
based on field measurements and mapping.

NOTE
The full-colour figurcs and graphs used in this study can bc rclricvcd in from 

internet localion bltp://savba.savba.sk/~geogsuri/gc 96/model.hlm.
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Jaroslav Hofierka, Marcel S ú r i

MODELOVANIE PRIESTOROVÝCH A ČASOVÝCH ZMIEN VODNEJ
ERÓZIE PÔDY

Vodná erózia pôdy Je veľmi komplexný fenomén, ktorý závisí od mnohých prírodných, ako aj 
človekom podmienených faktorov. Pôsobí v priestore, pričom Jeho výraznou vlastnosťou Je veľká 
dynamika počas eróznej udalosti a pôsobenie v dlhších časových obdobiach. Prístupy 
reprezentované napríklad modelmi USLE a WEPP majú isté obmedzenia a nedostatočne rešpektujú 
priestorovosť a dynamiku Javu.

V príspevku Je prezentovaný priestorový, dynamický prístup v modelovaní vodnej erózie pôdy, 
ktorého podstata spočíva v kombinácii teórie jednotkovej sily toku a teórie fyzikálnych polí. Táto 
metóda bola nazvaná model ERDEP (Hofierka a Šúri 199.5). Metódy diaľkového prieskumu Zeme 
majú významné miesto Jednak v procese identifikácie erodovaných pôd a Jednak pri odhade 
vstupných parametrov potrebných pre existujúce modely vodnej erózie pôdy.

Tento prístup v modelovaní vodnej erózie pôdy bol aplikovaný na vybranom povodí v okolí 
obce Kostolné v Myjavskej pahorkatine. Povodie Je postihnuté eróziou pôdy, akcelerovanou najmä 
spôsobom využitia krajiny. Z celkového súboru parametrov vstupujúcich do procesu vodnej erózie 
sme sa sústredili iba na analýzu vplyvu reliéfu a využitia krajiny. Ostatné parametre v modeli boli 
konštantné. Zo zdigitalizovaných vrstevníc bol v prostredí GIS-u GRASS vytvorený digitálny 
model reliéfu, ktorého súčasťou Je súbor morfometrických parametrov - sklon, orientácia, krivosti, 
špecifické prispievajúce plochy. Na zachytenie zmien využitia krajiny v dlhšom časovom období 
boli použité letecké snímky z rokov 195.5 a 1990. Vizuálnou interpretáciou v prostredí softvéru 
Topol boli vyčlenené triedy využitia krajiny, na základe ktorých sme odvodili hodnotu fyzikálneho 
parametra - Manningovho koeficientu n - charakterizujúceho drsnosť povrchu. Tieto vstupné údaje 
boli použité v aplikácii modelu ERDEP v prostredí GlS-ii GRASS. V troch etapách bola 
modelovaná dynamika procesov vodnej erózie pôdy pre teoretickú eróznu udalosť v celkovej dĺžke 
trvania 15 minút s časovým krokom 1 sekunda. V prvej etape srne zo vstupných údajov využili iba 
digitálny model reliéfu a sústredili sme sa len na analýzu vplyvu reliéfu na priestorové a časové 
zmeny vodnej erózie. V druhej etape sme okrem reliéfu uvažovali aj vplyv využitia krajiny 
prostredníctvom Manningovho koeficientu drsnosti povrchu n. Cieľom tretej etapy, v rámci ktorej 
sme uvažovali oba už spomínané parametre, bolo analyzovať celkový výsledný efekt po ukončení 
15 minútovej eróznej udalosti.

Výsledky ukazujú, že v rámci jednej eróznej udalosti dynamika Javu spôsobuje zmeny v 
priestorovom rozložení zón erózie a akumulácie a takisto sa mení intenzita týchto procesov. Táto
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dynamika na úrovni eróznej události vyplýva z geometrie reliéfu, ako aj vlastností krajinnej 
pokrývky a spôsobu jej využitia. Z toho vyplýva, že aj pri modelovaní výsledných efektov vodnej 
erózie pôdy za dlhšie časové obdobie je potrebné vychádzať z postihnutia dynamiky tohto javu na 
úrovni jednotlivých eróznych udalostí a ich efekty integrovať za celé skúmané obdobie.

Obr. 1. Poloha študovaného územia.

Obr. 2. Sklon reliéfu a čas potrebný na dosiahnutie rovnovážneho stavu v povrchovom toku.

Obr. 3. Vplyv reliéfu na zmeny priestorového a časového rozloženia erózie a akumulácie pre jednu 
eróznu udalosť (5. a 14. minúta).

Obr. 4. Využitie krajiny interpretované z leteckých snímok.

Obr. 5. Vplyv reliéfu a využitia krajiny pre 30. 5. 1955 na priestorové a časové rozloženie erózie a 
akumulácie počas jednej eróznej udalosti (5. a 15. minúta).

Obr. 6. Výsledný kumulatívny erózno-akumulačný efekt pre jednu modelovú 15-minútovú eróznu 
udalosť pre časové horizonty 30. 5. 1955 a 12. 7. 1990.

Obr. 7. Intenzita erózie a akumulácie pre 3 vybrané profily: a) 3 stavy eróznej udalosti (uvažuje sa 
len vplyv reliéfu), b) 3 stavy eróznej udalosti (uvažuje sa reliéf a využitie krajiny pre 
časový horizont 30. 5. 1955), c) výsledný kumulatívny erózno-akumulačný efekt počas 
eróznej udalosti pre dva časové horizonty - 30. 5. 1955 a 12. 7. 1990.

Tab. 1. Odhad Manningovho koeficientu drsnosti povrchu z tried využitia krajiny.


