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Abstract — To implement the analysis of soil erosion witle tUSLE in a GIS environment, a new
workflow has been developed with the ArcGIS Modall@er. The aim of this four-part framework is
to accelerate data processing and to ensure cobilggraf soil erosion risk maps. The first submbde
generates the stream network with connected catttsimeomputes slope conditions and the LS factor
in USLE based on the DEM. The second submodel riateg stream lines, roads, catchment
boundaries, land cover, land use, and soil maps. ddmbined dataset is the basis for the preparatio
of other USLE-factors. The third submodel estimages loss, and creates zonal statistics of soil
erosion. The fourth submodel classifies soil lods categories enabling the comparison of modelled
and observed soil erosion. The framework was apphea small forested catchment in Hungary.
Although there is significant deviation between #resion of different land covers, the predicted
specific soil loss does not increase above theaote limit in any area unit. The predicted surfeaié
erosion in forest subcompartments mostly dependl@slope conditions.

GIS / forest cover / erosion modelling

Kivonat — Talajer6ziés elemzések egy efidult kisvizgyijt 6n az ArcGIS Model Builder segitseé-
gével. A tanulmany egy Uj munkafolyamatot mutat be, amatyAltalanos Talajvesztési Egyenlet
(USLE) térinformatikai kdrnyezetben vald alkalma#dsdonnyiti meg. Az ArcGIS Model Builder-ben
létrehozott négyrészes keretrendszer meggyorstgdatfeldolgozast és biztositja a talajer6zios tér
képek dsszehasonlithatdsagat. A% et@dul — a digitalis domborzatmodailtkiindulva — eballitjia a
lefolyashaldzatot és a kapcsolédé vidiggket, megadja a ldjadottsagokat és az USLE LS faktorat.
A masodik modul egyesiti a lefolyashélézatot, akat, a vizgijtéhatart, a felszinboritést, a terulet-
hasznélatot és a talajtérképet tartalmazé vekidétegeket. Ez az egyesitett adatbazis az alapjaba t
USLE-ténye?d elokészitésének. A harmadik modul kiszdmolja a tatgteséget, és terlleti statiszti-
kakat képez a talajer6zibhoz tablazatos és téfieépiaban. A negyedik modul vektoros talajveszte-
seégi térképeket konvertal, ahol az egyes poligamekegyeznek az egyes talajveszteségi osztalyok-
kal. igy lehetvé valik a modellezett és a terepen felmért tadajérosszehasonlitasa. A keretrendszert
egy hazai erésilt kisvizgyijton alkalmaztuk. Habar jelefg eltérést tapasztaltunk a kulénbdalaj-
boritasu terlletek erézidja kdzott, a megengedédjvieszteségi értéket egyik tertleti egységben sem
haladta meg a modellezett feliileti talajpusztulsvizsgalati teriileten — az egyes &mszleteket
tekintve — a fellleti talajpusztulast [égEpp a domborzati adottsagok befolyasoltak.

GIS / erdéboritas / er6zibmodellezés
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1 INTRODUCTION

Water-driven erosion is a natural process whichesponsible for landscape degradation.
Forest vegetation generally is good for soil protec however, human disturbances may
accelerate erosion on territories with high reéiaeérgy. Climate change (e.g. including more
intensive storms) is also responsible for soil lim$ésnsification. Several studies discuss how
forestry activities (Surfleet — Ziemer 1996, Lisl®@98) and land use change influence the
sediment transport (Sorriso — Valvo et al. 1995rc@@a— Ruiz et al. 2008). Removing trees

reduces evapotranspiration and rainfall interceptieading to increased surface runoff.

Furthermore without vegetation, soils become vhkr to surface erosion. Uprooting and

road cuts may decrease slope stability and causs mavement erosion. Heavy equipment
can compact soils during roadwork, log skiddingastauction. Roads and landings decrease
infiltration, increase and concentrate overlanavfl@inear structures alter drainage paths and
redirect water to more erodible areas. The constru®f stream crossings and roads are a
major source of erosion in forested catchmentstoldlee low permeability of the road surface

(Lewis 1998, Chang 2006).

Soil loss leads to a decrease of the water holdegggcity, nutrient availability and
organic matter content and to a reduction in theralV fertility of arable lands. Siltation of
streams and lakes is another consequence of ssibar Diminishing reservoir capacity and
flow cross-section of channels may cause a higbedfrisk. Aquatic habitats may change if
the channel morphology changes (Shen — Julien 1888jon et al. 2004, Gomi et al. 2005,
Chang 2006). The eroded and then suspended sedinwatses turbidity, reducing the
visibility distance in the water body, and the dejpt which photosynthesis takes place.
Suspended sediment can directly damage fish glimjnish drinking water quality and
impair irrigation systems (Lewis 1998, Gomi et2005).

1.1 Goals and motivations for the study

The need for multi-institutional collaboration matied the development of thiamework
The soil erosion risk of forested catchments in ¢y is being researched by the Hungarian
Forest Research Institute in the Matra Mountain&n{@® 1959, Ujvari 1981), and by the
University of West Hungary in the Sopron Hills (Kaca — R4cz 1988, Gribovszki 2000,
Gribovszki — Kalicz 2003, Cséfordi et al. 2010, fosdi 2010). Several studies from Leibniz
University of Hannover have analysed the effects sofl conservation activities on
agricultural plots in Lower Saxony, Germany (Mosimaet al. 2004, Sanders 2007, Bug
2011). A comparative study concerning potential soil erosstimation with the USLE is
planned in cooperation with the University of Hameo The scopes of the study are
» to develop a workflow in the ArcGIS Model Buildethigh predicts soil erosion with
the Universal Soil Loss Equation (USLE) in a unifioway, creates a similar type of
zonal statistics based on potential soil loss,@rdpares the results of different study
areas. This framework can be a new tool which sfrapland accelerates the soil
erosion prediction for different land use practjdesd cover, and rainfall scenarios
related to expected climate change;
» to model the potential surface erosion in the Faidiéch (Sopron Hills);
» to reveal USLE-factors, which significantly influs: surface erosion in the study
catchment, using correlation analysis.
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1.2 Spatially distributed physical soil erosion modelsind the USLE

Many models have been developed to predict aredsatle susceptible to water erosion, to
predict soil loss, and to evaluate soil erosiontadrpractices. Physically based models like
WEPP (Nearing et al. 1989), EROSION-3D (von Werh@95), or LISEM (De Roo et al.
1996) take the spatial variability of land use dmnydirological processes into account and
estimate soil loss based on physical laws on arsvetd scale. However they often can not be
used because of extensive data requirements. Migny parameters require further calibration,
complex laboratory analysis or expensive field datigection (Ma 2001, Beskow et al. 2009).
Lack of data may lead to unrealistic predictionist{koglu — Harmancioglu 2002).

In contrast to physically based models, Martin le{(2003) note that empirical models
such as the USLE require less site specific ddtaréiore the USLE is more widely applied
for predicting of soil losses and for planning smiinservation measurements, especially in
developing countries (Jain — Kothyari 2000, Lu le2804, Onyando et al. 2005, Erdogan et
al. 2007, Pandey et al. 2007). The USLE is an eogbiequation originally developed by
Wischmeier — Smith (1978) in the USA, where therage specific soil loss pro unit area can
be computed by multiplying the following six facsor

A=R-K-L-S-C-P (1)

In Eg. (1) A is the mean annual soil loss (f'ha'); R is the rainfall-runoff erosivity
(kJ-m*mm-h"), which represents the erosion potential of Igcalkpected rainfalls on
cultivated soil without vegetation cove. is the soil erodibility (t-H&n?-kJ*-h-mnit). It
shows the rate of soil loss per unit of rainfall fospecific soil for a clean-tilled fallovi is
the length of the slope (dimensionless), the ratsot loss compared to the soil loss from a
slope 22.13 m longS represents the slope steepness (dimensionlessyath of soil loss
compared to the soil loss of a slope with a 9%imation. C is the cover-management
(dimensionless), which shows the influence of @aint contrast to bare fallowR is the
erosion-control practice (dimensionless). Contrahctices are usually contours, strip
cropping or terraces (Centeri 2001, Amore et aD420 The calculated soil loss can be
compared to the tolerable soil loss. The toleradu# loss is the maximum level of soil
erosion that still allows a high level of crop puetivity over the years (Stone — Hilborn
2000, Severin et al. 2003).

Many authors have discussed the applicability & WSLE in different study areas.
Originally, the USLE allows the long term predictiof soil loss only for standardised
agricultural plots (Wischmeier — Smith 1978, Schweamn et al. 1987). The adaptation of the
equation to a wider scale and to different landsusach as forests, is not recommended by
Wischmeyer — Smith (1978). However, several oth#hars have proven that the USLE is
capable of estimating soil loss on a wider scahn(3 Kothyari 2000, Onyando et al. 2005,
Khosrowpanah et al. 2007, Beskow et al. 2009). R&885) has suggested factor values for
the USLE adaptation in forest lands of Hungary.t&dr et al. (2002) have applied the
empirical equation to determine the most erosiorsisige areas in a rangeland with complex
topography and varied land uses such as grazingralitdry activities.A major problem is
the value of the predicted soil loss. It can exdbedactual values by one order of magnitude
in forested areas. Because the soil distributiomastly irregular and surface runoff is often
prevented by organic debris (such as logs, twigg] aometimes leaves), the USLE
overestimates the soil loss (Risse et al. 19933. USLE was developed for the prediction of
sheet and rill erosion. However the results showseparate values for rill and inter-rill
erosion, but overall soil loss only. The USLE isaahot feasible for estimating the amount of
deposition, and for calculation of sediment yietdnfi gully, streambed and streambank
erosion (Wischmeier — Smith 1978, Fistikoglu — Haneioglu 2002, Andersson 2010). The
equation was primarily designed for calculatinggdaerm average annual rates of erosion
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(Stone — Hilborn 2000, Beskow et al. 2009). Ithsrefore necessary to develop techniques
to estimate soil loss for individual storm eveniaif — Kothyari 2000). Andersson (2010)
cites that interactions between USLE-factors atdaken into account.

1.3 Soil erosion models and Geographical Information Sstems

Soil erosion risk differs spatially because of hegeneous topography, geology,
geomorphology, soil types, land cover, and land. @eographical Information Systems
(GIS) are able to handle these spatially variabla @asily and efficiently. The estimation of
soil erosion with GIS techniques reduces costsiaupdoves accuracy (Ma 2001, Erdogan et
al. 2007, Khosrowpanah et al. 2007). State-of-tté&# provides the necessary mapping and
interpolation methods to create a database, whcludes all input datasets for erosion
modelling. The resolution should reflect the spatariation of the hydrological and erosion
processes (Fistikoglu — Harmancioglu 2002, Beskbwl.e2009). Decreasing cell size and
increasing scale requires a large amount of datadourate prediction. GIS is therefore most
appropriate for the management of a huge amourtatd. It reduces time and costs for
accessing and handling a database (De Roo — J&8). De Roo et al. (1996), Fistikoglu —
Harmancioglu (2002), Khosrowpanah et al. (20073 Bandey et al. (2007) describe even
more advantages of GIS, such as the productiommiptex input maps and the combination
of sail, land use and land cover information. WEIS techniques, the calculation of soil loss
rates for alternative land management scenaricsnhes easier.

The required data for the prediction of soil losair(fall erosivity, soil data, digital
elevation model and land use) has to be conventeda GIS-format in order to implement
the USLE in GIS. Different authors have used GlSedoktechniques to model USLE-factors
for predicting soil loss for larger watersheds omral cell basis (Erdogan et al. 2007,
Andersson 2010). According to Martin et al. (2008)combined USLE/GIS approach is
able to identify discrete locations with preciseatigl boundaries with a high erosion
potential. Beskow et al. (2009) validate that tleenbined USLE/GIS technique shows an
acceptable accuracy and allows mapping of the raosteptible areas. The studies by
Onyando et al. (2005) and Erdogan et al. (2007jredict this. The upscaling of the USLE-
applications from plots to large watersheds is tiahi depending on the reliability and
availability of direct field measurements. As Rsglu — Harmancioglu (2002) cite, the
results of erosion risk assessment are more plieufib small grid sizes and smaller areas.
Therefore larger watersheds must be analysed abasibs. A comprehensive USLE/GIS
application was accomplished in Balaton ProjecHimgary, where Kertész et al. (1992,
1997) have divided the Orvényesi watershed intottgres” which are “inclined parts of the
relief with an unconcentrated runoff in more orsléise same direction” (Kertész et al. 1997
p. 22). This technique makes it possible to analliggempact of unconcentrated runoff and
to model soil erosion in a larger catchment at gpbkd scale or in slope segments.

The combined USLE/GIS approach is also limited &gheinput factor. Auerswald (1987)
states that the calculated soil loss is highly iseago the slope. Modern GIS-based procedures
support the calculation of other USLE-factors a$f. Wéany studies applied remote sensing data
to develop values for th€ andP factors, to classify land cover categories and lase units
(Ma et al. 2003, Beskow et al. 2009). These stuthedrm that the original spatial limitations of
the USLE can be avoided by using remote sensirmgatat GIS. Markus — Wojtaszek (1993a,b)
have conducted the USLE calculation in an Arcinfvimnment and compared the density
differences of aerial photographs and satelliteggsawith the erosion sensitive areas. The results
prove that remote sensing is a suitable methoti¢okcthe modelled soil erosion categories and
to follow the actual stage of the erosion procesBls integration of GIS-based techniques into
the USLE is useful to describe areas that are ralihe to soil erosion, enabling immediate
conservation planning (Lee 2004, Beskow et al. 2009
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2 MATERIAL AND METHODS

The GlSframeworkwhich is introduced in this paper helps prediacfaze soil erosion. It has
been developed for a forested catchment (FarkashD@.6 krf) in the Sopron Hills. Soil
erosion occurs here on cutting areas and unpavexstfeoads. Landslides, streambank,
streambed and gully erosion are also observeceisttidy area.

The framework combines the pre-processing of digital data arfigzréint geoprocessing
tools in the ArcGIS/ArcMap 9.3 environment to geaterthe required factors to predict soll
erosion. In the Farkas Ditch, the input data cessifa 5x5 m raster resolution DEM (FOMI,
DDM-5), a 1:10000 scale digital topographic map MAQODTA-10), aerial photographs
(FOMI, “Aerial Measurement of Hungary 2008”; resiadn 0.5 m), forest management plans
(AESZ 1994, 2004), a soil map based on the anabfsi®il samples from the Farkas Ditch,
and a survey of the eroded areas. The DEM is tpeatifor modelling the catchment
boundary, the stream network, and t&factor. A specific threshold is needed to model th
stream network. A grid cell is considered to béhammel if the catchment above the point is
greater than the specific threshold (Jain — Kothg2800). Land cover types, land use units,
and roads of the catchment were digitalised on khsis of topographic maps, forest
management plans, and aerial photographs.

2.1 Factors of the USLE

Land units in the vector layers such as land caret land use maps provide the spatial
distribution of the six USLE factors. To integratke USLE in an ArcGIS/ArcMap
environment, each factor must be available as adlie raster layer. Therefore vector
datasets must be converted into a grid format thighsame raster resolution as the DEM. The
USLE-calculation is a raster-based function, wieeemodel multiplies the unique value of
each spatially corresponding grid cell in the $igrhatic raster layers based on Hwg (1)
The model output is the average annual soil losgléAsson 2010). The factor in this study
is determined on the basis of rainfall data recdridethe 2008—-2009 hydrological year in the
Hidegviz Valley rain gauge station (Sopron HillBheK factor is estimated using a dataset of
grain size analysis, water content measurement,oaganic substance analysis of 25 soil
samples collected from the upper 50 cm of thelagér in the Farkas Ditch. THe factor is
derived from the literature according to Ma (208&yl US EPA (2009). Recommendations by
Racz (1985) based on the tree harvesting and ptatgchniques were applied to define the
P factor. TheC andP factors are locally modified on the basis of fielkberience, forestry
management plans, and visual interpretation ofaagrnotographs. Our previous papers
(Csafordi et al. 2010, Cséafordi 2010) describe deéermination of the USLE factors in
more detail.

The LS factor is based on the DEM and the unit streamepdtheory of Moore — Burch
(1986). The followind=qg. (2)was applied:

. m . n
Lsz(FlowAccumllationEpeusmej [ésmﬂj (2)
2213 0.0896

In Eq. (2) Flow Accumulationis a raster layer representing the upslope cethbar
contributing to the surface runoff of a certainteasell; Cell Sizerefers to the resolution of
the DEM; m andn are empirical exponents. Due to the lack of dethdigital elevation data
we applied the values = 0.4 andn = 1.3, in correspondence to other internationadiss
such as Lee (2004) and Demirci — Karaburun (20¢alues ofm andn have been suggested
by Moore — Burch (1986) for standard reference @¢ms of USLE, where the slope-length
is 22.13 m and slope is 9%.
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The tolerable soil loss values according to R4@8%) enabled the determination of the
most sensitive areas to soil erosion. Limit valaedifferent soil depths are: 1 t/halyr at
20 cm, 2.2 t/halyr at 40 cm, 4.1 t/halyr at 60 ém, t/ha/yr at 80 cm, 9 t/ha/yr at 100 cm,
11.8 t/halyr at 120 cm, 15.0 t/ha/yr at 140 cm.dkding to the forestry management plan the
average soil depth in the Farkas Ditch is betweenafd 100 cm. However the field
assessment shows that the soil depth can be lowhigber if data with a higher spatial
resolution is available. Therefore each tolerarategory is applied to enable the creation of
erosion risk maps for other catchments and loda@rbgeneities.

2.2 The Model Builder function of the ArcGIS/ArcMap 9.3

The ArcGIS/ArcMap Model Builder combines severalSGéperations and runs these
modules with different datasets (Pfaff — Glennor020 A model consists of three
fundamental elements: input parameters, geopraugssiols, and output data. Model
parameters are specific model inputs which needetalefined by the user. For example,
the user has to define the specific location ouingiata, or has the opportunity to specify
thresholds. Geoprocessing tools produce output idadauser-defined sequence using the
input datasets.

3 RESULTS

This chapter describes thameworkdeveloped for surface erosion analysis with th&E)#
the ArcGIS environment, the predicted surface erosn the Farkas Ditch (Sopron Hills,
Hungary), and the results of correlation analysisctv reveals the most important factors
influencing surface erosion in the study catchment.

3.1 Development of the workflow “Erosion analysis” in he ArcGIS Model Builder

The framework “Erosion analysis” consists of tharfeubmodels: “Relief analysis”, “Saoill
and land cover”, “Soil loss and statistics”, anctfionalisation”.

3.1.1 The submodel “Relief analysis”

The submodel “Relief analysis” generates a flowuawnalation grid, the channel network with
connected catchments, and computes slope featndethalS factor. Figure 1 presents the
conceptual flow chart of the first submodel. Thaueblellipses mark the input model
parameters, while green ellipses are the inputsaye

In the first section of the model run, the “Flowr&dtion” raster is produced after
correcting gridding artefacts. The “Flow Directiogbntains the preferred direction of
flow of each cell, and provides the basis of théot+ Accumulation” raster, namely the
accumulated flow to each cell. The user must prewide threshold areafor channel
initiation in order to create an adequate “Chandetwork”. The threshold area in our
study is based on a visual trial, a comparison betwthe results of testing different
values and the real channel network observed irfighé. The modelled channel network
coincides with the real geographical conditionstled Farkas Ditch when the threshold
area is 12,500 m2. The model generates the “Catchbwmundaries”, the selection basis of
the study catchment according to the “Channel nekivoCatchment boundaries and
channel networks are available as raster layefissat therefore the model converts them
from raster layers into features in order to supploe work with separated polylines and
polygons during the following steps of erosion gsed. The modelled stream networks and
catchment boundaries are only usable if the DEMpkep reliable outputs, therefore they
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have to be checked by the user. In our case shedbetlayers were generated inaccurately and
had to be digitized manually. The last steps of fing phase of the “Relief analysis”
submodel are the calculations of slope conditiardeigrees and percent rise.

Figure 1. Conceptual flow chart of the first subrabtRelief analysis”

Eq. (2) describes the second part of the “Relief analysihere thelLS factor is
computed using the parameters “Slop)& gnd “Flow accumulation”, taken from the firstrpa
of the submodelEq. (2) needs three other inputs, such as “Cell size”ptHentm’ and
“Exponentn”. The cell size is 5 m according to the rasteoh&son of the DEM, and the
exponent values are given in Chapter 2.1. For #ileutation ofLS factor, the terrain was
simplified, and the slope-length modifying effedtautificial linear elements such as roads
and ditches was neglected.

3.1.2 The submodel “Soil and land cover”

The feature layersatchment boundary, channel network, roads, langecaypes, land use,
and soil map are the result of pre-processing. The parametandLcover” includes the
digitized land cover/vegetation categories. TheetajLand use” consists of polygons of
different land use units, such as forest subcompants and plots. “Soil types” shows the soil
map which is based on physical soil propertieseamspatial elements are represented as
“Roads” and “Channel network”. “Catchment boundargfers to the borders of the study
area. The submodel “Soil and land coveFiglre 2 integrates these input layers and
generates a feature layer (“Full soil and land caolaaset”) containing all spatial information
for uploading the USLE factors which are manuadlicalated.

The unpaved roads are mostly damaged by gully @masaused by concentrated runoff
in the experimental catchment. Since normally timpact of unconcentrated runoff is
modelled by the USLE (Kertész et al. 1997), erostattulation has not been conducted
with the USLE on the surface of dirt roads and ctedé Therefore all linear elements such
as roads and channel networks must be removed themstudy area. In the ArcGIS
geoinformatical software, the vector layers “ligpeé” do not have width. If linear elements
need to be handled as areas in order to be erasabiehe combined layer (“Union of land
cover, land use, soil types, roads and channelgidth has to be added to the lines.
Therefore the lines are buffered with a half cetksbuffer distance (2.5 m in this study),
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consequently the lines can be rasterised and efassdbsequent USLE-calculations. After
this step, roads and channels were replaced aswwl{(“Land cover, land use and soil
dataset without the area of linear elements.”) &eaferosion modelling is not interpreted in
these areas.

Figure 2. Conceptual flow chart of the second sutbehtSoil and land cover”

The final section of the second submodel removeecessary attributes of the “Full soil
and land cover dataset”, as defined by the pararmiBtep Fields”. This step provides the
layer “Full soil and land cover”, which shows themplete spatial database combination and
the final structure of the attribute table for 8@l erosion analysis. The attributes are: Object
ID, Soil type, K factor, Land use unit, Land usagirce, P factor, Code number of land cover
category, Land cover category, C factor, Polyg@aand R factor.

The R factor values are calculated with MS Excel. ThandP factors have to be filled
in manually in the attribute table based on visaédrpretation of aerial photographs and
field experience. Because of this drawback the Wowkis recommended principally for
catchments smaller than 1 knThe benefit of the submodel is that several smalygons
are produced with multiplied intersections, andadént factor values can be given for each
small polygon. This leads to a higher spatial neoh and to a more precise prediction of
soil loss.

3.1.3 The submodel “Soil loss and statistics”

The submodel “Soil loss and statistickigure 3) computes the potential soil loss, evaluates and
summarizes soil loss and elevation data in eacth lme unit and land cover category. The
parameter “Full soil and coverage” contains thebaiie fields ofR, K, C andP factors. These
attributes are converted into separate thematierrkesers, using the cell size determined by the
“DEM”. The model multiplies the rasterised USLE tfars on a cell-by-cell basis using tke.

(1), resulting in the potential specific annual soéld by surface erosion for each cell.
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Figure 3. Conceptual flow chart of the third subrabtSoil loss and statistics”

The “DEM”, “Slope (%)”, “Land use units” and “Lancbver categories” generated by
the second submodel are the input layers for sizdisanalysis. The tool “Zonal Statistics
as Tables” summarizes the values of a raster, sgchlevation data, percentage slope
conditions and soil loss, within the zones of aeotdataset (land use units and land
cover/vegetation types). Tables contain the aredhef polygons in the zone dataset,
maximum, minimum, range, mean, standard deviatimhsum. The tool “Zonal Statistics
as Maps” reports the average and total soil losgézh land use category and land cover
type as a raster map.

3.1.4 The fourth submodel “Regionalisation”

To enable an area-based comparison between prbdicteé measured soil erosion, the
calculated soil loss is converted from a rastey ugctor format. This allows:

» the comparison of the location of potential and eeaded surfaces,

» the comparison of the size of modelled and obseeveded surfaces.

The submodel “Regionalisation” converts a clasdifraster layer of soil loss into
polygons, keeping the soil loss categories of R&685). The input soil loss raster has to be
multiplied by a given constant value 10 in thetfssction of model run, in order to avoid
conversion errors at raster values smaller thabohditional if/else evaluation on each cell
of input raster is applied to select distinct $ods classes, which are the basis of generating
separated polygons. The last steps integrate po$/gd each soil loss category and
calculate their area in‘mFigure 4 shows the raster map of modelled soil erosiorherleft
and the soil loss classes as polygons after coimveos the right.
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Figure 4. The raster map of modelled soil erosiad polygons after conversion

3.2 Soil erosion prediction in the Farkas Ditch

A surface soil erosion scenario was modelled whih ArcGIS Model Builder workflow for
the hydrologic year 2008—2009 in the Farkas Ditingithe USLE factors shown Trable 1

Table 1. USLE factors and predicted soil loss

Factors of the USLE
K (thatm*kJ*

-2, -1 alyel
R (kIm™“mnrh™) hmnY) LS C P A (tha™yr™)
Value /
108.4 (constant) 0.32-0.42 0-95.6 0.003-0.01 0.2-0.4 0-6.1
Interval
Mean - 0.36 6.9 0.006 0.24 0.5
SD - 0.09 0.002 0.08 0.5

Figure 4 presents a part of the soil erosion risk map whih most endangered zones.
Figure 5shows the percent area of each soil loss categrgrding Racz (1985) out of the
total catchment area, proving that the predictedasa erosion does not exceed the
6.4 tha’yr! (the limit value at 80 cm soil depth) in any gdell. Moreover surface erosion
remains below 2.2-ha'yr! (82.89%) in the Farkas Ditch. The total predicseil loss is
26.4 tons from the 0.56 ha area of the Farkas Dvithout roads and channels.

16.33%

0-1.0
75.45%

Figure 5. Percent area of the soil loss categories
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Mean and total surface soil loss with the mean LS factor at each land use unit
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Figure 6. Mean and total surface soil loss with thean LS factor for each land use unit

Mean and total surface erosion have been calcufatezhch land use unit and land cover

type as given irFigures 6and7. The predicted soil loss does not rise above dlerance

limit in any area unit, but spatial variability tife erosion risk can be observed. The triangles
represent the mean LS factor in each area unital@g that surface erosion risk has a
significant correlation with the slope-length cdrmahs in the forest subcompartments.

Nevertheless, théS factor does not account for the fluctuations ofamesoil loss in the

different land cover types.
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Figure 7. Mean and total surface soil loss with thean LS factor at each land cover type
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The preliminary assumption was that the lowestierossk is in forested zones, however
the model results and field experience partly auhtted this hypothesis: e.g. “riparian
deciduous forest” and “beech forest mixed oaksecheorest” show the highest mean soil
loss from steep slopes, the landslides next testieam network, the sparse canopy closure,
undergrowth and litter layer. However the highesamsoil loss value is also six times lower
than the tolerance limit, emphasizing the soil @ctbn role of forest vegetation.

3.3 USLE-factors influencing surface soil erosiomithe Farkas Ditch

To assess the most determining factor for potestigiace erosion in the Farkas Ditch, a site-
specific correlation analysis was conducted. Theulte are shown inrable 2 Marked
correlations lfold valueg are significant ap < 0.05. TheC factor is obviously the most
important factor for the mean specific soil losghat land cover categories, and the size of
each unit has the most significant correlation with total surface soil los$lore factors
show significant correlations with the soil erosmmthe land use units, and th® factor has
the strongest influence aside from the unit area.

Linear elements such as roads and channels wesedefiam the combined land use and
land cover map, so the surface erosion analysis thik USLE was not interpreted in the
areas of roads. To evaluate the soil detachment éot roads and skid trails, the physically
distributed model EROSION-3D was applied in ourvpas paper (Csafordi 2010).
Calculations with EROSION-3D indicated that the maail loss from unpaved forest roads
is six times higher than the average soil losslged use unit. Consequently linear erosion
has a higher importance as an erosion source iRahes Ditch than surface erosion.

Table 2. Correlation between soil loss and difféfactors influencing surface erosion

Area LSmeanLSmax K-mean K-max C-mean C-max P-mean P-max

Land cover categories

Soitloss- 555 5os  —018 004 -022 069 038 041 —0.49

mean

SONI0%S 095 024 022 006 023 019 023 021 030
Land use units

Sollloss- 575 086 077 050 064 031 029 022 023

mean

SONl0SS" 004 062 072 026 049 019 026 017 0.6

4 DISCUSSION

A number of international studies describe USLE/Gigplementation, and our ArcGIS
workflow provides evidence that erosion modellinghvthe USLE can be adapted to a GIS-
environment. Producing thematic raster layers of E}&actors in GIS and calculation of soill
erosion using them is discussed among others byegeret al. (1992, 1997), Markus —
Wojtaszek (1993a,b), Jain — Kothyari (2000), Luaét (2004), Onyando et al. (2005),
Erdogan et al. (2007), Pandey et al. (2007) ankd®est al. (2008). Khosrowpanah et al.
(2007), Andersson (2010) and Demirci — Karaburufl1ld have also performed their
analyses within an ArcGIS/ArcMap framework. The kftow of Khosrowpanah et al. (2007)
can achieve a more accurate prediction, becauseragecutable program (Van Remortel et
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al. 2004) computes theS factor for each grid cell of the DEM input. Ousearch is limited
to erosion prediction, but Jain et al. (2010) hasatulated sediment yield and deposition
besides soil loss, using the spatially distribigediment transport capacity.

Although we do not have direct field measuremerftswface soil erosion, a total
sediment load has been applied to verify the riiiplof the predicted soil loss. According to
our previous study (Csafordi et al. 2011) the tetaliment yield is 95.1 tons in the hydrologic
year 2008-2009 in the stream of Farkas Ditch. Tdtal tsurface soil loss reduced the
sediment delivery ratio by 50% (Cséfordi et al. @0IThere is a 13.9% portion (13.2 tons)
from the annual sediment load, and a depletingnsexti deposit behind a log jam has a
16.6% (15.8 tons) contribution to the sediment ld&drface erosion does not represent the
major part of sediment resources in the FarkashOiicthe reference period, therefore other
erosion phenomena, such as mass movement and tleaosien, have to be calculated. Lee
et al. (2004) have compared the surface erosicengiat map with landslide location data and
found that many landslides occurred whereliBéactor is 0 and the soil loss value is 0. This
fact draws our attention to the possible errorghefLS factor calculating process, to the
requirement of DEM with a higher raster resolutiand that it is not sufficient to evaluate
surface and linear erosion in the Farkas Ditch wiendslides are frequent.

Erdogan et al. (2007) have demonstrated the samétgeas our study in the Kazan
watershed, Turkey, that soil erosion potentialhef poorly managed pastures was lower as in
the land of the dense forest due to relatively dighvalues. Furthermore, the topographical
properties of the watershed had a greater influemcéhe magnitude of soil loss than land
use/land cover types. The significance of slopeditmms has also been confirmed by
Demirci — Karaburun (2011), where 73% of the mosityicultural Buyukcekmece Lake
watershed had low and slight erosion risks witlhugalunder 3tayr™*. The majority of land
with low and slight soil erosion risks has slop&84< Nevertheless, predicted surface erosion
remains below 2.2ha™yr* on 82.9% of the Farkas Ditch, in the Sopron Hillsjle this rate
was only about 60% in the Kazan watershed. Thera msignificant difference in the
judgement of erosion tolerance limits accordingtie soil depth, because Erdogan et al.
(2007) mark the >1ha’yr! soil loss as an irreversible change, whereaslssil below
4.1 tha’yr* means tolerable risk in our catchment (Racz 1985).

5 CONCLUSION AND SUMMARY

This study describes a new implementation of thevéisal Soil Loss Equation (USLE) in a
GIS-environment using the ArcGIS Model Builder. THeur-part combination of
geoprocessing tools unifies the surface soil erogecediction in small catchments and
accelerates the working process. Nevertheless éurstudies are required to ensure the
comparability of result structures (attribute tablstatistical values and maps) and the model
efficiency, when the workflow is applied to evakapotential soil erosion in different
catchments with different land use and rainfallnse®s. Plans to apply the model in other
forested catchments in Hungary and agriculturathoaents in Lower Saxony have been
made to further improve and to expand the modelthWhis application the spatial
transferability of the workflow will also be anagd

This paper describes a new aspect of GIS-suppa@tesion analysis in the field of
forestry. Surface soil loss is computed with a -bgHcell multiplication of six factors
derived from rainfall records, soil maps, DEM, landver and land use data. The first
submodel “Relief analysis” delineates the catchmeptoduces the stream network, and
computes the slope conditions and the LS factoe $hbmodel “Soil and land cover”
combines land cover, land use and soil databaseomg layer generating an attribute table
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with R, K, C andP factors. The third submodel “Soil loss and st&isstcalculates soil loss
using rasterised USLE-factors from the attributblgaof the input layer. The submodel
aggregates and calculates a statistical analysedevfition, slope and soil loss values as a
table or as a map for land use units and land doe@etation categories. The submodel
“Regionalisation” converts the raster layer of poi soil loss to polygon keeping the
erosion risk categories set in the raster theme. Submodel computes the area of erosion
classes enabling the comparison of predicted erdsifield data.

A surface erosion scenario for the hydrologic y2@08—-2009 was modelled in a small
forested catchment, Farkas Ditch in the SopronsHillsing the developed ArcGIS model.
Although there is significant deviation between thsion of different land cover, the
predicted soil loss does not rise above the toterdimit in any area unit. Regenerated areas
with dense grass cover also have a significant moilection function, because neither the
mean nor the maximum surface soil loss exceedérttievalue. The predicted soil erosion
mostly depends on the slope conditions in the fa@scompartments.

To confirm the results of USLE-evaluations, diréetd measurements of surface soil
erosion are required. Some improvements are peajdor the future in order to achieve more
reliable prediction results for smaller catchmeatsl to extend the framework for larger
watersheds. More precise automatic delineationrefien networks and catchment boundaries
can be ensured by application of detailed DEM iwvig artificial linear elements, such as
roads and ditches, which modify the slope-lengtti ainfall runoff. To obtain an accurate
LS factor, real slope-length has to be considesed, different calculation techniques should
be used. Manual uploading of cover-management esglom-control practice factors can be
automatized. But this operation may lead to a demmeof the spatial resolution of factor
values, because the user has no control over ttiegsef theC andP factors.
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