Land Degradation &
; Development Group LE?#ENRIEFI'}E

Modelling riparian forest changes and their
effect on sediment yield in
the Wilde Weisseritz catchment

A.M.C. van Miltenburg
January, 2010

WAGENINGEN UNIVERSITY
WAGENINGENDNEE







Modelling riparian forest changes and their
effect on sediment yield in
the Wilde Weisseritz catchment

by A.M.C. van Miltenburg

Master thesis Land Degradation and Development Grospbmitted in partial
fulfilment of the degree oMaster of Science ininternational Land and Water
Managemenat Wageningen University, the Netherlands

Study program:
MSc International Land and Water Manageméhit ()

Specialisation:
Erosion and Soil & Water Conservation (MIL A)

Student registration number:
850208573110

MSc thesis Erosion and Soil & Water Conservation:
ESW 80436

Supervisor(s):
Dr. S.D. Keesstra
Dr. AJ.A.M. Temme

Examinator:
Dr. K.M. Seeger

Date:
14 January 2010

This thesis is irtorporation withWageningen Uniersity, Land Degradation and
Development Groupndthe Technische Universit DresdenFakultat Forst Geo
und Hydrowissenschaften Tharandt.






Abstract

The Wilde Weisseritz catchment in Saxony, Germany is sensitive to floods. Riparian
forest changesanreduce the sediment yield and the flogsk. The sedimenyield is
calculated with the spatially distributed erosion and sediment delivery model
WaTEM/SEDEMand LAPSUSD.

This studyanalyses the performance of two models on two scenarios. Twoediffe
riparian forest scenarios are proposediecrease the sediment yielkthe effects of
the two scenarios are calculated twe modelsWwaTEM/SEDEM and LAPSU®.
WaTEM/SEDEMis anempiricalmodel, whichuses the RUSLE approach to estimate
the sediment wld per yearln contrast,LAPSUSD is a process based modtiat
uses the water balance as an approach and estimates the sediment yield Piee day.
sedimentation yield of the newly developed LAPSDSnodel will be compared to
the establishedvVaTEM/SEDEMmodel. The comparison of the models will give a
better insightin the influence of daily rainfall versus yearly precipitatioiihe
scenario runs wilindicate the influenceof the presence and locationrgdarian forest
zone

The wtal sediment producton, deposition and sediment yield estimated by
WaTEM/SEDEM are comparable to other researchese to the parameterization
problems, he sediment production and depositiorvalues of LAPSUSD are
extremely highThe approaches of the models are clearlyed#iit. WaTEM/SEDEM
shows that contribution to erosion mainly is caused by agricultural land. On the
contrary, LAPSUSD illustrates erosion primarily with the flow of the rivarhough,
between the dbi and yearly time step there wene visible difference This result
shows that, ti is better to compare LAPSUS vyearly runs with LAPSDISto
determine if the daily runs of LAPSUS have a different influence compared to
yearly runsLAPSUS and LAPSU® have the same approaathich makes it better

to distinguish the difference between the influence of the daily and the yearly
precipitation.

The modet WaTBEM/SEDEM and LAPSUSD illustrate no significant reduction of
sediment yieldwith the riparian forest zone$he precisenfluenceof the location of
a riparian forest zone remains unclearthis research. The model WaTEM/SEDEM
may not be suitable to estimate the effect of riparian forest zones and the model
LAPSUSD s still under constructionLinking WaTEM/SEDEM and LAPSU®
might be the solution to estimate more accurate erosion, sedimentation and
distribution on catchmenscale becauseWaTEM/SEDEM takesland use changes
betterinto accounthanLAPSUSD. On the other hand LAPSUS has an improved
stimulation ofthe flow ofwater in the catchmentegated modelling oprocesses in
a catchmentnay help to identify which interactions aimportantto determire the
behaviour of a catchment.
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1. Introduction

In certain catchments there is an incezh8ood risk and erosion due to land use
changesLand use changes have influenceepasionand sedimentatioaof soils. For
management purposes it is important to be able to assess the sediment yield of a
catchment (Schoorl, 2002). The sedimgield canbe estimatedoy different models,
depending on the available data d@hd particularsituation. At this moment models
designed for estimating sediment yield are only capable to give either very detailed
storm based information or yearly averages (Keesstraal., 2009. However
modelling the daily sediment yield afatchmentwith limited information is not
feasible,so far.

Models that use yearly averages disreggpdssible availabledetailed information.
The nodels that apply yearly averages, like th&dSRE (Renerard et al.,, 1994)
WaTEM/SEDEM and other related models do nase daily dischargeand daily
precipitation. There are storbased modeltke LISEM (de Roo and Jetten, 1999)
and WEPP (Laflen et al., 1991hlowever, the storAbased modelsequirelarge data
setswhich areoften not available for most catchmentfiereforemodels that require
less input datdike WaTEM/SEDEM are often used to estimate the sediment yield of
a catchment even though daggecipitation and dischargiata is available

Until now there wereo models availabléhat modé sediment yield of one day for

the spatial scale of a mesoale catchment (50350 knf) without making use of very
detailed input dataKeesstra et al2009. To understand the processes catciment

it is important to relate the processes on a representative spatial scale without
requiring too much input dath APSUS is one of the models that estimate sediment
yield on a mesacale catchment and whickquires limited datalo overcome té
problem of disregarding daily datahe landscape evolution model LAPSUS has been
adaptedto model sediment yield on a daily basis (Keesstra 2@09.

To analyse the performance of LAPSUSIt is compared to the longer existing
model WaTEM/SEDEM. Thdwo modelsare used inthe case studythe Wilde
Weisseritz catchmen(60 km?), in Saxony, Germany. The Wilde Weisseritz is
susceptible to sedimentation and flood$ie catchment is characterized by steep
slopes and agricultural land ud®tincrease the esbonrisk. However alteringthe

land use to forestanredue thesediment yield.Limited land use change from arable
land to forest has a significant effect on regional soil erosion rates and sediment
supply to rivers (Van Rompaey, 2002)he models wil simulate the sediment
delivery ratio with the current land use and two proposed riparian forest zones. The
sediment delivery ratio might be reduced by the riparian forest zones.

The hypothesis is thahé sedimentation yield modelled by use of dailyuts might

be more representative than when yearly inputs are used. Using daily precipitation
might represent more accurate flood risk than yearly averages of precipifEtien.
comparisonbetween the models WaTEM/SEDEM and LAPSDSs expected to
reveal he contrast between a yearly ampiricalbased model using the RUSLE and

a processnodelbased on the water balaneging daily input.



2. Research outline

This chapter describe the research locatiomnd its characteristics. ddlitional
information abotithemotive of the research is explained in the background

2.1 Case study area

The research area th@/ilde Weisseritz catchment is situated in the Central Ore
Mountains to the south of Dresden (Saxony, Germarfy)e total research area is
60.4 knf which includes the upper part of the Wilde Weisseritz catchmknt
originates in the Czech Republic at 80@ititude and ends at the beginning of the
reservoir Lehnmuhlat 400m elevation.About 12.3 km? of the catchmentlscated

in the Czech RepublicThe average precipitation in the catchment is 849 mm per
year. This data was gathered fronthe climate stations Hartmansdorf Lehnmuhle,
Schellerhau, Zinnwald Georgenfeld and Caemerswéael). Thegaugingstation
Ammelsdorf assembldgbedischarge of the catchmeffitig. 1).

The research area in ti@&zechRepublicis mainly covered by conifersvhile in the
rest of the catchment arable fields with corn and grain, forest and péistdseae

present Fig. 2). The catchmenis characterised bglopes in the range from 5% &0
slope of35%near the river (Fig 3.)The soil typen the catchmens mainlysandand
clay loam (Fig 4.) The land use andoil data was gatheredand suppliedby the
Technische Universitat Dresden, Fakultat For&ec und Hydrowissenschaftein

Tharandt
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Figure 2 Land use of the Wilde Weisseritz
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Figure 3 Slopes in the Wilde Weisseritz Figure 4 Soil types in the Wilde Weisseritz

In 2002 this area was affected by a flod@bssible land use changagyht lower the

flood risk by reducingthe sediment yieldSediment deliery to river channels is
probably the most problematic off site consequence of soil erosion (Van Rompaey et
al., 2005).0ne of the off site effeadf sediment deliverys reducing the capacity of
reservoirs.The catchmentdischarges irthe reservoirLehnmuihle This reservoiris
currently used to supply drink water and gain electricity. Reducing the sediment
delivery candecreasdlood risk and increass the life time of the reservoir and
preserve its functions.

2.2 Background

Different decisionsin the Wilde Weisseritz catchment wetakenas a result of the
disastrous floods during recent years, especially the flood in August of 2002. The
novel water law of Saxony (SachsW@004 is a cosequence of the flood and
includes conservation and improvement of the natural water retention (Wahren et al
2007).Natural water retention can be achieved by increasiagabsorption o$oils
whichreduce future flood risks. This @anbe arranged byeforestationbecause nder
forest landuse the soil moisture is oftemower, infiltration and percolation will
increasegenerallyduring a rain storm(Wahren et al., 2007)-orest land use has
usually ahigher infiltration than other land use®sultingin less runoff. However
reforestationcan alsanitially induce more floodinglue to drainage of wet locations
and soilcompaction after employment of heavy machinery (Seegert et al., Z003).
compactionand floods cause higher surface runoff andresse theamount of
sediment.Therefore eliable model calculations are essentabjuantify the effect of
reforestation on sedimeield in the catchment.

According to Doogg1986) catchments are complex systems with some degfee
organizations.The cathment includes interaction between groundwater, surface
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water, soils, slopes and vegetatidxt. this moment the interactions are not always
well understood. The processes and the characteristics of a catchment are simplified
to make modelling possibl®efore modelling can take place units are modified by
assumptions of homogeneity and uniformity (Sivapalan, 200bi)s simplification
process should be taken into account when validating the results of the models
WaTEM/SEDEM and LAPSU®.

2.3 Methodology

The Wilde Weisseritz catchment is susceptible to sedimentation and floods. The main
objective is to investigate the current land cover of the Wilde Weisseritz catchment
and to simulate the effect of two riparian forest scenarios. The sedieakstribution

of the current land cover and future possible land covers are modelled by
WaTEM/SEDEM and the newly developed model LAPSUB. The results of both
models will be comparenh terms oftotal sediment yield and the spatial distribution

of erosion and sediméation.

WaTEM/SEDEM and LAPSU® need relatively little data input. They use a grid
based approach for the spatial distribution and allow variations related to water flow,
soil and vegetation. WaTEM/SEDEM uses the RUShEstimate the sediment yield.
This predicts soil loss per yeand includegrecipitation, soil erodibility land use

and the effect of the slope length and steeprieSBSUSD uses the water balance
approach which focuses omater storage. It is expected that the approaches give
different sediment yields.

In this researcthiirst, the modelscharacteristicare described and the specific input
data are explained. Furthermore the two riparian forest scenarios are spétiged.
model outputis compared with empirical data (Peeters 1et2809). In this case the
measureddischargewas used. This shows which parameters setting is necessary
related to the reliability of the resultSecond the models aresvaluated by model
formulation efficiencyand sensitivity to processes arasults This gives insight in

the performance of the models. Finalilye scenarioare compared with each othar
relation to the effectiveness to reduce the sediment yield of the upper catchment of the
Wilde WeisseritzThe varieties or similaritiearevisualized in an apparent manner.



3. Models

WaTEM/SEDEM and LAPSU® have a different approadiut some of their inputs

are similar. WaTEM makes use of the RUSLE with the emphasis on land use.
LAPSUSD uses the water balance with the water flow as an impopanstmeter.
Both models uséand usedatg precipitation soil mapand Ogital Elevation Model
(DEM) to simulatethe sedimenyield andthedistribution of erosion

3.1 Description WaTEM/SEDEM

Model initialization WaTEM/SEDEM is an empirical
model developed at the Catholic
University in Leuven (Van Rompaey
et al., 2001) WaTEM stands for
DEM, Parcel map, river map Water andTillage ErosionModel and
SEDEM for Sealiment Déivery
Model. It uses the same parameters

First input :

Second input asthe RUSLE (Renard et al., 1994)
soil erodibility, crop factor to calculate the erosion component
The RUSLE E=RX A &GP
e Parameter settings (Parcel where E is the mean annual soil loss
connectivity and border trap) (t ha® y*!, R is the rainfall erosivity
e Extra parameters (LS equation, factor (M‘] mm ha® h yl)’ K'is the

transport capacity, bulk density) soil er0d|b|l|ty factor ( h MJ_l mm_l),

L is the slope length factor, S is the
slope gradient factor, C is the crop
e Output generation managemet factor, andP is the
erosion control practice factor.

Maodel finalisation

Figure 5 General structure of WaTEM/SEDEM )
To use the approach in a two

dimensional landscape, the upslope length was replaced by the contributing area.
Desmet and Govers (1996) developed therefore the following formula:
) B (Ai’j +D2)m+1_ Airj1j+1

YT D™EX " (2243)"
where L; is the slope length factor for the grid cell ang i& the contributing area at
the inlet of a grid cell (1), D is the grid cell side length (m)pesin Ui, j + CcO0s
aspect direction for the grid cell (i, j), and m is the slope length exponent (Desmet and
Govers,1996).

Thefirst input of themodelincludesa DEM of the research area to calculate slope
gradients and contributing are@3g. 5). TheDEM file is used to calculate the slope
length (LS) factor using a multiple flow algorithm to analyze the area according to
Desmet and Govers (199@&Iso aparcel map is requireith the first input. The map
distinguishedetween arable land, forestfrastructure and buikdp areas, and rivers
The parcel mamcludesthe effect of parcel borders in relation to the runoff direction,
interception and sedimentatiokRurthermore e river mapis included in the first
input. This map leakesthe main rives in the research areéhe river map isisedin

the model to sum the sediment that reaches the tivevaluats the sediment yield



for different river segments. This together with a river routing file describes the river
topology by different river segents.

Secondlya map with the soil erodibility (Kfactor) and a crop erosivity map {C
factor) are necessaf¥ig. 5). The cropping factor is used to estimate the effect of the
land use on erosion rates. It represents the effects of plant cover andegpiaity on
erosion. The factor ranges from 0 (no erosion) to 1 (bare soil). The soil erodibility
factor is determined by texture of the soil. It expresses the susceptibility of the soil to
erosion and the rate of runoff. In this case the K factor wdgzathby use of thsoil
erodibility eguation of Declercq and Poesen (1991):

2

Alog Dg +1.519 &
K =3.5+38.8exp *° g ~9 8
¢ 07584 -

whereDg is the geometric mean partideze(mm).

In addition parameter settings related to the parcel connectivity and border trap are
set. The relationbetweenthe total upstream flow and therable land parcels and
forest or pasturgarcels is described by the parcel connectivity. This connectivity
represents to what extent water transport is stopped at the parcel border (Notebaert et
al., 2006). Espealily runoff from arable fields to forest or pasture will be trapped at
their parcel borders and reduces erosion rates. The values are in percentages.

The extraparameters includéhe LS (slope length)equation, transport capacity and

bulk density(Fig 5). The LS equation represents the spatial variability of soil erosion
caused by topography. Several algorithms to calculate the effect of the slope length on
the soil erosion are possible in the model. In this research the slope length equation of
McCool et al. (1987, 1989) is used, based on the experience of the research
Drzewiecki and Mularz (2008). As this research was done in a similar climate and
their catchment had similar characteristics as the Wilde Weisdeoitzach grid cell

the annual transporcapacity(TC) in kg m™* was determined. TC is the maximum
mass of soil that can exit a grid cell per unit lengihthe downslope grid ¥an
Rompaey et al.,, 2001 The TC is expressed byrC = K. ¢, where TC is the
transpot capacity (kgn™ y?), Krc is the transport capacity coefficient (m), ank 5

the potential for rill erosion (kgny™). TC is the maximum amount of soil that can
leave a unit area. TC depends on topography and land use. For instance the TC is
higher of agricultural fields than of forest and pasturéhe higher the transport
capacity coefficient, the more sediment can be transported down (blopebaert et

al., 2006) Sediment deposition occurs if the amount of sediment exceeds the transport
capacity.

-10-



3.2 Data input WaTEM/SEDEM

Longterm average annual soil loss and sediment delivery are modbied
WaTEM/SEDEM using differentdata input The data ingrids havea resolution of 30
metersAll files wereconverted from a Ascii to an Idrisi formato be appropriateot
the model

The DEM map was made by digitalizing contour lines and adding height which
ArcGIS transformed into a DEMThe parcel mapwas created with use of recent
Google Earth imagesf the arealn this way theindividual fields were without
difficulty drawn The river map was supplied by thechnischeJniversitat Dresden,
Fakultat Forst Geo und Hydrowissenschaften Tharandt.

The cropping(C) factor was establishegher  Table 1 C factor
land use(Table 1). The value of the croppind&——— 1 . .
factors was derived from other researchc§

griculture 0.380
asture 0.271
Build up area 0.500

(Wischmeier and Smith, 1978; Dissmeyer an
Foster, 1980 Renard et al., 1997 The
Fakultat Forst, Geo und
Hydrowissenschaftenin Tharandt made a Marshrforest 0.035

distinction between the different types ofSordertree 0.038

forest. TheC factor is related to the trees androad leaved tree 0.040

to the undergrowth by grasses and bushes_&m'fers%o-050

case of the marsh forest there is more

undergrowth tharunder other forest types which resulted in a loWefactor for
marsh forest. The agricultural land use in the catchment area is mainly corn and
wheat.This C factorof agricultureis an averagef corn(0.39)and whea(0.36)

The erodibility (K) factor was established perTable 2K-factor
soil type Different K factorsare representing
the soil types in the catchmefitable2). Areas
with loamy sandare sensitve to erosion. This
results to a low K factor. The soil type silty
loam has a better texture which makes it les

Loamy sand 4
Sandy loam 13
andy clay 20

sensitive to erosion. ity clay 26
Clay loam 30
The rainfall erosivityfactor (R) in MJ mm n? Shtyloam | 38

h' is applied The R value uses the average

annual precipitation data. The precipitation data of four climate stations
(Hartmannsdorf Lehmuhle, Schellerhau, Caemmerswalde and Zim@esdchenfeld)
were usedFig. 1). The rainfall data per day is recorded from 1971 till 2000. Since the
research interest is related to futlmed use changesnly therainfall of the last 10
years iused. The average annual rainfall in those years wasrdh which results in

an R value of 0.07 according to the predictions of Pawel Licznar (208Sh a
relative dry year (R of 0.056) and wgtar (R 0f0.089) were modelled to analydes
sensitivity of the model regarding the R value.

-11-



3.3 Description LAPSUS-D

The newly developedprocess basec Model initialization
model LAPSUSD (Keesstra et al., e Parameter settings
2009 has the water balance ats
basis. Thewater balancencludes the
precipitationsubtracted byhe storage, s Input data preparation
evapotranspirationand runoff The
original model LAPSUS(Lands@&pe
Proces$ modeling at rlti dimensions Process 1: DEM,

and scal®) is based on early works of | | Soil depth, porosity and permeability
Kirkby (1971; 1978; 1986)Foster and
Meyer (1972; 1975)and Scloorl
(2002) 1t is used for very different
tempora' Scalesong'na”y |t was EdeIhl'lt'l,l' and Sedimentahilitv map
designed to be a landscape model w
an extendedime step. Buis (2008) ha:
adopted the modeb include the effect
of vegetation cover » Output generation

s Activation of required processes

Frocess 2

Model finalisation

LAPSUSD uses the potential energy Figure 6 General structure of LAPSUS (Temme, 2008)

content of flowing water over the landscape as driving force for sediment transport.
Process 1 includes the flow of waféig. 6). The DEM determingthe flow from cell

to cell. The flow from cell to cell is based on the fraction of the amount of out flow
equal to the difference in height or slope and divided by the summation of the slope
gradient from neighbour cellsHpImgren, 199% The LAPSUSD model uses a
continuous draining surface and can not calculate with sinks in the DEM. Sinks are
cells in a DEMthat have only higher and equally higkighbourgTemme, 2008).

The sinks were removed by use of the Arc Map spatial analyst tool and function fill.
Furthermore the function focal statistics (mean 9x9) was used to smooth the DEM.
This is required to mapulate a steady flow through the grid cells. The flow direction
map created with the spatial analyst tool hydrology is required to make sure that the
runoff flows in one direction.

LAPSUSD estimatedor each grid the detachment, transport and sedimenteate.

To obtainthose values thevaterflow should be calculated o determine the diw of
waterper meabi |l ity i s used as the k factor
division between permeability in and through because permeability in,nmdeés
temporal storagelo estimate thevater storage the ®il depth map is requiredhe

soil depth is determining together with the initial storage capacity the amount of
moisture stored in the soillhe moisture storage is related to the infiltratidio.
calculate infiltration, soil depth is multiplied by porosity.

Process two is related to the sedimentability and erodibility (8)g.Sediment
transport is an important factor in the modehe sedimenttransportis a function of

the transport capagitthat dependsmainly on the dischargand slopgBuis, 2009.

The discharge to the power of m (a constant) and slope to the power of n (a constant)
are determining the transport capacity (Schoorl, 2008ediments are eroded
depending orthe erodibility. The K factor (erodibility)is multiplied by the discharge

and slopego determine theletachmentThe erodibility incorporates properties of the

soil. High K values indicate transport limited conditions and low K factors indicate

-12-



detachment limited conddns (Schoorl, 2002). There is no transport of sediment
when K is too high and there is no detachment of particles whentoo low. To
determine the sedimentation the P fad®edimentability)is applied.The land use
properties spegyfthe P factor The settlement capacity isfanction of P multiplied

by discharge and slope.

3.4 Data input LAPSUS-D

Daily soil loss and sediment delivery are modellsthg differentgrids by LAPSUS
D. The grids have a resolution of 30 meters. Ales wereconvertedto an Ascii
formatto be appropriate for the model

Table 3 Soil depth

The soil depth in the catchment ranges from 0.3 m to 2 m d¢
(Table 3). The mallest soil depths arsituatedat areas in the
catchment domnated by forest. Deeper soil depths are located at 0.3
agricultural areas in the watershethis data was gathered and 0.6
supplied by thé'echnische Universitat Dresden, Fakultat Forst 0.8
Geo und Hydrowissenschaften Tharandt. 1.0
Table 4 Porosity The porosityvalues in percentages 1;
depend onthe organic matter.The 20
organic matter data wasipplied Dy s—————————————
the Fakultdt Forst Geo und Hydrowissenschaftem
Sand 9 Tharandt. In  the German Bodenkundliche
Loam 10 Kartieranleitury an overview of the soil types, organic
Sandy clay 15 matter in relation to their porosity values agéven
Silty clay 17 (Sponagel et al., 2005). The porosity values Viaoyn 9

% to 17 %.The value of 16 can be found around the
river and streams. The area in the catchment uimlest has generally a porosity of
15 %. The other porosity values are located in areas dominated by agriciiialte
4).

A permeability file in mm per day is createsing  Table 5 Permeability
the permeability values per soil type in the arcS———

Permeability depends daihe organic matter. The

specific data about the organic matteraswv

supplied by theTechnische Universitat Dresden,Sand 20

Fakultat Forst Geo und Hydrowissenschaften Loam 109
In the GermanBodenkundliche Kartieranleitung Sandy clay 500
an overview of the soil types, organic matter an8ilty clay 4000

their permeability values are givdAG Boden,
2005). Unsaturated soils covered by forest have the highest permeability value in the
catchment. The area under agricultuies the lowest permeability value which is
caused by low organic mattérable 5)

For the model also precipitation and discharge data oftaébehmentare required.

Daily precipitation dataf 1971 to 2000 from the statiofartmannsdorf Lehnmuhle,
Schelerhau, Caemmerswalde, ZinnwaBEorgenfeldveretaken(Fig. 1). An average
precipitation year a wet year and a dry year were modelled to analysis the sensitivity
of the model regarding precipitatiofror discharge data thdaily records of the
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Ammelsdorf gauging station were used This station is located at the end of the
catchmentFig. 1). The daily discharge data contains occasiondktical output for

four days while the precipitation values differ from day to day. Therefore the quality
of the dailydischarge is doubtfuEvaporation data is the last input to close up the
water balance.The evaporatiomatawas supplied by th®eutscher Wetterdienst in
OffenbachEvaporation values between 0.3 mm and 4 mm per day were encountered.
The datawasgatheed bymean values over 20 years usihg relation of Haude and
themodified penman relation.

The soil map of WaTEM/SEDEM was applied asrelativeerodibility (K) map in
LAPSUSD. In this casethe land use map of WaTEM/SEDEM is usdor the
sedimentaliity (P). The K and P factors potency are adjustablén addition the
potency of the factonn (dischargerndn (slope)related to the transport capacity are
variable.The influence ofporosity, permeability, evaporatipmitial storage and the
factorsK, P, mandn are set during the calibration of LAPS{IS(Chapter 6.1).
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4. Riparian forest scenarios

Land use influencethe sediment yields well as the capacity of theservoirin the
catchmentThe land cover pattern determines to a large extensetienent delivery
ratio of a drainage basin (WYeRompaeyet al, 2007. Land cover changes can reduce
the sediment yield and flood riskand use change and afforestation are frequently
seen as the most appropriate means of reducing erosiorPosto (etal., 2009) To
reduce theerosion andlood risks of thecatchmentwo changes are being proposed.
The changes include two different riparian forest zdane®duce the sediment yield
Given that buffer strips along the rivers reduce the sediment yieldtfseten et al.,
2002).In this case as buffer strips a full grown riparian forest zone will be used.

4.1 Scenario one

In case of the WaTEM/SEDEM model the parcel dud usemap
will be changed. Tis modificationappliesonly at the location of the
riparian forest zoneTherefore @e row of cellsat both sides of the
rivers isadjusted.The areas with infrastructure or build apeasare
not changed.Also pasture fields remain untoush becausehe effect
of pasture ixompaable to the effect of éorest zonaegarding tahe
reduction oferosion and sedimentatiohhe parcel valuef agriculture
is change to the parcel value for forestheland usevaluealtersfrom
agricultureto the value of forestin LAPSUSD only the land use
valueis changd.

Figure 7 Scenario one

4.2 Scenario two

The second scenario is characterized lnyparian forest zonenly at
one side of the riverHowever incomparison with the riparian fores
zone in the first scenaridt is twice as wide Therefore tworows of
cells atoneside of he river need to be adjustebhe eastside of the
river is chosen to be modified because it contains more agricul
fields. This hasa possible largeeffect on thesedimenteduction The
areas with infrastructure, bbd up areas and pasture are adjusted.
The following input valueswere changedin the WaTEM/SEDEM
model parcel value and thand use value to foredh LAPSUSD no
more tharthe land us&alueis changed.

Figure 8 Scenario two

4.3 Riparian forest location

Expected is that the location of the ripari@rest zone determines the effectiveness of

the reduction in sediment yield. For vegetation strips along rivers, the reduction in
sediment yield was more important than for strips away from the river (Verstraeten et
al.,, 2002). A riparian forest zone alp the river reduces more sediment than a
riparian strip further away from the river. Scenario one is expected to reduce the
sediment yield better than scenario two because it has at both sides a riparian forest
zone. The riparian forest zone scenarios b& compared with the original situation

and among each other.
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5. Results WaTEM/SEDEM

WaTEM/SEDEM produces a "Results" output dialog screen with the major results
metric tons (texcept for sediment ratio
1 (TSP)lotal sediment duction: the sum dfoil loss for the whole study area.
1 (TSD)Total sediment degsition: the sum o$ediment deposition for the whole
study area.
1 (TSE)Total sediment expodr sediment yield
1 (SDR) Sdimentratio: sedimentield divided bysedimenproduction.
1 (TRE)Total river export: total amount of sedimdataving the study area through
theriver.

5.1 Output original situation and scenarios

The results are divided by thesearcharea (6040 ha) which providegheresults in
tons per hectare.

Table 6 WaTEM/SEDEM results of original situation

TSP 6.5 8.2 5.2
TSD 5.2 6.6 4.1
TSE 1.3 1.6 11
SDR 0.2 0.2 0.2
TRE 0.04 0.05 0.03
Note: r = 0.07 rainfall erosivity with 849 mm of precipitatioper year.
r = 0.089 rainfall erosivity with 1103 mm of precipitatioper year
r = 0.056 rainfall erosivitywith 687 mm of precipitatioper year
Table 7 WaTEM/SEDEM results of scenario one
TSP 6.1 7.7 4.9
TSD 4.8 6.1 3.8
TSE 1.3 1.6 1.1
SDR 0.21 0.21 0.21
TRE 0.3 0.4 0.3
Note: r = 0.07 rainfall erosivity with 849 mm of precipitatioper year
r = 0.089 rainfall erosivity with 1103mm of precipitatiorper year
r = 0.056 rainfall erosivitywith 687 mm of precipitatioper year
Table 8 WaTEM/SEDEM results of scenario two
TSP 6.1 7.7 4.8
TSD 4.8 6.1 3.8
TSE 1.3 1.6 1.0
SDR 0.21 0.21 0.21
TRE 0.3 0.4 0.2
Note: r = 0.07 rainfall erosivity with 849 mm of precipitatioper year

r = 0.089 rainfall erosivity with 1103 mm of precipitatioper year
r = 0.056 rainfall erosivitywith 687 mm of precipitatioper year
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Original scenario WaTEM/SEDEM
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deposition (t/ha)
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Scenario one WaTEM/SEDEM

Erosion and
deposition (t/ha)

I 1000
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Scenario two WaTEM/SEDEM
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I - 1000
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Figure 9 WaTEM/SEDEM results of original situation

Figure 10 WaTEM/SEDEM results of scenario one

Figure 11 WaTEM/SEDEM results of scenario two
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5.2 Evaluation of results WaTEM/SEDEM

For theoriginal situation the sediment production values range @ 8.2t ha'y

! (Table 6) The sediment deposition values range febinto 6.6t ha' y* (Table 8.

In a wet year more erosion and depositioocursthan during a year with average
precipitation A dry yearhasless erosion and depositiddifferences in sediment ratio
is not related to the precipitationfThe dange in land useesulted ina very smadl
difference in sediment rati¢Table 6, 7 and 8)The ratio is comparable to the
sediment ratio in the researctand cover changes in Czech Republd Van
Rompaey et al. (200%yhere ratiovalues betweefi.14 and 0.30 were estimated.

The sediment yids are compableto the research of Rompaey et al. (200here
ratesbetween2.01 tha' y* and 0.21 tha’ y* were observedThe sediment yieldf

the original situation is comparable to the proposed scen@dig®, 10 and11). The

yield is relatedto the SDR which is similar irevery suation. However the total
amount of sediment leaving the study area thranhghiver is quite different for each
scenario In this case, the transport capacity determines the amount of sediment
transported by thewver to the reservoirn scenario onand twothetotal river export

is higherin comparison with the original situatiomhis can be explained by the fact
that at some places in the drainage basin the sediment flux is transport capacity
limited (Van Rompey et al., 2003)Apparentlythe transport capacity tsigher than

in the original situation

WaTEM/SEDEM original - scenario one WaTEM/SEDEM original - scenario two

Legend L d
5 3 : ; egen
B Original situation better 2 T o
I No change B Original situation better
Scenario one better B No change
Scenario two better

0 3.75 7.5 Km 0 3.75 7.5 Km
| | | | | | i } f f f I
| I l l I |

Figure 12 WaTEM/SEDEM original situation Figure 13 WaTEM/SEDEM original situation

compared to scenario one compared to scenario two

There are no differencessible between the scenarios (Fig2 and 13). The sediment
production and deposition in scenatw is comparable to scenarione There areno
significant differences between the scenarios in sediment yield sadiment ratio
values.
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6. Results LAPSUS-D

The resultoof LAPSUSD are first related to thealculation of thewater flow. The
results of this caulation were calibrated with observed discharge values. The
calibration facilitates to choose the best parameter values.

6.1 Calibration of LAPSUS-D based on discharges

Partial @libration for LAPSUSD is possiblewhenusing the dailydischarge values.
Model calibration was done bgomparing the reatlischargewith the modelled
discharge for thousands of parameter setbereby varying the parameters
permeability, porosity, initial storage level and evapotranspiration. The evaluation of
the parameters oars with theratio (i), r correlation(ii) and tre model efficiency
factor (iii) .

Ratio

Ratio resembles the accuracy of #stimateddischargeregarding the realischarge
The summation of the modedtl dischargas simply divided by the summation tfe
realdischargeA ratio of 1resembles thbestpredicted value.

R correlation
Ther correlation(r?) indicates the degree wériationbetweerthe modeked discharge
and the real discharge The following equation was used

r’=(8 Y, .. /\/é_ Ypred '? g Yobs'?)?
The possibler? valuesare between 0 and 1f the valuesare one, then the model
prediction is perfect (Santbt al., 2001).

Model efficiency factor
The MEF isthe difference in variation betweevbserved dischargand the real
discharge It is calculaed by the equation of Nash and Sutcliff (1970)

MEF =1- (/& Vou - Yoes) /7B Vo) - & Ypeu)

where Yopsis the observedischargeYpreqthe predictedlischargeand Ymearthe mean

of the dischargeaverages.The MEF is being increasingly used to express the
performance of a nael (Morgan, 2005). Generally a MEF value greater than 0.5 is
considered satisfactory (Quinton, 1997) and one should not expect values to exceed
0.7 (Nearing, 1998).

Calibration results Table 9 LAPSUS parameter setting
For the year 2000, he real discharge and
modeled dischargewere conparable (k. 14).

For 2000 a ratio of 1.17of 0.7 and a MEF of :
0.6 wasachieved these values are satisfactory.Porosity 16
All LAPSUS parameters are between 0 and Fermeability in 0.3
only the porosity value is rather higfiable 9) Pemeability through 0.1
The parameters setting during this calibratioitial storage capacity 0.8
are also used in other calculations. Evaporation 2.0

Unfortunately calculating footheryears resulted in relatively low calibratiovalues.
To verify the sensitivity of the precipitation also the relatively wet year 1845
relatively dry year 199@ere usedThe year 1995 (Fig. 15) has a ratio0dd, r* of 0.4
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andMEF of 0.1.The year 1990 (Fig.6) has arato of 1.4, r* of 0.5 and MEF of 0.1
Those calibration values are less satisfactory than the values of the year 2000.

Discharge n 2000

5.2 _ml - |

R

AR

Modd discharge

T

Real discharge

Discharge {(m/fday*logl0)

10
12
28
37
46
55
G4
73
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280

Figure 14 Discharge LAPSUSD in 2000

Discharge n 1995
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T Feal dischargs
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Days
Figure 15 Discharge LAPSUSD in 1995
Discharge m 1900
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i)
o 55
*
= 5--_.__J.. 3 | Iy
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Figure 16 Discharge LAPSUSD in 1990

The first model runs only simulated the flow of water. The effect of land use was not
apparent in the calculation. Land use got a greatgrad by making porosity
permeability in and through dependent on land #sethermore to maximize the
influence of land use, thgarametersn (dischargepndn (slope)areset to oneThem

and n parameters are divided by 365 to calculdtee water flow per day.
Consequentlythis limits the influence of #se parameters.nl addition factor K
(erodibility) hasa potencyvalue of 0.00007 anthctor P (sedimentability)a value of
0.0009. This parameter setting resulted to thmost reliable results. The
sedimentaility (P), which isderived from the land use map has a stronger influence
than erodibility(K). This might enhance the differences between the scenarios and the
original situation. Itincreass the effectof the land usechangeon the sediment
productionand deposition.
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6.2 Output original situation and scenarios

The resuls of LAPSUSD dependon the daily valuesThe year 2000wvhich is an
average rainfall year, seemed to presenntbest reliable result®lso the years 1995
a relativédy wet year andl99Q a relativéy dry year weremodelled.This to compare
possible differencei® sedimentatiomlue to precipitation.

LAPSUSD presents theesults insoil volume per unit grid width. To convert to
erosion or degsition rate in mass per aregdgment ¢ divided by the grigizeand
multiplied by soil bulk densitpf 1350 kg/ni. The following results are given:
1 (TSP)lotal sediment duction: the sum dgoil lossin tons of the total areaer
year.
1 (TSD)Total sediment degsition: the sum o$ediment depsitionin tons of the
total aregper year
1 (TSE)Total sediment expodr sediment yielgher area per year
1 (SDR) Sdimentratio: sedimenproduction- sedimentdepositiondivided by
sedimenfproduction

Table 10 Results of original situation with LAPSUSD

TSP 61.8 68.1 53.4
TSD 43.9 49.6 36.1
TSE 17.9 18.5 17.3
SDR 0.29 0.27 0.32

Table 11 Results of scenaricmne with LAPSUSD

TSP 63.1 69.5 54.6
TSD 46.6 52.4 38.3
TSE 16.5 17.1 16.3
SDR 0.26 0.25 0.30

Table 12 Results of scenario two with LAPSUSD

TSP 63.2 69.6 54.6
TSD 47.3 53.2 38.9
TSE 15.9 16.4 15.7
SDR 0.25 0.24 0.29
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Figure 17 LAPSUSD results of original situation

Figure 18 LAPSUSD results of scenario one

Figure 19 LAPSUSD results of scenario two
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6.3 Evaluation of results LAPSUS-D

Due to the parameterization problemBe terosion and sedimentation values are
extremelyhigh. For the original situation the sediment production values range from
53.4t0 68.1 tha' y* (Table10). The sediment deposition values range fi@8ri to

49.6t ha' y* (Table10). The btal sedimeniproduction, deposition and sediment
yield of the original situation is comparable to the proposed scenariosl{Fit8 and

19). Changesof precipitationbetweenyearsandland use causemall differences in
sediment ratio. The ratio is comparable to the sediment ratio in the research; land
cover changes in Czech Republic of Van Rompaey et al. (2007) where ratio values
betweerD.14 and 0.30 werebserved.

The sedimentyield and ratioof scenario oneand scenario twois betterthan the
original situation(Table 10, 11 and ). More sediment is produced and deposed in

the scenaria. This is a result of land use change to ripafamest zonesPossible is

that sediment transport and discharge rates are char@@adssens et al., (2009)
explains that changes in sediment transport rates and or discharge are caused by
changes in land surface characteristics

LAPSUS-D original - scenario one LAPSUS-D original - scenario two

Legend Legend
B Original situation better - ;\I):.:’f:lllll;l:];gUalmn better

B No change ;
ot Scenario two better
Scenario one better i
0 3.78 7.5 Km

0 3.75 7.5 Km ) | | | | |

e e B

Figure 20 LAPSUS-D original situation Figure 21 LAPSUSD original situation
compared to scenario one compared to scenario two

There is a slighdifference between scenario one and (Wig. 20 and 21). This is
related to the position of the riparian forest zone in the catchmieich influences

the available soil wateldn case of available soil water it is important to know the
interplay of sdi depth, storage, infiltration and run on and runoff, slope and their
specific position in the landscape (Schoorl et al., 2002)nd use changes in this
model affect the porosity and peneability. The infiltration rate and the available
water storagareconnected to thid.ower porosity and permeabilityalues results to
less infiltration andlowers the water storage.Therefore more water will be
transported down slope resulting in increasing sedinproduction and deposition.
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7. Discussion

Themain prpose of this research was to compare two sediment delivery models; the
empirical Watem/SEDEM model and the conceptual LAPEUSnodel. Thee
models were evaluateoh their approach(i), input parameters and uncertaingy),

time step (i), efficiency and sensitivity {v). Secondly, two possible lande
scenarios were evaluated on their effectiveness to reduce the sediment yield of the
upper catchment of the Wilde Weisseritz in SW Germany

Approach differences

Some of the differences in results can blated to the effect of the water balance
approach versuthe RUSLE approach. The approaches of the models are clearly
different In the output of WaTEM/SEDEM an apparent effect tbé land use
agricultureon erosion and sedimentation distribution is resitde (Fig.9, 10, 11).

The maps of LAPSU® illustrate the distribution along the flow of the river (Fig,

18, 19). Apparently the link between vegetation aebsion and sedimentatids
rather weak in LAPSU®. However, there is a link between veaggan and soil
processes in LAPSUB while, there & no relation in WaTEM/SEDEM betwee
vegetatiorand soil characteristic&urrent model studiesboutthe impact of land use
change on water resourcedten simulate changes in land use without considerin
changes in the soil properties due to the change in laadHuisman et al., 2004).
However there is a linkbetween vegetation anthe processes in thsoil, like
infiltration. The factors determining runoff and erosion are a consequence of complex
interactions of vegetation and soil characteristics (Thurow et al., 1@8@)ation is
related to vegetation and soil characteristics. Low infiltration results in high erosion
risk due to increased runofftherefore it isimportantto link vegetation andsoll
processes tdetermirethe erosion risk.

LAPSUSD includes tis interaction between vegetation and soil by linking land use
with porosity and permeability.However this connection of multiplying land use
with permeability and poraty was incorretty applied in this researcht resuled for

forest land use i lower permeability and porosigompared to agriculturehile,

these values should be higher. The relationship between the parameters and the
processes in the LAPSUS3 model needs to be adjted. At present porosity and the
parameteran (discharge)and n (slope) have slight influenceAdjustments in the
parametersn and n did not influence the erosion and sedimentation. It is felt that
especially the influence of porosity, land use andand n need to be stronger
Currently the value of porosity is quite high which indicates that this value only has
an impact when the relative value is high. This value seems unrealistic compared to
the other relative values of the parameter settings. Funtirer, the influence of land

use did not appear in the output figures of LAPSQSThere influence related to
erosion and sedimentation in this model should be further developed.

Input parameters and uncertainty

The estimated erosion and sedimentatiofues are very variable as a result of
uncertainties in the input parameteidst general the complex interactions on
catchment scale are not totally understodtfell-understood catchments like Coon
Creek in the USA (Trimble, 1999, 2009) show that the reedt yield from a
catchment does not always reflect the processes within the catchiuento
complexity. This is especially true for studies done on m&salecatchments like the
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Wilde Weisseritz. There are severahcertaintiesrelated to the complexityof
catchmentfor instance calibrationand validation (i), catchment scale annectivity
within catchmen(ii) , andassumption of input parametéiis).

The input parameters and thiesults of the modelsan not be verifiedbecause o&

lack of calibraton data.Huang et al. (2009) explains that calibration of parameters
can compensate the uncertainty in the input data to a certain ekigrimportant to
understand the uncertainty of the models by evaluating the sensibility of the
parameters and thresults of the model©nly when sediment yield data available

for various locations within the catchmeatmore reliable validation of erosion and
sedimentation distribution can be ma(&e Vente, et al., 2006)n this study, e
results of the modslhave not beerverified because of lack of calibration data.
Modelling changes in land use without calibration or at least the current situation
seems to be incorreftDe Vente et al2006). Howeverthe scenarios in this research
are not predictions buhodel experiments to understand the behaviour of the models.
It is important to understand the uncertainty of the models by evaluating the
sensiivity of the parameters and the results of the moddiere is a clear difference
between the models espetyalelated to their approach. As a result calibration values
were not a necessitifrthe model comparison related to their approach and time step
was also possible without calibration datdowever calibration would obviously
increase the validity of the nal¢s.

The catchment scale connectivity is the second major complicating .fattegrid

size of the modelsare related toa generalization of dataSome of the data like
precipitation, bulk density and evapotranspiration (in case of LARPSUSre
generéised over the whole catchmenEor land use, erosion and sedimentation
dynamics, decision making units (e.g. parcels) could be considered more consistent
with reality (Rindfuss et al., 2004)han the generalized data over the whole
catchmentIn contrastwith LAPSUSD, WaTEM/SEDEM works with parcdiorders

to simulatepossible sedimentatiometweenparcels However, it can bguestioned if

the bias due to generation of parcels is smaller than the bias due to the representation
in grid cells (Claessens €t,a2009).The grid cellsalsorepresent sedimentation when

the transport capacitys lowered due tochangs in slope and/ or land use The
combination of this approach with tiparcels bordersamresult to an over prediction

of sedimentation.

Severalassumptions of input parameters are mdgsschen et al. (2009) describe
that modelling runoff and erosion at catchment scale makes simplifications of
hydrological processes and sediment dynamics unavoidilidee is an uncertainty in
spatial data suchsdand use and soil magse to lack of detailed informatioRor the
LAPSUSD runs, vegetation and soil input of WaTEM/SEDEM was used. In this case
for the erodibility map the K factor and for the sedimentability the C factor of
WaTEM/SEDEM. This did noprovide the expected results. The link betwées
input parameteland use and erodibility should be further developed in the LARSUS
D model.

Time period

One of the assumptions is related to the time period of the model processes.
WaTEM/SEDEM works with annual time steps to simulate the erosion and
sedimentation amounts. Interactitsetweenprocesses might work in a timeframe
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