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Preface

Soil erosion at the present extent is mainly a result of human activities and not a prod-
uct of natural processes. Without human impact, the earth’s soil surface would be al-
most completely covered by permanent vegetation with the exception of extreme cli-
matic environments, such as deserts, polar or high mountainous areas. The main natu-
ral hazards which may cause erosion under natural conditions would be natural fires,
storms, volcanic eruptions, or meteorite impacts. Since such hazards would have only
local and temporary effects on the vegetation cover, one can assume that - especially
in the regions of temperate climate - the amount of soil loss as a result of natural
processes would be negligible.

The use of soils by man - in particular for agriculture - constrains to remove the
natural vegetation cover and to replace it by crops. Thus, the protection of the soils
from the direct impact of wind and water is, at least, temporarily suspended. Acceler-
ated erosion caused by water and wind is the inevitable consequence.

Erosion leads to the irreversible degradation of soils and to the loss of their eco-
logical and economic functions. Once the soil has been lost, it cannot be compensated
by natural soil restoration within reasonable time periods. In addition, erosion usu-
ally causes further off-site damages by depositing the transported material on adja-
cent sites. Moreover, eroded sediments and sediment-bound chemicals may enter the
surface water system, resulting in long-term eutrophication and toxification.

Erosion is usually regarded as a slow and almost imperceptible process which oc-
curs in a large number of isolated erosion events. In fact many difficulties are associ-
ated with the monitoring and surveying of erosion processes. In most cases direct
measurements of soil loss are limited to small experimental plots on which the rel-
evant hydraulic conditions of erosion cannot be completely reproduced. For the same
reasons, plot measurements cannot be directly transferred to natural slopes and wa-
tersheds without taking the differing hydraulic conditions into account.

Nevertheless, the first mathematical approach to describe soil erosion by water, the
UNIVERSAL SOIL LOSS EQUATION (USLE) by Wischmeier and Smith (1965), was
derived by correlating the amount of soil loss gained from experimental plots with
various topographic, climate, soil, and land use parameters. More recently developed
soil erosion models mainly use physically based approaches which allow adequate rep-
resentation and quantitative estimation of erosion (soil detachment and transport)
and deposition. Such models and their practical application are the main subject of
this book.

Table 0.1 provides an overview of the various soil erosion models which are de-
scribed in this book. The models are sorted by the year of their first publication. The
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Table 0.1. Overview of the soil erosion models described in this book

Name Author Chapter
AGNPS Young et al. (1987) 3
SMODERP Holy et al. (1989) 8

WEPP Lane and Nearing (1989) 1,11
EUROSEM/KINEROS Morgan et al.(1992); Woolhiser et al. (1990) 10,11,13
EROSION 2D/3D Schmidt (1991); von Werner (1995) 56,7,9 11
PEPP-HILLFLOW Schramm (1994); Bronstert (1994) 4,12
LISEM De Roo et al. (1996) 2

table shows that the first physically based soil erosion models were developed about
15 years ago. This book was particularly motivated by the fact that, in the meantime,
the results of numerous practical applications of these models have become available.

This book is divided into three parts. It mainly focuses on the papers in Part I in
which nine different examples for practical model applications are described. Part II
consists of three papers that deal with the validation of physically based soil erosion
models. Finally, the two papers in Part III provide information on current develop-
ments of recent modelling approaches.

References

Bronstert A (1994) Modellierung der Abfluffbildung und der Bodenwasserdynamik von Hiangen. Mitt
Inst Hydrologie und Wasserwirtschaft, Univ Karlsruhe, H 45

De Roo APJ, Wesseling CG, Ritsema C] (1996) LISEM: a single event physically-based hydrologic and
soil erosion model for drainage basins. Hydrological Processes, Part I:1107-1117, Part I1:1119-1126

Holy M, Vidgka J, Vrdna K (1989) SMODERP - Simulation Model for Determination of Surface Runoff
and Prediction of Erosion Processes. User's Guide. Faculty of Civil Engineering CTU Prague, pp 24

Lane L], Nearing MA (eds) (1989) USDA - Water erosion prediction project: hillslope profile model
documentation. NSERL Report 2 (USDA-ARS National Soil Erosion Laboratory), West Lafayette,
Indiana, USA

Morgan RPC, Quinton JN, Rickson R] (1992) EUROSEM documentation manual, Version 1. Silsoe Col-
lege, Silsoe

Schmidt ] (1991) A mathematical model to simulate rainfall erosion. In: Bork HR, De Ploey J, Schick
AP (eds) Erosion, transport and deposition processes — theories and models. Catena, Supplement
19:101-109

Schramm M (1994) Ein Erosionsmodell mit zeitlich und rdumlich veranderlicher Rillengeometrie.
Mitt Inst Wasserbau und Kulturtechnik, Univ Karlsruhe, H 190

Werner M von (1995) GIS-orientierte Methoden der digitalen Reliefanalyse zur Modellierung von
Bodenerosion in kleinen Einzugsgebieten. PhD thesis, Department of Geography, Berlin Free Uni-
versity

Wischmeier WH, Smith DD (1965) Predicting rainfall-erosion losses from cropland east of the Rocky
Mountains. Agr Handbook 282 (USDA), Washington DC

Woolhiser DA, Smith RE, Goddrich DC (1990) KINEROS, a kinematic runoff and erosion model, docu-
mentation and user manual. US Department of Agriculture - Agricultural Research Service 77,
Washington DC

Young RA, Onstad CA, Bosch DD, Anderson WP (1987) AGNPS, Agricultural Non-Point-Source Pollu-
tion Model - a watershed analysis tool. United States Department of Agriculture, Conservation
Research Report, 35-80



Preface VII

Acknowledgements

The editor thanks the contributors to this book for their willingness of collaboration
and their patience, as well as he thanks the Springer Verlag for publishing this book in

its program.
Last, but not least the editor thanks Mrs. U. Krause, Mr. A. Schréder and Mrs. G. Etzold
and Mr. A. Stasch for their active assistance in reviewing the text and the technical re-

alization of this book.

Freiberg, June 2000

Jirgen Schmidt



Contributors

Biéhm, Albert

DPW CMTC Hohenfels
Environmental Management Office
Camp Nainhof

Building 34

D-92366 Hohenfels, Germany

albert.boehm@bsbdpw.hohenfels.army.mil

Deinlein, Roland

gibs geologen+ingenieure
Deichslerstrafle 25

D-90489 Niirnberg, Germany
rc.deinlein@ngi.de

Dr. De Roo, Ad PJ.

Department of Physical Geography
Utrecht University

POBox 80115

Utrecht, The Netherlands
ad.de-roo@jrc.it

Dostdl Tomds, MSc, C. Eng.

Present address:

European Commission

DG Joint Research Centre

Space Applications Insitute, TP 263,
21020 Ispra (Va), Italy

Department of Irrigation, Drainage and Landscape Engineering

Faculty of Civil Engineering

Czech Technical University in Prague

Thékurova 7
16629 Prague 6, Czech Republic
dostal@fsv.cvut.cz

Dr. Duttmann, Rainer
University of Hannover
Geographical Institute

Department of Physical Geography and Landscape Ecology

Schneiderberg 50
D-30167 Hannover, Germany
duttmann@geog.uni-hannover.de



XVI Contributors

Dr. Favis-Mortlock, David T.
Queen’s University of Belfast
School of Geography

Belfast BT7 iINN

Northern Ireland
d.favis-mortlock@qub.ac.uk

Prof. Dr. Frede, Hans-Georg

Universitdt Giessen

Institut fiir Landeskultur
Senckenbergstrafle 3

D-35390 Giessen, Germany
Hans-Georg.Frede@agrar.uni-giessen.de

Dr. Gerlinger, Kai

Ingenieurbiiro Dr.-Ing. Karl Ludwig
Herrenstrafle 14

76133 Karlsruhe, Germany
kai.gerlinger@t-online.de

Dr. Gomer, Dieter

Deutsche Gesellschaft fiir Technische Zusammenarbeit (GmbH)
Postfach 5180

D-65726 Eschborn, Germany

dieter.gomer@gtz.de

Dr. Grunwald, Sabine
Department of Soil Science
University of Wisconsin-Madison
1525 Observatory Drive

Madison, W1 53706, USA
sgrunwald@facstaff.wisc.edu

Dr. Guerra, Antonio J.T.

LAGESOLOS (Laboratory of Experimental Geomorphology and Soil Erosion)
Department of Geography, Federal University of Rio de Janeiro

Cidade Universitaria - Ilha do Fundao

Rio de Janeiro - R]

CEP. 21940-590, Brazil

guerra@igeo.ufrj.br

Dr. Hergarten, Stefan

Geodynamics - Physics of the Lithosphere
University of Bonn

Nussallee 8

D-53115 Bonn, Germany
hergarten@geo.uni-bonn.de



Contributors

XVII

Jelinek, Stefan

Okologie-Zentrum der CAV Kiel
Schauenburger Strafle 112

D-24118 Kiel, Germany
Stefan-j@pz-oekosys.uni-kiel.d4o0.de

Prof. Dr. Mosimann, Thomas

University of Hannover, Geographical Institute
Department of Physical Geography and Landscape Ecology
Schneiderberg 50

D-30167 Hannover, Germany
mosimann@geog.uni-hannover.de

Prof. Dr. Neugebauer, Horst J.

Geodynamics - Physics of the Lithosphere, University of Bonn
Nussallee 8

D-53115 Bonn, Germany

neugb@geo.uni-bonn.de

Prof. Parsons, Anthony

Department of Geography
University of Leicester

University Road

Leicester, LE1 7RH, United Kingdom
AJP16@le.ac.uk

Dr. Paul, Guido
Clemens-August-Strafle 47
D-53115 Bonn, Germany

Dr. Quinton, John

Cranfield University, Silsoe

Institute of Water and Environment
Bedfordshire MK45 4DT, United Kingdom
j-quinton@cranfield.ac.uk

Prof. Dr. Schmnidyt, Jiirgen

TU Bergakademie Freiberg, Fachgebiet Boden- und Gewisserschutz

Agricolastrafle 22
D-09599 Freiberg, Germany
jschmidt@orion.hrz.tu-freiberg.de

Dr. Schoger, Heinrich

gibs geologen+ingenieure
Deichslerstrafle 25

D-90489 Niirnberg, Germany
hschoger@gibs-online.de



XVIII

Contributors

Schrioder, Axel

Wiesenstrafle 17

D-13357 Berlin, Germany
schroeda@rz.uni-potsdam.de

Dr. Smith, Roger

Engineering Research Center, Colorado State University
Fort Collins, CO, 80523-1320, USA
sroger@engr.colostate.edu

Vdska Jiot, Assoc. Prof., PhD, C. Eng.

Department of Irrigation, Drainage and Landscape Engineering
Faculty of Civil Engineering, Czech Technical University in Prague
Thékurova 7

16629 Prague 6, Czech Republic

vaska@fsv.cvut.cz

Vogt, Teodora

Université Louis Pasteur
3 Rue de UArgonne
67083 Strasbourg, France

Vrdna Karel, Assoc. Prof., PhD, C. Eng.

Department of Irrigation, Drainage and Landscape Engineering
Faculty of Civil Engineering, Czech Technical University in Prague
Thdkurova 7

16629 Prague 6, Czech Republic

vrana@fsv.cvut.cz

Dr. Wainwright, John

Department of Geography

King’s College London

Strand, London, WC2R 2LS, United Kingdom
j-wainwright@kcl.ac.uk

Dr. von Werner, Michael

TU Bergakademie Freiberg

Fachgebiet Boden- und Gewisserschutz
Agricolastrafle 22

D-09599 Freiberg, Germany
erosion@geog.fu-berlin.de

Dipl. Geogr. Wickenkamp, Volker
Grosse Pfahlstrafle 14

D-30161 Hannover, Germany
wickenkamp@geo-net.de



Contents

Part | Practical Model Applications ... 1

1

1.1

1.2

1.3

1.4

L5

2.1
2.2
2.3
2.4
2.5
2.6
2.7

The Influence of Global Greenhouse-Gas Emissions on Future

Rates of Soil Erosion: a Case Study from Brazil Using WEPP-CO, ........... 3
Background ... 3
111 Greenhouse Gases, Climate Change and Soil Erosion ...................... 3
1.1.2  Potential and Actual Increases in Future Soil Erosion ..................... 4
1.1.3  The Aim of this Study ... 6
Data and TooOlS ... ... 7
1,2:1,  Bmissions: PONGIES: s i s v e oo 5 6. 0 6% 7 s s 500 s £5% 9o 55 6 05 5475 8595 543 5 7
1.2.2 GCM Estimates of Future Climate ..............ccccoviiiiiiniiiiiiiiniininnn. 7
1528 WIEPPEEO S, « cons sse som sarmsn susss s s s vses s s e, s v s s S S 15 s 0 5 v 5 9
Modeling Future Erosion at Sorriso, Mato Grosso, Brazil ........................ 10
1.3.1 The Area ... 10
1.3.2  Modeling Current Erosion Rates .....................coooooiiii . 14
1.3.3 Modeling Future Erosion Rates ......................ooooiiiiiiiiiiii... 15
IDISCUSSIONY 1 5 s g5 5 s 1 e 005 5986 558 65 55 5 530 S5 05 56,8 59 ¥ 555 5o 600 Bk S8 55 ¥ G il e sl o e 22
Tl TTAPIICALIONS: v e 5 s nom s ssm s 45 s s s vt i 5.0 s S o 55 95 5% 3006 0 B 6 6 44 % 22
1.4.2 UNcertainties ...... ... ... it 25
CONCIUSIONS ... 27
Acknowledgements ........ ... 28
Acronyms Used ....... ... 28
RefereNCes ... . 28

Applying the LISEM Model for Investigating Flood Prevention and

Soil Conservation Scenarios in South-Limburg, the Netherlands ......... 33
Introduction ... ...... ... 33
Current PoliCy .. ... 33
LISEM 34
Scenario Results ... 36
Cost-Benefit Analysis ... 38
NEW POMCY s son i s 5 555 1550 50 5 5 6.5 558 555 5.5 i o s s e e 100 i sim i i s i 39
CONCIUSIONS ...t 40
Acknowledgements ... 40

RefrenCes ... .. 40



Contents

3.1
3.0
3.3
3.4

41
4.2

43

4.4

5.1
5.2
5-3
5.4
55

6.1
6.2
6.3
6.4

6.5

6.6

Application of Modified AGNPS in German Watersheds .................... 43
ODBJECLIVES ..o 43
MethOdOlOGY .. .niit i 43
RESUIES . 1. v o oo sncn e e s s s s e o e s sovs v 504 56 .50 508 6 908 45 5.0 600 S99 0 GO 96 3 3 47
COTICITUSTOIIS +.vo vom v e osr 00 sin o 608 55 5.5 55 455 565 S5 § 55 5650 90 0 60 & 1 60 30 308 w1 § 58 W 56
REFETOIEES) 1 s s0 5 1 5 150 5000 s 9946 D 508 TP IS i s 55 s 2B 55 S8 ST 008 il 658 e s 57

Physically Based Modeling of Surface Runoff and Soil Erosion under Semi-

arid Mediterranean Conditions - the Example of Oued Mina, Algeria ....... 59
INtrodUuction ... ... . ..o i i 59
Model Planning and Theory ... 60
4:20  SUTFace RUNOIE ... ..o s v e 50 580 255 50 wiis s 8 5 58 5,65 £975 565 ¥4 £ 505 5.0 405 B i 60
4:2:2 TIDEIETAtION & s s o i 0 5w wm svic st i3 5 o3 3 o0 1008 2 5 45 0 S0 S0 A5 3 66 650 5 A0 08 43 4 63
4.2.3 Soil Removal, Transportation and Sedimentation ......................... 64
4,24 'Solid Matetidl COREMGIT s v o sirs sum s s s st s s s ssomse s g o o s 3 65
Determining Parameters ... 67
4.3.1  Contribution of Remote Sensing .......................cooiiiii 67
4.3.2 Soil Mapping ..........ooiiiiiii i 68
4.3.3 Method of Classification .............. ...t 68
4.3.4 Soil Classification .................... ... 70
4.3.5 Mapping Soil Humidity ................ooooi 72
4.3.6 Principal Components Analysis ......................ooo 73
4.3.7 Soil Humidity in the Oued Mina Catchment ................................ 74
4.3.8 Model Results ....... .. .. ... 76
COoNCIUSIONS ... 76
References ... ... 77

Assessing the Impact of Lake Shore Zones on

Erosional Sediment Input Using the EROSION-2D Erosion Model ......... 79
INtroduCtion ............ooiiii 79
Lake Belau and the Typifiying of its Shore Zone ................................. 80
Modeling ... ... i 82
Upscaling ... 88
CONCIUSIONS ... ..ot 90
References ... 92

Modeling the Sediment and Heavy Metal Yields of Drinking Water

Reservoirs in the Osterzgebirge Region of Saxony (Germany) ............. 93
INtroduction ..o 93
Modeling Principles and Methods ........................................ 93
Watersheds ... P 95
ReSUILS ... 96
6.4.1 Erosion Simulation ...................... . 96
Comparison of Predicted and Measured Sediment Yields ........................ 98
6.5.1 Malter ReServoir ...... ... 99
6.5.2 Saidenbach Reservoir ........ ... ... ... 99

Estimating the Delivery of Particle-Attached Heavy Metals ................... 100



Contents
6.6.1 Methodology ..........ccoooiiiiiiiiiiiiiiiii 101
6.6.2 Plot Rainfall Simulations .................cooiiiiii 101
6.6.3 Saidenbach Reservoir (Holzelbach Subwatershed) ...................... 104
6.7 Strategies for Minimizing the Sediment Delivery ............................... 105
6.8 CONCIUSIONS .. ..oi e 107
RELEIOIICOS ...t 107
7 A Multiscale Approach to Predicting Soil Erosion on Cropland
Using Empirical and Physically Based Soil Erosion Models in a
Geographic Information System ... 109
71 INtrodUCtiOn ... ... 109
7.2 Multiscale Investigation and Modeling of Soil Erosion Processes ............ 110
73 Assessment of Erosion Hazard and Potential Sediment Yield at the
Macro- and Mesoscale Level ... 112
7.3.1  Procedures for Areal Estimation of the Potential Erosion Hazard .... 112
7.3.2 Identifying the Potential Sites at which Fine Sediments Enter the
Surface Water and Estimating the Risk of Sediment Delivery ......... 115
7.4 Areal Prediction of Soil Loss at the Microscale Level ............................ 120
7.4.1 Estimating the Threat to Soil Fertility for individual Plots
Employing the Allgemeine Bodenabtragsgleichung (ABAG) .......... 120
7.4.2  Areally Differentiated Erosion-Deposition Modeling with
Physically Based Soil Erosion Models: Application of the
Model EROSION-3D within a Geographic Information System ....... 123
7.5 Linking a Soil Moisture Budget Model with EROSION-3D for the
Model Assisted Estimation of the Parameter Soil Moisture .................... 129
7.6 PrOSPECES ... i 132
REfEreNCES ...\ i 133
8 SMODERP - A Simulation Model of Overland Flow and
Erosion Processes .....................coooiiiiiiiii 135
81 THHEOAUGCTION » wuy s s o i 6 s s siss v 568 55 5 5155 SR 68 38 & 50 568 40 405 6% 5519 53 Fs 568 00 5 135
8.2 Concept of the SMODERP Model ................ocooiiiii 135
8.2.1 Concept of the Overland Flow Model .................................. 135
8.2.2 Concept of the Erosion Model ....................coo, 138
8.3 Variable DeScription ..o 139
8.3.1 Rainfall ... ... 139
8.3.2 INterception ...............coooiiiiiiiiii i 139
8.3.3 Surface Depression StOrage .................cocoooieiiiiiiiiiiiiaiiiii.. 140
8.3.4 Manning’s Roughness Coefficient for Overland Flow ................... 140
8.3.5 Infiltration ... ... ... . 140
8.3.6 Rainfall Kinetic Energy ... 141
8.3.7 Relative Soil Erodibility ......................... 141
8.3.8 Vegetation Cover and Management (C-Factor) .......................... 141
8.4 Model Inputs and Outputs .................ccoooiiiiiiiiiiiiiii 142
8.40 INPUL FIlES . .ouiinnniniosiniintvnniees ene s s sen s e o s sem e o eiee s o 142
8.4.2. 'OUEPUE FLUES 5 s e s o sm s on 15 508 655 5205 5 55 s o s s s s s i 144
8.5 SENSIIVALY ATAITSIS « can wumes oo smme o s 53 v i row i 50 5 e 0 508 S5 s e 550 505 550 2 144



Contents

XII
8.6 System Requirements ... 148
8.7 Use of SMODERP in Soil and Water Conservation ............................... 148
8.8 Using the SMODERP Simulation Model for the Design of Conservation
Measures as a Part of Landscape Revitalisation Studies ........................ 149
8.8.1 Input Data for the SMODERP Model .......................ooon 149
8.8.2 Calculation of the Critical Slope Length ................................... 150
8.8.3 Design of Conservation Measures .........................oooooiiin... 150
8.8.4 Conclusion .......... ... 150
8.9 Protection of the Urban Areas against Surface Runoff and Sediment from
a Small Agricultural Watershed (Application of the SMODERP Model) ..... 151
8.9.1 Description of Current Situation ....................oooiiiiiL, 151
8.9.2 Methodology ...l 151
8:0:8 The SOIUMON, w5 s s e v6s 15 5 o 50w e 955 168 58 568 568 591 565 B8 Bt 567 66 o 845 152
8.9:4 INPUL DAE .o oo owswn wns e sw sos swwon wo ste s 58 5 05 s 0 39650 s 095 o508 9708 30 5 152
8.9.5 Alternative Soil Protection Measures .........................ccocevueen .. 153
8.9.6 AlternatiVes .................... ... 154
8.9.7 ConClUSIONS ... ... ... . 156
8.10 Numerical Simulation of Overland Flow on the
Radovesice Waste Dump (North Bohemia) ....................................... 157
8.10:1 TNLTOAUCTION. wun vos suis i s 55 1ot 6 4505 s 4 16s 558 s wime o s st 200 wint s o s e w0 157
8.10.2 Theoretical Considerations .......................coooiiiiiiiiiiii i, 158
8,103 MEtHOAOIGTY « o v s svss s s s 5 s s s s sy, s sy vt G0 9 £ 6 00 0 3 159
8.10.4 Results and Conclusions ..................cooiiiiiiiii i 160
References ..o 161
9 Modeling Overland Flow and Soil Erosion for a
Military Training Area in Southern Germany ................................ 163
0.1 ODJECEIVE wy s s s s 2 95 2050 o 578 558 58 5 5558 08 Kot 1 5 75 55 B o v i e e s e .. 9 B 163
9.2 Overview of Existing Erosion Models .........................ooooi, 163
9.2.1  RUSLE/MUSLE ... ... 164
9.2.2 EPIC .. 164
9.2.3 AGN S L 165
9.2.4 CREAMS . 165
9.2.5 GLEAMS . o 166
9.2.6 ANSWERS ... .o 166
9.2.7 EROSION-2D and EROSION-3D ..ot 167
52.8 RINEROS: s o s wups g sose e o5 0 13 2655 555 405 5 & 55 506 598 1005 o 55 535 5455 B wove e s v 168
9.2.9 OPUS . 168
9.2.10 SPUR oo 169
9.2.11 WEPP 169
9.2.12 EUROSEM ... . 170
9.3 Assessment of Model Applicability ............................................... 170
9.4 Applying EROSION-3D to a Subcatchment .................................... 173
9.5 Simulation of Different Soil Moisture Scenarios ................................. 174
9.6 CONCIUSIONS ... i 175

RefEIeNCes ... 178



XIIT

Contents
Partll Model Validation ... 179
10 A Process-Based Evaluation of a Process-Based Soil-Erosion Model ... 181
10.1 INtrodUcCtiON ... oo 181
10.2 EUROSEM .. 181
10.3 The Test SITE .. ... oot 183
104 RESULES: 1 1cr 1e ce e e e veni s o e e st i s s o 18 2 o i & 4 65 8065 S50 S8 S8 45+ o Sls 56 303 185
10,400 RUNOTE ... . .. s oo om0 o mre s o 865 855 558 5850 5 52§ 5 S 6 5098 70 B 9193 o s s 185
106452 BYOSTOIN ;i 6. s w6 15 5 o siws 565 550 s 0 5n iy s 9% s & 555 00 s oo ko o % i s s o 189
10:5 DISCUSSIOIY 25 5 55 536 uo e cow 50 5 s g wow wois 590 53 50 oo o o s 2 5 o8 B Wi 6B 674 % 58 TR o v 189
10.5.1 RUnOff 189
10.5.2 BrOSION ..o 191
10.6 CONCIUSIONS ... . i 194
Acknowledgements ... 196
REEIEICES ... i 196
11 WEPP, EUROSEM, E-2D: Results of Applications at the Plot Scale ........ 199
il TACEOAVGHION o s o 5 5 o s 55 s s 1 2 o5 0 5000 905 3% 5 s i s 0 2 4 R 5, SO T 2 2 199
11.2 Objectives and Methodology of the Study ........................oL. 199
11.3 Model COmPAriSON ........oiiiiiiiiti i 200
11.3.1 Input and Output Parameters ...................ccoooiiiiiiiiiiiiiin.s. 201
11.3.2 Model Structure ... 204
11.4 Sensitivity Analysis ... 224
11.4.1 Definition of Sensitivity Parameter ..................cocoooiiviiiiii. 224
4.2 RESUIS: & o o s sven v 08 s 3 5 s v S0 S0 50 90 008 SO 08 30 3 66 68 % 550 B0 4§ o0 T 3 225
1.5 MOAELAPPICALION. . s sem s s » st s s s s s 5.5 s s s sy 58 s 38 3 508 506 09 5496 5 228
11.5.1 Description of Test PIots ................coooiiiiiii, 229
11.5.2 Model Performance ............ ... 229
11.5.3 Assessment of Tillage Effects for the Methau Plots ...................... 240
11.6 Model ASSESSIENT ... ...t 243
1.7 Summary and Conclusions ... 245
ACKNOWIEAGEINEIS: wcx s v ¢ s o i v ms 5 5 55 550 w3 55 1 8 55 5.8 6 3590 ok 5 ¥ 68 6 e s+ 247
REFCTEICES: 1« 5 s cn 16w s 105 5 7 15 9790 s i A0 6 3 45 5630 5065 508 P8 15 & 75 Y0 90 000 90 2 48 500 590 0 3 247
12 Simulating Hydrological and Erosional Processes Using the PEPP-
HILLFLOW Model-Parameter Determination and Model Application .. 251
12.1 Introduction ... 251
12.2 PEPP-HILLFLOW Model ... 251
12.2.1 Surface Runoff ... 251
12.2.2 Transport Capacity .............oooiiiiiiiiiiiii e 253
122,83 Detachinent CAPACIEY: . : vo vus sus o s 55 2 o5 s 25 0 15 4 45 5 55 59 S 50 s G50 B 254
12.2.4 Erosion and Deposition ... 256
12.2.5 Sensitivity Analysis PEPP ... 258
12.2.6 Infiltration ... 260
12.2.7 Sensitivity Analysis HILLFLOW ............................ooo 261
12.3 Determination of the Model Parameters for PEPP .............................. 262



