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- Abstract

For Sri Lanka the protection of it’s central highland as a watershed is most
important because most of development projects in dry areas are based on water and
this water is from rivers that flow from central highlands. On the other hand in
physical terms, soil erosion causes greater damage to agricultural productivity than
any other factor. As a result of soil erosion, serious land degradation takes place
specially in hilly areas. The occurrence of landslides and flash floods increases the
loss of lives and property causing a set back to the country’s economic growth. In a
limited resources environment this problem of watershed degradation has been
neglected for several decades. Therefore, it is of utmost important to address this
problem since soil erosion is one of the major problems in watershed management
because it directly affects the natural vegetation and also reduces the agricultural
productivity. As such in watershed management , it is natural that soil erosion
reduction measures are given priority over many other issues. In this context . it is
necessary to identify the most vulnerable areas to implement a watershed management
programme 1in relation to soil erosion. The presen t study 1s an attempt to contribute
towards that goal of selection of vulnerable soil erosion zones. An area was selected
in the Gurugoda watersned o1 Kegatle istrict carry out a case study.

Universal Soil Loss Equation (USLE) was used for computation of soil erosion
using a Geographical Information System (GIS) technique. Most parameters appear
in the USLE were tested and recommended for Western countries and studies for the

tropical countries are limited or non-existent. Parameters for computation using USLE

was done through a literature survey.

Values of different parameters thus obtained were used to asses the erosion
hazard zones in the study area.

The parameters and catchment characteristics such as topography , land cover ,
soil types etc were incorporated into a layered GIS data base. Overlaying was done to
compute the annual soil loss distribution in a spatial context. The zones were
classified into three different classes namely the regions with Negligible erosion,
Moderate erosion, and Severe erosion

A field survey was conducted to identify the actual erosion hazard zones and
these zones were also classified in the same manner. Values obtained from field work

were compared with the values from USLE and parameters from literature. The



comparison of field identified erosion levels with computations, used a trial and error
variation of erosion class classification to verify the estimation. The verification of the
soil erosion mode! identified the classification that could be used for watersheds

similar to the Gurugoda watershed in the Kegalle District.

it



Acknowledgement

The author would like to take this opportunity to express his sincere gratitude
and appreciation to all the staff members in the Department of Civil Engineering,
University of Moratuwa and the visiting staff who conducted lectures giving their
valuable advice throughout this course.

The author would also like to express his profound thankfulness to Dr. N.T.S.
Wijesekara for spending his valuable time from the beginning to assist, advice
offering constructive suggestion.

The author also thankful to Dr. D.G.Nimal Priyantha, Department of Civil
Engineering, University of Moratuwa and Prof. Nimal Gunawardana, Dean
,Department of Agriculture, Universityof Peradeniya for the assistance extended to
make this thesis success.

The author wishes to thank Commissioner of Agrarian Services, and Deputy
Commissioner Mr. D.D. Waniganayake of the Agrarian Services for granting leave
and providing financial assistance for the Course and other assistance given
throughout this study. Author is especi: to his wife, Shyama for her
patience, understanding, encouragement and also the assistance given to make this
thesis a success.

Finally the author would like to express gratitude to the Agrarian Services
Staff members in the World Food Programme branch in the head office, Kegalle
District field officers, and Farmers in Gurugoda watershed area who gave valuable
data and information throughout this study. Profound gratitude is expressed to the
Land Use Division in Kegalle District, the Department of Meteorology and the Survey
Department for provision of data and maps.

K.G.Chandrasena




Table of Contents

Declaration

Abstract

Acknowledgement

Table of C

ontents

List of Tables
List of Figures
List of Appendix

1. Introduction

1.1
1.2
1.3

General
Objectives
Scope of the Project

2. Literature Review

2.1

2.2
23

24

25.

Introduction to Watershed

Watershed Management
Watershed Management Issues

. Soil Erosion
2.4.1. Preventing and Controlling of Soil Erosion

WatershediProblems and'National Policies
2.5.1. Policies on Land Degradation and Soil Erosion

2.6.  Participatory Watershed Mz

2.7

2.8

29
2.10

2.11.

. Watershed Management Experiences

2.7.1. Watershed Management in China

2.7.2. Watershed Management in India

2.7.3. Watershed Management in Nepal

2.7.4 Watershed Management in Sri Lanka
Estimation of Soil Eroston

2.8.1 Estimation of Surface Erosion and Soil Loss

2.8.2 The Universal Soil Loss Equation

2.8.3 Rainfall Erosivity Factor ( R)

2.8.4 Soil Erodibility Factor ( K)

2.8.5 Slope Length and Steepness Factor (LS)

2.8.6 Crop Management Factor ( ¢)

Determination of Erosion Hazard
2.10.1. Soil Erosion Measurement
2.10.2. Erosion Hazard Classes
2.10.3. Erosion Plot Method
2.10.4. Erosion Stakes and Pins Method

Geographical Information Systems
2.11.1. General
2.11.2. Applications of Geographical Information Systems

2.8.7 Conservation Practices Factor ( P) T
Modified Soil Loss Equation @ D
:\% @3

2-3
2-3

2-6
2-6

2-8

2-9

2-9

2-10
2-10
2-11
2-12
2-12
2-12
2-13
2-15
2-16
2-17
2-20
2-21
2-22
2-22
2-23
2-23
2-24
2-24
2-24
2-25



2.12  Mathematical Models and-Erosion Modelling Examples

2121
2122
2123
2124

2.12.5
2.12.6

3. Methodology

General

The Water Erosion Prediction Project ( WEPP)

The Agricultural Non Point Source Model (AGNPS)

Areal Non Point Source Watershed Environment
Response Simulation ( ANSWERS)

The Kinematics Erosio Simulation Model (KINEROS)

The Soil Erosion Model (SEM/SHE)

3.1  Model Development

3.2 Field Survey

3.3.  Model Verification

3.4.  Critical Erosion Hazard Levels

4. Observations and Data

4.1 General

472 Data
: 421

Collection
Field Data Collection

43  Secondary Data

43.1

. Rainfall

43.2. Soil Types

433

. Land Use

4.3.4. Land Slopes

5.  Analysis

5.1.  Model development

5.1.1

Introduction

5.1.2 GIS Data Base Arrangement

513

Rainfall Erosivity

5.1.4 Soil Erodibility

5.15

Crop Management and Soil Conservation Practices Factors

5.1.6 Slope Steepness and Slope Length Factors
52  Model Computation

5.2.1
522

Estimation of Annual Average Soil Erosion
Erosion Hazard Zoning

53 Model Verification

5.3.1
532
533

6 Discussion

General
Method of Comparison
Modelled Erosion Hazard Zones

7  Conclusions and Recommendations

8. List of References

9. Appendices

Vi

4-3



Table No:

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
~ Table 2.9
Table 2.10
Table 2.11
Table 2.12
Table 4.1
Table 4.2
Table 4.3
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 5-1
Table 5-2
Table 5-3
Table 54

List of Tables.
Description

Common watershed situation, alternatives, solutions.
Mean Annual Rainfall and erosivity for Sri Lanka
Erodibility of soils of Sri Lanka
C Factor Values for Various Land Use
Estimated C Factor in Hawai
Estimated C values in West Africa.
The Rating of C factor
Conservation Practices (P) Values for the USLE
P factor Values in West Africa.
P factor Values for Rubber and Tea
Description of Erosion Hazard Classes
Erosion Hazard Classes Based on Annual Soil Loss
Average Rainfall in the Study. Area
Soil Types-and Extent in t
Issues Identified During the Field Visit
Land Use Patten
Land Slope Classes
L & S factors used for USLE
Lénd Management(P) Values used for Computation
Layers Arrangement in the GIS Data Base

Land Management Factor Values.

Comparison using Standard Deviation as Classification-Trial 1

Comparison of Erosion Levels

vii

Page

2-3
2-15
2-16
2-18
2-19
2-19
2-19
2-20
2-21
2-21
2-23
2-23
44
4-5
4-5
4-6
4-7
4-7
4-8



Figure No:

Figure 1.
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13

Appendix 1
Appendix 2
Appendix 3
Appendix 4
Appendix 5
Appendix 6

Appendix: 7

Appendix 8
Appendix 9

List of Figures

Description

Mean Annual Rainfall —Sri Lanka

Erosivity Map Of Sri Lanka

Soil Erodibility Factor (K) by Sotl Texture

Sub Factor of VM factor in Modified Soil Loss Equation
Relationship between Ground Cover Condition & the VM Factor
Location of the Study Area

Agro-Ecological Region in Sri Lanka

Field ldentified Erosion Levels

Thiessen Polygons for Rain Gauging Stations

Soil Distribution in Study Area

Land Use Classification in Study Area

Slope Classification in Study Area

Field Verified Erosion Hazard Classification in Study Area

List of Appendices

Field data collection Sheet for Soil Erosion Measurement.

Field data collection Sheet for Soil Erosion Measurement(Sinhala)
Rainfall Details (1983-1999), Dehiowita (Dunedin)

Rainfall Details (1983-1999), Ambanpitiya

Rainfall Details (1983-1993), Yatadeniya(Undugoda)

Comparison Using Standard Division as Classification-Trial 2
Comparison Using Standard Division as Classification-Trial 3

Comparison Using Standard Division as Classification-Trial 4

Summary of Conservation Practices for Major Crops(Study Area)

Appendix 10  Field Visit Details

Appendix 11 Observed Erosion Hazard Location (1:10,000)
Appendix 12 Observed Erosion Hazard Location (1:50,000
Appendix 13 Identified Field Erosion Levels

vill

Page

2-14a
2-14b
2-15a
2-21a
2-21b
4-1a
4-1b
4-3a
4-4a
4-4b
4-5a
4-6a
6-2a

Al
A2
A3
A4
A5
A6
A7
A8
A9
Al10
All
Al2
Al3



