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ABSTRACT OF DISSERTATION
DEVELOPMENT OF A STORM EVENT BASED

TWO-DIMENSIONAL UPLAND EROSION MODEL

In the past, sediment yield analyses have been done primarily on an annual basis. In the
cases where a single event sediment yield analysis has been performed, lumped parameter
models were used to estimate the rainfall-runoff. With the recent development of the
physically based two-dimensional hydrologic model, Cascade Two-Dimensions
(CASC2D), more detailed computations of upland erosion can now be accomplished
whereby not only can sediment yield at the outlet be computed, but sediment yield at
interior points can also be computed.

CASC2D is an event-based model which divides the watershed into grid elements and
can represent the spatial variability present in the watershed. The principal hydrologic
processes of infiltration, overland flow, and channel flow are simulated and can be
spatially and temporally analyzed. The objectives of this research were to: 1) formulate a
time-varying physically based two-dimensional upland erosion/transport scheme; 2)
incorporate the upland sediment scheme into CASC2D; 3) develop visualization
capabilities to view the time and spatial varying erosion and sediment transport; and 4) test
the upland sediment scheme with field measurements.

The Geographic Resources Analysis Support System (GRASS), a raster-based GIS,
was used to manipulate the input grid data for CASC2D and to visualize the output grid
data from CASC2D. The integration of the model within GRASS GIS provides the user

with the means to easily input data into the model and to easily visuctizc the output data in

1ii



such a way as to expedite the calibration and verification of the model on actual storm
events.

Field observations and computer simulations were performed on the test plot scale
(Nelson Farm Test Plot) and on the watershed scale (Goodwin Creek Watershed) in North
Mississippi in order to evaluate the proposed upland sediment scheme.

On the test plot scale, CASC2D was able to do a good job (-50% to 200%) computing
surface runoff and sediment concentration when the land use was idle. There are cases
where CASC2D may not be able to do as well on an event basis, however when
computing annual sediment yield, CASC2D was within approximately 20% of the
measured value.

On the watershed scale, the upland sediment scheme was able to compute erosion and
deposition patterns consistent with field observations. In the upland drainage areas, the
upland sediment scheme was able to compute sediment yield well within the acceptable
range of -50% to 200%. At gage sites within the channel system, the contribution of
upland sediments to the total sediment yield was computed to be in the range of 20% to
40%. From field observations and data collection activities carried out by the Agricultural
Research Service (ARS), the upland contribution could be within this range when
compared to the total sediment load. In those drainage areas where significant channel
processes were not evident, model results were able to correlate better with the observed
sediment yield, as well as, with the measured rate of sediment discharge than in drainage
areas that displayed gully and channel erosion.

In conclusion, the upland sediment scheme was able to compute sediment yield in the

upland drainage areas well within the accepted range of accuracy (-50% to 200%). In the
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channel system, the model results did not compare as well to the observed total sediment
yield due to gully erosion, bank failures, and channel bed erosion. As finer resolution data
sets become available and the channel processes are incorporated into the model, the
model results should compare better with the observed total sediment yield.

The linkage of CASC2D with the GRASS GIS made the development of spatial input
data more efficient and the visualization of the spatial and temporal output data more
efficient. As more work is done with the graphical interfaces for distributive models, the

calibration and verification of theses models will greatly improve.

Billy E. Johnson

Department of Civil Engineering
Colorado State University

Fort Collins, CO. 80523

Spring, 1997
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CHAPTER 1

Introduction

Every sediment particle that passes a given stream cross section must satisfy the
following two conditions (Einstein, 1964): 1) It must have been eroded somewhere in the
watershed above the cross section; 2) It must be transported by the flow from the place of
erosion to the cross section.

1.1 Background

The presence of sediment in streams and rivers has its origin in soil erosion. Erosion
encompasses a series of complex and interrelated natural processes that have the effect of
loosening and moving away soil and rock materials under the action of water, wind, and
other geologic agents. In the long term, the effect of erosion is the denudation of the land
surface, i.e., the removal of soil and rock particles from exposed surfaces, their transport
to lower elevations, and eventual deposition. Sediment has a threefold effect on the
environment : a) depleting the productive capacity of the land from which it is transported;
b) impairing the quality of the water in which it is transported and the land on which it is
deposited; and c) carrying chemical and biological pollutants.

That accelerated soil erosion is a serious global problem is widely recognized. What
are difficult to assess reliably and precisely, however, are the dimensions (the extent,

magnitude, and rate) of soil erosion and its economic and environmental consequences.



Modeling soil erosion is the process of mathematically describing soil particle
detachment, transport, and deposition on land surfaces. There are at least three reasons for
modeling erosion : a) erosion models can be used as predictive tools for assessing soil loss
for conservation planning, project planning, soil erosion inventories, and for regulation; b)
physically-based mathematical models can predict where and when erosion is occurring,
thus helping the conservation planner to target efforts to reduce erosion; c) models can be
used as tools for understanding erosion processes and their interactions and for setting
research priorities.

In the United States, the prediction of upland erosion amounts (i.e., sheet and rill
erosion) is commonly made by the Universal Soil Loss Equation, USLE, developed by the
United States Department of Agricultural, USDA, Research Service in cooperation with
the USDA Soil Conservation Service and certain other state experiment stations. The
original USLE method is only able to compute annual soil loss due to sheet and rill erosion
in tons per acre per year. The USLE has been the workhorse of the erosion prediction and
conservation planning technology in the U.S. and even worldwide. In 1985, at a meeting
of the USDA and other erosion researchers, it was decided that the USLE should be
revised to incorporate additional research and technology developed after the 1978 USLE
handbook. The results of this effort was the Revised Universal Soil Loss Equation
(RUSLE). While the RUSLE is an improvement over the USLE, it still only computes
annual soil loss. This shortcoming was actually recognized in 1972 by Williams and
Berndt. As a result, the Modified Universal Soil Loss Equation (MUSLE) was developed

which computes sediment yield in tons for a single storm event. However, from field tests,



the use of the USLE equation to predict sediment yield on an event or event-series basis,
resulted in rather large errors from those measured in the field (Smith, 1976).

As a result of the limitations and errors discussed above, an increasing number of
scientists and engineers are turning to distributed hydrologic models. Recent advances in
hydrology, soil science, erosion mechanics, and computer technology have provided the
technological basis for the development of physically-based erosion prediction technology.
Physically based models are one class of formal models of real systems in which the
governing physical laws are well known and can be described by the equations of
mathematical physics. Watershed runoff can be generated by several mechanisms, all of
which can be described by the theory of unsaturated or saturated porous media flow. The
equations of continuity and momentum provide a physically based model for unsteady free
surface flow, and the diffusive approximation is usually appropriate for overland flow.
Therefore, the development of detailed physically based models of the erosion-
sedimentation process, which incorporates the talents of diverse interests such as
engineers, hydrologists, and agronomists, will lead to improved understanding of the
mechanics of soil detachment, transport, and deposition (Renard and Foster, 1983).

1.2 Research Objectives

The objectives of this research are : 1) formulate a time-varying physically based two-
dimensional upland erosion/transport scheme; 2) incorporate the upland scheme into the
two-dimensional hydrology model, Cascade Two-Dimensions (CASC2D); 3) develop
visualization capabilities to view the time and spatial varying erosion and sediment

transport; and 4) test the model with field measurements.




















































































































































































































































































































































































































































































































































































































































































































































































