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ABSTRACT OF DISSERTATION

GIS-BASED UPLAND EROSION MODELING, GEOVISUALIZATION AND GRID
SIZE EFFECTS ON EROSION SIMULATIONS WITH CASC2D-SED

The recent development of two-dimensional models for the simulation of upland
erosion and sediment yield from watersheds facilitates the analysis of washload in rivers
and assists in the planning of soil conservation systems.

The spatial resolution in Digital Elevation Models influences the landscape
representation. In runoff models, change in the physical variables translate into changes
in the hydrological model outputs. Process-based upland erosion models are affected by
both the change in landscape representation and the change in the hydrological model.
The effects of grid cell size on a 2-dimensional, physically-based erosion model have not
yet been investigated.

The objectives of this research are to: (1) extend the development of the
CASC2D-SED upland erosion model and implement a suitable channel sediment routing
algorithm; (2) couple the model time-series output grids with a GIS that will allow the
geovisualization of sediment transport dynamics by size fraction and the spatial erosion
and deposition patterns; and (3) investigate the effects of grid resolution on the simulated
values of gross erosion, sediment yield, spatial distribution of net erosion and sediment
delivery ratios.

The physically-based model CASC2D-SED calculates runoff and upland erosion
and simulates spatial erosion rates in a watershed on a grid basis. This two-dimensional

model is extended in this study to include interception, revised upland erosion and
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sediment routing, and a channel sediment routing algorithm. In the channels, the
Engelund and Hansen transport equation is used to approximate the sediment transport
capacity by size fraction. While erosion in channels is not allowed, deposition may
occur. The time-series output grids from CASC2D-SED are coupled with GIS for their
automatic display and creation of a MPEG movie. The extensively monitored 20.5 km®
Goodwin Creek watershed, MS, is used to test the new CASC2D-SED model and to
study the effects of grid cell size on erosion simulations.

The calibration and validation runs of CASC2D-SED show that the model
appropriately predicts hydrographs and sediment graphs at the basin outlet and other
internal locations. Washload is simulated to be transported through the system by
streamflow with very little deposition, carried primarily in suspension while coarser
fractions move as bed-material with local deposition. CASC2D-SED predicts sediment
graphs by size fraction at the basin outlet. Sediment yields are predicted within £50% of
the observed data. Spatially, CASC2D-SED predicts areas of net erosion on steep slopes,
depending on the land use and soil type. Zones of deposition were simulated in valley
bottoms or forested areas. Geovisualization and time-series animation of the erosion
dynamics and distribution of net erosion represents a form of model validation and
facilitates model testing at internal locations.

Goodwin Creek GIS data at 30-m grid cell spacing was resampled to up to 330-m.
The input grid cell size affected the CASC2D-SED erosion predictions and at
increasingly larger grid cell sizes (x), equilibrium discharge and sediment yield decrease

approximately with the inverse of the grid size while gross erosion decreases with x'3.

v
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Estimates of sediment delivery ratio increase with grid cell size, and values simulated for
the cases of 30-m and 90-m fall within field observations.

From the results of the calibration and validation runs of CASC2D-SED on
Goodwin Creek, MS, it is concluded that a grid cell size smaller that 150-m should be
used to identify regions vulnerable to erosion on a watershed for the implementation of a
suitable erosion control measure. For the prediction of sediment delivery ratios closer to

field observations, a grid size smaller than 90-m is preferable.

Rosalia Rojas Sénchez

Civil Engineering Department
Colorado State University
Fort Collins, CO 80523

Summer 2002
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CHAPTER 1

INTRODUCTION

1.1. PROBLEM STATEMENT

Erosion and sedimentation embody the processes of detachment, transport, and
deposition of soil particles. Erosion and subsequent deposition can be major problems.
Erosion reduces productivity of cropland and sediment degrades water quality and may
carry soil-absorbed polluting chemicals. Deposition in irrigation canals, stream channels
and reservoirs reduces the capacity of the structure and requires costly removal (Foster et
al., 1980).

The processes controlling sediment detachment, transport and deposition are
complex and interactive. This complexity results in the term "erosion process” in erosion
models. The difficulty in the observation and measurement of the erosion processes
during a runoff and erosion event due to small temporal and spatial scales makes

necessary the use of an erosion model in the prediction of erosion and deposition in a
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watershed. The use of an erosion model and "after the fact” erosion observations are the
best tools in resource management (Lane er al., 1988).

Ideally, an erosion model should represent the essential mechanisms controlling
erosion, and the model parameters should be directly related to measurable physical
properties (Lane et al., 1988). A two-dimensional (2-D) model is more appropriate than
a one-dimensional (1-D) model when identifying those areas more sensitive to soil
erosion (Hong and Mostaghimi, 1997).

Over the last two decades, the dramatic increase in computer power has led to
significant developments in the way that hydrological research and operations are
conducted. In this context, Geographical Information Systems (GIS) applications in
environmental modeling have proliferated to take advantage of the spatial data
representation capabilities, and GIS systems have been linked to process-based models
(Gumell and Montgomery, 1998). In hydrology. 2-D physical models are replacing
simple I-D representation of surface flow processes in catchment models. These add to
the physical realism of existing models but at the same time require more field data
collection to generate the necessary validation, calibration and parameterization data. It
also needs better computational tools and techniques. The space, time and dimensional
resolution at which such models may be applied has reached a stage where typical
simulations can involve many thousands of grid cells, simulated for hundreds of
thousands of time steps in up to three dimensions (Bates and Lane, 1998). In erosion
models, 2-D studies enable the identification of vulnerable regions within a watershed,

thus facilitating the improvement in the planning of soil conservation systems.
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Digital Elevation Models (DEMs) have facilitated various hydrologic applications
such as watershed hydrologic simulations, delineation of stream patterns, terrain
catchment partitioning and erosion/deposition predictions. While GIS provides a rapidly
expanding tool-kit that will allow hydrological scientists and engineers to address new
questions, the development of such applications will inevitably raise a variety of
interesting new problems (Gurnell and Montgomery, 1998). With the availability of high
resolution DEMs, one such issue is the optimum resolution at which data is input in
hydrological models.

In a raster map, spatial resolution increases as the size of grid cells decreases.
There are some trade-offs when using a small resolution digital model versus using one
with coarser resolution. Computational time, computer storage, level of accuracy and
data manipulation are the most important factors that will determine the cell size
selection. For a given area, a change to grid cells half the current size requires as much
as four times the storage space, depending on the type of data and the storage techniques
used (ESRI, 1994). The selection of the cell size will depend on the established
objectives and the resources availability to model the watershed system.

It has been observed how the cell size in a DEM affects the landscape
representation like slopes, slope lengths, and the extracted channel network in a basin
(Zhang and Montgomery, 1994; Bruneau er al., 1995; Yu, 1997; Wolock and McCabe,
2000). The change of these physical variables will translate into a change on hydrological
model outputs. The cell size in distributed hydrological models will have a direct effect
on the information content and the accuracy of the simulated output. In general,

researchers agree that the finer cell size gives more accurate results. However, there is no
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consensus on the selected cell size and the recommended one depends in each study on
the used model, initial conditions and assumptions, magnitude of the rainfall event and
watershed and objective of the study.

Investigation of the effect of the input DEM resolution on the prediction of
erosion has been very limited until now. Studies of how a change of the grid cell size
affects the upland erosion prediction are almost non-existent (Julien and Frenete, 1987,
Kienzle, 1996; Molnar and Julien, 1998). These studies are limited to the application of
the Universal Soil Loss Equation (USLE), which estimates average annual soil loss but
fails to predict deposition. The USLE was originally developed for agricultural fields and
its application to landscape scale erosion modeling is often inappropriate (Foster and
Wischmeier, 1974; Moore and Wilson, 1992: Mitasova er al., 1996).

The selection of the grid cell size affects empirical erosion models such as the
USLE through a change of the landscape characteristics. Process-based erosion models
will be affected by both the change in landscape representation and the change in the
hydrological model. The effects of grid cell size on the prediction of erosion and
deposition rates when using a 2-dimensional, physically-based hydrological model have

not yet been investigated.

1.2. RESEARCH OBJECTIVES

The objectives of this research are:
e Extended development of the CASC2D-SED upland erosion and sediment

transport and implementation of a suitable channel sediment routing algorithm
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e Coupling of the model time-series output grids with a GIS that will allow the
geovisualization of sediment transport dynamics by size fraction and the spatial
erosion and deposition patterns.

¢ Investigation of the effects of grid resolution on the simulated values of gross
erosion, sediment yield, spatial distribution of net erosion and sediment delivery

ratios.

1.3. METHODOLOGY AND APPROACH

The 2-D physically-based computer model CASC2D-SED is a hydrological
model designed to simulate the erosion rates in a watershed in a grid basis. This model is
used in this study to investigate the effects of the grid cell size on the prediction of the
sediment production in a watershed.

Data are taken from the 20.5-km”® Goodwin Creek watershed (MS). Extensively
monitored by the ARS National Sediment Laboratory (NSL), this watershed has been
chosen because it has a complete database compiling precipitation, runoff, channel cross-
section and sediment discharge.

The current CASC2D-SED version of upland sediment transport and deposition
(Johnson, 1997) will be modified to include the transport of sediment by advection. To
calibrate and validate the model, a channel sediment transport module will be
implemented in CASC2D-SED. Eroded sediment on the hillslope will be simply routed
in the channels by size fraction using the Engelund and Hansen (1967) equation. While

erosion is not going to be allowed in the channel, deposition may occur.
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Coupling of the CASC2D-SED model output with GIS will aid in the testing
phase of the model. Output grids time-series visualization of the simulation of the
sediment transport dynamics and geovisualization of the net erosion spatial distribution
patterns will be used as a form of model validation. The program Arc/Info' is going to be
used for input data preparation, analysis and visualization of the time-series output grids.
Results are to be presented for a given event and size fraction in a animated MPEG file.

Goodwin Creek GIS data at 30-m will be resampled to up to 330-m grid cell size
to study the effects of spatial resolution on simulated erosion rates in a watershed. First,
the gross erosion and sediment yield produced at the Goodwin Creek Watershed at a
given resolution will be quantified for uniform impervious soils and uniform land use
parameters using three different constant uniform rainfall intensities. Later, a real event
will be simulated and the differences in hydrological and sediment outputs presented for
different grid cell sizes. Results will be presented in terms of gross erosion, sediment

yield, spatial distribution of net erosion and sediment delivery ratios.

! Arc/Info® is a registered trademark of the Environmental Systems Research Institute
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CHAPTER 2

LITERATURE REVIEW

“The need for estimates of sediment yield are ubiquitous
throughout water resources analyses, modelling, and engineering as
sediment is a major pollutant, a transporter of pollutants, and
sedimentation rates and amounts determine the performance and life
of reservoirs, canals, drainage channels, harbors, and other

downstream structures and improvements.”

Leonard J. Lane et al (1997)
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According to the objectives, the following topics are reviewed in this chapter: a)
soil erosion modeling, including the motivation and limitations, existing erosion models,
and the importance of GIS to soil erosion modeling, b) geovisualization and time series
animation techniques are described and their advantages as powerful data exploration
techniques are enumerated and. finally, c) the last section revisits the findings of the grid
cell size effects on the landscape representation, simulated flows and soil erosion

predictions.

2.1. SoiL EROSION MODELS

2.1.1. Rationale and Limitations

Soil erosion and sedimentation by water involves the processes of detachment,
transportation, and deposition of sediment by raindrop impact and flowing water (Foster
and Meyer, 1977; Wischmeier and Smith, 1978; Julien, 1995). Erosion and
sedimentation represent on-site and off-site problems. On-site, erosion can degrade the
productivity of the soil necessary for crop and food production (Pimentel er al., 1976 and
1995; Meyer er al., 1984; Kimberlin and Moldenhauer, 1977). Off-site, sediment
deposited in stream channels, reservoirs and other hydraulic structures reduces their
capacity and needs to be removed. Sediment is a pollutant by itself and may carry soil-
absorbed pollutants (Stone, 2000; Lane et al, 1983; Hadley and Ongley, 1989; ). Soil
conservation specialists have for many years attempted to estimate soil loss from
individual fields or slopes to determine land use practices which will ensure long-term

productivity of the soil (Walling, 1982; Hadley, 1986; Hadley and Mizuyama, 1993;
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Walling and Webb, 1996; Walling and Probst, 1997; Summer et al., 1998). The ultimate
objective of research on soil erosion is to solve erosion problems by adopting suitable
conservation measures (Painter, 1981). Location of the sediment source areas, volume of
sediment eroded, transported and delivered and rate of sediment delivery and transport
after treatment are some of the factors that should be quantified before deciding what
erosion control treatment is best suited for a problem (Madej, 1981). In this context,
erosion models and, more specifically, 2-D erosion models provide the necessary tool to
predict excessive soil loss and help in the implementation of an erosion control strategy
(Julien and Frenette, 1987; Sharma er al., 1996; Doe et al., 1996; Marston and Dolanb,
1999).

The measurement of erosion rates is one of the limitations of erosion modeling.
While direct surface measurements are preferable, these are often difficult to obtain from
a logistical, observational and instrumental point of view. Many land surfaces change
only imperceptibly and only highly accurate measurements over long periods of time may
produce meaningful results (Campbell, 1981).

A second limitation comes at the erosion modeling stage. Since the erosion
components are subsidiary to a hydrologic model. the difficulties encountered when
modeling rainfall-runoff relationships are magnified when modeling erosion and
sediment production (Bennet, 1974; Clarke, 1994; Rojas and Woolhiser, 2000). Because
the calculation of sediment-transport rate in most cases is dependent on the prior
estimation of the hydraulics of overland flow, any errors in the predictions of the
hydraulic will propagate through the erosion estimation process (Wainwright and

Parsons, 1998).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Nevertheless, due to the complexity of the natural systems, watershed erosion
modeling represents a powerful tool to predict the consequences of natural as well as

man-induced environmental changes and impacts on the sediment dynamics.

2.1.2. Review of Existing Erosion Models

Soil erosion computer models use mathematical expressions to represent the
relationships between various factors and processes occurring on the landscape. These
factors generally include topography, meteorological variables, soil properties, and land
use and land cover features. One classification of models distinguishes between
theoretical or physically based models and empirical models. However, most erosion
models are of a hybrid type including both theoretical and empirical components (Haan et
al., 1994). The emphasis in erosion research on strictly empirically based models is
declining. The trend in erosion prediction technology is toward the development of
process-based simulation models (Morgan 1980; Nearing er al., 1990). Many physically
based upland erosion models in the past have used lumped or semi-distributed techniques
for their hydrologic modeling component.

Most of the erosion models are based on the Universal Soil Loss Equation
(USLE) (e.g. AGNPS (Young er al., 1989), ANSWERS (Beasley et al., 1989), EPIC
(Sharpley and Williams, 1990), and SWAT (Arnold er al., 1996)), on partitioning of the
watershed into planes and channel elements (i.e. KINEROS (Woolhiser e al. 1990), and
EUROSEM (Morgan, 1990)) or they are not intended for basin-scale use (i.e. CREAMS
(Knisel, 1995)). An extensive description and discussion on these models can be found

in Singh (1995), and Doe ez al. (1999).
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The USLE (Wischmeier and Smith, 1978) is the most widely used and accepted
empirical soil erosion model. It was developed for sheet and rill erosion based on a large
set of experimental data from agricultural plots. Yet, the equation was derived on single
agricultural plots and is only valid when applied to an area up to 1 ha. The USLE
equation takes into account slope length (L factor), steepness (S factor), climate (R
factor), soils (K factor), cropping (C factor) and management (P factor). This model was
specifically designed and tested to predict the average annual soil movement from a
given field plot under specified land use and management conditions. The USLE has
been enhanced during the past 30 years by a number of researchers. MUSLE (Williams,
1975), RUSLE (Renard er al., 1996; Stone er al., 2000), ANSWERS (Beasley er al.,
1989) and USPED (Mitasova et al., 1996) are based on the USLE and represent an
improvement of the former. The use of the USLE and its derivatives is limited to the
estimation of gross erosion, and lack the capability to compute deposition along hill
slopes, depressions, valleys or in channels. Moreover, the fact that erosion can occur
only along a flow line without the influence of the water flow itself restricts direct
application of the USLE to complex terrain within GIS. The history of the development
of the USLE and its modifications can be found in Peterson et al. (1979), Lane et al.
(1992) and Renard er al. (1997).

Developed by the USDA, the WEPP model (Flanagan and Nearing, 1995) is
intended to replace the USLE family of models and expand the capabilities for erosion
prediction in a variety of landscapes and settings. This model is a physically based,

distributed parameter, single-event simulation erosion prediction model. Processes
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within the model include erosion, sediment transport and deposition across the landscape
and in channels via a transport equation.

The KINEROS model (Woolhiser et al, 1990; Smith ez al., 1995) is a single-
event, physically based model that uses the Smith/Parlange infiltration model and the
kinematic wave approximation to route overland flow and sediment. The EUROSEM
model (Morgan, 1990) is a single-event, physically based model for predicting soil
erosion by water from fields and small catchments. There are several sediment transport
equation options implemented in both models. The representation of a catchment by a
cascade of plane and channel elements in the WEPP, KINEROS, and EUROSEM models
necessitates lumping of some parameters for small areas. This represents a drawback
when representing large watersheds.

SHESED (Wicks and Bathurst, 1996) is based in the European raster SHE model.
It simulates soil erosion by raindrop impact, leaf drip and sheet overland flow. Eroded
material is transported across the landscape via overland flow. Erosion in channels is
modeled as bed erosion. The sediment routine can handle the transport of fine and coarse
material. The SHESED model has been applied successfully in Europe and the USA.
The LISEM model (De Roo, 1996a; De Roo er al., 1996a, 1996b) is a physically based
hydrological and soil erosion model that is completely incorporated in a raster GIS. It
can simulate splash erosion and rill and inter-rill erosion. The transport capacity of
overland flow is modeled as a function of the unit stream power (Govers, 1990) and
depends on the value of the median grain size.

Developed at CSU, CASC2D-SED (Julien and Sagahfian, 1991; Sagahfian, 1993;

Julien er al., 1995; Ogden, 1997a, 1997b; Johnson, 1997; Ogden, 1998; Johnson er al.,
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2000) is a physically-based, distributed, raster, hydrologic and soil erosion model that
simulates the hydrologic response of a watershed subject to a given rainfall field. Input
rainfall is allowed to vary in space and time. CASC2D-SED can simulate the upland
sediment production and deposition by size fraction at any point in a watershed. The
sediment is transported from one cell to the next using the 2-D diffusive wave overland
flow routine scheme present in CASC2D. For a full description of the CASC2D-SED

model, see Chapter 3.

2.1.3. Soil Erosion Modeling and GIS

The ability to represent elevation in terms of topographic surfaces is central to
geomorphological analyses and thus to the importance of representing topography using
DEMs. It is through the distribution of soil that the land surface changes over the long
term and so the ability to link sediment transfer with DEM changes (Schmidt, 2000). The
redistribution of sediment will drive the long-term landscape change, which in turn will
affect the hydrological processes acting within and over individual hillslopes (Brooks and
McDonnel, 2000).

Soil erosion is influenced — among other factors — by the spatial heterogeneity in
topography, vegetation, soil properties, and land use. All too often, however, predicative
soil erosion models do not examine the problem in a spatial context. This is where a
Geographical Information System (GIS) becomes a valuable tool. A GIS is “an
organized collection of computer hardware, software, geographic data, and personnel
designed to efficiently capture, store, update, manipulate, analyze, and display all forms
of geographically referenced data” (ESRI, 1994). Therefore, a GIS is a useful technique

for coping with the vast number of spatial data and the relation between data from
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various sources in the erosion modeling process. The advantages of linking soil erosion
models with a GIS include the following:

(1)  The possibility of rapidly producing input data to simulate different
scenarios. A GIS provides an important spatial/analytical function performing the time-
consuming georeferencing and spatial overlays to develop the model input data at various
spatial scales (Sharma er al., 1996).

(2) The ability to use very large catchments with many pixels, so the
catchment can be simulated with more detail (De Roo, 1996b).

(3)  The facility of displaying the model outputs (visualization). Visualization
can be used to display and animate sequences of model output images across time and
space. Therefore, visualization enables object to be viewed from all external perspectives,
and to invoke insight into data through manipulable visual representations (Tim, 1996).

There are different strategies for linking erosion models with GIS, ranging from
loosely coupled to tightly coupled arrangements. Pullar and Springer (2000) categorize
three levels of integration:

(1)  Loose coupling: the GIS system and the erosion model are separated, and
the files must be transferred back and forth externally between the GIS and the model.

(2)  Tight coupling: the GIS (typically) provides the shared interface to move
the spatial data between the GIS and the separated modeling program.

(3)  Fully integrated: the model is fully integrated as a component in the host

GIS application.
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Most of the current integrations of soil erosion models with GIS are examples for
level 1 and 2 types. Category 3 type linkages are problematic because of the lack of an
efficient temporal dimension in most GIS systems (Kaden, 1993; Doe, 1999).

Erosion potential prediction is becoming a more and more widely applied GIS
operation. Several examples for the integration of GIS with erosion models can be found
in the literature: De Roo er al. (1989) combined ANSWERS with GIS technology:; later,
De Roo integrated LISEM (De Roo, 1996a,b; De Roo er al., 1996a, 1996b) and
LISFLOOD (2000) with a GIS; Mitchell er al. (1993) linked AGNPS with GIS. Other
integration examples are described in Mallants and Feyen (1989), Lin (1991), Dryer and
Frhlich (1994), De Jong (1994), Mitasova er al. (1996), Harrison and Doe (1997), Adler

et al. (1997), Warren er al. (2000), Wijesekera and Samarakoon (2001)

2.2. GEOVISUALIZATION AND TIME-SERIES ANIMATION.

The ever-changing natural world involves the interaction between many
environmental components. It is becoming increasingly important to understand the
processes behind these changes to be able to better manage the anthropogenic effects on
the environment. The exploration of complex spatio-temporal environmental data
demands creative methods of analysis and assessment (Lane and Richards, 2001). Thus,
the importance of the visualization of all environmental data to facilitate improved
understanding of the data and better predictions through modeling.

Visualization of geographical information has been termed geovisualization
(Thurston, 2001). Geovisualization is a powerful data exploration technique, exploiting
the ability of current computing technology to analyze and display dynamically large
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amounts of information (Edsall er al., 2000). Geovisualization involves the use of
computer graphics to stimulate the human visual system to recognize patterns that would
not otherwise be obvious (APOALA project, 2001). Geovisualization refers not only to a
set of graphical images but also to the interactive process of visual thinking and
interaction with the images (Dibiase et al., 1992a, 1992b).

Scientific research can be described as a process in which a scientist receives an
insight into an investigated phenomenon, verifies a derived hypothesis and finally
communicates the results.  Geovisualization is useful for exploration analysis
(MacEachren and Kraak, 1997, 2001; Uhlenkiiken er al., 2000; Blaser er al., 2000;
Steiner, 2001) and the communication of knowledge about spatial information (Kraak
and Ormeling, 1996). Lane and Richards (2001) list visualization as an alternative type
of model assessment allowing the modeler to reproduce in time and space processes that
can be observed through experimentation or in the file, but not necessarily readily
measured. They further state that while convectional empirical validation relies on
measurement, visualization relies on observation and perception.

Visualization techniques are applied to the scientific research in two ways: a) as
visual thinking or cognitive visualization, for exploration and verification of spatial data,
and b) as visual communication, where the scientist communicates with other people to
present and discuss results (Dransch, 2000).

Visualization techniques have been used widely in a variety of cases, i.e.
Kreuseler (2000) used virtual 3-D scenes to explore oceanographic ecosystems and

Fuhrmann (2000) as a system for visualizing hydrological data.
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Time-series animation is a visualization technique ideally suited for displaying
temporal geographic data. Animation leads to faster and easier comprehension of spatial
patterns, trends and rates of change of data: "Just as a picture is worth a thousand words,
an animation is worth much more than the input static images" (Acevedo and Masuoka,
1997). Dykes (1997) states that while dynamic maps are particularly appropriate for
exploratory analysis, short-term, slightly different, views of a data set are an essential part
of the analytical process.

Frame-based raster animations are produced by showing a series of images one
after the other in temporal order (Peterson, 1995). When creating a time-series animation
one must consider the following issues:

(1)  Number of data frames: the greater the number of frames, the better the
representation of the process. Correspondingly, the more the number of frames, the
bigger the animated file will be.

2) Starting and ending time of the representation: to capture only the most
significant sequence of the animation.

(3)  Animation display speed: this will depend on many factors such as
understanding of human visual perception and cognition, the intended purpose or
objective of the animation, and the rate of change within the data itself.

(4)  Media where the animation will be played: on computer screens, recorded
to video tape, or put on the World Wide Web (Dykes, 1997; Cartwright, 1997).

Time-series animation techniques has been used, among others, for predictions
from an orographic precipitation model (Hay and Knapp, 1996); representation of model

uncertainties (Ehlschlaeger er al., 1997; Davis and Keller, 1997; Evans, 1997); the
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visualization of urban growth (Acevedo, 1997); animation of time-varying three-
dimensional groundwater model output (Predmore, 1999); support of development and
evaluation of a soil erosion model (Mitasova er al., 1996; Mitas er al., 1997; Mitasova et
al., 2000); the properties of spatial and temporal periodicity (Edsall er al., 2000); fluxes
of materials in the coastal zone (Morris, 2000); and the representation of statistical

sociological data (Adrienko er al., 2000).

2.3. CELL S1ZE EFFECTS

2.3.1. On Landscape Representation

Topography defines the movement of water in a watershed and therefore it greatly
controls fluxes of energy, nutrient distribution and mass movement in a watershed.
Landscape representation will affect the hydrologic response of a watershed at any scale
(Schmidt, 2000) and thus it becomes an important factor in hydrological modeling.
Characteristics such as slope angle and upslope drainage area will affect the water flow-
path geometries, flow velocities and channel network (Thieken, 1999). The hillslope
form and soil properties will dominate the runoff production at the hillslope scale. On the
basin scale, the hydrograph is influenced by the catchment height distribution, length and
form of the basin, and parameters describing the drainage network.

Topography is one of the factors affecting the hydrologic response of a watershed
and so inaccuracies in the topographic model will propagate into errors in the prediction
of the hydrologic output (Lagacherie er al., 1996; Lee and Chu, 1996). One of such

inaccuracies derives from cell aggregation in a raster model.
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Resampling is the process of determining new values for cells in an output grid
that result from applying some geometric transformation to an input grid. Spatial data
aggregation or resampling to coarser scales is often used in the environmental sciences to
"scale-up" from local to regional or global scales when modeling a system (Bian and
Butler, 1999). The aggregated data is referred to as having a coarser resolution or, in the
specific case of raster data, as having a larger grid spacing or larger grid cell size.

Arc/Info (ESRI, 1982-2001) GRID module utilizes resampling for geometric
transformations and for converting grids to other resolutions (ESRI, 1994). Some
techniques have been developed to determine the output value depending on where the
point falls relative to the center of cells of the input grid and the value associated with
these points (Richards, 1993). The three processes for determining output values in
GRID are nearest neighbor, bilinear interpolation, and cubic convolution.

The nearest neighbor is the resampling technique of choice for categorical data as
it does not alter the value of the input cells. Once the location of the cell's center on the
output grid is located on the input grid, the nearest neighbor assignment will determine
the location of the closest cell center on the input grid, identify the value that is
associated with the cell, and assign that value to the cell that the output cell center is
associated with. The bilinear interpolation and the cubic convolution uses respectively
the 4 and 16 nearest input cell centers and their values to determine the output cell value.
The new value for the output cell is a weighted average determined by the value of the
four or 16 nearest input cell centers and their relative position or weighted distance from

the location of the center of the output cell in the input grid. The last two methods should
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not be used on categorical data since the categories will not be maintained in the output
grid. The bilinear and cubic interpolation methods also tend to smooth the data.

Zhang and Montgomery (1994) found that the spacing of the original data used to
construct a DEM effectively limits the resolution of the DEM. For that purpose, they
obtained digital elevation data from low altitude aerial photographs using a stereo
digitizer at a density about every 10 m. Then, they gridded spot elevation data at scales
of 2, 4, 10, 30, and 90-m using the GRID module of Arc/Info. In their study, they found
that decreasing the cell size beyond the resolution of the original survey does not improve
the accuracy of the DEM but potentially can introduce interpolation errors. In their case
study, cell sizes smaller than 10-m gave only marginal improvement in slope
representation.

Kienzle (1996) studied the effect of the grid size on the division of a catchment in
South Africa into individual terrain units (valley bottom, footslope, midslope, scarp and
crest). The simulation of terrain units with DTMs was shown successful with the 100-
and 50-m grids, both spatially and proportionally. The 250-m grid gave good
proportional results, but performed weaker with respect to spatial representation. The
simulation with the 400-m grid failed to represent terrain units.

Terrain slope values are usually computed from DEM gridded data by using
elevations of the four immediately adjacent pixels (Ritter’s algorithm, 1987) or from the
eight surrounding elevations in a 3x3 window (Sharpnack and Akin’s method, 1969).
Slope is an important variable affecting processes such as water flow routing and erosion

rate predictions in a watershed. Slope mapping can be affected by the used
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computational algorithm, DEM resolution, topographic complexity and DEM data
quality.

Zhang and Montgomery (1994) found that the percent of a catchment steeper than
a given slope systematically decreases as the DEM cell size increases and that this effect
is larger for steeper terrain. They concluded that since the slope of a grid cell represents
the average slope for the area covered by the cell, an increase in the cell size will
decrease the ability of the model to describe the characteristics of the steeper and more
dissected topography. Wolock and McCabe (2000) agree in that the smoothing effects
are greatest on DEMs with the most amount of terrain information, the ones with short
terrain features and steep slopes.

Analyzing six independently created DEMs from 1/10,000 contour data (20- to
100-m cell size), Bruneau er al. (1995) found that the relative frequency of iow slope
angles decreased for increasing cell sizes and vice-versa. Observed minimum and
maximum elevation values were higher and lower respectively as the cell size increased.

Yu (1997) examined the effect of DEM grid cell size on the land surface
representation. He found that the range of slopes increases as the cell size decreased and
that the slopes distributions for cell sizes less than 300-ft did not differ from the
distribution for 300-ft.

In general, the following relation has been observed between DEM spatial
resolution and the computed slope angles (Kienzle, 1996; Gao, 1997; Chang and Tsai,

1991; Molnar, 1997):
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(1)  Derived slope values decrease with lower grid resolutions. This effect of
DEM resolution is more apparent along topographic discontinuities such as valleys,
ridges, and minor landforms.

(2)  Slope mean and standard deviation decrease with increasing grid cell size.

€)] Coarsening of the DEM resolution causes the disappearance of extremely
large gradients and the reduction in gradient range for simple and complex terrain units
alike. This effect results in a change in slope distributions with decreased skewness and
values aggregated around a lower mean.

DEM spatial resolution also affects the derived channel network. In general, the
number of channel links, total channel length, link slope and drainage density decrease
with increasing grid size (Garbrecht and Martz, 1994; Thieken, 1999; Wang, 2000). This
decrease is the result of:

(1)  The inability of a coarse grid to reproduce the channel sinuosity and

(2)  The channel and drainage area capturing effect, i.e. the DEM grid can no

longer resolve the separation between channels or drainage boundaries.

2.3.2. On Simulated Flows

The resuits of hydrological models are not independent of the DEM grid
resolution used in the model formulation. In distributed models, the cell size will have a
direct effect on the information content and the accuracy of the simulated output. In
general, researchers agree in that the finer cell size gives more accurate results.
However, there is no consensus in the selected cell size and the recommended one
depends in each study on the used hydrological model, initial conditions and

assumptions, magnitude of the rainfall event and watershed and objective of the study.
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The cell size effect on the output of the a hydrological model has been most
studied for the TOPMODEL framework (Beven and Kirkby, 1979). Quinn (1991),
Wolock and Price (1994), Zhang and Montgomery (1994), Bruneau er al. (1995) and
Saulnier er al. (1997) studied the effect of grid cell size to the computed topographic
characteristics, wetness index and outflow.

The topographic index (c/ tan B) is an important component of many physically
based geomorphic and hydrologic models. It reflects the spatial distribution of soil
moisture, surface saturation, and runoff generation processes. The variable & represents
the specific catchment area, which is the area upslope from a specified contour segment
divided by the length of the contour segment. Tan fis the slope. TOPMODEL relies on
such a topographic index. Due to increased specific catchment area and decreased siope
values with increasing cell sizes, the topographic index increases with coarser resolution
DEMs (Zhang and Montgomery (1994), Wolock and Price (1994), Bruneau (1995),
Saulnier (1997),Wolock and McCabe (2000)). As a consequence, the magnitude of the
peak runoff rate and therefore the runoff volume predicted are higher for the coarser
resolution. Zhang and Montgomery (1994) found that this change was larger for the case
of the watershed with steeper slopes and that the effect of the cell size on computed
hydrographs depends on both rainfall intensity and initial base flow. They concluded
(page 1026) that "the runoff processes are governed neither by the finest, nor by the
coarser resolution” and they suggest that "the most appropriate DEM cell size for
topographically driven hydrologic models is somewhat finer than the hillslope scale

identifiable in the field". While a 10-m cell size represented a significant improvement
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over 30-m or coarser cell sizes, finer cell sizes provided relatively little additional
resolution.

Yu (1997) examined the effect of DEM grid cell size on the land surface
representation and hydrologic simulation using the Basin-Scale Hydrologic Model
(BSHM). In this model, an algorithm with unidirectional flow is used in the calculation
of the spatial distribution of the runoff travel time and the prediction of simulated
hydrographs for different cell sizes. In his study, infiltration along the overland flow
path was not considered. Using a digital elevation generator (DEG) in BSHM, Yu
produced DEMs of a 555-mi” basin with a regular grid ranging from 3600 to 120 feet.
He found that the resolution of patterns of calculated runoff travel time improves as the
cell size decreases. For cell sizes smaller than 300-ft, the frequency distribution of travel
times and peak flows were almost identical. They considered the 600-ft spacing to be
efficient in terms of CPU time and the quality of the simulation.

KINEROS (Woolhiser er al., 1990) is a event-based, distributed mode! that
calculates surface runoff and erosion in small agricultural an urban watersheds. Using
the KINEROS model, Thieken ez al. (1999) observed that watershed configurations
generated with the same contributing threshold area but from different DEMs produce an
increase in runoff volume as well as in peak flow rate for a given storm as cell size
increases. The time to peak was observed to decrease as the DEM resolution was
increased. They were able to correlate drainage density and areal mean lengths with
outflow depth and conclude that both descriptors strongly influence the hydrological

modeling results.
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Using a spatially-explicit, variable source area hydrology model, Kuo er al.
(1999) studied the effect of different cell sizes on soil water content and the sensitivity of
the model to aggregation of specific types of input data by increasing the grid cell size.
Their model works in areas of impermeable sloping sub-soils at shallow depth and
includes unsaturated flow. They tested elevation, soil and land use digital models with
grid cell sizes ranging from 10- to 600-m. They found that the spatial variability of soil
type and land use were not affected by the grid cell size. They also found that while the
spatial variability of the slope decreased slightly, the Laplacian (or curvature of the
landscape) decreased greatly. This resulted in higher soil water content and higher
evaporation rates for large grid cell sizes. The runoff in a wet year was not affected by
the grid cell size but for a dry year it was greatest for smallest grid cell size. Kuo er al.
(1999) and Beven (1995) agree that the aggregation approach using averaged parameter
values toward macroscale modeling is inadequate for representing hydrological processes
at large scale.

Although CASC2D has been applied to a wide range of grid sizes, Ogden (1997b)
has found that grid cell sizes smaller that 200-m produce more robust calibrations.
Ogden (1997a) further states that the selection of the grid cell size will depend both on
the existing relevant data and the computational effort required. Ogden (1997b)
estimates that approximately 250 bytes of memory is required for each grid cell cell, thus
decreasing the grid cell size will increase the computational time. At the same time "the
higher the resolution, the more accurate the solution will be" (Ogden, 1997b, page 6).
Grid cell size affects the computational time step in that the latter is shorter for finer grid

cell sizes.
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Molnér (1997) applied the CASC2D model to two basins in Mississippi of
approximately 21 km? (Goodwin Creek) and 560 km? (Hickahala-Senatobia). The effects
of grid cell size were evaluated using grid cell sizes ranging from 127- to 380-m in
Goodwin Creek and from 30- to 914-m in Hickahala-Senatobia. Using the nearest
neighbor technique, the aggregation process led to an increase in the percentage of
channel cells as compared to the total number of cells. Due to the representation of the
watershed at larger grid cell sizes, runoff from upland regions reached the channels more
rapidly and transmitted more quickly to the outlet. As a result, coarser resolutions
resulted in higher runoff rates and shorter times to peak. Molndr found that to
compensate for larger grid cell sizes, overland and channel roughness coefficient had to
be increased. Molndr concludes that the selected grid cell size should small enough to
preserve essential characteristics governing rainfall-runoff processes, but large enough to

be used effectively and efficiently.

2.3.3. On Soil Erosion Prediction

Investigation of the effect of the input DEM on the prediction of erosion has been
very limited until now. Studies of grid cell size effects the erosion/deposition prediction
are almost non-existent and they are limited to the application of the USLE equation.
However, the USLE was originally developed to predict long term average annual
erosion and thus, it is not designed to predict event erosion well. Kinnell (2000) points
out how procedures available to determine the slope length factor for a cell does not

enable the impact of vanations in upslope runoff on cell erosion to be determined

adequately.
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Julien and Frenette (1987) performed studies on the Chaudiere basin (5830 kmz)
in Canada in order to examine the applicability of the USLE to large areas. They were
able to extend the applicability of the USLE to the large watershed by applying a
correction factor. This correction factor was a function of the grid cell size. The same
method was latter applied by Julien and Gonzélez del Tanago (1991) in Spain, validating
the use of the grid size factor. In both studies, it was concluded that unbiased estimates
of soil erosion losses are obtained for grid cell sizes less than about 350 m.

Kienzle (1996) used the RUSLE (Revised USLE) to study the effect of grid cell
size on the estimation of soil loss potential. It was determined that the soil loss was very
sensitive to slope. Mean annual erosion values increased up to 67% when computed with
the 400- and 50-m resolution grids while this increment was much larger (430%) when
the maximum erosion rates were compared.

A fourth study is done by Molndar and Julien (1998) relating cell size and erosion
prediction using the USLE in two basins (21 km’ and 304 km?). In this study, it is
concluded that at grid cell sizes exceeding 100-m, a correction factor must be included in
the calculations. With the use of this correction factor, the USLE can be applied directly
at macroscales.

The effect of grid cell size produced when modeling rainfall-runoff processes are
magnified when modeling erosion and sediment production (Rudra er al., 1998;
Wainwright and Parsons, 1998). One of the sources of error in the prediction of erosional
/ depositional processes is the accuracy of the input elevation data. DEM errors impact
terrain attributes (such as slopes and slope lengths) that affect the erosion prediction the

most.
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The selection of the grid cell size will also depend on the established objectives
and the resources availability to model the watershed system. Using the same
mathematical representations of physical processes for runoff and sediment transport,
Hong and Mostaghimi (1997) concluded that a 2-D model provides better representation
of spatial distribution of flow depths and sediment concentration that the 1-D model.
However, the 2-D model provided little improvement when simulating the total runoff
volume and sediment yield at the outlet. It becomes apparent that either the 1-D or 2-D
models could be used, based on the specific objectives. When using a 2-D model the
same type of philosophy should be applied in the selection of the model resolution.

Holmes ez al. (2000) suggested that although the global (average) error in a 30-m
USGS DEM is small, local error values can be large and even small amounts of elevation
errors can greatly affect derivative calculations. In this study, it is shown that errors in a
30-m DEM affects the prediction of the area prone to potential debris flow. Holmes ez al.
(2000) and Mitasova et al. (2000) agree that the error propagation is most dramatic in
valley bottoms (low lands) and along streamlines. Mitasova et al. (2000) conclude that
the computation of net erosion/ deposition as a change in transport capacity is very
sensitive to artifacts in the DEM.

Molnér and Julien (1997) used the USLE equation for estimating soil loss at
different grid resolutions (from 30-m to 2-km grid cell size). They found that large grid
cell sizes tend to underestimate soil losses because of a decrease in the terrain slopes.
They proposed a correction factor to compensate for the underestimation of soil loss

when applying the USLE at macroscales.
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2.4. SUMMARY

From the literature review we have learned that:

(1) Watershed erosion modeling provides the necessary tool to predict excessive soil loss
or deposition and helps in the implementation of an erosion control strategy.
CASC2D-SED is a raster, physically based hydrological and soil erosion model that
allows the prediction of the location of erosion source areas. This model predicts
erosion rates and deposition on an event basis, taking into account the spatial
distribution of the hydrological and erosional model variables.

(2) GIS is an increasingly important tool in environmental models allowing rapid data
pre-processing, data input, and analyses and display of results. Applied to scientific
research, geovisualization is a powerful data exploration technique utilizing the
ability of the computing technology to analyze and display dynamically large amount
of information

(3) In raster models, the grid cell size affects the landscape representation by affecting
primarily the terrain slopes and the channel network definition. With increasing grid
cell size, hydrological simulations are affected by the lost in information content and
accuracy of the simulated output. Process-based erosion models, depending on both
landscape representation and hydrological variables, have a magnified dependency on

the input data spatial resolution.
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CHAPTER 3

THE REVISED CASC2D-SED MODEL

"The future of watershed models will be shaped by increasing
societal demand for integrated environmental management; growing
need for globalization by incorporation of biological, chemical, and

physical aspects of the hydrologic cycle; rapid advances in remote

sensing and satellite technology, geographical information systems

(GIS) database management systems (DBMS), and expert systems;
enhanced role of models in planning and decision making; mounting
pressure on transformation of models to user-friendly levels; and

clearer statement of reliability and risk associated with mode( results."

Vijay P. Singh, 1995
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The CASC2D-SED program governing equations including the newly
implemented interception process are reviewed in this chapter. The revised upland
erosion and sediment transport and the implementation of the channel sediment routing
are described as well.

In the second part, the implementation of the CASC2D-SED output time-series
grids visualization in Arc/Info® is explained.

CASC2D-SED source code and subroutine list, and input/output files are listed in
Appendix I. AML programs for the output grids time-series animation are also found in

Appendix L.

3.1. MODEL DEVELOPMENT

The CASCade 2 Dimensional SEDimentation (CASC2D-SED) model originally
began with a two-dimensional overland flow routing algorithm developed and written in
APL by Prof. P.Y. Julien at Colorado State University. The overland flow routing
module was converted from APL to FORTRAN by Dr. Bahram Saghafian, then at
Colorado State University, with the addition of Green & Ampt infiltration, detention
storage and diffusive-wave channel routing (Julien and Saghafian, 1991; Saghafian,
1992; Julien er al., 1995).

CASC2D was incorporated as part of the GRASS GIS for hydrologic simulations
as r.hydro.CASC2D (Sagahfian, 1993; Sagahfian and Ogden, 1996). Later on, Ogden
(1994) added implicit channel routing option to CASC2D. Since 1995, CASC2D has
been reformulated with the addition of continuous simulation capabilities and other
hydrological components such as interception, initial depths, evapotranspiration and
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redistribution (Ogden, 1997a). This last version is incorporated in the Watershed
Modeling System Interface developed by Brigham Young University (2001) and is
known as CASC2D for WMS. CASC2D/WMS development and integration is funded
by the U.S. Army Corps of Engineers, Waterways Experiment Station. The integrated
version of CASC2D-SED in WMS interface may be used only by the Corps of Engineers
and in educational institutions.

The upland erosion module was added by Dr. Billy Johnson (1997) based on
previous work done by Kilinc (1972) and Kilinc and Richardson (1973) at Colorado State
University and was called CASC2D-SED. Figure shows the CASC2D-SED model

flowchart. The new or revised part of the model is shown in bold letters.

Read information fijes:
* conrol Declare vanables

Read file names from project tile START

It channel routing.
® Read channel file
* Determune channe! topology

sresesens  SERRRRD ¢ Time Loop
2 it P AR :
N > | OwvriDepth
: |l T ChasnDepth | [ | NewChnbepmn | |
Update channels depth *1
Overtand flow routing : OvriRout MH ] RoutSedOvrl - —
iglhot“::.:::: atoute ﬁ""' Crannkous | Je{ | cwctn | je{ [ RoutSedChin

Seimen St |

Sed. routing ut outlet

Compute sedimemnt stuts :
'Wnite outflows :
Wricouputgnds ____§2 grids
: Reset Gnds to zero 5 display ’
SO R | D : .
A 2
Compute final storage volume

Write event summary
C di

es * EXIT

Wnie sediment summary
Deallocate grids memory

Figure 3-1. CASC2D-SED flowchart and revised/new code (in bold letters)
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3.2. CASC2D-SED DESCRIPTION

CASC2D has been developed to determine the runott hydrogruph generated from
any temporally-spatially varied rainfall event. When using the crosion/sedimentation
module of CASC2D. sediment rates can be predicted at any location as well.

For a given rainfall event. once the initial losses have been subtracted trom
rainfall, water begins to infiltrate. This step requires the adoption of an nfiitration
scheme that can predict the portion of the ruinfall that drains nto the ground. The Green
& Ampt (1911) infiltration equation accommodates spatial und temporal vanabthities due
to changes in the rainfall and/or soils properties. and takes into account the accumulated
infiltration.

Using a Hortonian overland flow process (Brass. 1990). when the precipitation
rate exceeds the infiltration rate, the excess rainfall will accumulate as surtace water and
begin to flow. In CASC2D. overland flow is routed into the channels using a dittusive
wave approximation in two dimensions. In channels. the water is routed using a 1-D
diffusive wave equation.

The erosion/sedimentation rates are calculated as a function of the hydraulic
properties of the flow. the physical properties of the soil and the surtuce charactensucs.
The modified Kilinc-Richardson equation (Julien. 19951 1s used in CASC2D-SED
determine the upland sediment transport by grain size (silt. cluy. and sund) from one cell
into the next one in two orthogonal directions.

CASC2D solves the equations of conservation of mass. energy and lineur

momentum to estimate watershed runoft for a given rantall input. The overland flow
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routing formulation is based on an explicit 2-D finite difterence (FD) technique. The
channel formulation is based on an explicit 1-D FD technique.

In the next section. the governing equations in the overlund flow and channel
routing schemes are described. The equations used n estimating precipitation.

interception and infiltration rates are also tncluded. Finally. the processes ot sediment

transport on overland and channel cells are descnbed.

RN

9

Topographical representation of overland tlow und channel routing
schemes

Figure 3-
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3.3. FLOW ROUTING ALGORITHM

3.3.1. Precipitation
When more than one rain gauge is used in the estimation of the precipitation, an
interpolation scheme based on the inverse distance squared approximates the distribution

of rainfall intensity over the watershed:

“fl;(;rg krg)
d-

i (jok) =220 i (3-1]

=

m=| dr;

where,
i',k) = rainfall intensity in element (j.k) at time t [m s™']
im(jrg.,krg) = rainfall intensity recorded by the m-th rainfall gauge located at

(jrg.krg) [ms™]
ds = distance from element (j,k) to m-th rain gauge located at (jrg,krg) [m]
NRG = total number of rain gauges

3.3.2. Interception

As rain falls on a vegetated surface, part of it is held on the foliage by surface
tension forces. Rather than reaching eventually the ground, this portion of the rainfall
evaporates directly and does not take part in ultimate runoff and thus, it is usually termed
interception loss (Eagieson, 1970). Chow (1988) defines as retention the part of the
surface storage held for a long period of time and depleted by evaporation.

Because intercepted water does not reach the soil surface, it has no part in
infiltration. Accordingly, the interception loss is subtracted from the rainfall before
infiltration is calculated. In CASC2D-SED, the rainfall rate is reduced until the

interception depth (I) has been satisfied. For a given grid cell inside the basin, if the total
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rain falling during the first time increment (dt) is greater than I, the rainfall rate is
reduced by I/dt. If the rainfall depth is less than I, the rainfall rate is set to zero and the
remainder of the interception is removed from the rainfall in the following time
increments. Measured values of interception depth for a number of vegetative covers are

found in Woolhiser er al. (1990) and Brass (1990).

3.3.3. Infiltration

The Green and Ampt equation (1911) provides the primary relationship for
infiltration within the CASC2D computer model. The Green and Ampt infiltration
scheme gained considerable attention partially due to the ever growing trend of
physically-based hydroiogical modeling (Philip, 1983). To accurately account for the
physical process involved with surface flow, CASC2D uses the Green and Ampt

approximation for soil infiltration. Specifically, this relationship is utilized within the

model’s infiltration scheme to determine the depth and rate of soil Water
infiltration as a component of the resulting overland flow.
Wet soil
The Green-Ampt model assumes piston flow with a sharp 8=8
wetting front between the infiltration zone and soil at the initial water Wetting front
content. The wet zone increases in length as infiltration progresses Drv soil
SO
o5
(Bras, 1990).

Neglecting the level of ponding on the surface, the general equation showing the

Green-Ampt relationship can be expressed as (Bras, 1990):

f=K, *(HE‘FM&) [3-2]
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infiltration rate [m s}
saturated hydraulic conductivity [m s™']
capillary pressure head at the wetting front [m]
soil moisture deficit = (8.—6;)
8.= effective porosity = (¢—6;)
@ = total soil porosity
O, = residual saturation
6; = soil initial moisture content
F = total infiltrated depth [m]

e
oo

S

To apply this calculation to the entire watershed area, four separate physical
characteristics must be known and provided as input to the model. These characteristics
are hydraulic conductivity, capillary pressure. effective soil porosity, and initial soil
moisture content. Their numerical values can be approximated from the experimental

data by Rawls er al. (1983) depending on the soil texture.

3.34. Overland Flow

The governing equations for overland flow with the CASC2D Model are based
primarily on the de-Saint Venant Equations of continuity and momentum. Using these
formulations, CASC2D was designed around an explicit finite difference, diffusive-wave
method to route overland flow. The general form for these equations, as shown in Julien

and Saghafian (1991), are commonly expressed in partial differential form as:

Continuity:

oh dq, 9q,
9. v _ 3
TR = (3-3]
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Momentum:

. du du du oh
x-direction —tUu—+v—=g(§ ~-S§ -— 3-4
or “ dx oy E15m 73u ax) (341
. dv ' v ch
v-direction —+u—+v—=g(§ -§ -— 3-5
] a ox dv 120 7 dyv ) B3]

where:
h surface flow depth [m]
Q« = unit flow rate in the x-direction [m” s™']
Qy = unit flow rate in the y-direction [m" s']
e = excess rainfall rate (i-f) [ms™']
i = rainfall intensity [ms’]
f = infiltration rate [m s’}
X,y = Cartesian spatiai coordinates [m]
t = time [s]
Soixyy = bed slopes in the x- and y-direction. respectively [m m"]
Stxy) = friction slopes in the x- and y-direction. respectively [m m™']
wv = average velocities in the respective x- and y- directions [m s™']
g = gravitational acceleration [m s ]

Equations 3.4 and 3.5 show the relationship between the net forces per unit mass
in each direction and the acceleration of flow in relation to that given direction. Thus. the
forces along a given axis are shown on the right side of the equation, while the local and
convective acceleration is given by the left-hand side of the equation. The simplified
diffusive approximation for Equations 3.4 and 3.5 assumes that the net forces acting
along the given axis of interest are approximately zero. Thus, the resulting diffusive

wave approximation can be descried by the following equations.

oh

S, =8, —-—— 3-6

fx ax ax [ I
oh

Sj_\' =Sn\ _g [3-7]
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The key advantage that is provided in using the diffusive form of the momentum
equations is the ability to account for backwater effects observed during overland and
channel flow events.

Using the three equations given for continuity and momentum. a resistunce law
can be established. This equation relates flow rate to depth und other given flow
parameters such as surface roughness. The defined resistance luw can be dernved tor

either the x or y-directions as:
q., =a, h’ [3-5]

In this form o, and f are flow regime parumeters that vary depending on
whether turbulent or laminar conditions exist. CASC2D assumes turbulent condittons tor

the entire watershed and the Manning approximation for «, . and B are determined to be:

she
a[(\ = ](l.\) I‘\-t)l
n
5
=2 3-10
B 3 [ |

Where n is the Manning roughness coefficient. or surface roughness. This
coefficient can be estimated from the land use map using the values provided by

Woolhiser (1975).

3.3.5. Channel Flow
The channel routing scheme employed by CASC2D 1is capable of processing
completely unsteady hydraulic scenarios. This is achieved by the use of a une-

dimensional diffusive channel flow equation (Julien and Saghatian. [991). The
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governing equations for the channel flow routing process are similar to those for overland
flow, with one significant exception to note. The equations used in channel flow routing
are defined by a finite width established for a given channel section. The one-
dimensional continuity relationship can be expressed by the toliowing equation (Julien

and Saghafian. 1991):

a—A +(?—Q =q. (311
o ox
where:

A = channel flow cross-sectional area [m“l

Q = total channel discharge [m’ » '|

o) = lateral inflow rate per unit length (into or out ot the channel) {m™ ~ |

Once again. by assuming the flow within the channel 1s compictely turbulent. the
model utilizes Manning’s equation to ascertain a value tor channel flow equation Julien

and Saghafian. 1991).

!
0=14r’s: 13-12)
n
where:
R = hydraulic radius [m]
St = friction slope [m m g
n = Manning roughness coefficient

3.4. SEDIMENT ROUTING ALGORITHM

34.1. New Sediment Transport Approximation
Once a soil particle erodes. it becomes part of the flow and s transported

downstream. A particle moving past a control point must have eroded somewhere in the
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watershed upstream of the cross section. and it must be transported by the tlow trom the
point of detachment to the point of interest (Einstein. 1950). Euch of these two
requirements may control the sediment rate at the cross section: the avartability of
sediment in the watershed and the transport capacity of the stream. Typically. the tiner
material. which is easily carmied in large amounts by the tlow. has mited avalability 1in
the watershed. The coarse matenal 1s much more difticult to move by flows. so 1ts tate of
movement is limited by the transport capucity of the flow (Haan. 1994, Julicn (19935,

uses Figure 3-3 to explain the concept ot supply and transport himited capacity.

Sediment supply

Tramponcqnclyandsupiy

Washload  Bed-material load.
Grain size, d,

Figure 3-3.  Sediment transport capacity and supply curves (Julien. 1995)

It is often assumed that the washload travels through a system by streamtlow with
very little deposition and is carmied primarily in suspension.  Coarser fractions tend to
move as bed-material load. In addition. particles moving in suspension at one place may
be moving as bed-material further downstream. The total sediment discharge or total
sediment load. consists of both bed-material load and washload.  Generally. total

sediment load can only be estimated 1t the washload 15 estimated by meuasurements.
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experiment, or upland sediment vield equation because most sediment transport methods
can only determine bed-matenal load (Haan. 1994).

Streamwise velocity of sediment particles always lags behind the velocaity ot the
surrounding fluid. This lag is small for the case of silt particles 1n suspension and lurge
for the case of sands and gravels (Francis. 1973). Thus. it 15 important to predict the
movement of the individual sizes tound in the flow (Borah. 1982).

The overland sediment transport routine in CASC2D-SED hus been extended to
simulate the descrnibed transport processes. In the overlund. CASC2D-SED uses the
modified Kilinc and Richardson (1973) trunsport capacity. which depends on tlow
discharge. terrain slope and soil and land use charactenstics. Small particles such as clay
and silt move mostly in suspension while the sand fraction moves as bed-matenial. This
is accomplished by using the particle settling concept and the transport ol suspended
material by advective processes. With ua large setthing velocity. the eroded sund traction
brought into suspension rapidly settles while the small fractons such as clay wnd 1o
remain in suspension due to its low settling velocity. Once 1t 1s 10 suspension. the
suspended size fraction moves by advection. The advective tluxes describe the trunsport
of sediments imparted by velocity currents (Julien. 1995). This imphes that sediment
will move with the fluid even for capacity limited conditions. The excess trunsport
capacity is defined as the flow capacity to move the bed-matenal and produce erosion ot
the parent material. First. the excess transport capacity 15 used 10 move the sediment by
size fraction according to its percentage n the bed-matenal.  Then. 1t there s any
remaining transport capacity once the suspended and bed-material have been trunsported.

the soil is eroded proportionally to the percentage of the corresponding size traction in
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the parent material. See Figure 3-4 for overland erosion and sediment transport processes

flowchart.

Avallable Sediment

| Suspension

Erosion

' > l I'ransported Sediment
Qutgoig Cell Zqﬂ - ——

saspension 1}

—_— iving Cel o I)rpu_\'l;mn ﬂ
P

Transported Sediment Receiving Cell

_W_J/L o

i Suspension

" Deposition )

Figure 3-4.  Schematic of upland sediment transport (Johnson. 1997)
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Overland erosion and sediment routing flowchart
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Sediment by size fraction is routed in the channels using the Engelund and
Hansen (1967) equation in 1-D. This formulation depends on hydraulic parameters
(hydraulic radius, flow velocity and friction slope) and particle characteristics (specific
gravity and particle diameter). For each of those fractions. a transport capacity is
calculated using the Engelund and Hansen equation. For a particular size fraction. once
the amount of sediment carried in suspension by advective processes has been subtracted
from the transport capacity. the bed-material is transported using the excess trunsport
capacity. The amount of transported bed-material will be the mimmum between the
amount that can be carried by advective processes and the excess transport capacity.
Channels are not allowed to erode in CASC2D-SED and thus, the remaining transport
capacity is not used. The differential treatment between the transport of the tine materal
as washload and the sand as bedload is accomplished through ditferent transport
capacities (as calculated with the Engelund and Hansen equation) and the ditferences in

the settling velocities for each size traction.

Available Sediment

4
Suspension
Leposdion
] dhudadint
\

Figure 3-6.  Schematic of channel sediment transport

The transported material (from suspension, bed-material or parent matenal) is
transferred from the outgoing cell into the suspended portion of the receiving cell. Once

the sediment has been routed for all the overland and channel cells in the watershed in the
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x- and y-direction, the sediment in suspension is allowed to settle. For a given sediment
size fraction at a given cell, the volume of suspended sediment that will settle depends on
the total volume of that fraction in suspension, on the particle settling velocity and the
water depth at the given cell. See Figure 3-6 for channel sediment routing processes

flowchart.

RoutSedChn
N
v
Initialize total transported
material to zero
Calculate flow velocity

For each size
fraction i /\ Yes—
L 4
Find supply (total sediment in
suspension + previous depostion

/\
/7
«—No- < Supply Yes

>0
A A
\/- Find transport capacity with the Engelund &
Hansen transpon eq., Qs fi]
*  Find suspended portion that can be
© transported by advection, qsSUS(i} and
transport it to the receiving cell

No —— L 2

TransferSed from suspended sediment in
the outgoing cell to the receiving cell

\ 4
* Find excess transport capacity XSScapfi] =
MAX ( 0, gsEHI[i] - gsSUS(})
: ‘s Find deposited volume that can be transported
. by advection, gsBM(i] ‘
‘»  Volume of deposited material that will be finally
transported: QsBM[i] = MIN(XSScap(i],qsBM[i) |

v
TransferSed from deposited sedimentin | |
Y ' i outgoing cell into receiving cell B
| Find max. flux averaged conc | : |

1
i i

Com 1

. Find fraction i total transported volume |
and total outfiux rate at outgoing cell |
j

Figure 3-7.  Channel sediment routing flowchart
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3.4.2. Revised Upland Erosion and Sediment Transport

Julien and Simons (1984) derived a general relationship supported by dimensional
analysis that can be written as a power function of slope and discharge. The unit upland
sediment discharge from sheet and rill erosion can be written in the form (Julien and

Simons, 1984):

9, =aSlq .
where:

So = surface slope [m r’Tfl]

q = unit discharge [m” s™'] .

qs = sediment unit discharge [m”s™']

o, B, y= coefficients

Several empirical equations were transformed to evaluate the f and y exponents.
Among these equations are those of Musgrave (1957), Li, Shen and Simons (1973), and

Kilinc (1972). The values of the exponents f and y range typically between 1.2 <f< 1.9

and 1.4 <y < 2.4 (Julien and Simons, 1984).

In 1972, Kilinc studied experimentally and analytically the mechanics of soil
erosion from overland flow generated by simulated rainfall. The main objectives of his
research were to study the most important factors affecting soil erosion, and to develop a
soil loss prediction equation. Experiments were conducted at the rainfall-runoff facilities
at the Engineering Research Center of the Colorado State University. Data was collected
for sediment concentration, surface velocity of overland flow, water discharge, water
temperature, infiltration rate, bulk density of surface soil, slope, intensity of rainfall, and
rill geometry. Some of the conclusions derived from the study of Kilinc were: a) the

Reynolds number and slope were the most important parameters in sediment transport
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prediction equations, b) the Reynolds number, rainfall excess. and water discharge each
had the same significance and influence on sediment transport from overland flow, ¢)
sediment discharge increases with the square of water discharge, q, and 5/3 power of the
slope. This model was comparable to that used by Meyer and Wischmeier (1969).

The equation of Kilinc and Richardson (1973) is recommended by Julien (1995)

for the estimation of sheet and rill erosion in bare soils:
q) = ell 7 S‘I'm q’.035 [3_[41
unit sediment discharge [Ib ft"' 5]

terrain slope [m/m]
unit flow discharge [ft* s']

w
[~]
nouon

In the more general case of erosion from sheet flow. modifications to the last
equation reflect the influence of soil type. vegetation, and practice factor using the USLE

factors K, C, and P as (Julien, 1995):

=777 166 2035 L _18

q, =232105,% ¢q 015 cP [3-15]
where:

g = unit sediment discharge [tons m™ 5]

q = unit flow discharge [m2 5]

K = dimensionless erodibility factor in the USLE equation

C = cropping management factor in the USLE equation

P = conservation practice factor in the USLE equation

The total upland erosion is calculated as:

Au= [ [q*dx*dt [3-16]

ume width

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



For a grid of cell size, x, and for a time interval, dt. the total volume (in m®) of

sediment coming from a cell is calculated as:
Qur =58390*SL% *q*¥ K *C*P*x *dt [3-17]

The rate of mass transport carried by advection, gsapvi [m3 s"] is obtained from

the product of sediment concentration and the velocity component (Julien, 1995):
S .
q ADV, =\/*Cl [3‘18]
A

where:
gsapvi= size fraction i sediment transport [m’ s"]

A = flow area [m’]
V = average flow velocity [m s}
Ci = suspended size fraction i concentration [m” m"’]

Simplifying and integrating for a time step dt, the volume (in m’) of suspended

sediment size fraction, i, that can be transported by advection (Qssusi) is:

V *d
Qsgs, = SusVol * — [3-19]
X
where: X
SusVol; = Size fraction i suspended volume [m’]
X = grid cell size [m]

the volume of suspended sediment that will be finally transported is found as:

SusVol ) 4
OSsus, = MAX| Osgys, 3 OSie *5—— if Qs < ZSusVol, 5
ZSusVol‘ =l [3-20]
1=l
Osgs, = SusVol, otherwise
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The total excess capacity (totXSScap) of the flow to carry sediments from the

bed-material is calculated as:
3

totXSScap = MAX(0 ; Qsyg — D Qsgys,) [3-21]
1=l

And the volume (in m®) of size fraction i transported from the bed-matenal,

Qsgmi, is found as:

B { 3
Osgy,, =t0tXSScap * 3—1‘:!1-0'— if totXSScap < Z BMvol
Z BMvol, =t [3-22]
i=i

Osgy, = BMvol, otherwise

where BMvol; is the volume of size fraction i found in the bed-material

Once the sediment in suspension and the bed-material are transported and
provided that there is still remaining capacity left, the soil is eroded proportionally to the
percentage of fraction i in the parent matenial. P;:

3
05 gros, = (to1XSScap — ) QS ) * P [3-23]

=1

where Qsgrosi 1S the volume (in m3) of size fraction 1 eroded from the parent

material.

3.4.3. Implementation of Channel Sediment Transport

The eroded material in the upland portion of the watershed is transported to the
outlet through the channels. Erosion is not allowed to occur in the channels. Thus,
transport might be supply limited. Deposition of material is allowed. The Engelund and

Hansen (1967) equation is used to calculate the sediment transport capacity in the
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channels. This equation predicts transport capacity depending on the size fraction
diameter and it can be used to estimate the transport capacity of the sand, silt and clay
fractions coming from the upland areas.

Engelund and Hansen applied Bagnold's stream power concept and the similarity

principle to obtain the sediment concentration by weight as follows (Julien, 1995):

Cw:O.OS*[GJ* VS, + |Ra*Ss
' G-1) (G-D*g*ds, V(G-D*ds,

where:
G = specific gravity of sediment [--]
\% = channel depth-averaged velocity [m/s]
St = channel friction slope [m/m]
g = gravitational acceleration [m2/s]
ds; = size fraction i diameter [m]
R, = channel hydraulic radius [m]

and the volume of size fraction, i, that can be transported during a time interval,
dt, is estimated as:

Q*Cw, *dt

3.24
2.65 [3-24]

Qsgy; =

where Q [m3 s''] is the flow discharge in the channel and Cwi is the sediment
concentration by weight of size fraction i.
The volume (in m®) of suspended sediment size fraction, i, that is transported in

the channels by advection (Qssysi) is:

V*dt
X

[3-25]

Qsgys; =SusVol *

The excess capacity to carry size fraction i channel bed-material, XSScap;, is

found as:
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XSScap, = MAX (0 : Qsgy, —QOsgs,) [3-26]
while the volume of fraction, i, bed-material that can be transported by advection

in the channel is proportional to:

V*dt
X

BMvol, * [3-27]

where BMvol; is the volume of size fraction i found in the bed-material. The
volume of size i bed-matenal that will be finally transported from the bed-material,
Qssmi, is found to be the minimum between the excess capacity and the volume of the

bed-material that can be carried by advection for that size fraction:

V*dt
X

Qsgy; = MIN(XSScap, : BMvol, * ) [3-28]

In the case in which there is still remaining transport capacity, this will not be

used, as channels are not currently allowed to erode in CASC2D-SED.

3.4.4. Suspended Sediment Settling

The former deposition of sediments in CASC2D-SED used the trap efficiency
concept (Johnson, 1997) to simulate deposition of the sediment. The trap efficiency is
defined as the percentage of sediment fraction i that settles within a given distance,
depending on the particie settling velocity, flow velocity and water depth (Julien, 1995).
The trap efficiency has been substituted by the sediment settling concept in the new
CASC2D-SED. Two are the reasons for this change. First, for the very low water depths
and velocities simulated in overland cells, the trap efficiency calculated for the sand and

silt fractions was for most of the simulations equal to one. This is, all the sand and silt
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fractions moved as bed load, independently of the silt fraction having a much smaller
settling velocity. The second reason is that for no flow conditions, for example in
concave areas or sinks, the sediment remained in suspension, even after all the water had
infiltrated at the end of the simulation. Using the simple concept of sediment settling
once all the sediment has been routed from one cell to the next at each time step, these
two inconsistencies were finally resolved. Sand, silt and clay fractions may deposit
proportional to their settling velocities, thus allowing for a differential treatment of
sediment routing by size fraction. The suspended sediment may deposit for no flow
conditions, and once all the surface water has been infiltrated, there is no sediment in
suspension left.

A particle falling in turbulent free water moves in response to the difference in the
submerged weight of the particle and the drag of the fluid on the particle. At steady state.

the forces in equilibrium are described by:

2 2 3

CD[“: ][p;”*J="6d (P —p)g [3-29]
where:

CD = drag coefficient, normally a function of the Reynolds number, Re

d = particle diameter

Ps particle density

p = fluid density

ws = particle settling velocity

g = acceleration of gravity

Stokes showed that the drag for spheres depends on the Reynold's number:

=24 i
CD=2% [3-30]

where Re depends on the kinematic viscosity, v:
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_w . d
Re = A [3-31]

For the Stokes' range (i.e. Re < 0.5). Equation 3-30 can be simplified to yield
(Haan, 1994; Julien, 1995):

1|dg
[ Jp— _G_l - 2
w, 18[ 5 ( )J [3-32]

where G is the specific gravity of the particles. The settling velocity of large
particles (> 0.2 mm and Re > 0.5), can be estimated with the following relationship

(Julien, 1995):

R 0.5
w, =%"{[1+0.0139 d’L_,U—g] —1} [3-33]
e

Assuming, medium sediment particle diameter for the sand, silt and clay fractions,
and clear water at 20 °C the following fall velocities are approximated (Julien, 1995):

Table 3-1. Particle mean diameter and fall velocity

Size fraction d s
{mm] [m/s]
Sand 0.35 0.036
Silt 0.016 2.20E-04
Clay 0.001 8.60E-07

After routing the sediment from the outgoing into the receiving cell, the sediment
in suspension is allowed to settle. CASC2D-SED assumes a discrete particle settling type
in which particles tend to fall independently of each other as discrete particles. The

percentage of suspended sediment that will deposit for an increment of time, dt, depends

on the particle settling velocity, w;, and the cell water depth, h:
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dt
PercSett = 0. — if h C*d
Teoetll | = o, " 1 > *dt [3-34]

PercSett , =1 otherwise
The volume of suspended sediment that settles in a given time increment is

subtracted from the suspended sediment portion and added to the deposited one.

3.5. CASC2D-SED GRIDS TIME-SERIES VISUALIZATION

CASC2D-SED generates a series of Arc/Info® ASCII grids at specified time
intervals during simulation. These grids show the interpolated excess rainfall intensity,
water depth in overland and channel cells, and infiltrated rainfall volume. When the
erosion option is selected, suspended sediment volume and concentration, net erosion
depth, sediment flux by size fraction, and maximum flux-averaged sediment flux by size
fraction can be displayed.

Currently, CASC2D-SED is loosely coupled with Arc/Info to display the outputs
as a sequence of grids. Arc/Info's Arc Macro Language (AML) is used to convert the
CASC2D-SED output (in ASCI format) to Arc/Info grid format and display them
sequentially in a layout in ArcPlot (see Appendix I).It is possible to create layouts with I,
2, 3, 4 and 6 thematic grids, their corresponding titles and legends and simulation time.
The grids are reclassified according to the remap tables defined by the user. For the
sequential display, the user may select the start and ending grid to display, as well as the
time to delay the display between two sequential layouts.

MPEG is a compression standard for audio, video, and data designed to produce

reasonable quality images and sound at low bit rates. The Berkeley MPEG-1 video
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encoder” is a free software that can be used in the generation of a MPEG video from
image files. From the ArcPlot display, an image file is created for each layout. This
image is later copied several times and finally fed into the Berkeley encoder to create a

MPEG file.

3.6. SUMMARY

In this chapter:

(1) The interception process has been implemented in CASC2D-SED adding for physical
realism of the model.

(2) The upland erosion routing scheme has been revised to include sediment transport by
advective processes. Suspended sediment may move as washload even in capacity
limited conditions. In supply limited conditions, the suspended sediment is
transported by size fraction proportionally to the amount of this size fraction in
suspension. If the transport capacity is greater than the volume of suspended
sediment, the previously deposited sediment is transported by size fraction, again,
proportionally to the amount of the given size fraction in the deposited sediment.
Subsequent excess transport capacity corresponds to erosion of the parent material
with size fractions in proportion to the soil texture.

(3) The sediment routing by size fraction in channels has been added. The eroded
material in the upland portion of the watershed is transported to the outlet through the

channels. Currently, channels are not allowed to erode, thus, transport might be

? hep://bmrc.berkeley.edw/frame/research/mpeg/
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supply limited. Deposition of material is allowed. Suspended sediment moves
downstream as washload by advection implying that sediment will move with the
fluid even when the transport rate is lower or higher than the transport capacity. This
means a supply limited transport in some cases and a capacity limited transport
conditions in others. Like for the routing of the sediment in the overland portion, the
transport capacity is fulfilled, first, with the suspended sediment volume and, if
needed, with the previously deposited sediment. The excess transport capacity is
defined as the flow capacity to move the bed-material once the sediment transported
by advection is subtracted. For each size fraction, the amount of bed-material that
will be transported is limited by the amount that can be transport by the flow
(advection) or by the excess transport capacity. In the case in which there is still
remaining transport capacity, this will not be used, as the channels are not currently
allowed to erode in CASC2D-SED. The fine sediment fraction has larger transport
capacity than the coarser fraction and a smaller settling velocity making the finer
fractions to move downstream as washload more rapidly than the sand fraction.

(4) The former trap efficiency has been traded with the sediment settling concept. This
allows deposition of the sediment for no flow conditions. It also allows for a
differential treatment in the silt and sand fractions routing in the upland portion of the
basin. The low settling velocities corresponding to the finer sizes (silt and clay) make
them to stay in suspension and so they move as washload with the flow.

(5) The program time-series output grids may be displayed automatically in the ArcPlot
module of Arc/Info® with the aid of the AML programming language. An MPEG

file may be generated with the use of the freeware Berkeley encoder.
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CHAPTER 4

STUDY SITE DATA SET

"We must keep in mind that all models are simplifications or
abstractions of reality and all models are to some extent wrong. In
fact, if they aren't simpler in some sense than the real-world object,
they aren't usefull For this reason we neglect certain aspects of the
problem because they are considered to be unimportant. These
simplifications should be based on sound physical reasoning or strong
empirical evidence obtained from field studies or appropriate material
models [...|. Because of difficulties and the cost of measurements we
simply cannot provide a detailed, three-dimensional description of the
surface microtopography, the Aydraulic characteristics of the soils,
and the underlying geologic materials.”

David A. Woolhiser, 1996
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The extensively monitored Goodwin Creek watershed is selected for the
CASC2D-SED model application. This watershed has a large database’ compiling
precipitation, runoff, sediment, and GIS data. In the first section, this watershed is
described.

Goodwin Creek digital elevation model (DEM), land use and soil maps are
available at 30-m resolution (see Figure 5-1). These raster maps at 30-m resolution are
gridded at different scales to obtain coarser spatial resolution grids at 90-, 150-, 210-,
270- and 330-m. The DEM is resampled using the bilinear interpolation approximation
provided in the Arc/Info GRID module. The nearest neighbor has been the method of
choice for resampling the soils and land use maps. The effects of the grid cell size on
Goodwin Creek watershed representation are analyzed. DEM, slopes. soils, and land use

resampled maps are found in Appendix II.

4.1. GOODWIN CREEK EXPERIMENTAL WATERSHED DESCRIPTION

Goodwin Creek is located in Panola County, Mississippi (see Figure 4-1). Itis a
tributary of Long Creek, which flows into the Yocona River, one of the main rivers of the
Yazoo River Basin. The watershed is operated by the National Sedimentation Laboratory
(NSL), and it is organized and instrumented for conducting extensive research on
upstream erosion, instream sediment transport, and watershed hydrology (Shields ez al.,

1995; Alonso, 1995; Alonso er al., 1996; Kunhle er al., 1996; Kunhle and Willis, 1998).

3 hup://www.sedlab.olemiss.edw/cwp _uniGoodwin.html
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The watershed has a database compiling runoff, sediment, and precipitation from 1981

until 1996. This database is available at the NSL web site

Figure 4-1.  Goodwin Creek location

The watershed flows approximately from northeast to southwest, draining a total
area of 8.26 square miles (21.4 km®), with the outlet at latitude 89 54' 50" and longitude
34 13’ 55". The terrain elevation ranges from 233 feet to 420 feet (71 m. to 128 m.)
above mean sea level, with an average channel slope of 0.004 in Goodwin Creek. The
Digital Elevation Model (DEM) of Goodwin Creek is found in Figure 4-2.

In Goodwin Creek, two major soil associations are mapped. The Collins-Falaya-
Grenada-Calloway association is mapped in the terrace and flood plain locations. These
are silty soils, poorly to moderately well drained and include much of the cultivated area
in the watershed. The Loring-Grenada-Memphis association has developed on the loess
ridges and hillsides. These are well to moderately well drained soils on gently sloping to
very steep surfaces and include most of the pasture and wooded area in the watershed.
Table 4-1contains the soil characteristics table for Goodwin Creek (Blackmarr, 1995) and

the soils map is found in Figure 4-2.
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Table 4-1. Goodwin Creek soil descriptions (Blackmarr, 1995)

Soil Series

Description

Calloway
(Ca)

Collins
(Cm)

Falaya
(Fa)

Grenada

(Gr)

Gullied l.and
(Gu)

Loring
(Lo)
Memphis
(MI)

Mixed Alluvial Land
(Mx)

Fine-silty, mixed, thermic Glossaquic Fragiudalfs; soils are somewhat poorly drained, strongly acid or medium acid silt
loam soils formed in deposits of loess in upland positions of low relief (terraces). A fragipan is present generally at a
depth of 16 inches.

Course-silty, mixed, acid, thermic Aquic Udifluvents; soils are moderately well drained, strongly to medium acid, that
have formed in silty alluvium on nearly level bottom lands. These silt loam soils occur primarily along the stream in the
bottom area and are the location of much of the cultivation in the watershed. Cotton is the predominant crap but has been
supplanted somewhat in recent years by soybeans.

Coarse-silty, mixed, acid, thermic Aeric Fluvaguents; soil consists of somewhat poorly drained, strongly to very strongly
acid silt loam soils that developed in silty alluvium on nearly level bottom land. Most of the Falaya is cultivated.

Fine-silty. mixed. thermic Glossic Fragiudalfs; soil consists of moderately well drained, strongly to very strongly acid silt
loam soils that have developed in thick loess deposits on uplands or terraces. A fragipan is present at a# depth of about 24
inches.

Land consists of areas that are severely eraded, severely gullied, or both. The surface soil and much of the subsurface soil
has been washed away. Most of this is land that was cleared, cultivated and later abandoned. It is now in trees, idle or
pastured. 1t is unsuited for cultivation.

Fine-silty. mixed. thermic Typic Fragiudalfs, soil series 1s moderately well drained to well drained, strongly to very
strongly acid silt loam soils that developed in thick loess on uplands. A fragipan has formed at a depth of about 30 inches.

Fine-silty. mixed. thermic Typic Hapluditlts, sonl senies consists of well drained, strongly to very strongly acid silt loam
soils that developed in thick loess on uplands  In Goodwin Creek, this soil occurs as a mixture with the Natchez and Guin
or the Loring. This series has no fragipan within the charactenzation depth: it is predominantly wooded.

Land is poorly draimed 1o excessively driamed. strongly acid silt loam and coarse sand; no uniformity in the arrangement.
depth. calor. ar thickness of the sanl lavers The sorl s doughty and very low in organic-matter content and in natural
tertility. It is in culvation (row crops). pasture and rees thardwoods).

4]



The land use and management practices intluence the rate and amount of
sediment delivered to streams from the upland. They range from timbered areas to row
crops. The Goodwin Creek watershed is largely tree of land management activities with
13 percent of its total area being under cultivation and the rest in idle. pasture and
forestland. Periodic acquisition of aerial photography and satellite data contributes to
complete aerial coverage of land use and surface conditions. Land Use / Land Cover

(LULC) in Goodwin Creek are classified as shown in Table 4-2 (Blackmarr. 1995).

Table 4-2. Land use/cover in Goodwin Creek watershed

Land Use / Description
Land Cover P
Divided into three categories: cotton. soybeans and small grain. The
Cultivated Land field c!assiﬁca[ion is based upon vi§ual confirmation of the crop or
by asking the land owner. Types of crops are cotton. soybeans. comn.
and small grain
p Classified on the up-keep of the land. the presence of cattle. the
asture . ,
presence of fences. and/or asking the land owner.
Classified on the up-keep ot the land. it overgrown with scrub
Idle Land vegetation, the absence of cattle. no tences present. and/or asking the
land owner
Forest Classified on the age of the trees. an approximation ot age is based

on tree height and width which is usually seven vears and older
Classified on the age of the trees: as with forest. an approximation of
Planted Forest age is based on tree height and width. The range tor the
classification is from newly planted to seven yeurs old

In this study. the LULC has been further reclassitied as forest (includes planted
forest), pasture (includes idle land). water and cultuvated. The land use map 15 presented

in Figure 4-2.
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Elevation (m)
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Grenada
Loring
Collins
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Land Use
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Bl Water
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Figure 4-2.  DEM, soils and land use maps of the Goodwin Creek watershed (30-m)
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The climate of the Goodwin Creek watershed is humid, hot in summer and mild
in winter. The average annual rainfall during 1982-1992 from all storms was 56.7 inches
(1440 mm), and the mean annual runoff measured at the watershed outlet was 5.7 inches
(145 mm) per year. Thirty two standard recording rain gauges are uniformly located
within and just outside the watershed. Figure 4-3 shows the rain gauges location as well

as the rain gauge data used in the present study.

O Raingages
@ Used Raingages

Figure 4-3.  Goodwin Creek Watershed rain gauge locations

The Goodwin Creek Watershed is divided into fourteen nested sub-catchments
with a flow-measuring flume constructed at each of the drainage outlets. The drainage
areas above these stream-gaging sites range from 0.63 to 8.26 square miles. Figure 44
shows the streamflow measuring stations and corresponding sub-catchments that have

been used in this study. The station coordinates are listed in Table 4-3.
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Station 1

Figure 4-4.  Goodwin Creek watershed and studied sub-basins

Table 4-3. Selected stream gauges location

Geographical UT™
Station Latitude Longitude X Y
I 34 13 56.063 89 54 51.000 231568.712 3791553.743
4 34 15 27.986 89 5225.712 235367.347 3794280.517
6 34 16 16.082 89 51 44.665 236459.330 3795732.931
7 34 15 10.342 89 5134479 236662.950 3793699.882
8 34 16 09.930 89 5021.643 238577.958 3795483.805
14 34 15 07.040 89 52 53.252 234644.397 3793655.021

Channel cross section data has been compiled by the ARS-NSL from 1978 until
1988. Average depth and width of each of the surveyed channel links are presented in
Table 4-4 (Backmarr, 1995). The link numbers in correspond to the ones shown

in Figure 4-5.
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Figure 4-5.  Channel network and link numbers (30-m)

Table 4-4. Averaged channel depths, and widths
Channel Link Width Depth

[m] [m]
1 25 3.5
2 20 3
3 22 3.3
4 27 43
5 28 3.1
6 30 3.4
7 30 3.55
8 22 4.1
9 29.4 4.2
10 26 1.35
11 30 14
12 22 14
13 27 4.3
14 30 4.5
15 30 47
16 50 5
17 48 5
18 34 6.05

High erosion rates have been observed to occur, with rill formation in the upland
areas that turn into gullies along channel banks (Johnson. 1997: Johnson. 2000). Dr.
Johnson observed bank and bed erosion along the main stem and tributary channels as

well as deposition in the milder sloped fields.
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4.2. DEM PRE-PROCESSING AND RESAMPLING

Digital elevation models (DEMs) and their dervatves such as slope. tlow
direction and flow accumulation maps are used as an input to hydrologic and nonpoint
source modeling. The depressions which are frequently present in DEMs may represent
the actual topography. but are often the result ot errors. Creating a depression-tree
surface is commonly required prior to deriving tlow direction. flow accumulation. flow
network, and watershed boundary maps. The 30-m DEM as provided by the ARS-NSL s
edited with this purpose using the TOPAZ program (Garbrecht and Martz. 1997a.
1997b). TOPAZ was chosen over Arclnfo because a) it performs better in minimizing
the area modified in the process of creating a depressionless surface (Snivastava. 2000).
and b) it always produces a connected channel network. TOPAZ outperforms Arclnfo
particularly in flatter topography zones of the watershed.

The purpose of DEM pre-processing is to create a depressionless surface. With
this purpose. first. the elevation data is smoothed using an equal weight. single pass 3x3
box filter. Then. the sinks or pits in the DEM are resolved by filling them. Normally.
filling of the sinks involve less than 2% of the cells and. on the average. these minimal
adjustments are smaller than the root-mean square error of the data determined by the
U.S. Geological Survey (Tarboton er al.. 1989). Flat areas (including the ones as a result
of depression fillings) are modified to produce the most likely drainage paths and to
produce a fully connected drainage network. TOPAZ reliet moditication uses
incremental elevations of 2/100.000 of 2« DEM elevation unit (I meter) to build gradients
over flat surfaces that drains flow away from nising terrain and towards the nearest outlet

flat surface (Garbrecht and Martz, 1997c. 1999; Martz and Garbrecht. 1998).
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Resampling in Arc/Info® GRID is the process of determining new values tor
cells in an output grid that result from applying some geometric transformation to an
input grid (ESRI, 1994). The three resampling techniques used in GRID are nearest
neighbor assignment, bilinear interpolation. and cubic convolution. The bilinear
interpolation identifies the four nearest input cell centers to the location of the center of
an output cell on the input grid and assigns a new value tor the output cell as a weighted
average. This average 1s determined by the value of the four nearest input cell centers
and their relative position or weighted distance from the location of the center of the
output cell in the input grid. The bilinear interpolation is used when aggregating
continuous data type and has been used in this study to resample the DEM.

The entire DEM has been resampled with the nearest neighbor and bilinear
interpolation to investigate the differences between these two methods when resampling
continuous data type. Figure 4-7 shows the differences in computed slope angles using
these techniques when an odd and even number of cells are aggregated (see Figure 4-6).
There are no differences in slope values distribution between both methods for the odd
resampling case and a slight one in the case of even resumpling.

In order to preserve as much as possible the terrain slope. the DEM is resampled
using an odd number of cells with the bilinear interpolation method. This is equivalent to

resample the watershed using the nearest neighbor technique.

A
Q
o)

EVEN OoDD

Figure 4-6.  Resample of an even and odd number of cells
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Using the 30-m spatial resolution grid. the Goodwin Creek basin was resampled

at 5 different spatial resolutions: 90-. 150-. 210-. 270- and 330-m.

4.2.1. Elevations and Slopes

Aggregation of the cells from 30- to 330-m causes smoothing of the basin’s rehef
(see Table 4-5). While the mean and minimum elevations are mostly maintained tor uny
of the resolutions, there is a reduction in the elevation range of about 8 m. from the
smallest resolution (30-m) to the coarsest resolution (330-m).

Table 4-5. DEM statistics for 30-, 90-. 150-. 210-, 270-. and 330-m resolution
Grid Size Minimum Z MaximumZ  Range (AZ) MeanZ Std.Dev

[m] [m] [m] [m] [m] [m]

30 69 126 57 95.58 12.42
90 69 124 55 95.51 12.33
150 69 123 54 95.30 12.13
210 69 123 54 95.00 11.86
270 70 121 51 95.19 11.67
330 71 120 49 94.93 11.26

AZ = Maximum. Z - Minimun Z

Resampling of the elevation map from 30 to 330-m resolution causes a change in
the slope distributions as well (see Figure 4-8). The steepest slopes occur for the tinest
resolution and they vanish for coarser resolutions. As the cell size increases. the slope

average and standard deviation decrease (see Figure 4-9). The average ot the slope

T U

changes with grid cell size (x) according to the next equation: Sx = 17.9x

The minimum slope value tends to increase slightly with increasing cell size while
the maximum value decreases more significantly for coarser resolutions.  Spatial
distributions of slope values computed from Goodwin Creek DEM at difterent

resolutions are shown in Figure 4-10.
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4.2.2. Channel Network and Watershed Delimitation

The channel network and watershed are delimited from the resumpled. smoothed
DEM at 30-m spatial resolution by first determining the flow direction in each cell.
TOPAZ uses the D-8 method to establish the drainage direction in one of eight principal
directions of the raster grid cell (Garbretch and Martz. 1997b). Using the tlow direction
grid, the flow accumulation grid is obtained by counting the number of pixels that druin
through each cell in the DEM. The largest accumulation of drainage area are located in
the valleys along the streams. The streams are defined as those pixels with a total
drainage area greater than a support area threshold. With the DEM. chuannel network and
the basin and sub-basins outlet location (see Figure 4-4). the watershed and sub-
watersheds are delimited by identifying those pixels that eventually drain through the
corresponding outlet pixel. For all the spatial resolutions. the basins’ outlets have been
located on a stream line, as close as possible to the position described by the NSL (see
Table 4-3). The basin and sub-basins configuration (maps) are found in Appendix II for
30-.90-, 150-, 210-, 270-. and 330-m spatial resolution.

Because sub-basins areas differ between resolutions. results are going to be
compared by unit area (i.e. hydrographs in mm/h and sedigraphs in tons/ha/day ).

Table 4-6. Computed and documented (Blackmarr, 1995) basin and sub-basins areas
Resolution Station 14 Station 4 Sub-basin 7 Station8 Station 6 Station |

{m] [has| [has] [has| {has]| |has| [has|
30 165.02 357.82 162.98 137.56 11149 2006559
90 151.46 365.88 166.07 135.85 14586 2071.98
150 138.53 345.81 185.36 140.42 14107 2032.00
210 145.53 332.08 157.05 129.27 119.71 2025.60
270 132.36 374.10 272.78 137.75 152,52 2055.7%
330 108.90 402.93 141.57 141.57 196.02  2009.10

Documented  162.6 356.5 162.5 1555 120.5 2/45.25
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In this study. it was assumed that channels were nitiated by a constant
contributing threshold area (CSA). The channel network in Goodwin Creekh has been
derived from the 30-m DEM for a minimum flow accumulation ot 450 cell (40.5 has).
The resulting network is very similar to the blueline drunage network shown on the
USGS 7.5-min topographic quadrangles of the study watershed (see Figure 4-5). The
channel network has been defined for other resolutions tor « mimimum dramage area ot
approximately 40.5 ha. The minimum number of cells und corresponding minimum
drainage area are listed in Table 4-7 tor all spaual resolutions.  Fhe corresponding
channel networks are shown Appendix [l

Table 4-7. Channel minimum contributing threshold area. streum length und druinage
density for each of the gnd cell sizes

X . Stream  Drainage
Cell Size  Minimum CsA Length  Density

cell number' ,
[m] [ha] {kmj [km/hm|
30 450 40.5 19.800 (0.959
90 50 40.5 18.678 0.902
150 18 40.5 16.454 0.802
210 9 39.69 15.955 0.786
270 5 36.45 15.462 .752
330 4 43.56 14.095 0.681

" Minimum flow accumulation for channel detiniuon.

The contributing threshold area controls the extent of the wutershed configuration
and therefore determines the drainage density. In Goodwin Creehk. the drumnage density
decreases from 0.959 t0 0.681 [km/km’| as gnd cell size increases (see Tuble 4-7). This
grid size dependency is due to vanishing of the shorter channel links and the mubihity ot
the resampled DEM 1o reproduce drainage features such as channel sinuosity as the gnid

cell size increases.
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Resampling of Goodwin Creek watershed to 330-m causes not only shortening of
the channel links but it results in channel and drainage areu captuning. This 1s. the DEM
grid can no longer resolve the separation between channels or drumage boundanes
(Garbrecht and Martz. 1994). The number of channels and networh pattern departs

considerably from the initial reference values.

4.3. SOIL TYPE AND LAND USE GRIDS RESAMPLING

The Nearest Neighbor 1s the resampling technique of choice for categoncul duta
since it does not alter the value of the input cells (ESRL. 1994). Both soil type and lund
use are categorical data and the nearest neighbor has been the applied technique tor
resampling the 30-m resolution grids to 90-. 150-, 210-. 270-. and 330-m.

Figure 4-11 and Figure 4-12 show the extent of each soil type and land use tor
each of the resolutions. In general. these extents remain practically the same tor the
different resolutions at the basin scale. At different sub-basins within the watershed.

some of the values might be much different from the rest (See Appendix II)
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4.4. SUMMARY

The Goodwin Creek watershed has been selected as study site due to its extensive
database compiling precipitation. runotf. sediment. and GIS data. The DEM. soil type
and land use grids have been resampled from 30-m to 90-. [50-. 210-. 270-. and 330-m
resolution. As expected. it has been observed that increasing the gnid size:

(1) has affected the watershed representation by attecting pnmanly the computed slope
distribution. Mean slope. slope standurd deviation. and slope range decreuse with
increasing gnd cell size.

(2) has affected the channel network definition as well. Drainage density decreuses as
grid cell size increases due to vanishing of the shorter channel links and the abihity
of the resampled DEM to reproduce drainage features such as channel sinuosity.
Resampling of the basin's DEM to 330-m results in channel and drainage area
capturing.

(3) did not change significantly aerial extents of the different soil types and land use at

the basin scale. This difference is more significant for the smaller sub-basins.
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CHAPTER S

MODEL CALIBRATION AND VALIDATION

In a thorough scientific test of physwally based runoff
models, it has appeared desirable to include events with u range of
initial conditions, time pattern of rainfall, and total rainfall (and
runoff) amounts. This ensures that the ability of the model to handie
small- and large-scale spatial variability will be tested. However, it 15
important to appreciate the very sensitrve ndature of surfdce runoft
modeling for small events (where the runoff 1s a small proportion of
the rainfall) so that we don't have unrealistic expectations’

David A, Woolhiser, 1990
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The CASC2D-SED model is used to predict discharge and erosion rates at
Goodwin Creek. The basin is defined at 90-m spatial resolution. The model is manually
calibrated for one event and later validated for two other events. Calibrauon and
validation hydrographs. sedigraphs and sediment yield are shown at the basin outlet and
at other internal locations. Spatially distributed net erosion is shown for the calibration

event.

5.1. CASC2D-SED SET UpP

5.1.1. Watershed Definition
The Goodwin Creek Watershed was used to calibrate and validate the model.
Input DEM, soil type and land use maps are resampled at 90-m spatial resolution. The

watershed characteristics are defined in Chapter 4.

5.1.2. Precipitation Events

CASC2D-SED was calibrated for the storm event of October 17. 1981 (event 1).
This event began at 9:19 p.m. and had a total rainfall duration of 4.8 hours with very little
rainfall preceding this event. Precipitation data was taken from sixteen rain gauges that
are located within and just outside the watershed (see Figure 4-3). The total rainfall
depth for this event varied from 66 to 78.7 mm with an average \value of 73.6 mm. The
average rainfall intensity was 14.7 mm/h with a maximum of 51.6 mm/h.

For the validation. two different events were chosen. The raintall event on

September 20, 1983 (event 2) had very little rainfall preceding the event. and an averaged
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rainfall depth twice as much as the calibration event. On the contrary. the rainfall event
on August 28. 1982 (event 3) was preceded by wet conditions. The mean raintall depth
for event 3 (66.7 mm) was closer to the calibration event but the raintall intensities were
the largest of the three events.

Table 5-1 shows the summary data for the precipitation events. while the
antecedent rainfall daily depths are shown in Appendix III. The input raintall tile" tor
event | is found also in Appendix III.

Table 5-1. Rainfall events used for calibration (event 1) and validation (event 2 and 3)

Rainfall event Event 1 Event 2 Event 3
17-Oct-81 20-Sep-83 28-Aug-82
Rainfall duration [hr| 4.8 9.8 6
Mean rainfall depth {mm] 73.6 147.3 61.7
'Rainfall depth range [mm)| 66.0 -78.7 135.4-1549  39.1-91.7
Mean rainfall intensity [mm/hj 14.7 10.1 10.3
‘Rainfall intensity range [mm/h] 0-51.6 U-65.5 0-90.3

"At any rain gauge for the rainfall event

5.1.3. Parameter Set

The model was calibrated for event 1 depending on soil type (see Table 4-1) and the
LULC (see Table 4-2) and according to the range of possible values found in classical
sources (Rawls er al.. 1983: Saxton er al.. 1986: Wishmeier and Smith. 1978: USDA.
1975; Woolhiser. 1975. Woolhiser et al..1990). The parameter set values used in the
calibration run are shown in Table 5-2 and Table 5-3. Because there is no data on the soil
initial moisture a uniform value was used. Event | parameter set and simulation control

variables are found in the ‘control file' in Appendix III.
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Table 5-2. Soil infiltration and erosion parameter values for the calibration run

. a a

Soil series  ouage [can/s] [ch] [m;!}gm,] K° % Sand® % Silt
Calloway Poor 0.336 22 0.29 04 25 55
Fallaya Poor 0.307 14 0.29 1 25 55
Grenada  Moderate 0.355 17 0.29 0.2 30 60
Loring Mod/well 0.365 22 0.29 0.4 25 55
Collins Mod/well 0.346 18 0.29 0.2 30 60
Memphis Well 0.432 22 0. 29 .1 30 ot
Gullied Land  Poor 0.384 15 0. 29 0.1 25 55

*Rawls er al. (1983); "Wischmeier and Smith (1978); ‘USDA (1975} texture tnangle

Table 5-3. Land use parameter values for the calibration run

Land Cover  Roughness® Interception” Cc P
[mm]
Forest 0.25 3 0.0036 |
Water 0.0t 0 ¥ t
Cultivated 0.15 ] 0.18 1
Pasture 0.2 I.5 0.072 I

*Woolhiser (1975); "Woolhiser (1995) ; “Wischmeier and Smith (1978)

5.2. RESULTS

5.2.1. Calibration Event

At the outlet (station 1), CASC2D-SED was able to correctly predict peak flow
and time to peak. slightly overestimating the flows at recession. At internal locations. the
nsing and falling limbs of the hydrograph and the time to peak tlow were correctly
simulated. Peak flows were underestimated for the smallest sub-basins (stations 6. 8 and
14). For the bigger sub-basin (station 4) the peak flow was simulated properly.
Simulated values of rainfall rates. water depth. infiltrated depth. and sediment
concentration are shown in Figure 5-1 through Figure 5-4 . Observed and simulated

values of the flow at the outlet and other internal locations are shown in Figure 5-5.
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Figure 5-1.  Simulated rainfall minus interception depth. infiltration depth. water depth
and sediment concentration at t = 14 min. (calibration event)
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Figure 5-2.  Simulated excess rainfall. infiltration depth. water depth and sediment
concentration at t = 83 min. (calibration event)
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Figure 5-4.  Simulated excess rainfall. infiltration depth. water depth and sediment
concentration at t = 306 min. (calibration event)
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The simulated sediment graphs were calibrated to match those observed at the
outlet and at other internal locations. Results are shown in Figure 5-6. At the outlet. it
was possible to match volumes and the shape of the sediment graph. The simulated
sediment graph was delayed with respect to the observed one. At internal locations, the
sediment graph rising limb was matched with observations. The falling limb was
correctly predicted only for the largest sub-basins. In general. CASC2D-SED fails to
predict instantaneous pulses of washload observed at internal locations.

At the beginning, only the washload fractions are found in the simulated sediment
graph. Later, with increasing water discharge, the sand will add on to the total sediment
load. The effect of differences in settling rates and transport capacities for each size
fraction result in different percentages of the total eroded material to leave the watershed
at the outlet. Although the clay fraction represented only 10-15% of the parent maternial.
it is the fraction that corresponds to 44% of the total eroded maternial leaving the
watershed. This fraction is transported essentially as washload. The silt fraction at the
outlet represents 52% of the total sediment yield, while the sand, transported primarily as
bed material, represents only 4%. These percentages of sand, silt and clay are
comparable to observations, yet there are no data available to validate these results.

Figure 5-7 shows the simulated maximum flux-averaged concentration (ratio of
sediment discharge to discharge) by size fraction at simulation time t = 240 min. The
sediment graph by size fraction at the outlet is shown in Figure 5-8. Figure 5-9 shows the
transported sediment either in suspension or deposition for each of the three size fractions
at simulation time t = 173 min. While sand is transported mostly as bed-material load.

clay is transported as suspended load. Silts behave as in-between case.
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Spatially, there is practically no suspended sediment remaining at the end of the
simulation but for a small amount of clay remaining in water sinks. For about half of the
total eroded sediment deposits in the overland and about 15% deposits in channels (see
Table 5-4). The percentages of the total sand, silt and clay depositing on the overland are
68%, 26% and 5% respectively. This is due to the differences in the settling velocities of
each of the size fractions. There is aimost no deposition of clay in channels while 26.6%
of the eroded sand and 13.1% of the eroded silt deposit in the channels. The effect of
both settling rates and transport capacity for each size fraction result in about 5.4%,
32.4% and 93.5% of the total eroded sand, silt and clay respectively, to leave the
watershed at the outlet.

Table 5-4. Percentages of eroded sediment remaining in the overland and channel cells
and leaving the watershed

Size Remaining
Fraction Overland Channels Yield
'Sand [%] 68.0 26.6 54
*Silt (%] 54.5 13.1 324
*Clay [%] 4.9 0.3 93.5
*Total [%] 49.7 14.7 35.0

Percentage of the total eroded 'sand, “silt and “clay. * Percentage of total eroded material

In general, at internal gauging locations, the sediment volume was predicted with
a difference of £50% from observations (see Figure 5-10). The range of +200% is
generally accepted by sedimentation engineers as being acceptable when comparing
computed sediment yields versus actual sediment yields (Johnson, 1997). At station 6,
the sediment volume was overpredicted due to the large erosion rates simulated in a zone

of cultivated land in sub-basin 6 close to the channel network.

89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



700

600 <

500 <

400 <

300 <

200 <

Simulated Sediment Yield [m3])

100 <

0 100 200 300 400 500 600 700
Observed Sediment Yield [m3]

Figure 5-10. Observed vs. simulated sediment yield at the outlet (station 1) and at
internal locations (stations 4, 6, 7, 8, and 14) for event 1

Spatially, net erosion values simulated for the calibration event are shown in
Figure 5-11 in 3-dimensions, using the watershed DEM as the 3-d surface where the net
erosion values are draped. Warm colors represent erosion while cold colors represent
deposition. Using the Cs-137 technique, it has been observed (Norton, 1986; Martz and
de Jong, 1987; Vesseth, 1990; Sutherland, 1991; Busacca er al., 1993) that, generally,
convex ridge tops and mid-slope knobs have the most erosion, while concave shapes with
convergent runoff exhibit more sedimentation. It has been also observed that midslopes
have either zones of erosion or deposition, suggesting they are zones of soil transport
(Busacca er al., 1993) and that phases of net aggradation alternate with phases of

volumetric loss (Campbell, 1981). These observations are discernible in Figure 5-11.
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The cited observations were made on agncultural lands. thus not taking into
consideration land use or soil type variabilities. Taking all the factors into account. zones
of net soil gain and loss may further change. Figure 5-12 shows the relationship between
topography, land use and soil movement rates in the north-south direction at a cross
section. In general. zones of steep slopes associated with agncultural lands or pasture ure
the ones presenting a net soil loss. Deposition occurs mostly in flatter or concave areus
or in areas with forest land. Net erosion i1s observed at the watershed boundary und
convex surfaces (in general. on ridges). Erosion rates at these locations are not as large
as the ones predicted by equations taking only into account landscape representation
(example, USLE) since predicted flow depths are small. Observed high rates of erosion
in elevated or exposed areas may include aeolian transport (Sutherland. 1991) which

CASC2D-SED does not simulate.
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Figure 5-12. Elevation and net erosion at cross section A-A’
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5.2.2. Validation Events

Two different events were used to validate the model. Event 2 has a peak
discharge about three times the one observed in event I, very dry initial conditions and a
late peak. Event 3 has larger rainfall intensity rates and distribution, and wet antecedent
conditions. In order to match observed and simulated hydrographs, only the initial soil
moisture was changed. For event 2, the initial moisture deficit was decreased while this
value was increased in the case of event 3. The observed and simulated hydrographs at
the outlet and other internal locations for both events are shown in Appendix II. Figure
5-13 shows the summary of the hydrological variables for both the calibration and
validation runs at all stream gauges. At the outlet, outflow volumes, peak flows and
times to peak are very closed to those observed. At internal locations, outflow volumes
and peak rates are in general underpredited, while the hydrographs timings are very close

to those observed.
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Figure 5-13. Observed vs. simulated a) discharge volume, b) peak discharge and c)
time to peak for the calibration and validation events at all stations
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Since the cover factor, C, is a parameter that depends on the crop conditions, it
was changed a certain percentage below (for event 2) and above (event 3) the one used in
the calibration run. The observed and simulated sedigraphs at the outlet and other
internal locations for both events are shown in Appendix III. Figure 5-14 shows the
observed vs. simulated values of the sediment yield for events 2 and 3. In both cases, the
majority of the points lie within the +50% frame, over- or underestimating for the cases
of the small sub-basins.

Figure 5-15 shows the historical observed rating curves at the outlet and at
stations 4 and 7. These curves show a difference of a couple of orders of magnitude
between the observed flow rate and the observed sediment discharge. The simulated
rating curves for the calibrated and validated events, superimposed over the observed

values, lie within the range of variability of the observed ones.
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Figure 5-14. Observed vs. simulated sediment yield at the outlet (station 1) and at
internal locations (stations 4, 6, 7, 8, and 14) for a) event 2 and b) event 3

97

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LJ
~—

Sediment Discharge [mi/s)

&
-

Sediment Discharge (m3/s)

”
—

Sediment Discharge (md/s)

1.E+00
Stataon 1
1.2-01 ¢+
1.E-02 ¢+
1.E-03 ¢+
1.E-08 4+
1.E-05 ¢
6 * #istozic
1.8-06 1 17-0ct-01
20-Sep-83
1.2-07 ¢+ 28-Aug-62
1.E-08 + <+ s + +
1.E-03 1.E-02 1 £-01 1.E+Q0 1.E+01 1.E+02 1 .£+03
Discharge [m3/s]
1.E+00
Statzen 4
1.g-01 4+
1.E-02 4
1.8-03 ¢+
1.8-04 ¢+ L e
1.2-05 + ARy
1.-06 ¥+ . MH
R - Eistoric
1.2-07 $+ Loe gt
Lot - 17-0ct-81
1.2-08 4+ c . ! l 20-8ep-63
- v she - 28-aug-62
1.8-09 e -+ + + +
1.8-05 1.E-04 1.E-03 1.£-02 1.E-01 1.E+00 1.E+01 1.EB+02
Oischarge [m3/s]
1.E+00
7
1.8-01 4 Station
1.8-02 ¢+
1.E-03 ¢+
1.8-04 T+
1.8-05 + -._,i
L
1.8-06 ¥+ R R 1 |
.ot
t .
1.8-07 + 1 Aistoric
* 17-0ct-81
1.E-08 ¢+ 20-8ep~-&3
-t 20-Aug-82
1.E-09 + — + + + —

1.E-05

1.E-04 1.E-03 1.p-02 1.E-01 1.8+00 1.E+01 1.E£+02

Discharge (m3/s]
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locations (stations 4 and 7) for the calibration and validation events
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5.3. SUMMARY

The model CASC2D-SED was calibrated and validated on Goodwin Creek.
Mississippi. using rainfall data from 16 meteorological stations and 6 stream and
sediment gaging stations. The following has been shown in this chapter:

(1) CASC2D-SED is able to simulate the hvdrological response of a watershed subject to
a spatially and temporally vaniable raintall field. At the outlet. simulated values ot
peak discharge. discharge volume and ume to peak discharge are very close to the
observed values.

(2) CASC2D-SED is able to simulate the sediment graph at the basin outlet. Sediment
yield at the outlet and at internal locations was predicted within a range ot £50% of
the observed values. Observed rating curves show how for the simulated outflows
range, the sediment flows vary within two orders of magnitude. Simulated rating
curves fall inside the observed ones.

(3) The effect of differences in settling rates and transport capacities for each size
fraction result in different percentages of the total eroded matenal to leave the
watershed at the outlet. The clay fraction, representing the smallest percentage in the
parent (source) material. made up most of the sediment yield at the outlet. This
fraction is carried mostly as washload. with little deposition in the watershed or the
channels. The sand fraction. carmed primarily as bed load mutenal. has the largest
deposition rates and thus a small percentage of this fraction 1s found at the outlet.

(4) CASC2D-SED predicts erosion and deposition zones in a watershed.  Visual
inspection of the net erosion map show that there is erosion 1n convex and steep areus

and deposition in concave or flat areas. In a basin cross section. it can be observed
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that zones of steep slopes associated with agricultural lands or pasture are the ones
presenting the largest net soil loss. Deposition occurs mostly n tlatter or concave

areas or in areas with forest land.
(5) Geovisualization and animation of the CASC2D-SED output gnds proved helptul in
the testing phase of the model. These GIS techmiques are used as a form ot model

validation of the sediment transport dynamics und net erosion patierns where

measured data are not available.
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CHAPTER 6

MODELING PREDICTIONS AT

DIFFERENT GRID SIZES

In an era that emphasizes global scaled research, data
aggregation is widely practiced primarily for scaling up’
environmental analyses or models from local to regional or global
scales.  Spatial data available at finer resolutions need to be
aggregated to represent the spatial chardacteristics at corresponding
scales.

The aggregation process may alter the statistical dand spatial
characteristics of the data. When uaggregated ddtd are used ds input
to analyses or models, the output of these andalyses or models may be
affected.”

Ling Buan and Rachael Butler, 1999
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In this chapter, differences in model predictions due to differences in spatial data
aggregation in input grids are studied. As a result of decreasing slope angles defining the
terrain at larger spatial resolutions. we expect the predicted erosion rates to decrease. both
at the outlet and locally. The first part of this chapter shows that. theoreucally. for
decreasing averaged slopes. the equilibrium sediment discharge decreases.

First. to isolate the topographic effect on simulated erosion with increasing gnd
cell size. temporally and spatially uniform rainfall events. uniform impervious soils and
uniform land use type are used. Later. the same type of results 1s shown for a real event
case. with spatial and temporal rainfall distmibution. and spaual soil type and LULC
distribution.

In the USLE equation the length factor. L. is the ratio ot tield soil loss to the
corresponding loss from 72.6-ft (22.1-m) length. In our study. 30-m 1s chosen to be the
reference slope length. The average gross erosion (tons/ha) and sediment yield (tons/ha)

are going to be normalized by the corresponding value at 30-m spatial resolution.

6.1. CONCEPTUAL EQUILIBRIUM UNIT SEDIMENT DISCHARGE

Julien and Simons (1984) developed a general sediment transport capacity
relationship supported by dimensional analysis. The recommended formula can be
written as a power function of slope and discharge. the most significant parameters

pointed out by their study:

=asty [ 6-1]
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where S is the terrain slope and q is the unit discharge. o. 3 and y are empirical
exponents. The exponent B varies between 1.2 and 1.9 while the exponent y varies
between 1.4 and 2.4.

In particular. the Kilinc and Richardson equation (§ = 1.66. y = 2.035) reveals that
predicted erosion rates strongly depend on the hydraulics of the system und the
topography. These two factors will be modified with grid aggregation and therefore the
prediction of soil erosion will change. Errors in the prediction of the unit discharge or
slopes will produce augmented errors in the estimation of the net erosion rates.

Goodwin Creek defined at different spatial resolutions (see CHAPTER 4) is used
to examine the effects of grid aggregation on the equilibrium sediment discharge.

Assuming that this basin is a square watershed at x-meter gnd cell size with N number of

cells and of uniform slope So [m/m)] equal to the watershed averaged slope for the given

watershed spatial resolution, the length of the watershed is esimated to be:

L=VN*x* [6-2}

Assuming a uniform constant rainfall intensity, i. impervious condition and
uniform LULC and soil type. we can estimate the average equilibrium unmit sediment

discharge, q— for each grid cell size, x, using a first order approximation to the Taylor

Series expansion as:

g. =a(i*L)}" So or

= |

L= (5N *x) T S [ 6-3]

R

where o is a constant that depends on the soil and land cover.
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The mean slopes have been described in section 4.2.1 and they decrease with

increasing grid cell size according to the next relationship:
S=179*x (64 ]

The number of cells defining Goodwin Creek decreases with increasing gnd cell

size according to the following expression:
N=2E+07*x " [6-5 |

Substituting Equations 6-4 and 6-5 into Equation 6-3. we get tor the averaged

conditions that;
i=4.1459*i:035 *—\,AOS(: l()_ﬁ l
(04

For a given rainfall intensity. i. we can relate the equilibrium unit sediment
discharge at x-m grid cell size, gs.. to a reference equilibrium sediment discharge at 30-

m, qs3o as follows:

== [6-7]
qsy, \30

This is, on the average, as grid cell size. Xx. increases. the equilibrium unit

sediment discharge is expected to decrease.
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6.2. MODEL APPLICATION AT DIFFERENT SPATIAL RESOLUTIONS

6.2.1. Method

Uniform Conditions: Spatial and temporal ruinfall distributions must be
considered as possible sources of error. This error will produce vanability in the
computed flow (Ogden and Julien. 1993). Thus. temporally and spatially unitorm raintall
events have been selected as input to the CASC2D model for testing purposes.

The simulations are carried out using three different constant intensities: 5. 10 and
I5Smm/h.  The rainfall duration was 1200 minutes so that the hydrograph equilibrium
conditions are reached for each of the resolutions. The simulation duration was long
enough (2500 minutes) to allow for the basin to drain at all resolutions.

The soil parameters are spatially uniform and correspond to the averaged ‘alues
for a silty-loam soil, the dominant soil type in the watershed. The infiltration and erosion
parameter values used in this case are shown in Table 6-1.

Table 6-1. Soil parameter values for an impervious silty loam soil

. Drainage Ks G Md a b g Qife®
SoilType condition lemv/s] fcm] fcm'/cm’] K % Sand e Silt
Silty loam  Moderate 0 0 0 0.2 20 65

*Wischmeier and Smith (1978): "USDA (1975) texture triangle

The land use parameters are uniform and correspond to a pasture cover. which

represents the largest percentage in the basin. The parameter values used are shown in

Table 6-2.
Table 6-2. Land use parameter values for pasture
s b
Land Cover  Roughness” Interception c* P
[mm]
Pasture 0.2 l 0.02 I

*Woolhiser (1975); "Woolhiser (1990) ;: “Wischmeier and Smith (1978)

105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The channels width and depth are described in (Section 4.1). The roughness
coefficient for all the channels at all resolutions are kept constant (n = 0.035).

Real Event: The calibration event of October 17. 1981 at 30-m was used to test
the effects of grid cell size on the mode!l erosion predictions when spatial vanations in
soil, land use and rainfall are taken into account.

The model was run at spatal resolution larger than 30-m using the same
hydrological parameters. As a result of gnd aggregation. peak discharges decreuse and
times to peak are delayed for the larger gnd cell sizes (see Figure 6-la). The runott
volumes decrease with increasing gnd cell size because a larger portion of the water is
infiltrated (see Figure 6-1b). Smaller average slopes and progressive vanishing ot the
larger slopes for the larger grid cell sizes result in a larger opportunity tor the water to
infiltrate. This in tumn reduces the flow unit discharge. As already shown n the last
section, reducing the flow unit discharge will induce a reduction in the transport capucity
as calculated by the Kilinc and Richardson equation. This is. the reduction in the slope
with increasing grid cell sizes will affect the transport capacity both directly. through the
slope, S, term, and indirectly, through the unit discharge term. q.

The model is then calibrated at spatial resolutions greater than 30-m to get similar
peak discharges and runoff volumes at all spatial resolutions by increasing the infiltration
rates through the saturated hydraulic conductivity. [t is reasonable to assume that flatter
slopes would lead into more saturated areas in the watershed. and thus. the moisture
deficit has been reduced for increasing grid cell sizes. Finally. the channel roughness

coefficient has been increased with increasing grid cell sizes to cause a delay in the
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hydrograph peak. After calibration, the new peak discharges. time to peak. and

percentages of runoff and infiltration volumes are shown in Figure 6-2a.b.

[J
-~

8 T 300 b T - 82
g ? 4+ 250 ~ i 30 ¢+ +80 ~ i
- 4+
Hos : §5 1 R E
g~ 5 T 200 8 ] +76 = 8
o & i 3% 204 o &
ag ¢ +1s50 8 S 1 3¢
a I B > 15+ . >
2 3 -— [T 472 -
X + 100 § oo s
r L 00 104 oo
: R - . e e
1 L | Eveax viscnerse + 50 e 54 TURORS ELL KA 1M 1o 8w
“~Time tO Peak L -Inf.vol .Eff.Rain (%] L]
04 —t——p———p 0 0 + + —t 66
0 100 200 300 400 0 100 200 300 400
Grid Size ([m) Grid Size (m)

Figure 6-1.  a) Peak discharge and time to peak and b) percentage of runoft and
infiltration for different grid sizes before model calibration
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Figure 6-2.  a) Peak discharge and time to peak and b) percentage of runoff and
infiltration for different grid sizes after model calibration

6.2.2. Results
Equilibrium Unit Sediment discharge: In the case of uniform rainfall conditions. a
regression line has been fitted to the simulated equilibnum sediment discharge values

normalized by the respective value at 30-m spatial resolution for each rainfall intensity.
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This equation is similar to the empirical one (Equation 6-7) obtained for the averaged

conditions.
1.2
le
0.8¢ y = 1.084x°"9%¢
g R = 0.971
[
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»
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Figure 6-3.  Normalized equilibrium sediment discharge at the watershed outlet for
different normalized grid cell values and rainfall intensities

Average gross erosion and average sediment yield: Average gross erosion is
defined as the volume of parent material per unit area [tons/ha] that has been scoured in
the basin, without taking into account deposition. Average sediment yield is defined as
the amount of sediment per unit area [tons/ha] leaving the watershed. Both quantities
have been normalized at all spatial resolutions by the respective amount obtained at the
30-m simulations. Figure 6-4 shows the normalized average gross erosion and sediment
yield for the case of uniform rainfall (with 5, 10 and 15 mm/h intensity), soil type and

LULC. Figure 6-5 shows the same results for the distributed conditions case. As
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expected, simulated erosion values decrease with grid cell size with the strongest
dependency found for the case of the averaged gross erosion.

The normalized averaged gross erosion in the case of the uniform and the
distributed conditions are practically identical. The next approximate regression line is

fitted to the model simulated values in both cases:

E,

= =170*x""" [6-8]
30
where
E. = gross erosion simulated at x-m [tons ha™']
E3y = gross erosion simulated at 30-m [tons ha"]
X = grid cell size [m]

For the averaged conditions, if the slope decreases with the inverse of the squared
root of the cell size (Equation 6.4), then the unit discharge should decrease with the

inverse of the cubic root of the cell size as shown in the next expression:

%“{(fa)m) *((%JHJ- = az=-1/3 [6-9]

E: s

=< X

Exn

Thus, on the average, the unit discharge also depends on the grid cell size
although the effect of the changes in slope values with grid cell sizes in the transport

equation will be larger.

The averaged sediment yield takes into account not only the amount of sediment
eroded in the watershed but also deposition. Thus, a change in grid cell size will affect
less the model sediment yield predictions than it does the gross erosion (see Figure 6-4

and Figure 6-5). For the smaller spatial resolution models, sediment deposits on concave
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areas or areas of low slope. As the grid spatial resolution increases, a) the convexities
and concavities of the terrain tend to disappear and thus the rates of local erosion and
deposition, respectively, decrease and b) slope lengths become shorter and the channels
become less sinuous which causes a faster routing of the sediment to the outlet.

The normalized averaged sediment yield is affected by the spatial variability of
the rainfall, soils and land use input. The regression line fitted for the uniform and

spatially variable cases are (also shown in Figure 6-4 and Figure 6-5):

Y—} =32.2%x %
- Y3° UniformConditions
Y—] =50.8*x ™%
L YJO Spatial var iability

This is, spatial variabilities will increase the difference in the sediment yield
predictions between the model at certain spatial resolution, x-m, and the reference one,
30-m. Resampling of the soil type and land use grids to coarser resolution affects the

sediment yield prediction by affecting deposition patterns
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Figure 6-4 Normalized averaged gross erosion and sediment yield for the uniform
conditions case
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Figure 6-5.  Normalized averaged gross erosion and sediment yield for the distributed
conditions case
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Net erosion volumes: Net erosion values are the result of adding deposited
volumes (positive quantity) and scoured volumes (negative quantity) of sediment at a
given grid cell. Spatially, net erosion volumes change depending on the input grid spatial
resolution as shown in Figure 6-7 (uniform conditions with 15 mm/h rainfall intensity)
and Figure 6-8 (distributed conditions). The net erosion pattern also change with the
distributions of soil and land use (compare Figure 6-7 and Figure 6-8).

Visual inspection of the net erosion maps indicates that the 30-m resolution grid is
the one simulating net erosion values closer to what it would be expected while the 330-
m does not perform as well. Figure 6-6a represents the percentage of the watershed area
with either net erosion, deposition or zero net erosion as seen in Figure 6-7. Figure 6-6b
represents the percentage of the watershed area with either net erosion, deposition or zero
net erosion in Figure 6-8. In Figure 6-6a, the 30-m grid is the one has the largest area
covered by net deposition (28%) and the smallest area in which the net erosion is zero
(5%) while in the 330-m grid the opposite happens (10% with net deposition and 25%
with no net erosion). The largest percentage of net erosion has a maximum on the 150-m
grid. In Figure 6-6b, the trends are similar to those in the uniform conditions case, where
the 30-m grid has the largest percentage of the area covered by net deposition and the
coarsest resolutions have the largest percentage of the area in which the net erosion is

zero. The 90-m grid has maximum percentage of the area covered by net erosion
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Figure 6-6.  Percentage of the watershed with net erosion, deposition, and zero net
erosion for the case a) of the uniform conditions (15 mm/h rainfall intensity) and b)
distributed conditions (event 1)

Location of the sediment source and deposition areas, and volume of sediment
eroded transported and delivered are some of the factors that should be quantified before
deciding what erosion control treatment is best suited for a problem. In this case, it
seems advisable to recommend that simulations with the smaller grid cell sizes are

carried out.
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Sediment delivery ratio (SDR): The SDR denotes the ratio of the sediment yield at a
given stream cross section to the gross erosion from the watershed upstream from the
measuring point. The SDR depends primarily on the drainage area of the upstream
watershed (Julien, 1995). Figure 6-9a and Figure 6-10a show the SDR obtained for the
case of the uniform conditions and for the case of the distributed ones, respectively.
Figure 6-9b,c,d and Figure 6-10b,c.d show the SDR for the particular case of the sand,

silt and clay fractions, respectively.
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Figure 6-9.  Sediment delivery ratio of Goodwin creek watershed for a) total sediment
load, b) sand load, c) silt load and d) clay load as a function of grid size and rainfall
intensity for the uniform case
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Figure 6-10. Sediment delivery ratio of Goodwin creek watershed for a) total sediment
load, b) sand load, c) silt load and d) clay load as a function of grid size for the
distributed case

The distribution of the SDR of sand and clay does not change much with rainfall
intensity (see Figure 6-9b.d). The reason why this happens is that the sand traction
moves mostly as bed material and the clay as suspended load due to their large and very
small settling velocities, respectively. In the case of the silt (Figure 6-9c) the rainfall
intensity or, equivalently, the water discharge affects its transport rate. With larger water
depths for the larger rainfall intensity, larger fraction of the silt will move as suspended
sediment and thus, for the same spatial resolution, the fraction of silt leaving the basin
increases for larger rainfall intensities. The small differences in the SDR with

precipitation intensity are due to differences in the transport of the silt fraction.
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Basically, the SDR for the distributed conditions case follows the same pattern as
the one for the uniform conditions although the range of variation of the SDR with grid
cell size is smaller in the first case.

Sediment delivery ratios increase with grid cell size up to the 210-m grid in the
case of the uniform conditions. As shown in Figure 6-9, for grid sizes 210-m or larger,
the net soil loss area starts decreasing and the area of zero net erosion increases while the
area of net deposition is maintained. This induces a reduction in the SDR values for grid
sizes larger than 210-m. In the case of the distributed conditions, SDRs increase up to the
270-m gnd (see Figure 6-10). It should be noted that the sum of areas with net erosion
and the areas of zero net erosion has a maximum at the 210-m grid in the case of the
uniform conditions and 270-m grid in the case of the distributed conditions.

According to Boyce (1975), the SDR for a drainage basin of 20.5 km? (7.9 mi%)
has been observed to vary between 0.1 and 0.5. Figure 6-11 shows the SDR values of the
simulated event | (from 30- to 330-m) and events 2 and 3 (at 90-m) superposed with the
Boyce data. Falling within the range of observed data, the SDRs simulated for the case
of the 30- and 90-m grid cell size are comparable to field observations. SDRs for larger

grid cell sizes greater are overpredicted.
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Figure 6-11. Boyce observed sediment delivery ratio values and simulated ones with
CASC2D-SED

6.3. SUMMARY

Differences in mode! erosion predictions due to differences in spaual data
aggregation in input grids have been studied for two different cases. In the uniform
conditions case, rainfall intensity, soil type and land use type are maintained uniform. In
the distributed conditions case, an observed rainfall event. and distributed soil and land
use types have been used. The following has been shown:

(1) Empirical and simulated equilibrium sediment discharge at spatial resolution x is
related to the value simulated at 30-m spatial resolution approximately according to

the following equation:
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(2) Gross erosion depends, among others. on terrain slope and unit discharge. with the
stronger dependency on the first one. The normalized gross erosion decreases with
x''? with x representing the grid cell size.

(3) Predicted sediment yield values are less sensitive to the model grid cell size than
gross erosion predictions because it takes into account not only erosion but also
deposition rates. The normalized sediment yield decreases approximately with the
inverse of the grid cell size. Resampling of the soil type and land use grids affects
simulated averaged sediment yield.

(4) Spatially, net erosion volumes change depending on the input grid cell size. The area
covered with net deposition decreases while the area with zero net soil erosion
increases. These values affect in turn the sediment delivery ratio (SDR). Simulated
values for the smaller grid cell sizes (30-m to 150-m) represent erosion and
deposition patterns more realistically than the coarser resolution gnds.

(5) SDRs increase with increasing grid cell size. SDRs are not greatly affected by the
rainfall intensity. Differences in the SDR for the smaller spatial resolutions are due to
differences in the silt SDR. The SDR simulated for the case ot the 30- and 90-m gnd
cell size for the uniform conditions and the distributed conditions fall within observed

SDR range by Boyce (1975) for the Goodwin Creek drainage area.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1. SUMMARY

In summary, the CASC2D-SED model was reviewed in chapter 3. The
interception process has been included in the current version of the model. The upland
erosion scheme has been modified to include sediment routing by advection in capacity
limited transport conditions. The sediment routing by size fraction has been added 1n
channels. In channels, suspended sediment is transported by advection processes
regardless of the transport capacity. In hilislopes and channels. the transport capacity is
first fulfilled with the suspended sediment volume and. if needed. with the previously
deposited sediment. After moving the suspended and previously deposited sediment. any
remaining transport capacity will be used to erode the upland cells. The newly
implemented sediment settling concept allows for a differential treatment of silt and sand

fractions in upland cells and allows sediment deposition in impoundments. As a result,
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silt and clay fractions are transported as washioad while sand moves as bed-material load.
Finally, in Chapter 3. the output time-series grids from CASC2D-SED have been coupled
with Arc/Info® for their automatic display and, if desired. the creation of an MPEG
movie.

In Chapter 4. the extensively monitored Goodwin Creek watershed has been
selected as the study site to test the new CASC2D-SED erosion model. The raster GIS
input data is resampled from 30-m up to 330-m to study the effects of grid cell size on
upland erosion simulations.

In chapter 5, the CASC2D-SED model is calibrated for one event and validated
for two other events. Resulting hydrographs and sediment graphs are obtained at the
outlet and at other internal locations. The sediment transport at the basin outlet is shown
by size fractions for the calibration event. Observed and simulated values of sediment
yield are obtained for all the gaging stations and events. Geovisualization of the erosion
dynamics shows sediment transport by size fraction and displays spatial erosion and
deposition patterns for the calibration event.

In chapter 6. the effects of gnd cell size on upland erosion rates are presented tor
two different cases. In the first case, the precipitation is uniform with constant rainfall
intensity, the soils are impervious and there is only one soil and land use type. In the
second case. the rainfall is spatially and temporally distributed and the soils and land use
are spatially distributed. The effects ot grid resolution on simulated erosion rates are
presented in terms of gross erosion. sediment yield, spatial distribution of net erosion and

sediment delivery ratios.
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7.2. CONCLUSIONS

With reference to the objectives stated in Chapter 1. the results of the calibration
and validation runs of CASC2D-SED on Goodwin Creek. MS. defined from 30-m to up
to 330-m lead to the following conclusions:

1 a. CASC2D-SED is able to simulate the hydrological response of a watershed
subject to a spatially and temporally variable rainfall field. Simulated hydrographs
and sediment graphs are very close to the observed ones. Predicted sediment yields
vary within a range of #50% of the observed values. This is in agreement with
observed rating curves in the basin.

b. The differences in settling velocities and transport capacities for each size
fraction result in different percentages of eroded material leaving the watershed at the
outlet. The clay fraction. representing the smallest percentage in the parent matenial.
made up most of the sediment yield at the outlet. This fraction is carmed mostly as
washload, with little deposition in the watershed or the channels. The sand traction.
carried primarily as bed-material load, has the largest deposition rates and thus a
small percentage of this fraction is found at the outlet.

(2) Geovisualization of the CASC2D-SED output grids in terms of MPEG movies shows
the time sequence of spatial distribution of upland erosion or sedimentation.
suspended sediment concentration. sediment flux by size fraction and net aggradation
/ degradation on the watershed. This three-dimensional representation shows that the
simulated zones of erosion are generally coupled with steep slopes. depending on the
land use or soil type. Zones of deposition were simulated in valley bottoms or

forested areas.
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3) a. Resampling the Goodwin Creek watershed from 30-m to up to 330-m aftects
the basin representation by changing the slope distribution and the channel network
definition. Resampling of the basin's DEM to 330-m results in channel and drainage
area capturing. The area percentage for land use and soil type do not change
significantly with resampling.

b. The following general conclusions are derived trom the study of the gnd cell
size effect on the upland erosion predictions. For an increasing grid cell size (x):

a. Equilibrium sediment discharge decreases approximately with the inverse
of the gnid cell size. Gross erosion depends, among other factors. on
terrain slope and unit discharge. with the stronger dependency on the first
one. The normalized gross erosion decreases with x '°. Taking into
account not only erosion but also deposition. the predicted sediment yield
values are less sensitive to the model grid cell size than the gross erosion
predictions. The normalized sediment yield decreases approximately with
the inverse of the grid cell size. Resampling of the soil type and land use
grids affects simulated averaged sediment yield

b. The area covered with net deposition decreases while the area with
negligible soil erosion increases with grid cell size. These values atfect in
turn the sediment delivery ratio (SDR). Simulated values for the smaller
grid cell sizes (30-m to 150-m) represent erosion and deposition patterns
more realistically than the coarser grids.

c. The sediment delivery ratios increase for increasing coarser spatial

resolutions and are not greatly affected by rainfall intensity. Differences
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in SDR for the smaller spatial resolutions are due to differences in the silt
fraction. The clay SDR is close to one. indicating that most ot the eroded
clay leave the basin as washload. The SDR simulated for the case of the
30- and 90-m grid cell size for the uniform conditions and the distnbuted
conditions fall within observed SDR range by Boyce (1975) tor the

Goodwin Creek drainage area
The selected grid cell size for the erosion model should be able to reasonably
represent the landscape and enable the identification of erosion-vulnerable regions in a
watershed for the implementation of suitable erosion control measures. One may
conclude that grid cell sizes smaller than 150-m when modeling erosion with CASC2D-
SED are preferable because: (1) they represent erosion and deposition patierns more
realistically than the coarser resolution grids: and (2) the values of the sediment delivery
ratios are closer to field measurements. Larger gnd cell sizes are discouraged due to
distortions in the landscape representation and the coarse resolution at which the location

of erosion and deposition areas are simulated.
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I.1 CASC2D-SED SUB-ROUTINES LIST

PROGRAM CALLS LOCATION
ReadProjectFile(argv(]) ReadProjectFile.c
ReadControlFile ReadControlFile.c
ReadGridHeaders() ReadGrids.c
GridsMemAlloc() MemaAlloc.c
ReadInputGrids() ReadGrids.c
InitializeVars() InitializeVars.c
ReadChannlFile ReadChannFile.c
ChannToplg() ChannToplg.c
ComplnitialVol() CompVolumes.c
OvrlDepth() OvrlDepth.c
ChannDepth() ChannDepth.c
OvrlRout() OvrlRout.c

. ChannRout() ChannRout.c

maing()
RoutOutlet() RoutQutlet.c
Settling() Settling.c
RoutSedOut() RoutSedOut.c
SedStats() SedStats.c
WriteOutflow() WriteOutflow.c
WriteGrids() WriteGrids.c
Reset() Reset.c
CompFinalVol() CompVolumes.c
WriteSummFlow() WriteSummFlow.c
SedVolumes() SedVolumes.c
WriteSummSed() WriteSummSed.c
GridsMemFree() MemFree.c
RunTime() RunTime.c

ReadControlFile() floatMemAlloc2d() MemAlloc.c
intMemAlloc2d() MemAlloc.c

GridsMemAlloc() intMemAlloc2d() MemaAlloc.c
floatMemAlloc2d() MemAlloc.c
intercept() intercept.c

OvriDepth() rain() rain.c
infilt() infiltc

rain() intercept() intercept.c
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ChannDepth() NewChannDepth() Fcts_Chann.c
OvrlRout() ovrl OvrlRout.c
ovri() RoutSedOvrl() RoutSedOvrl.c
RoutSedOvrl() TransferSed() Fcts_sed.c
ChannRout() chnchn ChannRout.c
chnchn() chnDischarge() Fcts_Chann.c
RoutSedChn() RoutSedChn.c
RoutSedChn() TransferSed() Fcts_sed.c
iIRoutOutlet() chnDischarge() Fcts_Chann.c
SedStats() RoutSedChn() RoutSedChn.c
RoutSedOvrl() RoutSedOvrl.c
WriteGrids() @teZdTS() erteGnds.c
write3dTS() WriteGrids.c
GridsMemFree() iMemFree2d() MemPFree.c
fMemFree2d() MemFree.c
[-3
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1.2 CASC2D-SED CODE

All.h
CASC2D-SED_sed.c
ReadProijec:tfFile.c
ReadCortrolFile.c
ReadGrids.c
MemAlloc.c
InitializeVars.c
ChannToplg.c
CompVolumes.c
OvrlDepth.c
irnfilt.c
intercept.c
rain.c
ChannDepth.c
OvrlRout.c
RoutSedOvrl.c
ChannRout.c
RoutSedChn.c
RoutOutlet.c
Settling.c
RoutSedOut.c
SedStats.c
WriteOutflcows.c
WriteGrids.c
Reset.c
WriteSummElow.c
SedVolumes.c
WriteSummSed.c
MemFree.c
RunTime.c

Fcts _chann.c
Fcts_misc.c
Fcts_sed.c

Fcts_stats.c

14
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1-12
I-16
I-19
I-22
1-24
I-28
I-32
I-34
I-37
I-38
I-39
I-40
I-42
I-45
I-47
I-50
I-52
-54
I-55
I-56
I-58
I-60
-64
I-65
I-67
I-68
I-74
I-75
I-76
I-78
I-79
I-80

s

-



ALL-H (/%)
/AEEEEREXEXXCEXKEAXAERKRRER/

/% INCLUDE FILES x/
2333313313333 33: 333333333131 333%4

#include <stdio.h>

#include <stdlib-.h>

$include <string.h>

®include <math-h>

%#include <float-.h>

$include <time-h>

#include <malloc-.h>

/£33 3232323333223+ 23233332233333222233 9
/% FUNCTION PROTOTYPES x/
/2313232232 3223232322 2323323232322 33333322223 94

extern void ReadProjectFile(char ProjectNameL803):3

extern void ReadGridHeaders()3

extern void GridsMemAlloc()53

intxx intMemAlloc2d(int NoRows. int NoCols)3

float** floatMemAlloc2d(int NoRows+ int NoCols)s

floatxs floatMemAlloc3d(int layers int NoRows.+ int NoCols)s

extern void ReadControlFile()3

extern void ReadChannFile()3

extern void ReadInputGrids()s3

extern void Initializevars()j

extern void ChannToplg()s

extern void CompInitialvol()s

extern void OvrlDepth( 3

extern void intercept(int j. int k)3

extern void rain(int j.int k)3

extern void infilt(int j- int k)3

extern void Settling()s

extern void OvrlRout();3

extern void ovrl( int j.int k. int jj. int kk)s

extern void RoutSedOvrl(float dgg. float sf.int j-int k-
int ji-~int kk)3

extern void ChannDepth()s3

extern float newChnDepth(float wch.float dch~float sfactors
int j» int k.float addedVolume)s

extern void ChannRout()s
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ALL-H a/%)
extern void chnchntint ic.int 1)3

float chnDischarge(float hchan.float hh.float wch.float dch,
float stordep-float rmanch.float a.float sf.float sfactor):

extern void RoutSedChn(float dg-float sf.int jfrom.int kfrom-
int jto.int kto.float wch.float hchan)s

extern float KRcap(float KRcoeff.float discharge.float width,
float sf~+ int jfrom. int kfrom):

extern float EHcap(int SizefFr.float width.float depth-.
float sf.float discharge)s

extern vold TransferSed(int SizeFr.float xxSourcell.
float VolToTransfer,
int jfrom.int kfrom-.int jto.int kto)s

extern void findMFAC(int jfrom.int kfrom.float tot@Sout-
float discharge.float qsf41)3

extern void RoutOQutlet()s
extern void RoutSedOut()s
extern void Writeutflow()3
extern void SedStats();
extern veid WriteGrids()s

extern void write2dTS(char =*name- char xwrite_name-FILE =xwrite_name_fptr
float =xxParamValue. float UnitsConv)s

extern void write3dTS(char =xname. char swrite_name.FILE swrite_name_fptr
int layer. float =xsParamValuell})s

extern void Reset();3

extern void CompFinalvVol()s

extern void SedVolumes()3

extern void WriteSummFlow()3

extern void WriteSummSed()3

extern void GridsMemfree()s

void fMemFreedd(floatsx matrix2d. int NoRows. int NoCols)s
void iMemFree2d(int®x matrix2d- int NoRows- int NoCols):
extern void RunTime(clock_t finish):

extern float MAX(float one-float thelther)s

extern float MIN(float one.float thelther):

extern sStruct gstats gridstats(float sxinputgrid)?
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tdefine g 9.81
sdefine RO0s 2.65
tdefine KRov 58390
tdefine KRch 58390
tdefine 6 2-bS

extern char

project_filefE801.control_filef801.

ALL.-H

223333333331 333233227333333 23333274

/x GLOBAL C(ONSTANTS =/
A 2222333222333 222223333212 2222 ¥

/x Gravitational acceleration [me2/sl

/x Mass density of solid particles [tens/m33
/x Kilinc Constant in the overland transp.eq-
/* Kilinc Constant in the channel transp.egq-
/x Specific gravity Cadimensionall

223333222235 332 2232333722222 223% ¢ ¥4

/% GLOBAL VARIABLES x/

g+ 2333235333333 323323337223333333%2 ¥4

headerI300)~elev_fileTA01-shap_filefBD1~so0il_filel803.
iman_file[80).sdep_fileLlBO03-node_filef803-1link_filef801.
Summ_filef80).dis_put_fileC803-sed_out_fileL803-

rnamef 803 write_rnameCA03-vinfnamel80)-write_vinfnamel[801.
dnamef80J-cnamel303.susnamel801.erosdepnamel8021,
sandfluxnamel801.siltfluxnamelB80).clayfluxnameladl.
totalfluxnameEB0).sandNFACnameL801.siltMFACnamel 801,
clayMFACnameE801.totalftFACnamel 8013

extern int

m-n.jout.kout.ncells.-nman-nsoil-.
indexsdep+indexinf,indexeros-chancheck-
nchan_link.nchan_nodeL1l003- maxlink ichnESG3IL1L003L3].
iter.niter.nitrn.nprn.nplt.irainsnrg-nread-
ifcount.icount-ipcount,
indexdis.ndis.x*iq.unitsd.indexsed.nsed-**ised.units@s,

nodatavaluea

extern float

xxlink.*xnode-**isocil. *ximan. =xxishp;

w.dt-sout.wchout.dchout-sfactorout.rmancut.sovout-
raincount.crain.sxrg.®yrg.xaread. xareads-

xllcorner. yllcorner.%pman, %*cfactor. xpfactor. =xretention-
elconv.xxe~xxret.xxsdep *xvinf.xxpinf.vin.vout.vinftot,
init_ov_vol.init_ch_vol.final_ch_vol-final_ov_vol-
chpfSOILLOO0JIE?I~*xh.xxhch 2rrg.x¥rint+xxrtot .
xxdqov-*x*xdqch.gout.qoutov.gpeak-tpeak %qg-

xqsed.%¥Qss-

x¥qovsL4dxxvolslU) xxs50i1C4T~*xxSedFluxOutlfyl,

xxMFACCUY4T .*xMaxFluxCoutxxtotnetv .xxtotsus+xxSus(-
tot_erodedl{43.sus_ovE4l-dep_ovE4d-tot_ovl43.
sus_chf4X.dep_chlil-.tot_chfuyI-sed_outfuls

extern double

3/7%)

x/
x/
x/
%/
x/

rain_fileC801-chn_filef801-

amaxdepth-amindepth-amaxcdepth.amincdepth. amaxvinf.aminvinf,
amaxnetv-aminnetv.amaxFluxCoutOv.amaxFluxCoutCh.amaxrain,
aminrain.amaxSusCh,amaxSusOv- amaxSusCch-~ amaxSusCov.
dsE43.wsl4l.elapsedTimes

struct gstats {
double mins
double maxs:
float means
float stdevilrs

clock_t startTimes

17
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extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE
extern FILE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

xproject_file_fptrs
xshap_file_fptrs
xsdep_file_fptrs
zxelev_file_fptrs
xrain_file_fptrs
*xsoil_file_fptrs
xcontrol_file_fptrs
xchn_file_fptrs
xnode_file_fptrs
xlink_file_fptrs
xSumm_file_fptrs
ximan_file_fptrs
xdis_out_file_fptrs
ssed_out_file_fptr3
xdebugs
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4/%)



sincl

char

int

float

doubl

clock

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

casc2d_sed-c (373)

ude "all.h"

2433323333332 3533323233335333323322 3332 V)

/x GLOBAL VARIABLES DECLARATION =/
g3222323323 223323222322 333333322 223 ¥4

project_fileCB80]-control_fileC803+ rain_filef80)-chn_fileC801,
headerC3003-elev_filef803-shap_filefB803.s0il_filel801-
iman_filef80).sdep_filef802.node_fileL803-1ink_fileL801-
Summ_filef803-dis_out_filef803-sed_out_fileldD1},
rnamelB80).write_rnamef803.vinfnamelB80).write_vinfnameC801X-
dnamel8f83.cnamel80).susnameld0])-erosdepnameldll,
sandfluxnamel80)-siltfluxnamel80)-clayfluxnameL80]1-
totalfluxnamefd0l.sandMFACnamel80X.siltMFACnamel803-
clayMFfACnamef 803 -totalMFACnamei 8015

mansjout.kout.ncells-nman.nsoil-
indexsdep.indexinf.indexeros.chancheck.
nchan_link.nchan_nodel[1003~ maxlink-ichn{S03CL1003C3],
iter.nitera.nitrnanprnanplt.irainsnrgsnreads,
ifcountsicount.ipcount-
indexdis.ndis-xxig-units@.indexsed.-nsed.*xised-unitsds-
nodatavalue-. xxlink.sxsnode-**isoil. xximan. xxishps

wrdtssout.wchout-dchout-sfactorout.rmanout. sovouta.
raincount.crain.xxrg.syrg.%area@+ xareads.

xllcorner. yllcorner.xpman- xcfactor. x*pfactor. zretention-.
elconv.xxe.xsret.xxsdep.xxvinf.xxpinf.vin.vout.vinftot.
init_ov_vol-init_ch_vol.final_ch_vol-final_ov_vol-
chpL503EL001L7)*xh.xxhch.*rrg.x*rint.xxrtot,
sxdqov-*xdqch-qout-qoutov-.qpeak-tpeak-xq-

xgsed xxqss~ *xqovsfil-xxvolsfylxxss0illYI xxSedFluxOutiyl.
xxMFACCY]-xxMaxFluxCout-xxtotnetv-*xtotsus- xxSus(,
tot_erodedf43.sus_ovIi4l.dep_ovi4l-tot_ovEiyl.
sus_chf4l.dep_chliul.tot_chluJ.sed_outfudls

e amaxdepth.amindepth.amaxcdepth.amincdepth. amaxvinf.aminvinf,
amaxnetv.aminnetv.amaxFluxCoutOv.amaxFluxCoutCh.amaxrain-
aminrain-amaxSusCh-.amaxSusOv., amaxSusCch+ amaxSusCovs
dsful.wsC4l-elapsedTimes

_t startTimes

xproject_file_fptr = NULLS
xshap_file_fptr = NULLS
xsdep_file_fptr = NULLS
xelev_file_fptr = NULLS
xrain_file_fptr = NULLS
xsoil_file_fptr = NULLS
xcontrol_file_fptr = NULLS
xchn_file_fptr = NULLS
xnode_file_fptr = NULLS
xlink_file_fptr = NULLSZ
xSumm_file_fptr = NULLSA
ximan_file_fptr = NULLA
xdis_out_file_fptr = NULLS
xsed_out_file_fptr = NULLS

xdebug NULL s
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casc2d_sed-c 2z731)

2333333333333 33 333333332 2233323 V)
/= CASC2D_SED MAIN PROGRAM x/
/XEEEEREXEXXCEXEXEXKRKKXXXXRRRKKR/

int main(argc.argv’
int argcsh
char xargvll;
{
V23323323333 33333 3323313333323+ 3333333323222333232 7]
/x Read and initialize data =/
123+ 2333333333333 33322323332333233132 33323333227

/x Time CASCZ2D running time x/
startTime = clock()3

/x Reads the project files names =/
ReadProjectFile(argvil1)s

/* Reading in the CONTROL Information x/
ReadControlFile()s

/* Reads the input grids headers x/
ReadGridHeaders()3

/x Dynamically allocates memcry to the input 8 output grids =/
GridsMemAlloc ()3

/x Reading Input Grids x/
ReadInputGrids()s

/* Initializing Variables x/
InitializevVars()s

/x Determines channel network topology and variables x/
if (chancheck == 1)
i

ReadChannFile()3

ChannToplg()s

}
/* Computing Initial Storage Valume far Overland and Channels %/
if (indexsdep == 1) ComplInitialvel()s

I-10
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cascad_sed-c 373)
1233333333333 332333333333 33233233 3¢333333333333V4

/x Event time loop x/
1233333373 333333233 3233333323323 3333233333332¢83¢2+3 %)

for(iter=liiter<=nitersiiter++)

{
/x Updating overland and channels water depth x/
OvrlDepth( )3
if(chancheck == L)ChannDepth()3
/x Overland and channel flow routing </
OvrlRout(}s
if(chancheck == 1) ChannRout()3
/x Floaw rcuting at the outlet x/
RoutQutlet !’
/= Sediment settling for this water depth and time dt x/
if (indexeros == 1) Settling()s3
/* Sediment routing at the outlet. total erosions/deposition x/
/x volumes. sediment max-./min values and paticle settling x/
if (indexeros == 1)
{

if(qout '= 0) RoutSedOut();:
SedStats()s3
¥

/= Yrite sutflow to screen and files %/
UriteOutflow()s

/x* Write output grids L ¥4
UriteGrids ()3

/% Reset grids toc zero x/
Reset ()3

} /= End of Time Loop */

2322333333223 333223223333 232 3338333232233 332317

/x Computes final volumes 8 writes results 5/
/txtttttxxttttt‘*ttt‘t*tt!ttl!tt!!!tttt!!tl!tt/

/x Compute final water volumes on the overland and channels x/
CompFinalVol()s

/% Yriting summary file x/
WriteSummFlow() 3

/% (ompute final sed. volumes on the overland and channels x/
if(indexeros == 1)

{

SedVolumes ()3
WriteSummSed ()3
}

/x Deallocate memory x/
GridsMemFree()s

/% (omputes casc2d running time x/
RunTime(clock()}3

} /% End of Main Program x/
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ReadPro jectfFile.c (/%)

1233131333233 3233333333333333333332 74
/x ReadProjectFile.c x/
/A3313131333233333333333333333333323 ¥4

#include "all.n"

extern void ReadProjectFile(char ProjectNameLd01)
{

char file_idL8015
int chs

/x Initialize the output grid names tec the null element . x/
dnamel01 = '\0's

rnamef01 = '\0'3

vinfnamelL01 = '\0'3

cnamell = '\3J':%

susnamel03 = '\Q's

erosdepnamel0] = '\Q's

sandfluxnamef0) = *\Q'%
siltfluxnamel03 = '\O0's
clayfluxnamef0d = '\0's
totalfluxnamelD] = '\O0'>
sandMFACnamef03 = '\0's
siltMFACnameL0) = '\O0'3
clayMFACnamel01 = '\0's

totalfFACnamel0Y = '\QO'3
sed_out_file(0) = 7\Q0's3

strncpy(project_file-ProjectName.80)3
printf{"Project File Zs \n".project_file)s
ift(project_file_fptr=fopen(project_file."r™))==NULL)
{printf("Can't open Project File : Zs \n".project_file):
exit (EXIT_FAILURE)S}
/% Reading in the Data Filenames and Opening Files x/
printf("Starting to read the Project File \n"™)3
do{
ch=fscanf(project_file_fptr-"%s".file_id)s
if(ch!=E0F)
{
printf("FILE_ID = %s \n".&file_id)s
if(stremp(file_id"ELEVATION™) == @)
{
ch=fscanf(project_file_fptr."%s".elev_file)s
ifltelev_file_fptr=fopen(elev_files"r™))==NULL)

iprintfi("Can't open E£levation File : %s \n".elev_file);
exit(EXIT_FAILURE) 3}

printf("E_EVATION s \n".elev_fileJ)s
}
if(stremp(file_id-"PRECIP™) == O)
1

ch=fscanf(project_file_fptr "%s".rain_file)s
iftlrain_file_fptr=fopen(rain_file-"r™))==NULL)
{printf("Can’'t open Rain File : %s \n".rain_file)s
exit(EXIT_FAILURE):?}
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ReadProjectFile-.c (2/%)

printf ("PRECIS Zs \na",rain_file: s
}
if(strcmp(file_id-"SOIL™) == O)
{

ch=fscanf(project_file_fptr."“s™.soil_file)s
if((seil_file_fptr=fopen(soil_file "r™))==NULL)
{printf(~"Can't open Soil File : Zs \n".soil_file)s
exit (EXIT_FAILURE)3}
printf ("SOTL

}

if(strcmp(file_id+"LANDUSE™) == ()

{
ch=fscanf(project_file_fptr."Zs".iman_file)s
if¢(iman_file_fptr=fopen(iman_file "r™)J)==NULL)
{printf(™Can't open Landuse File : %s \n".iman_file)s
exit(EXIT_FAILURE)3}

~

s \n",so0il_file)s

printf ("LANDUSE Zs \n".iman_file)s
}
if(strcmp(file_id."CONTROL™) == 0)
{

ch=fscanf(praoject_file_fptr."%s".control_file)s
if((control_file_fptr=fopen(control_file."r"))==NULL)
{printf(~Can’'t open control File : %s \n".control_file)s
exit (EXIT_FAILURE) 3}
printf ("CONTROL Zs \n".caontrol_file)s

}

if(strcmp(file_id "CHANNEL™) == Q)

{
ch=fscanf (project_file_fptr."%Zs".chn_file)s
if((chn_file_fptr=fopen(chn_file."r™))==NULL)
{printf("Can't aopen Channel File : Zs \n".chn_file)s
exit (EXIT_FAILURE)S?

printf ("CHANNEL Zs \n".chn_file)s
}
if(strcmp(file_id+"NODE™) == 0)
{

ch=fscanf(project_file_fptr."%s".node_file)s
if((node_file_fptr=fopen(node_file."r™))==NULL)
{printf(™Can’t open Node File : Zs \n".node_file)s
exit (EXIT_FAILURE)3}?

printf("NODE Zs \n".node_file)s
}
if(strcmp(file_id."LINK") == 0)
{

ch=fscanf(project_file_fptr+"%s".link_file)s
if((link_file_fptr=fopen(link_file."r™))==NULL)
{printf("Can't open Link File : %s \n".link_file)3
exit (EXIT_FAILURE)S}

printf ("L INK Zs \n".link_file)s
}
if(strcmp(file_id."MASK™) == ()
{

ch=fscanf(project_file_fptr."zs".shap_file)s
if((shap_file_fptr=fopent(shap_file."r™))==NULL)
{printf("Can't open Shape File : Zs \n".shap_file):
exit (EXIT_FAILURE):}

printf ("MASK Zs \n",shap_file)s
}
if(stremp(file_id-"STORAGE_DEPTH™) == Q)
{

ch=fscanf(project_file_fptr."%Zs",sdep_file)s
i1f((sdep_file_fptr=fopen(sdep_file,"r"))==NULL)
{printf("Can't open Storage Depth File : Zs \n".sdep_file)s
exit (EXIT_FAILURE)S}
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ReadProjectFile-c (37%)

printf ("STORAGE_DEPTH Zs \n",sdep_file)s

}

if(strcmp(file_id "SUMMARY") == Q)

{
ch=fscanf(project_file_fptr."%s".Summ_file)s
if((Summ_file_fptr=fopen(Summ_file-"w"))==NULL)
{printf("Can't open Qutput PRN File : Zs \n".Summ_file)s
exit (EXIT_FAILURE) =}
printf ("SUMMARY %Zs \n" Summ_file)s

}

if(strcmp(file_id "DISCHARGE_QUT™) == 0)

{
ch=fscanf(project_file_fptr."Zs".dis_out_file)s
if((dis_out_file_fptr=fopen(dis_ocut_file "w"))==NULL)
{printf("Can't open Discharge File : Zs \n".dis_out_file)s
exit(EXIT_FAILURE)ISY
printf ("DISCHARGE_OUT Zs \n".dis_out_file)s

}

ifcstrcmp(file_id "SEDIMENT_OUT™) == 0O)

{
ch=fscanf(project_file_fptr."zs™,sed_out_file)s
if((sed_out_file_fptr=fopen(sed_out_file-"w™))==NULL)
{printf("Can't open Sediment File : %s \n".sed_out_file’s
exit (EXIT_FAILURE)S}
printf ("SEDIMENT_OUT Zs \n",sed_out_file);

}

/x Reading in the time-series grid names x/
if(strcmp(file_id-"WATER_DEPTH"™) == ()
{

ch=fscanf(project_file_fptr."%2s" dname):

printf ("WATER_DEPTH %s \n".2dname) 3

if(strcmp(file_id-"RAINFALL™) == ()

{
ch=fscanf(project_file_fptr."Zs™".rname);
printf ("RNAMNE Zs \n",grnamel;

}

if(strcmp(file_id-"INF_DEPTH™) == @)

{
ch=fscanf(project_file_fptr."%s™.vinfname)s
printf("INF_DEPTH Zs \n".gvinfname);

}

if(strcmp(file_id-"SAND_FLUX_O0UT"™) == 0)

{
ch=fscanf(project_file_fptr"%s",sandfluxname);
printf ("SAND_FLUX_OUT Zs \n".&sandfluxname)s

}

if(strcmp(file_id "SILT_FLUX_OUT"™) == 0)

{
ch=fscanfiproject_file_fptr."zs" siltfluxname);
printf("SILT_FLUX_OUT Zs \n",gsiltfluxname)s

}

if(strcmp(file_id "CLAY_FLUX_QUT™) == Q)

{
ch=fscanf(project_file_fptr."Zs™.clayfluxname)s
printf("CLAY_FLUX_OUT %s \n".gclayfluxname)s

if(strcmp(file_id-"TOTAL_FLUX_OUT™) == @)
i
ch=fscanf(project_file_fptr."%Zs" totalfluxname);
printf (TTOTAL_FLUX_OUT %Zs \n".2totalfluxname)s
}
if(stremp(file_id-"SAND_MFAC_OUT™) == Q)

I-14

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ReadPro jectFile.c

{
ch=fscanf(project_file_fptr "%s".sandNFACname)>
printf ("SAND_MFAC_OUT %Zs \n".8sandMFACname} 3
}
if(strcmp(file_id "SILT_MFAC_QUT™) == )
{
ch=fscanf(project_file_fptr."%s".siltNFACname)s
printf ("SILT_MFAC_OUT Zs \n".8siltMFACname) s
}
if(strcmp(file_id+"CLAY_MFAC_OUT™) == ()
{
ch=fscanf(project_file_fptr."%s".clayMFACname)s
printf("CLAY_MFAC_OUT Zs \n"-8clayMfFACname)s
}
if(strcmp(file_id-"TOTAL_MNFAC_OQUT"™) == Q)
{
ch=fscanf(project_file_fptr."%s™.totalMFACname)3
printf("TOTAL_MFAC_OUT Zs \n".8tatalMFACname’ s
}
ifistrcmp(file_id-"SED_CONC™) == )
{
ch=fscanf(project_file_fptr.:"%s™.cname)s
printf ("SED_CONC Zs \n".2cname);s
}
if(strcmp(file_id-"SUS_SED™) == 0)
{
ch=fscanf(project_file_fptr-"%Zs™.susname)s
printf ("SuS_SED Zs \n".Rsusname)s
}
iftstrcmp(file_id-"SROS_DEP™) == Q)
{
ch=fscanf(project_file_fptr-"%s".erosdepname);
printf ("EROS_DEP Zs \n".gerosdepname);
}
}

twhile(ch '= EOF)3
if((debug =fopen(™debug.-txt™,"w™))==NULL)

{printf("Can’'t open debug File \n")3
exit(EXIT_FAILURE) )

printf("Successfully Read all data from the Project File \n"):
fclose(project_file_fptr)s
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Read(ontrolFile-c (Ww3)

1233311323232 2323333+33333233233¢:332 22 ¥4

/% ReadContralfile.c x/
123332322332 233 3222233333322 3+3332 22 ¥4

#include "all.h"

extern void ReadControlfFile()
{
int i’lj'll'.‘

printf("Reading CONTROL file \n")3

fprintf(Summ_file_fptr-"\nCONTROL Input Data \n™);
fprintf(Summ_file_fptrs “====z=zz=zz=z===z==z=x=== \n");
fprintf(Summ_file_fptr. "Control file : Zs\n". control_file)s

fscanf(control_file_fptr."%2f 2ld 21d Zld %1ld".
gdt.2niter-gnitrn.gnprn.gnplt)s

fprintf(Summ_file_fptr.
"DT = %22.2f sec NITER= 71d NITRN = %1d NPRN = Zld NPLT = zld\n\n",
dt-niter.nitrn.nprn.nplt)s

fprintf(Summ_file_fptr-"0verland outlet cell: \n")3

fscanf(control_file_fptr."7Z1ld %1ld %Zf".8 jout.ikout 8sovout)s

fprintf(Summ_file_fptr."Jd0UT = %1ld KOUT = Zld SOVOUT = %g \n\n",
jout-kout~sovout)s

fscanf(control_file_fptr."%Zi",2chancheck)s
fprintf(Summ_file_fptr ."CHANCHECK= Zi \n".chancheck)s:

fscanficontrol_file_fptr."zZf",2elconv)s3
fprintf(Summ_file_fptr ."ELCONV = Z.2f\n".elconv);

fprintf(Summ_file_fptr-"\nRainfall Data \n™)3
fprintf(Summ_file_fptr. M==z==z==z======= \n")}3

fscanf(control_file_fptr."%ld ".girainls
fprintf(Summ_file_fptr-"IRAIN = %1d \n"-irain)s

if(irain == 0

fscanf(control_file_fptr."%f ".8crain)s
fprintf (Summ_file_fptr."CRAIN = %.3f (mm/h)}\n".crain)s

else

{

fprintf(Summ_file_fptr."Rainfall file: %s \n".rain_file)s
fscanf(control_file_fptr."%1d %ld ".gnrg-gnread):
fprintf(Summ_file_fptr-"NRG = zla NREAD = xld \n".nrg.nread):

xrg = (floatx) malloc((nrg+l)ssizeof(float))s
yrg = (flpatx) malloc((nrg+l)xsizeof(float))s
rrg = (floats) malloc((nrg+ll)ssizeof(float))s

for(l=13l<=nrgil++)
{
fscanf(control_file_fptr."zf zf ".gxrgCll.gyrgCl1);
fporintf(Summ_file_fptr."XRGLZ1d} = ZB8.LF\tYRGLZIdI = %ZB8.LF \n",
l+xrgfl11-1.yrgEld3s

o
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fprintf(Summ_file_fptr."\nlLand Use Parameters \n")3
fprintf(Summ_file_fptr. "======s===z=======x== \n")}3

/x Allocate memory for the variables derived from the landuse %/
pman = (floatx) malloc{((nman+l)xsizeof(float))s

retention = (float®) malloc((nman+l)xsizecf(float))s

cfactor = {(floatx) malloc((nman+l)xsizeof(float))s

pfactor (floatx) malloc((nman+llxsizeof(float))s

fscanf(control_file_fptr." Zld %Zld “.2nman.2indexsdep)s
fprintf(Summ_file_fptr ."NMAN = %Zld INDEXSDEP = %ld \n\n",
nmansindexsdep) s
fprintf(Summ_file_fptr."\tIndex\tManning Intercept-\tCusle\tPusle\n
fprintf(Summ_file_fptr."\t~--~~- \t~- n -- -~ Imm) --\t-=-=--~ \toem=- \n

for(i=lsii<=nmanii++)
{

fscanf(control_file_fptr"2f %Zf Z%f 2f",

gpmanCil. gretentionfil.Rcfactorfil.gpfactorfil)s
fprintf(Summ_file_fptr.
"\NEZ31d%1L-3F\tZL0.-3FNEZS5.3F\t%25-3F\n",
i.pmanfil.retentionlil-cfactorfil.pfactorfil)s

r

fprintf(Summ_file_fptr-"\nSoil type Parameters \n™)s3
fprintf(Summ_file-fptr.‘ M=z===z==z=z==zs===ss======= \n")3

fscanf(control_file_fptr-"%zi 2i zi".Rindexinf.gindexeros-&nsoills:
fprintf(Summ_file_fptr+"INDEXINF= %i INDEXEROS= %i NSOIL= Zi \n",
indexinf.indexeros.nsoil)s

fprintf(Summ_file_fptr.

T\n Index Ks 4 Md zzSand zzSilt
fprintf(Summ_file_fptr,

"~ =—ee- Ccm/nd (4. N Lt N e --
if(indexinf == 1)

{
pinf = floatMemAlloc2d{(nsoil. A8)3

/% Read values fram the CONTROL file =/
for(i=l3ii<=nsoilsii++)
{
fprintf(Summ_file_fptr "72L0i"-1)3%
for(j=13j<=73j++)
{

fscanf(control_file_fptr."%g ".&pinfLilCj1)s
fprintf(Summ_file_fptr."210-3f"-pinfCilCjd)s

/x Converts Ks: cm/h =-> n/s x/
if¢(j ==1) pinfCilLjY = pinfCilCj1/3L00/100%
/x Converts G: cm =>m x/

if(j ==2) pinfLilE€jl = pinfEilL j3I/1003
1

fprintf (Summ_file_fptr."\n")3
}

3

fprintf(Summ_file_fptr."\nInternal Gages Data \n™)3
fprintf(Summ_file_fptr, M----cccceccacaaoooo \n")3

fscanf(control_file_fptr."%1ld %ld %2i"-.gindexdis-tndis- Bunitsd):
fprintf(Summ_file_fptr.
"INDEXDIS = z1d NDIS = zld d_units = Zi \n",

[-17
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indexdis-ndis» unitsa)s

if(indexdis == 1)

{
fprintf (Summ_file_fptr."\n Gage Row Column Are
fprintf(Summ_file_fptr." ———— ——— emeee- fhasli\
iq = inttemAlloc2d(ndis.2)s
aread = (float*) malloc((ndis+l)*sizeof(float))3

for (i=l3i<=ndisii++)

{
fprintf(Summ_file_fptr." z22i".1)5
for (j=l3j<=25j++)
{

fscanf(control_file_fptr-"zld ".2igCLi3LjX)5
fprintf(Summ_file_fptr"ZL0i"~iqCiJCjY)>
}
fscanf(control_file_fptr."2f". gareadlCil);
fprintf (Summ_file_fptr."214.3f\n", areaRfil)s
}

3

fprintf (Summ_file_fptri"\nInternal Sediment Gages Data \n")3
fprintf(Summ_file_fptrs Me-cocmoccmmcmcm e e \n") 3

fscanf(control_file_fptr."%1ld z1d %Zi".8indexsed-&nsed- Bunitsds}:
fprintf (Summ_file_fptr.
"INDEXSED = %Z1ld NSED = z1ld dQs_Units = Zi\n".
indexsed.nsed~ unitsds)s

iftindexsed == 1)

{
forintf (Summ_file_fptr."\n Gage Row Column Are
fprintf(Summ_file_fptr.~ -—-- -—- me---- ChasI\
ised = intMemAlloc2d(nsed.2)3
areads = (floatx) malloc((nsed+lL)issizeof(float))s

for(i=lLsi<=nsedii++)

{
fprintf (Summ_file_fptr," z2i"+1)5
for (j=1sj<=23j++)
{

fscanf (control_file_fptr."%1d ".gisedCilILj®):
fprintf(Summ_file_fptr-"%210i".isedli3LjP) 3
I
fscanf (control_file_fptr."zf". Rareadsfil);
fprintf (Summ_file_fptra"2l4.3f\n"+areadsfil))s
3

s

}

printf("Successfully Read A1l CONTROL Information \n™)3
fclose(control_file_fptr)s

/x Allocate memory for the vector that holds the flow x/
/x dicharge and sediment discharge at each of those locations x/
g = (floatx) malloc((ndis+l)xsizeof(float)})s

qsed = (floatx*) malloc((nsed+l)ssizeof(flogat’i)s
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1233333232 2323333 2333332333222 2222 94

/% Read6rids.c x/
2332313333333 333%13233333+32323323 2274

#include "all.h"

£33 2 222333233233 32322 2332333232 223% ¥4

/x FCT: Read6ridHeaders x/
/233332333 332383323333%3133333332333274

extern void ReadGridHeaders()
{
/% Variables that will hold the ASCII grids header infgrmation =/
char nrows_labelll53+ ncols_labell1l5)~ xllcorner_labelll51-
yllcorner_labelfl51+ cellsize_labelll51+ nodatavalue_labelllS],
h_labelC73ICA015
int head.is
float h_valuel?13

/x Read-the shape ASCII grid header to get project info £/
/% the "header”™ variable will be used to hold the header info x/

fprintf(Summ_file_fptr."\nASCII grid files header \n™)3

fprintf (Summ_file _fptri"----ecccccmeccmmnr e \n"l}3
fscanf(shap_file_fptr."%s Zi".8ncols_label. &n)s
fscanf(shap_file_fptr."%Zs Zi".8nrows_label. 2m);
fscanf(shap_file_fptr."%s %Zf".gxllcorner_label. gxllcorner);
fscanf(shap_file_fptr."zs z2f".2yllcorner_label. gyllcorner);
fscanf(shap_file_fptr."%s zf".gcellsize_label. gw):3
fscanf(shap_file_fptr."%s %Zi".gnodatavalue_label. &nodatavalue):

/x Do not use the xxxx_label variables because I want to x/
/= make sure that the user entered them in the right orger. x/
head = sprintf( header. "ncols\t\tzZi\n". o 3%

head += sprintf( header + head- "nrows\t\tZi\n". m )3

head += sprintf( header + head. "xllcorner\tZ.2f\n". xllcorner);
head += sprintf( header + heads "yllcorner\t%Z.2f\n". yllcorner);
head += sprintf( header + head. "cellsize\tZ.2f\n", w)3

head += sprintf( header + head. "NODATA_value\tzi\n",

nodatavalue)s
fprintf(Summ_file_fptr.header)s

/* Need to read the rest of the input grids headers x/
for (i=Ll3i<=b3ii++)
{

if(elev_file_fptr)
fscanf(elev_file_fptr."%zs Zf"-8h_labelli}. gh_valuelil)s

else

{
printf (" Elevation grid doesn’'t exist. Pease. cefine one\n")j
exit (EXIT_FAILURE):

b

if{nsoil > 1}
{
if(soil_file_fptr)
fscanf(soil_file_fptr."%s zf™.gh_labellil. gh_valuelil);
else
{
printf("\n\nYou have defined more than one sagil type™)%
printf("\nYou need to define a soil type grid\n\n™);3
exit (EXIT_FAILURE) S
}
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}

if{nman > 1)
{
if(iman_file_fptr)
fscanf(iman_file_fptr."%s %f" 2h_labelfil. gh_valuelil)s

else
{
printf("\n\nYou have defined more than one land use type™}3
printf(®"\nYou need to define a land use type grid\n\n");3
exit (EXIT_FAILURE)S
}
}

if (chancheck == 1)
{
if(node_file_fptr)
fscanf(node_file_fptr-"%s %f".Rh_labellil. g&h_valueLil)s
else
{
printf(”"\n\nYou have selected the channel routing option™)3
printf("\nYou need to define a node number grid\n\n"™);3
exit (EXIT_FAILURE)S
}

if(link_file_fptr)
fscanf(link_file_fptr."Zs zf".2h_labelLil., 8h_valueLil);
else
{
printf("\n\nYou have selected the channel routing option™)3
printf("\nYou need to define a8 link number grid\n\n™)3
exit CEXIT_FAILURE) S
}

}

if(indexsdep == 1)
{
if(sdep_file_fptr)
fscanf(sdep_file_fptr."%s %Zf™.2h_labellil. 8h_valuelil);
else
{
printf{”\n\nYou have seiected the retention oepth cption™}:
printf(”"\nYou need to define a retention depth grid\n\n");
exit(EXIT_FAILURE)S
T
}
}

123333232+ 323332223332333333333333333 74
/x ReadInput6rids x/

233332232232 232332$333333333333333333 ¥4
extern void ReadInputGrids()
¢ int jaks3
ncells = 03
{or(j=l;j<=m:j++)
h for(k=lik<=nik++)
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fscanf(shap_file_fptr."%1d ".2ishp[jICk})3
iflishpCLjICk] !'= nodatavalue) ncells++s

fscanf(elev_file_fptr."%f ".2eljICk1)s
efjICk1 = el 3jICkY / elconvs

iftnsoil > O

&

if(nsoil == 1)
{
is0ilfjICk) = L3

}
else
{
fscanf(soil_file_fptr."z1d ".2isoilljlCk1)s

}

}

if(nman == 1)

" imanCjICk = 13

}

else

I
fscanf(iman_file_fptr."%1d ".2imanfjIL[k1)s

S

if (chancheck == J})

{
fscanf(node_file_fptr-."7Z1d".enodeljICkI)5
fscanf(link_file_fptr."%1d".21ink[jICk]) s

}

iftindexsdep == 1) fscanf(sdep_file_fptr "%f".esdepljILkI)s

}
i3
/% Input ASCII grids .... read x/

fprintf(Summ_file_fptra.

"\nThe following &rids have been read: \n")j3
fprintf(Summ_file fptr " -—=ececececcccc e cnicccrcccn e aeen \n")3
fprintf(Summ_file_fptr-"Elevation Grid: s \n", elev_file)s
fprintf(Summ_file_fptr."Shape Grid: \t%Zs \n", shap_file)s
fprintf(Summ_file_fptr."Soils Grid: \t%Zs \n", soil_file)s
fprintf(Summ_file_fptr-"Landuse Grid: \tZs \n", iman_file)s
fprintf (Summ_file_fptr-"Node Grid: \t%Zs \n". node_file)s
fprintf(Summ_file_fptr-"Link Grid: \t%Zs \n\n"™. link_file)s
printf("Successfully Read Input Grid Data \n"):
fprintf(Summ_file_fptr-"Number aof cells in pasin: zi\n"~ ncells)s
fprintf (Summ_file_fptr-"Basin area: %.3f Chal\n"+ ncellsswxw/10000)3

fclose(elev_file_fptr)s
fclose(shap_file_fptr)s

if{nsoil > 1) fclose(soil_file_fptr)s
if(nman > 1) fclosetiman_file_fptr)s
if (chancheck == 1}

4

fclose(node_file_fptr)s

fclose(link_file_fptr)s
3

iftindexsdep == 1) fclose(sdep_file_fptr);
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2232313131333 $23232323223332433233232 3233 ¥4

/% MemAlloc-.c x/
/2333332333323 3333133¢33332¢:23333333% 74

#include ™all.h"

extern void GridsflemAlloc()
{
int Sizefrs

/x Allocate memory for input matrices x/
ishp = intMemAlloc2d(m.n)3

isoil = intMemAlloc2d(m.n)3

iman = intMemAlloc2d(m.n)s3

e = floatMemAlloc2d(m+n)s

ret = floatMemAlloc2d(m.n)5

if (chancheck == 1)
{
link = intMemAlloc2d(m.n)s
node = intMemAlloc2d(m.n)s
}

sdep = floatMemAlloc2d(m.n)3
/x Allocate memory for output matrices x/
if(indexinf == 1) vinf = floatMemAlloc2d(m.n)s

h = floatMemAlloc2d(m.n}s3
hch = floatfemAlloc2d(m-n)s

iftindexeros == 1)

{
qss = floatMemAlloc2d(m.n);3
MaxFluxCout = floatMemAlloc2d(m.n} s
totsus = floatMemAlloc2d(m.n)si
SusC = floatMemAlloc2d(man):
tatnetv = floatflemAlloc2d(m.n)s

/x Allocate memory for 3-D matrices x/
for (SizeFr=035izefr<diSizefr++)
{

qovsLSizeFr] floatftemAlloc2d(m.n)s

volsESizeFrl floatMemAlloc2d(m.n) 3

ssoilESizeFrl = floatMemAlloc2d(m-n)s

SedFluxOutLSizefrl = floatMemAlloc2d(m.n)s

MFACESizefr) = floatMemAlloc2d(m.n)}s

floatMemAlloc2d(m.n) 3
floatMemAlloc2d(m.n) 3
floatMemAlloced(m.n)s
floatMemAlloc@d(msn) s

dgov
dgch
rtot
rint
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123323232323 2732333333333333333 32323333 94

/® intMemAlloc2d x/
122333223 333332333334332333233223331 V)

/% Allocates memory for 3 integer 2D-grid of NoRowsxNo(Cols =x/
intsx intMemAlloc2d(int NoRows- int NoCols)
{

int k3

int®x matrix2ds

matrix2d = (int xx)malloc((NoRows+l)xsizeof(int =%))3

for(k=03 k<(NoRows+l)3: ke¢+)
i

x(matrix2d + k) =(int*)malloc((NoCols+l)xsizeof(int))s
}

return matrix2ds

2222332222333 23222333332232333333233 Y]

/x floatMemAllacéd x/
/t!tx‘ltttt!ttt!!l!!‘*l‘ttt**!!!ttt/

/% Allocates memary far 3 floating 2D-grid of NoRowssNoCols =/
floatxx floatMemAlloc2d(int NoRowss int NoCols)
{
int k3
floatxx matrix2ds
matrixdd = (float xs)malloc((NoRows+l)ssizeof(float %))3%
for(k=03 k<(NoRows+l)5 k++)
{
s(matrix2d + k) =(floats)malloc((NoCols+l)xsizeof(float))s
>

return matrixeds
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IR 2222222233 2333 3322333333333 23 74

/x Initializevars.c x/
/EEEXEEEXEEKREREXEKKEREX XK KEKKX K/

finclude "all-h"

extern void Initializevars()
;

int SizeFr+i.j+ks

/x Grid values x/
for(j=Lij<=msj++)

for(k=l3k<=nik++)

{
if(ishpLjICk] !'= nodatavalue)
<

/x retention depth was entered in mm- x/
retCL 3ILk] = retentionCimanEj3CkIY / 10003

dgqovi j¥Lkl = 0.03

dqchL J3Ck)Y = 0.03

vinf£jILkl = 0.0%

rtotC jILk] = 0.05

MaxFluxCoutf jIEKY = 0.03
qssL j3Lk3 = D.0;%
rintC3jILkY = 0.0%

for (SizeFr=13SizeFr<=33Sizefr++)

{
volsESizeFrILjlLkl = 0.0%
ssoillSizeFrILjILk) = 0.03
qovsESizeFrlCjltkl = 0.03
SedFluxOut[SizefrICjlCk] = 0-03
MFACESizeFrICjICkY = 0-03%

}

}
}
}

/% Total volumes x/
vin = 0.0%
vout = 0-03%
vinftot = 0.0

¢

/% Cgunters %/
raincount = 03

icount = 13
ipcount = 135
ifcount = 1

/x Variables that hold min. and max. values x/
amaxdepth = 9e-30s

amindepth = 9e303

amaxcdepth = Ye-303

amincdepth = 9Ye303

amaxvinf = fe-303
aminvinf = 9e30:3
amaxnetv = 9e-30:
aminnetv = Ye303%

amaxFluxCoutOv = 9e~30:%
amaxFluxCoutCh = 9e-303
amaxrain = Y9e-303

aminrain = 9e303%
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amaxSusOv = Ye-303
amaxSusCh = 9e-30%
amaxSusCov Ye-305

amaxSusCch = 9e-305

/% Sediment volumes by size fraction (sand/silt/clay) x/

for (SizeFr=1l3Sizefr<=33Sizefr++)

{
tot_erodedfSizeFrl = 0.03 /x Eroded during the simulation x/
sus_ovLSizeFr3 = 0.0% /x Suspended remaining on overl. x/
dep_ovESizeFrl = 0.03 /x Deposited remaining on overl. x/
tot_ovISizeFrl = 0.0% /x Susp.+ Dep. remaining an overl- x/
sus_ch[SizeFrl = 0.03 /x Suspended remaining in channels x/
dep_chESizefFrd = 0.03 /x Deposited remaining in channels x/
tot_chLSizeFr3 = 0.0% /% Susp.+ Dep. remaining in channels =/
sed_outlSizeFrl = 0.0%

b3

/% Water volumes at the beggining & end of the simulation x/

init_ov_vol = 0-.03

init_ch_vol = 0-0s5

final_ov_vol = 0.0%

final_ch_vol = 0.03%

/% Sediment cnharacts. for medium grain sizes at 20 degrees C x/

dsf1l]) = 0.00035s /% Sand median diameter Cm3 0.00035 =/

dsf2l = 0.000016 s /x Silt median diameter Eml 0-0000Lbx/

dsf33 = 0.000001s /% Clay median diameter [ml 0.-00000L=/

wsll]) = 0.03b5 /% Sand fall veleocity (m/s} 0-03b x/

wsf2l = 2.2e-43 /x Silt fall velocity (m/s) 2-2e-4% =/

ws[33 = 8.Le-73 /® (lay fall velocity (m/s) 8.Le-? =x/

/¥ Initializing ICHN Array. NOTE: it is assumed that the max. =%/
/* number of nodes at any link is 100 x/
forti=lii<=maxlinkii++)
for(k=Lik<=23k++)
for(3=13j<=9935 j++)
ichnCiJCjILkd = D03
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/x Initializing channel and overland water depths x/
for(jsLkij<=msj++)
for(k=Lik<=nik++)
¢ hchfj3Ckl = 0.03
if(indexsdep == 1)
¢ h£3j3Ck] = sdepljlLk1s
if(sdepCjlCk]l > 0.0 8% chancheck == 1 &8 linkIjllkl > OO
‘ hchL jILkI = sdepL jICk1s

if(sdepljICkY > chpllinkLjICkIIEnodef jICKIIC3L)
{

, hLjILkY = sdepL jILk]l - chpElinkL jIEkIICnodel j2CkIIC3I1s
else
{
hLjILkd = 0.03
}
}
b3
else
{

hLj3ICkY = D.0s3
i sdepL jILk} = 0-.0%
r
}
}
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1232123323233 3333 33222333333 3231% ¥4
/% ReadChannFile.c x/
I1£$32323333332322233¢333232232332333 74

#include "all.h"

extern void Read(ChannFile()
i

char chsy

int jwk;

printf(”"Reading Channel Data \rn"}3

do{
ch=fscanf(chn_file_fptr-"zZld".2nchan_link)s
ch=fscanf(chn_file_fptr."%Z1d".8nchan_nodefnchan_linkl)s

for(k=lsk<=nchan_nodelnchan_linklik++)
{

for(j=lij<=bsij++)

{

ch=fscanf(chn_file_fptr."%Zf ".2chplnchan_linklCkILj1)>3
}
T

} while(ch!=EO0F)3
maxlink = nchan_links
/= Writing Channel Information to Output Summary File x/

/x fprintf(Summ_file_fptr.-"\n Channel Input Data \n")3
forintf(Summ_file_fptr:" e-c-ccecmeccccmanaa \n")3
for(i=lii<=maxlinkii+~)

{
for{k=lsk<=nchan_nodefilik++)
{
for(j=Lkij<=bs j++)
{

fprintf(Summ_file_fptr"CHPLZ1dIL%Z1dIC%1d} = %zf ",
i+k+j2chpCiIEKILiT) A
}
fprintf(Summ_file_fptr+"\n")4
}
}
x/

printf("Successfully Read Channel Data \n™);:
fclose(chn_file_fptr)s
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/2333312323332 332323333$2333%232333 74

/* ChannToplg.c x/
Ig3::1 2323832333333 33333:333333233%74

¢include "all.h"

extern void ChannToplg()
{

int maxchn = 15

int downstream{501-upstreamlf501.upstrean2(501-
icslsrraccallsrcsiajsks pagaroaco~outlink.outnodes

float elevs

outlink link[joutllkoutls
outnode nodel joutlCkoutls
/x Determining Row and Column Locations x/

({1}

for(j=L3j<=m3j++)
{

for(k=l3k<=nik++)

{
if(linkLj3Ck] !'=0 28 nodel jILk1 '=0)
{

ichnClink[j3Ck11Lnodel j3ICkIIL1]
ichnflinkf jifk1lCnodel jILk11L2]

4 ae

j
k

if(maxchn < nodeCjlClk1) maxchn = neodel j1Ck13
}
}

s

/x NOTE: pecause the last node of one link and the first node x/
/x of the downstream link is the same., the number of nodes of x/
/x one link is the last numbered node in the link plus one x/
maxchn = maxchn + 25 /% Maximum number of nodes + 1 x/

/x Determining Downstream and Upstream Linkages x/
for(i=lii<=maxlink3i++)
{

downstreamfil = 03

upstreamlCil 1]

upstreamclil 0

[ 1)

20 ae

T

for(i=lsi<=maxlinkii++)
{
rr
cc

ichnfiJELILL]S
ichnCilC131E215

/x Checking North x/
if(rr=-1 >= 1)
{

11 = linkErr-13Cccls

ifcll !=0 g2 11 != i)

{
if(upstreamlLfil == 0)
{
upstreamlli} = 113
}
else

[-28
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ChannToplg-c 27%)

{
upstream2lil} = 113
}
downstream[111
b

"
[y
-

}
/x Checking South x/

if(rr+l <= m)
{
11 = linkErr+l3Cccls

ifcll '=0 28 11 '= i)

{
if(upstreamlfil == @)
{

]
—
[
a0

upstreaml(il
}
else
{

upstream2fil = 113
}
downstream[ll]

}

L]
.
de

}
/s Checking West x/

if(cc=3 >= W
{
11 = linkECrrllcc-11:

ife(ll '=0 &8 11 '= i)

{
iftupstreamlifil == Q)
{

upstreamliil 113
}
else

{

"
—
—
an

upstreamalil
}
downstreamf1l1]
¥

"
-
ae

}

/x Checking East %/
ift(cc+l <= n)

¢ 11 = linkLrr3Ccc+lls

%f(ll '=0 g2 11 != i)

{

if(upstreamlfi} == )
{

upstreamllil = 113
}
else
{

upstreamfil] = 113
}
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downstream[l11l1 = i3
3
}

1
$

ChannTaplg-cC

(3I7%)

/xAduing the downstream Row and Column to the end of every Link =/

for(i=lii<=maxlinksi++)

{
rc = 03
for(j=lij<=maxchnij++)
if(i !'= outlink)
" if(ichnCilCjICLT == 0 g2 rc == O)
{
iftichnCilCj-112C11 > O
{
11 = downstreamCils
ichnfilCjIC1Y = ichnC11IC1LIE11S
ichnfidE£3IL2Y = ichnC1l3C11L2]5
}
rc = 13
}
L
¥

/= Adding a -1 to the end of every link except for the gutlet

/% link

for(i=lii<=maxlink3ii++)
¢ far(k=l3k<=23ik++)
¢ for(j=Lsj<=maxchnsj++)
) ifci outlink)
¢ if(ichnti][j][k] ==

if(ichn€ilCj-1ICkY > 0) ichnEilEjIEk} =

=13

/x Writing channel network info and topology to summary file

pr@ntf("Number of Channels
printf("Maximum Length of Channels

Z1ld \n".maxlink)s
Zld \n".maxchn’s

fprintf(Summ_file_fptr."\nChannel Linkage Information\n™)3
fprintf (Summ_file fptr "---ccececcmcmecmcccecmmeeas An\NT) S

fprintf(Summ_file_fptr."Maximum Number of Links =

fprintf(Summ_file_fptr."Naximum Number of Nodes =

for(i=lii<=maxlinksi++)

[-30

72l1d \n",

maxlink)s
zld \n\n",

maxchn) 3
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ChannToplg-c (4/%)

for(k=l3k<=23k++)

{
for(j=lsj<=maxchnij++)
{

if(j<maxchn}
{
fprintf(Suma_file_fptr."%251d"-ichnLiICj k1)
}
else
{
fprintf(Summ_file_fptr-"251d \n" ichnCiICjliCk1}3
}
}
}

fprintf(Summ_file_fptr."\n");3
T

fprintf(Summ_file_fptr,
" Link Downstreanm Upstreaml Upstreame \n\n"J)3

for(i=lsi<=maxlinkii++)
{
fprintf(Summ_file_fptr "%z41d %2101d 2L01ld #L0ld \n".
i-downstreamfil.upstreamlCil-upstream2Cil)s

printf("z41la %101ld %%01d zl0ld \n".
i+downstreamfil}-upstreamlCil.upstreamefil)s
}

/% Mask grid value equal to 2 if channel going through it x/
for(ic=l3iic<=maxlinkiic++)
{
for(l=kil<=maxchnil++)
{
j=sichnficlE11C1]5
k=ichnLiclC1IL2133

if(j > 0 88 chancheck == 1)
{

ishpLjltkl = 2%

b

}

b3

/x Channel characteristics at the cutlet x/
wchout = chploutlinklfoutnodell2l3

dchout = chploutlinklfoutnodeJL31s

rmanout = chploutlinkJLoutnodelE53s

sfactorout = chploutlinklfoutnodelfbls

for(p=-13 p<=l3 p++)

{
for(g=-13 q<=13 q++)
{
ro = jout + ps3
€0 = kout + Q5
if(ro>D 22 ro<=m &2 co>D 88 co<=n &% ro'!'=jout 8& co'=kout)
if(ishplrollcol == 2 ) elev = elrollcols
}
}

sout = (float)(fabs(elev - efjoutldfkoutl )/ w)3
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CoapVoluaes-c wa)

2323133333333 3 3333333333333 3322 Y4
/= CompVolumes.c x/
1233331333333 3323 2333333233333 332 ¥4

#include "all.h"”
extern void CompInitialvol()

{
int j'lk:l
float wch- dch. sslope.s tw_ch. area_ch. vol_chs

for(j=Lhij<=msj++)
{
for(k=Lik<=nik++)
{
if(ishpfjlCk} != nodatavalue)
{

if(chancheck == 1 282 linkLjILk] > O}

{
wch = chpLlinkfj3€kIICnodel jILk1IEL2T3
dch = chpEflinkC jICk1I1Lnodel j3ICkIIL3Ds
sslope = chpllink(jlCkIlCnodeCjICKIILYIS

if(hchCLjifkd < dch)
I )
tw_ch = wch + 2xhchLjllklIssslopes
area_ch = (tw_ch + wch)/2 ® hchCjlLk1s
vol_ch = area_ch * w x chpLlinkLj2Ck3IJLnodel j3CkIILLIS
}
else
{

tw_ch = wch + Z2xdchxsslopes

area_ch = (tw_ch + wch)/2 = dchs

area_ch = area_ch + (hchLjlLk} - dch)=xtw_chs

vol_ch = area_ch * w = chpLlink[Lj3Ek1I{nodelL jICkIICL]S
}

init_ch_vol = init_ch_vol + vol_chs
tw_ch = wch + Z2xdchssslopes
init_ov_vol = init_ov_vol + (w-tw_ch)swshCjICk13

>

else

{

init_ov_vol = init_ov_vol + hLjIlkIswsws
}
g
¥
}
¥
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CoapVoluaes-c 2/7¢2)

2322332233233 332232332323 223323333323V;
/x COMPUTE FINAL STORAGE VOLUME =x/
/EXXXEEXEXXKXKEIXXEXEEXEXXEXXRXLXXR XK/
extern void CompFinalvel()
{
int j'\k:n
float wch. dch. sslope+ tw_ch. area_ch, vol_chs

for(j=lsj<=msj++)
{

for(k=kik<=znik++)

{
if(ishpfLjILk] '= nodatavalue)
{

if(chancheck == 1 28 linkLjIlk] > 0)

{
wch = chpflinkCjI€k11Cnodel jICkIIC2]S
dch = chpllink[jlCk31lnodeE jICkIIL3]5
sslope = chpllinkCjICkIIEnodel jILk3IILY]S

if(hchE£3j1fk]1 < dch)
{

tu_ch = wch + 2xhchfjllklxsslopes

area_ch = (tw_ch + wch)/2 s hchLjllk1s

vol_ch = area_ch x w * chpllinkLjIlkIICnodel jILkIILLIS
}

else

{
tw_ch = wch + 2sdchzsslopes

area_ch = (tw_ch + wch)/2 = dchs

area_ch = area_ch + (hchLjlfkl - dch)xtw_chs

vol_ch = area_ch * w *x chpllinkELjllklIEnodel jILkIICLIS
}

final_ch_vol = final_ch_vol + vol_chs
tw_ch = wch + Z2xdchssslopes
final_ov_vol = final_ov_vol + (w-tw_ch)=wshl jICk1s
}
else
{
final_ov_vol = final_ov_vol + hLjlCkIxwsws

I-33
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Ovrldepth-c 73

1243332333332 333 3223233332323 33323 74

/% OvrlDepth.c x/
1233333333313 1333333233233 %53233 %4

#include "all.h"”

extern void OvrlDepth( )
{

int j-kal.rindex.icalls
float hovs

123223323132 33¢33323333333223333331333 7}
/% Read rainfall intensity =/
1233 +33323 3333133333333 33333133: 74

icall = O3
rindex = 13

if(iter > nitrn) rindex =
if(iter <= nitrn 88 irain
{

"o
i oae

iy
icall=1ls

raincount = raincount + 13

if(raincount == nread+l) raincount = 13
if (raincaunt == ))
‘ for(1=l:1<=nr9;1+»)

: fscanf(rain_file_fptr."%Zf ".2rrglll)3

}
}

23222 2223332323323 3322 2333322322333 33222332332 74

/x updating overland depth (water balance) =/

1233323332322 32333 333233333333 3332333333333233323¢2 74

/x Applying the Rainfall to each Grid Cell within the Watershed =/
far(j=Lij<=msj++)

for(k=lik<=nik++)
{

if(ishpLj1Ckl != nodatavalue)
{
if(irain == 0) /x Uniform Rainfall =/
{
/x Convert uniform rainfall intensity: mm/h => m/s x/

rintfj3ICk] = (float)(crain/3600.0/1000.0)%
/% Rainfall rate reduced until intercept. is satisfied =/
if (retCj}k] '= 0) intercept(j-k)s

:lse /x Spatially Distributed Rainfall =/

{
ifticall == 1)
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ovrlbdepth-c 273)
{
rain(jsk);
}
}
iftiter > nitrn) rintfjlCk3 = 0.0%
/* Determining the Min. and Max. Rainfall Intensity x/

ifirintfjIlk} <= aminrain) aminrain=rintCjICk13
if(rintL3jICk] >= amaxrain) amaxrain=zrintCLjICk1s

/x Determines taotal rainfall depth x/
rtotl jIlk) = rtotLJILKk] + rintfjICk1xdts
/% Computing the Qverland Depth due to the Qverland Flow =x/

hov = dqovl jlLk] = dt / (wsxw);

/% Computing the Total Overland Depth due to the x/
/* averland flaw. previous overland depth-. plus rainfall x/
/% minus interception x/

hov = hov + hE£jlfkl + rindex % rintLjICk] * dt3
hLjICkY = hovs
/x When HOV < 0. then a negative depth situation occurs. x/

ifthov < 0-O)
{

if(hov > -0.000L) hov = D03
else
{

fprintf(Summ_file_fptr.
"Negative Depth (HOV = %f) in the Overland Plane \n".
hov) 3
fprintf(Summ_file_fptr.
"Grid Cell : Row = %ld Column = zld \n"aj.k)s
fprintf(Summ_file_fptr.
"dqovEZ1dIL%21dY x dt / (w=xw) = Zf \n",
jak~dgovE jIEkIsdt/ (wxyw)) s
fprintf(Summ_file_fptr "rintf21d3CZ1d3 = %f \n",
JokarintLjICk]) s
fprintf(Summ_file_fptr"h[%1d1L21dY = zf \n",
Jok+hLJICKY) S
RunTime(clock()) 3

GridsMemFree() s

exit(0)3
1
/x Calling the Infiltration Subroutine- HOV will be x/
/x modified by subtracting the infiltration losses. x/
/x NOTE : If the infiltration volume that can be lost x/
/x for DT is greater than the amount of surface x/
/x volume present. then HOV will be reduced to zero. x/
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ovrldepth.c (373)

iftindexinf == 1) infilt(j-k’3
/x Determining the Minimum and Maximum Overland Depth x/
/7x and the Minimum and Maximum Infiltration Depth x/

if(hCLjICk) < amindepth) amindepth = hLjICk3s
if(h€jICk] > amaxdepth) amaxdepth = hLjICkIs

if{vinfLjILk] < aminvinf) aminvinf = vinfLjICk1s
if(vinfLjICkY > amaxvinf) amaxvinf = vinf[jIlk1s

/x Once used in the water Balance calculation. this x/
/x variable is reset to zero- It will be recaiculated x/
/% in the next time step in the ov- flow routing x/

dgovLjIfkl1 = 0.03

if(iter == niter) /x Last computation step x/

¢ /x Total Volume of Rainfall minus interceptians x/
vin = vin + rtotljILk] = w * w3

/x Total Volume of Infiltration ®/

vinftot = vinftot + vinfLjlfk]l = w = w3

I-36
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INFILT.C /3
1223332232332 3333338333335 32%333323 %)
/x infilt.c x/
2333323234323 3 3333333333333 3331 74

$include "all.h"

extern void infilt(int j- int k)

{
int iinfs
float hydcon. ¢s. smd- pl. p2+ rinfs
iinf = isoilljICk1s
hydcon = pinfCiinfIL11s
€s = pinfC€iinflC213
smd = pinfLiinflE31s
/x Infiltration rate x/
pl = (float)(hydconxdt - 2.0=xvinf[jiCk1)3
p2 = hydconx(vinfLjICk] + csxsmd)s
rinf = (float)!((pl + sqgrtipow(pl.2.0) + 8.0xpSxdt))/(2.0%xdt))3
/x When the Rate of Infiltration is Greater Than HOV/DT- x/
/% tnen all the water on the overland cell is assumed to x/
/* be infiltrated and the overland depth is reduced to zero-. x/
if (hLjICk1/7dt <= rinf)
{
rinf = hL3jICk1/dts
h£3jILkd = 0.05
}
else
{
hL jILk]d = nLJILk]Y - rinfxdts
T
/% Accumulated volume of infiltrated water x/
vinf£3jlLkl = vinfLjILk] + rinfxdts
}
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intercept-c (373)

123132322+ 3 233322333333 33333331 33 94
/% intercept-.c x/
1233333 3323333323333 3333333333332 )

#include "all.h"
ixtern void intercept(int j. int k)
if (rintfjJCk] = dt >= retfjICkD)
" rintCj1Ek] = rintCiI0kI - retCi3EKd / dts
retf jICk] = O3
lse

retLjICk1 = ret{jICkY - rintCjICk] = dts
rint£j1Ck3 = O3
¥

D e
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RAIN-C (3/3)

3313333333333 3 3333333333333 33374
/% rain.c x/
/ 1232322332332 2223323332322 2333333 74

$include "all.n"

extern void rainlint j.int k)
{
float totdist 0.0
float totrain 0-0

a0 a0

float xc-ycadistixulayuls
int 15

rintfj1CkY = -999.03

xul = xllcorners
yul = yllcorner + m * w3

iftnrg == 1)
i
rintLjICkY = rrgfl}s
3
else
{
for(l=1l31<=nrgil++)
{
(float)(yul - j

yc x
(float)(xul + k =

xXC

w + / 2.
w - / 2.

FYRT

"] }
w )

™~ nru
d oo

11:.2.0) +

pow( (xc=xrgfl1l1).2.0)))5

dist = (float)(sgrt(pow((yc-yrg

if(dist < le-5)
{
rintfjlCk] = rrgfllds
}
else
{
totdist = (float)(totdist + L-0/pow(dist.2.0))3
totrain = (float)(totrain + rrgfll/pow(dist.2.0))3
N

}
}

if(rintCj3Lk] == -999.0

I rintCLjILk] = totrain / totdists

/% Changing Units from inches/hour to meters/second =/
rintCLj3Ck) = (float)(rintCjICk] x 0.0254 / 3600.)3

/% Rainfall rate is reduced until interception is satisfied =/
if (retfjICfk] '= 0)

intercept(j.k)s
}
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Channdepth.c (272)

/2223333333333 3333333333333 3+3233 %4
/% Channbepth-.c x/
/1233331333333 33313+3233:333333%¢2333 7]

#include "all.h”

extern void ChannDepth()
{
int ]..Cﬁjil\kﬂjj:l
float wch. dch-sfactor. sdep_ov- inflowVol.vol_ov_ins

for(ic=liic<=maxlinkiic++)
‘for(1=1=1<=nchan_node(ic];1++)
{

wch = chpliclCl1l3C21x

dch = chplLicC1IE31s

sfactor = chplicIC11Eb1s

j ichnficlC13EL1A
k ichnfic3L£13C2]5
3 = 1ichnliclIf1+11L1]5

nu

/x Channel depths are updated at each link and node except x/

/x for the last node of the link because the last node of x/
/x one link is the same as the first node of the next link x/
/x In the outlet link. we update depth in all the nodes &/

/x NCTE: To understand the condition of (j > 0 88 jj >= O) x/
/% look at the CAS(Z2D summary output file- where it says : =/
/% Channel Linkage Information x/

iftj > 0 g8 jj>=m

{
/x Fing new channel depth after agding inflow volume x/
inflowVol = dgqchLjICkIxdts3

/x® ... and the volume coming from the cverland (vol_ov_in) =/

if(sdepCjllkY > dch)
sdep_ov = sdepLjIfkl - dchs

else
sdep_ov = 0.03%
vol_ov_in = 0O

if(hCjICk) > sdep_ov)

{
vel _ov_in = (hLjlCk] ~ sdep_ov)*xwsws
hL3j21Lk]3 = sdep_ovs

}

hchCjICkY = newChnDepth(wch.dchasfactorsjaka
(inflowVol + vol_ov_in)}s

/% Determining the Mimimum and the Maximum Channel Depths =/

if(hchlfjIk} < amincdepth) amincdepth = hchljlk1s
if(hchCj3Lk] > amaxcdepth) amaxcdepth = hchijlICk1s

/% Negative Depth in the Channel --> EXIT program x/

if (hchf£jlCkd < 0.0)
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Channdepth-.c (es72)

if (hchCj3Tk] < 0.0 88 hch€jICkl > -0.001)
hchCj3Ck3 = 0.0%

else
{
fprintf(Summ_file_fptr,
"Channel Negative Depth:raw = Zld column = %Z1ld \n",
ko
fprintf(Summ_file_fptr.
"Depth at link = z1d-. node = z1d is Z-8f meters\n"a,
icals hchCj3fk1)s
RunTime(clock())3
GridsMemFree()s
exit(0)s
}
}
dqchCjlLk} = 0.05

} /% end of : if(3j > 0 88 jj >= 0) =/
} /% end of : for(l=lil<=nchan_nodeliclil++) =x/
} /x end of : for(ic=lsic<=maxlinksic++) «x/
}
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OvrlRout-c (273)
/thx#!*tttt*!xt!x*t#t!xtttlttt!/
/% OvrlRout.c x/
/tt!ttt!t:ttttxtt!ttttl*t:ttt!xx/
/x:xxxxxxtt:txxx‘xxxxxxxx::::txxtxx/

/x FUNCT: OvriRout x/
/ttt*ltt!tttt!tt‘tt!x!!l!**ttttltx‘/

%include "all.-h"

extern void OvrlRout()

{
int j1k1jj1kk1l;
for(j=lsj<=msj++)
{
for(k=l3k<=nsk++)
{
if(ishpCj3Lk] '= nodatavalue)
{
for(l==131<=031++)
{
jj=j+1+13
kk=k=15%
1f(jj <= m 88 kk <=n &8 ishpLjjICkk] '= nodatavalue)
{
OVFI(j1k1jj1kk);
s
}
}
}
}
}
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SvrlRout-c 273

123 $32333332+3 3323233333333 33333333232 7

/x FUNCT: QOvrl %/
/EXEEEEREEXXEEERKRRXXEEE R R KRR X KK/

extern void ovrl( int j.int k~ int jj~- int kk)
{

int jfrom-kfrom.jto-ktos

float a=1.0s5

float vel = 0.0%

float so.sf.dhdx-hh.rman.alfa-dqq-stordepths

so = {efjICk] - efjjILkk})/ws

dhdx = (hLjjICkkd - hLjICk1)/ws

sf = so - dhdx +(float)(le-30)3

hh = hLjICK33

rman = pmanfimanC jICk1]3

if(chancheck == 1 &2 link[jICkl > O)

{
if(sdepfjIfk] > chpflinkE j1Ek3IICnodel jICKIIL3ID)
{

stordepth = sdepljlLk] - chpClinkEjICkIIEnodel jICkIIC3D3
}
else
{
stordepth = 0.0s
}
}
else
{

stordepth = sdepljIfkl:
¥

if(sf < 0
{
hh = hEjjICkkDs
rman = pmanfimanCjjllkk1]s

if(chancheck == 1 &% 1link[jjltkkl > O)

{
if(sdepLjjIfkkl > chpLlink[jjIfkkIInodeljjICkkIIL3T)
{

stordepth =
sdepCL jjILkkl - chpEflink[jjICkkIInodeljjICkkIIL3 DS
}
else
{
stordepth = 0.0%
}
;lse
<

stordepth = sdepljjICkk3s
}
if(hh >= stordepth)

{
alfa = (float)((pow(fabs(sf)-0.5))/rman)s
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OvrlRout.c 373)

/* Note : The variasble "a" represents the sign of the x/
/x Friction Slope (Sf) Computing Overland Flow x/

if(sf >= 0 a = 1.03

ifisf < 0) a = -1.03

dgq = (float) (axwsalfaxpow((hh-stordepth) l-bkk?))3
dgovl jifk] = dqavCjlEkl - dqgs

dqovEjjiCkkl = dqovEjjlCkk] + dqqs

/x (ompute overland sediment flow and erosion/deposition x/
if(indexeros == 1 &8 dqgq '= 0-0)
{
ifca > @) /% (JdaK) to (JJ-KK) =/
{
jfrom = j3
kfrom = k3
jto = jjs
kto = kks
else /x (JJ-KK) to (J-K) =/
{
jfrom = jjs
kfrom = kk3
jto = js3
kto = k5
}

if (ishpEjfromIfkfroml == 1)
¢ RoutSedOvrl(dqq-sf-jfrom-kfrom.jto.kto)s
N }
} /% End of HH >= STORDEPTH =x/

} /% End of QVRL x/
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RoutSedoOvrl-c (172>
#include "a:il.h"

extern void RoutSedOvrl(float dgq- float sf.int jfrom.int kfrom-,
int jto.int kto)
{
float V- gqsSUST41.gqsADVIL4¥d.gsSUStot.SUStot. DEPtot .qsBML41,
totXSScap-capacityf41.RESIDcap- qsBMtot.
gSsEROSEY1.qsEROStot.percentfly4l.gsClUl.qskRs

int SizeFr.ScilTypes
V = (float)(fabs(dqg)/(w * hLjfromILkfroml));

qsSuUStot = 0%
gsBMtot =
qsEROStot

-
R}

0s
SuUStot
DEPtot

FLI LI TR o ]

o
g
SoilType = isoilCjfromICkfromls

qskKR = KRcap(KRov.dqq.w-sf.jfrom.kfrom);

for(SizeFr=Lk3iSizefr<=3:8izefr++)

{
gsSusSESizefFry = 0
gsBMCSizefrl = 0
qsEROSESizeFr] =
qsLSizeFrl = 03
SuUStot += govsCSizefFrlCLjfromIlkfromls
DEPtot += volsfSizeFrlLjfromIEkfromls

3
3
05

}

for(SizeFr=13SizeFr<=3:Sizefr++)
{
if(qovsLCSizeFrlCjfromIEkfrom? > 0)
{
if(qgskR < SuUStot)
{
capacityElSizeFrl = qskR % qovs[SizeFrlEjfromICkfroml/SUStot:
qsADVESizefFrl = qovsCSizeFrJILjfromllkfrom} = V x dt / w3
qsSusStLsSizefr) MAX(capacityfSizeFrl.qsADVLSizeFrl)s
}
else
1
qsSuUSESizefFr]
}

[

"

qovsiSizeFriLjfromllkfromls

TransferSed(Sizefr.qovs.qsSUSCSizefFrl:jfrom.kfrom-jto.kto)s

gsSUStot += qsSUSLSizeFrls
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totXSScap = MAX(O.gqsKR - qsSUStot)s

if(totXSScap > 0 &2 DEPtot > O)
{
for(SizeFr=Ll3SizeFr<=3358izefr++)
{
if(volsESizeFrILjfromllkfroml > O)
{
if(totXSScap < DEPtot)
{
qsBMLSizefFrl =
totXSScap = volsESizefrlICLjfromlCkfrom] / DEPtots
}
else
{
qsBMLSizefrl = vaolsiSizefFrlLjfromICkfrom];
}

TransferSed(SizeFr.vols.qsBN[SizeFrl-jfrom-kfrom.jto-kto)s

qsBMtot += qsBMLSizeFrls

RESIDcap = MAX(O-totXSScap - qsB8NMtot)s
%f(RESIDcap >0)
h for(SizefFr=33SizefFr<=358izefr++)
¢ percent(SizefFrl = pinfCSoilTypelLSizeFr + 333
qsEROSESizefFrl = RESIDcap x percentfSizeFrls
qsEROStot += gqsEROSLSizefFrls
TransferSed(SizefFr.ssoil.qsEROSLSizeFrl.jfrom.kfrom.jto.kto)s
. }
gssCjfromICkfrom] += qsSUStot + gsBMtot + gsEROStot:
for(SizeFr=13SizefFr<=335SizefFr++)
¢ gsiSizeFrl = qsSUSL[SizeFrl + qsBMLSizeFrl + qsEROSCSizeFrls

SedFluxQutfSizeFrICjfromICkfrom] += gqsfLSizefFrl / dt:
}

findNFAC(jfrom-kfrom.qskR~dqg.qs);
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/2333333333333 2323333333333 33 33 ¥4
/% ChannRout.c x/
1233333222232 2333228333333 3333232 74

$include "all-h"

1233333333333 3333333333233¢3331%3%333¢22 74
/x FUNCT: ChannRout x/
2313323333323 3 3333333333333 21333232 74

extern void ChannRout()
{
int ic.1s

for(ic=kiic<=maxlinksic++)

{
for{l=lsl<=nchan_nodelic)il++)
{
/x  Note : UWhen ichnficlC1+11€11 is less than zero- x/
/x then that indicates that the channel </
/x routing for the current link is complete. x/
/% There is no routing for the outlet cell x/

if(ichnficiC1+13021]Y > O
{

chnchn(ic.1)s

}

} /= end For loop for the nodes in the link x/
} /% end For loop for the links =x/
}

1242332333233 2233 2223233233333 3333333% %)

/x FUNCT: chnchn x/
1423331233333+ 312 1222 P2 3333323 74

extern void chnchn(int ic.int 1)
{

float a = 1.03%
float vel = 0-.03%
float wch.dch.sslope.rmanchssfactor.sos sf. hh. dhdx-.
dq-~ stordep-» hchan.dg_ovs
int jwkwjj'lkk-ljjjiiiC'l ijun1 ill:l
/x row and column of link IC and node 1 x/

j = ichnliclC11C115

K ichnCiclf13£2135%

/% row and column of following node in link IC x/
33 = ichnficlC1+113C115

kk = ichnficlCl1+11L215

/x Note : JJdd is a check to see when the end of x/
/% a channel link has been reached- x/

jjj = ichnliclC1+23£115
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/= Channel characteristics : x/
wch = chpliclCllf21s /% width x/
dch = chpLicIL1IL31s /x depth x/
sslope = chpficlC13C43s /% side slope x/
rmanch = chplfic3C13L513 /x manning's n x/
sfactor = chpficiflICbIs /x sinuosity factor x/
stordep = sdepL j3Ck1s /= Storage depth x/
hchan = hchljICk1s /x (hannel water gepth =/

hh = hchCjlLkl - stordeps
/xif (fabs(nh) < le~-4) hh=0.05 check for negligible water depth x/
/x (hannel slape x/
so = (el jICk] - eCLjjICkk1)/(wssfactor)s
dq_ov = 0.03%
/% If jjj<O. then the end aof the channel link has been reached. =/
/x Slope is computed with last node of current link and first =/
/x node of following ane x/
if(jjj ¢ ©
{
for (iic=lsiilc<=maxlinksiic++)
{
if(3j == ichnfiicIC1IC1Y 82 kk == ichnEfiicIlIC2D)
{
so = (eCjILk} - dch - efjjICkk]d + chpliiclfllL3]1)/(wxsfactor)s
ijun = iics
T
dhdx = (hchLjjlfkk]l - hchLjlLk1)/(wssfactor)s
sf = (float)(so -~ dhdx + le-30)%

/x Nota de Jorge: Sf se deberia quedar con el mismao signo =/
if(fabs(sf) < le-20) sf = (float)(le-20)5

if (sf < 0.0
{
a = (float)(-l.0%a)s
if ¢(jjj < o
{
/% Take channel chars- of the Lst node of downstream link =/
wch = chpfijunldfildizls
dch = chplijun3L1IC31s
sslope = chpfijunICLICH]s

rmanch chplijundCL3IL5]3
sfactor = chplijunJElI{hbls
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else
{
/xTake channel chars. of the next nade within current link x/

wch = chpliclCl+11L215

dch = chplicIf1+13C31%

sslope = chpficICl+LICH]15

rmanch = chpLiclC1+13L515

sfactor = chpficJC1+13ILL]S
}

stordep = sdepLjjICkk1s
hchan = hch{jjlCkk1s
hh = hchLjjICkk] - stordeps

/xif (fabs(hn) < le-4) hh = 0.03check for negligible depth x/
}

/x Determining discharge x/
dq = chnDischarge(hchan.hh.wch-sdch.stordep.rmanch.a.sf.sfactor)s
/x* Transfer flow from cell {(j-k) ta (jj.kk) x/

dqchlf j3Ck] = dgqchfjlfkl - dqs
dqchl jjILkkY = dqchCjjIfkkl + dqgs

/% If (jak) is a printout flow discharge internal location x/
for (111=131ill<=ndisiill++)
{
ifcj == iqfillICL] 28 k == iqCill3C2]) gfilll = dqs
b
/x Channel sediment routing x/
if(indexeros == 1 88 dq != 0.0 g% hchan !=0)
{
if(a >= g.0
{
RoutSedChn(dq+Sf+j-rkrjjrkkwchahchan) s
}
else
{
RoutSedChn(-dg-=sf.jj-kk:j-k-wch-hchan)3
}

}

} /x End of CHNCHN =/
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1232131333333 3333%33333332+%232¢333 ¥4
/x RoutSedChn.c x/
1222232333233 3333323¢2233 22233222 74
sinclude "all.nh"
2333333323 3333¢33 23333333313 233%2¢23 ¥4
/% FUNCT: RoutSedChn x/
1233323323333+ 3373333 333333333331 23232¢3 7%,
extern void RoutSedChn(float dgq-float sf.int jfrom.int kfrom,
int jto.int kto-float wch.float hchan)
{
int SizeFrs
float Totds.V.supply.qsfyl.adv_factor.
EHvolC431.SUSvolL4l-. XSScapful. BRMvolELuls

TotRs = 0.05%
V = (float)(dq/(wchxhchan))s

for (SizeFr=13 SizeFr<=33Sizefr++)
¢ supply = qovsCSizeFrILjfromILkfromd + volsCSizeFrILjfromICkfrom3s
qsCSizefrl = 03 /% injtialize qs to 0 in case that supply = 0 =/
if (supply != 0)
t /x Potential transport cap- Em3]1 for size fraction Sizefr x/
EHvolCSizeFrl = EHcap(SizeFr.wch~hchan.sf.dq)s

/x Suspended sediment transport capacity (m3] by advection x/
/x timit this transport by availability */

adv__factor = NIN(VEdt/w+1)3

SUSvolLSizeFrl = qovsCSizeFrlILjfromlikfroml = adv_factors
TransferSed(Sizefr.qovs.SUSvolLSizefrl,jfrom.kfrom.jto-kto)s
/x Excess capacity L[m31 to move seds- from the bed-material =/
XSScaplSizeFrl = MAX(O. EHvolLSizeFrl - SUSvolLSizeFrl):

/= Bed-material transport capacity [m3] by advection %/
BMvolLSizefFrl = volsESizeFrILjfromllkfrom] =* adv_factors

/x Volume of bed-material transported out of (jfrom.kfrom) =%/
BMvolCSizeFrl = MIN(XSScapISizeFrl1.BMvolESizefrl)s

TransferSed(SizeFr.vols.BMvolLSizeFrl.jfrom.kfrom.jto.kto)s

/% Total volume of transported sediment from outgoing cell =x/
qsESizeFrl = SUSvolESizeFrl + BMvolLSizefrls
/x Updates total sediment volume leaving cell (jfrom.kfram) =/

qgssCjfromICkfroml += qsfSizeFrls
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/* Keeps track of sediment flux aut of (jfrom.kfrom) %/
SedFluxOutESizeFrILjfrom3lkfroml += qsESizefrl / dt3
/x Total sediment volume leaving (jfrom.kfrom) %/

Tot@s += qsESizefrl;s
}

¥

findMFACCjfrom-kfrom-Totds.dg-qs) s
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V2333312233332 233333333333333323323 74

/= RoutQutlet.c x/
2333332333333 323333333:+33%33331 74

$include "all.n"

extern void RoutQutlet()

<
LS

int 1113
float hout. alfa.qoutchs

0.0s
0.0%

qoutov
qoutch

nn

/x FIRST:calculate the flow going out fram the overl. portion x/
alfa = (floati(sqrt(sovout)/pmanlimanl joutICkoutll}s
/x Discharge from overland flow.- NOTE: because the water from x/
/% this part of the outlet overland cell was already "poured” x/
/% into the channel when updating the channel depth (channDepthlx/
/* qoutov = 0 when the channel routing is selected x/
if(hLjoutIfkoutl > sdepljoutlCkoutl)
{

qoutov =

(float)(wxalfaxpow((hLjoutILkoutI-sdepCjoutIlkoutd) 1-bk?))3

-
g

/* Qverland water depth at outlet cell is reduced after taking =/
/% the outflow out of the cell %/

h{joutICkoutd = (float)(hCjoutlLkout] - qoutovxdt/(pow(w2-.-0)))%
/% SECOND:calculate the flow going out from the channel portian =/
iftchancheck == 1 88 hchfjoutllkoutl > sdepl joutlfkoutl)

hout = hchCjoutllkoutl] - sdepLjoutlCkoutls

qoutch = chnDischarge(hchljout3Ilkoutd-hout wchout-dchout-
sdepl jout3lkoutI.rmanout.l-scut-sfactorout)s

dgchCjoutICkoutd = dqchljoutllkoutl - qoutchs
/x The total outflow at the basin’s outlet is given by adding x/
/% tne outflow from the overland & channel portion of the cell =/
qout = gqoutov + qoutchs
/x Keeping Track of the Total Outflow Volume x/
vout = vout + qoutxdts
/x (necking to see if the Peak Flow has been reached x/
if(qout > gpeak)
{qpeak qouts

tpeak = (float)( iterxdt/bk0.0):5
T
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/x Populating the Output Flows at the Watershed Outiet x/

for(ill = 13111 <= ndisiy ill++)

if(jout == iqfil13JE1] 28 kout == iqCilllC2M
qf£ill) = qouts

b

)3
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1233231322333 3333333333333333%3 33 94
/x Settling-c x/
23231 +3+3+3$323+3333333333%3333 394

#include "ail-h"

extern void Settling()
{
int j1k1$izeFf’;
float depth+ settlPercEil}. settllndls

for(j=l3ij<=m3j++}
{

for(k=Lik<=nik++)

{
iftishpLj2Lk] != nodatavalue)
{

hCjICkI

if (ishpTjICkl =
= hchLjICk 33

if (ishpf£jliLk1]

~
Q
[
©
™
=
"non

if(depth > O}
{
for (Sizefr=13SizefFr<=355izefr++)
{
/% Settling is calculated for x/
/x Sizefr=1 (sand); 2 (silt) and 3 (clay) x/

if(depth > wsLSizeFrlxdt)
{

settlPerciSizefFr] = (float)(wsESizefrl = dt / depth):
¥
else
{

settlPercCSizefFrl
}

"
[
4

settlfSizeFrl = qovs[SizeFrICLjILk} % settlPercLSizeFrls
vols[SizefFrIL jIlk] += settlfSizefFrls
qovsISizeFrlICLjILk] -= settl[SizeFrls
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1223313332332 33333%333333333233323 7
/x RoutSedQut.c x/
233332332 3232332333:32333¢33:333333333 )

#include "all.h"

extern void RoutSedOut ()

{
iftishpLjoutIlkoutld == 2 )
{
ifthchfjoutIfkoutld '= O)
{
RoutSedChn(qout.sout.,jout-kout.l.l-wchout-hchf joutILkoutl)
}
else
{
if(hCjoutICkout != O
{
RoutSedOvrl(goutov~sovoutsjout-kout-1+1)3
}
b
}

[-55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SedStats-c
12323333233 333333 323323333323 3332 74

/% SedStats-c x/
123123233 33333332 332323332 +22233¢33 ¥4

#include "all.n”
extern void SedStats()
¢ int j.k~» Sizefrs
float totdepv-totscourvs
ior(j = 13] <= m3y j++)
) for(k = 13k <= n3 k++)
! %f(ishptj][k] != nodatavalue)
: totdepv = D.03
totscourv = 0-03
totsusCjlLk3 = 0.0
for(Sizefr=13SizefFr<=335izefr++)
¢ /x Total (sana+silt+clay) deposited sed. volume (m3)
totdepv += volsfSizeFrlLjIClk1s
/* Tatal (sand+silt+clay) scoured sed. volume (m3)
totscourv += ssoillSizefFrlCjlLk]s
/% Total (sand+silt+clay) suspended sed.- volume (m3)

totsusf3ilfkY += qovsCSizeFrlLjlLk]s
3

/x Net (deposited - eroded) sediment volume (mm)
totnetvf jILk]) = (totdepv + totscourv) x 1000 / (wxw)s
/x Min. and Max. net erosion/depostion volume (m3)

aminnetv
amaxnetv

MINCtotnetvE jILk] . aminnetv)s
MAX(totnetvE jILk1l - amaxnetv)s
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SedStats-.c (272)
/x Absolute max. flux conc-~ susp. volume and suspended x/
/® conc- at any time step and at any overland cell x/
if(ishpLjICkl == 1)
{

amaxFluxCoutOv = MAX(MaxFluxCoutljICk1-3maxFluxCoutlv):
amaxSusOv = MAX(totsusEjlLkl.amaxSusOv)3

/x Limiting the mim. water depth to O0-5mm will reduce x/
/¥ very high concentration calculations =/
if(hL3jICkI > SE-4)

{

SusCEjIEkY = totsusCjICk] 7/ (hCjICkIxwxw)s

amaxSusCov MAX (amaxSusCov+SusCE JIEkD) 5
}
else
{
SusCLjILk1 = QO3
}
}
/¥ .... at any channel cell %/

if(ishpLjITkY == 2)
{

amaxFluxCoutCh = MAX(amaxFluxCoutCh-MaxFluxCoutl jILk])s
amaxSusCh = MAXc(amaxSusCh.totsusfj2Ck1}3

if(hchLjICkI > SE-Y4)
{
SusCLjILk] = totsusl jICk] /
(hchCL jICkIxwxchpllink[ j3Ek3I1Cnodel jICkIIE2]) S

amaxSus(ch
}
else
{

SusCL jlLk1}

MAX (amaxSusCch-SusCLjICk1) 5

"
o
as
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/2332333332333 3:3 33337333233 33333233 94
/% WriteOutflows.c x/
r23333313133333:33 32332333+ 333233:33317;

sinclude "all.h"

extern void WriteOutflow()
{
int ill.ils.jsed.ksed.is

123333332 333333333333333323323233274
/x write results to screen =/
23311132222 31332233 3233233333374
if(chancheck == 1)
{
printf(
"Time (Min) = %7.2f\t@ (m3/s)= z?7.2f\tChan. Depth(m) = %2?.3f \n"
~iterxdt/t0.0. qout-hchfjoutllkoutd)s
}
else
;

printf(
"Time (Min)

z7.2f\t@ (m3/s) = 727.2f\tOver. Depthi(m) = %?.3f\n"
riterxdt/L0-0-qout.hLjoutICkoutl)s
b3

/xt!tx!t‘x!xlltl!!ttSt‘ttXt‘tt8"!!!‘:llt‘!!tt:!lttltt!/
/= write outflow and sediment flow to output files =/
142222222222 233 333333233322 2233332323333 3372333333333222°Y)

if(iter==1)
{

fprintf(dis_out_file_fptr-" Time_(min) ")j3

iftindexeros == l)fprintf(sed_out_file_fptr."Time_(min) ™)3
for (i=l3i<=ndissii++)
{

fprintf(dis_out_file_fptr-"RowziColzi "~iqLiJL11.iqCil3C21)3
if(indexeros == 1)
fprintf(sed_out_file_fptr."RowziColZi "
isedfilfll.isedLi}(2})s
3
fprintf(dis_out_file_fptr-"\n")3
iftindexeros == l)fprintf(sed_out_file_fptr."\n")3

if(icount == nprn)

/x Write outflow discharge at selected locations x/

fprintf(dis_out_file_fptr-"2.2f" iterxdt/b0.0)3

for(ill=13 ill<=ndisy ill++)
{
switch{unitsaq)
{
case 1l: /x Discharge in m3/s x/
fprintf(dis_out_file_fptr-"%15.3f ".qCilll)s
breaks

case 2: /x Discharge in cfs =/
fprintf(dis_out_file_fptr."215.3f ",
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qUilll= pow(3-28084-3))5
breaks

case 3: /x Discharge in mm/h =/
fprintf(dis_out_file_fptr."%15.3f ",
qfilll / areaqEilll = 36053
breaks
T
}

fprintf(dis_out_file_fptr."\n")3

/% Writing outflow sediment Data at selected locations x/
iflindexeros == 1 88 sed_out_filefO03 '= '\(Q'")
{

fprintf(sed_out_file_fptr."%2.2f " iterxdt/k0-0)%

for(ils=1l3 ils<=nseds: 1ils++)
{

isedfilsJIL1]5
isedCilsIL215

jsed
ksed

qsedlils) = gssljisedllksedl/dts

switch{unitsaés)
{
case 1l: /x Sediment discharge in m3/s =/
fprintf(sed_out_file_fptr."215.5f ", gsedfils1):
breaks
case 2: /x lediment discharge in tons/ha/day %/
fprintf(sed_out_file_fptr-"%15.5f ",
gsedCils] / areadsfils] = ROs = 8k400)53
breaks
}

>

fprintf(sed_out_file_fptr."\n")3

fprintf (debug-"%2.2f \t %Zg \t Zg \t %g \n".iter=xdt/L0-
SedFluxOutflICjoutIfkoutld-SedFluxQutf2ILjoutllkoutl.
SedFluxOutf31CjoutILkoutld)s

}
icount = 13
b3
else
{
icount = icount + 13

I
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2233333333333 3333 333232332313 3333 92
/x WriteGrids-c x/
VAt 1333233332 33333333133+2323313323333 7,

®include "all-h"

extern void UWriteGrids()

{

int j],wk]a-'l

float =x@WatDeps

Srite€rids-c

char wr_rnamel803.wr_vinfnameL 803 -wr_dnamel801-
wr_cnamef803-wr_susnamel801-wr_erosdepnamel80]-

wr_sandfluxnamel80)-wr_siltfluxnamel80].
wr_clayfluxname[80X-wr_totalfluxnamel80],
wr_sandfFACnamef80)-wr_siltMFACnamel80],
wr_clayMFACname[803)-wr_totalMFACnamela0]s

FILE xwr_dname_h = NULLS
FILE xwr_erosdepname_h = NULLS
FILE =wr_rname_h = NULLS

FILE xwr_sandfluxname_h = NULLS
FILE xwr_siltfluxname_h = NULLS
FILE =wr_clayfluxname_h = NULLS
FILE =wr_totalfluxname_h = NULLS
FILE =xwr_sandMFACname_h = NULLS
FILE =swr_siltMFACname_h = NULLS
FILE =wr_clayMFACname_h = NULLS
FILE =wr_totalfiFACname_h = NULLS
FILE xwr_cname_h = NULLS

FILE xwr_vinfname_h = NULLS

FILE =wr_susname_h = NULLS
Watbep = floatMemAlloc2d(m.n)s

if(ipcount == nplt)

1

printf("Writing Output Grids. IFCOUNT = %ld

/% SusC: grid holds the values of total suspended sediment
/* YatDep: water depth in basin's overland or channel cells

for(jl=13 jlL<=m3 jl++)

{
for(kl=135 kl<=n3 kl++)
{
if (ishpLjlICkll '= nodatavalue)
{
if(ishpCjlILk1] == 1)
{
WatDepCjLICk1Y = hELjLICKkLIS
}
else
{
WatDepljLILkl] = hchCjlLICk11s
}
}
¥
}
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/¥ Writing time series grids x/

/% Water depth in meters x/
write2dTS (dname. wr_dname.wr_dname_h-.Watbep-1)3

/% Rainfall intensity in mm/h x/
write2dTS(rname~ wr_rname-.wr_rname_h-rint.3k00000)%

/¢ Infiltrated volume in mm x/
write2dTS(vinfname.wr_vinfname.wr_vinfname_h vinf.1000)3

/* Suspended sediment concentration in m3/m3 x/
write2dTS (cname.wr_cname~wr_cname_h-SusC 1) 3

/7% Total suspended sediment in mm x/
write2dTS (susname wr_susname.wr_susname_h-.totsus 1000/ (wxw))s

/x Erasion and deposition in mm =/
write2dTS(erosdepname.uwr_erosdepname-.wr_erosdepname_h-
totnetv.l)s

/x Sediment fluxes are in (m3/s) x/
write3dTS(sandfluxname.wr_sandfluxname.wr_sandfluxname_h-

1. SedFlux0ut)s
write3ddTS(siltfluxname.wr_siltfluxname.wr_siltfluxname_h,

2+ SedFluxQut)s
write3dTS(clayfluxname.wr_clayfluxname.wr_clayfluxname_h-

3, SedFluxOut) s
write2dTS(totalfluxname.wr_totalfluxname-wr_totalfluxname_h-

qss-~(L/dt}))s

/x Sediment concentrations are in m3 sed’/ m3 mixture x/
write3ddTS(sandNFACname wr_sandMFACname.wr_sandNFACname_h-

L. MFAQ)S
write3dTS(siltMFACname.wr_siltMFACname.wr_siltNFACname_h-

2+ HFAQ)S
write3dTS(clayMfFACname.wr_clayMFACname.wr_claylMFACname_h-

3, NFAQ)S

write2dTS(totalfMFACname.wr_totalMFACname wr_totalMFACname_h-
MaxFluxCout.1) s

/% Incrementing counters x/

ifcount++3
if (iter == 1) ipcount++;
if (iter '= 1) ipcount = 13
}
else
{
ipcount++3
}

/x Freeing memory £/

flemFree2dd(WatDep+ m.n)s
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/EEEEE AR AR EEEEERERARRXXAXKXREXEKKK/

/x FUNCT: writecdTS x/
123232233333 323332333233 33¢33333+3333 9

extern void write2dTS(char %xname. char xwr_name-FILE swr_name_h-.

float x*xParamValue. float UnitsConv)
{

int jl1k1;

if(namef03 !'= *\D'")
{
strncpy (wr_name-name-2l)s
sprintf(wr_name-"%s.z1d".name~ifcount)s
if((wr_name_h=fopen(wr_name-"w"))==NULL)
{
printf(”"Can't open time-series file : %s \n".wr_name):s
exit (EXIT_FAILURE):
}
fprintf(wr_name_h-"%s".header):

for<jl=l3: jl<=m3 jl++)
{

for(klk=13 klL<=n3 klL++)
¢ if (ishpEjLILkll != nodatavalue)
¢ fprintf(wr_name_h+"%10.5f ".ParamValuel j1ILkliIsUnitsConv)s
lee
fprintf(wr_name_h."%i ".nodatavalue)s

¥
fprintf(wr_name_h-"\n")3

}

fclose(wr_name_h)3

returns
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22313132111 32333233 33333333374
/% FUNCT: write3dTsS x/
1233331222322 3233222333233 23 94

extern void write3ddTS(char xname. char swr_name-FILE swr_name_h-
int layer. float sxParamValuell)
{
int jl~k1§

ifi{nameL0I '= '\0")
{
strncpy(wr_name-.name-21l)s3
sprintf{(wr_name-"%2s.%21d".name.ifcount)s
if((wr_name_h=fopen(wr_name "w"))==NULL)
{
printf(”"Can’'t open time-series file : %s \n".wr_name)s
exit (EXIT_FAILURE) S
}
fprintf(wr_name_h."%Zs".header)s

far(3L=13s jl<=m3 jl++)
{

for(kl=13 kl<=n3 kl++)
¢ if (ishpfjllCkl] '= nodatavalue)
f fprintf(ur_name_h+"210.5f ".ParamValueElayerICjlIfkid)s
:lse
fprintf(wr_name_h-"%i ".nodatavalue)s
X ;printf(wr_name_ha“\n");

fclose(wr_name_h)3

returns
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/xxxtttxxtxxt::txxxttxxxxxxt:xtx[
/x Reset-cC x/
/ttl!!txxxxlttttxttxtttttxtttltt/

®include "all.h"

extern void Reset()

{
int j-k.SizeFr;s
/x Resetting MaxFluxCout. gqss- SedFluxOut and MFAC to 0.0 x/
for(j=133 j<=m3y j++)
{
for{k=13 k<=n35 k++)
{
MaxFluxCoutCjIEK] = 0-.03
qssCjICk] = 0.0s%
for (SizefFr=1l3Sizefr<=33SizefFr++)
i
SedFluxOutfSizefFrlLjILk] = 0-03%
MFACESizeFrILjIfkl = 0.0%
,
}
}
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/% griteSummFlow.c x/
/XEXXXXIXXIXXEEEXRXREERREEXXEXRXEN/

sinclude "all-h"

extern void WriteSummFlow()
{

double PercentfFlowsInitialvol.Finalvol.InvVolume.OutVolumes

Initialvol init_ch_vol + init_ov_vols
FinalVol final_ch_vol <+ final_ov_vols
InVolume = InitialVol + vins

QutVolume = vinftot + vout + Finalvols

PercentFlow = 100.0 = (InVolume - OutVolume) 7/ InVolumes
/x ... summary of Output Flow */

fprintf (Summ_file_fptr.
"\nSUMMARY OF FLOW OUTPUT\n")3s
fprintf(Summ_file_fptr "=====s===========z=====\n\n")}

fprintf(Summ_file_fptr.
"Peak DISCharge (M3/S)  cecceceeieereennnancescnannnesooenseeeaa=")y
fprintf(Summ_file_fptr."%235.2f \n"., gpeak)s

fprintf(Summ_file_fptr,
"Time to Peak (Min).e.. ettt iinreniiinerenenennnocanneeneea=")3
fprintf (Summ_file_fptr-"215.2f \n".tpeak)s

fprintf(Summ_file_fptr.
"Initial Surface Volume (M3)-eeeeeeennieeeaaeceoncnoancnaaaaa=)y
fprintf(Summ_file _fptr."215.2f \n". InitialVvol)s

fprintf(Sumn_file_fptr.
"velume of Rainfall - retention (M3)...cvieeeeeroinnnnrecenn =mys
fprintf(Summ_file_fptr"%2L5.2f \n", vin);s

fprintf(Summ_file_fptr,
"Volume leaving the Watershed (M3).... ittt nnnnnnnenanea=)y
fprintf(Summ_file_fptr."zL58.2f \n".vout)}

fprintf(Summ_file_fptr.
"Percentage of Vout to Vin..-oeinniiiiirieeeeoecennnnnnnsseas)y
fprintf(Summ_file_fptr."2zL5.2f \n"(vout/vin)=x1l00.0)3

fprintf(Summ_file_fptra
"Final Surface Volume (MI) .- i inneeeienecooanneaeeeeeaa=yy
fprintf(Summ_file_fptr"%2L5-2f \n"+ FinalVol)s

fprintf(Summ_file_fptr.
"Veolume INfiltrated (M3) . ceeeeeeriiniiuareiecennonsanoesonns ="y
fprintf(Summ_file_fptr."%2L5.2f \n".vinftot)s

fprintf(Summ_file_fptra.

"Percentage of VIinftot to Vin.-.e.oiiiiiiiiiiieeniniennnnnns =ny s
fprintf(Summ_file_fptr "%2Lk5.2f \n™, (vinftot/vin)=xl00.0)3
forintf(Summ_file_fptr.

TPercent Ma3sS BalanCE.cve et eerntininntiineeeoceoonnsronsannns ="y
fprintf(Summ_file_fptr."zL5.2f\n"PercentFlow)>
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fprintf(Summ_file_fptr.
"\nHYDROLOGICAL VARIABLES MINIMUM AND MAXIMUM VALUES\n™)3

fprintf(Summ_file_fptr.
"Min. Rainfall Intensity (MA/Nr) ...t =73
fprintf(Summ_file_fptr."%215.2f \n", aminrain=3600.x.000) %

fprintf(Summ_file_fptr.
"Max. Rainfall Intensity (mMm/hr)....cooeiiiieiiinncrecnnnns =")3
fprintf(Summ_file_fptr+"%215.2f \n"., amaxrain=x3L00.x1000)3

fprintf (Summ_file_fptr.,
"Min. Infiltration Depth (mm)......... feecesenn B 3 R
forintf (Summ_file_fptr."z215.2f \n", aminvinf=l000)3

fprintf(Summ_file_fptr.
"Max. Infiltration Depth (MBM) cecieeainenniirnenrrcasoncnnnsasmMyy
forintf (Summ_file_fptr."%215.-2f \n", amaxvinfxl000)3

fprintf(Summ_file_fptr,
"Min. Overland DePLth (M) - ceeeueeeeeeeesenocsenoreacnoenncasaZ)y
forintf(Summ_file_fptr."z215.2f \n",amindepth)s

fprintf(Summ_file_fptr.
"Max. Overland Deptn (M) - v et eeeeeeennnernenacsnnacesennaa=)y
fprintf(Summ_file_fptr."%L5-2f \n".amaxdepth):

fprintf(Summ_file_fptr,

"Mirn. Channel Depth (M) .. ettt iinnenaeneaaz=™)y
fprintf(Summ_file_fptr."%215.2f \n", amincdepth):
fprintf (Summ_file_fptr.

"Max. Channel Depth (M) eeestteonmenneneceesosennnecanaceaceeazT™)s
fprintf(Summ_file_fptr."215.2f \n\n".amaxcdepth):
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2222 23222323333 33333323 35332232 74

/= Sedvolumes.c x/
/xl‘!3*‘!2“!!3!3!‘!3!!‘3:¥t‘!tt/

#include "all.h"

extern void SedVoluaest()

{
int j.k.SizefFrs
for(j=1sj<=m3ij++)
i
for{k=l3k<=nsik++)
{
if(ishpLjlLk3 != nodatavalue}
€
for(SizefFr =1l3SizeFr<=33;Sizefr++)
tot_erodedfSizefr] += ssoilCSizefrICjlCkls
if(ishpLjICk] == )
{
for(SizeFr =13SizefFr<=33SizefFr++)
{
sus_ovISizefrl += qovsfSizefrlLjltkls
dep_ovESizeFrl += volsCSizeFrlLjlLk13
tot_oviSizeFrl += govs[SizeFrILjlCk] +
N volsfSizeFrlLjItk]s
¥
if(ishpLjILk]Y == 2)
{
for(SizefFr =1l3SizefFr<=33SizeFr++)
{
Sus_ch[S§zeFr] +=% qovs{SizeFrICLjILk1s
dep_chiSizeFrl += volsCSizeFrILjILkls
tot_chESizefFrl += qovs{SizeFrILjlLk] +
5 volsCSizeFr3ICjILk]s
¥
}
}
}
}
[-67
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/2333333333323 3333333333233322¢83 ¥4
/% WriteSummSed.c x/
18333232332 323333333333333323333333 ¥4
Sinclude "all.h"

extern void WriteSummSed()
{

double PercentSed.TotRemOvr.TotRemChn.TotEroded.Totleaving-
TotSusRemOvr-TotDepRemOvr TotSusRemChn.TotDepReaChns

struct gstats totnetv_statss

totnetv_stats = gridstats(totnetv)s

TotEroded = fabs(tot_erodedlll+tot_eraodedl2l+tot_eradedl31}s
TotSusRemOvr = sus_ovE1ll + sus_ov[2]) + sus_ovi3ls

TotDepRemOvr = dep_ovLill+dep_ovE23+dep_ovL31s

TotRemOvr = tot_ovEiil+tot_ovI21+tot_ovi3ls

TotSusRemChn = sus_chfll+sus_chLfel+sus_chL 313

TotDepRemChn = dep_chilll+dep_chil2l+dep_chL335

TotRemChn = tot_chlfll+tot_chf23+tot_chf313

TotLeaving = sed_outCll+sed_outf2l+sed_out[313

PercentSed = 100.0 * (TotLeaving + TotRemOvr + TotRem(Chn
- TotEroded) / TotEroded 3

/% ... summary of output sediment =/

fprintf(Summ_file_fptr.

"\nSUMMARY OF SEDIMENT OUTPUT : volume in (Cubic Meters\n™)3
fprintf(Summ_file_fptr.

"(Percentages from the total eroded \n"™)3

fprintf(Summ_file_fptr-
"Total volume of Sand Eroded---ccceececererterecenennnens ce..=")
fprintf(Summ_file_fptr."%Z15.2f \n"-fabs(tot_erodedfll))s

fprintf(Summ_file_fptr.
"Total Volume of SIlt Eroded-+cceeesoecccercconsanscnnenenns ="y
fprintf(Summ_file_fptr+"%15.2f \n".fabs(tot_erodedl2)))3

fprintf(Summ_file_fptr»
"Total Volume of Clay Ercded..-..... crre e Ceeeeeaa. creeeea=T)3
fprintf(Summ_file_fptr."%15.2f \n"~fabs(tot_eroded[31))3

fprintf (Summ_file_fptra

"Total Volume of Material Eroded----vovccecececnecnenecnnaaa=m)y
fprintf(Summ_file_fptr-"7215.2f \n\n". TotEroded’:

fprintf (Summ_file_fptr.
"Volumes of Eroded Sediment Remaining on the Overland:\n"™)3

fprintf(Summ_file_fptr,
"Total Volume of Suspended Sand..-c.-cveececcececineronrerenesa=T)y
fprintf(Summ_file_fptr."z15.2f -> 25.2f %ZZ \n",
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sus_ovil3.fabs(sus_ovEll/tot_eroded{11x100))%

fprintf(Summ_file_fptr.
"Total Volume of Suspended Silfecccceeecnaniieianann. =")5
fprintf(Summ_file_fptr."zL58.2f => 25.2f %% \n",
sus_ovI2l.fabs(sus_ovE21l/tot_eroded{23=x100))5

fprintf(Summ_file_fptr.
"Tctal Volume of Suspended Clay.--cccecencecenccarronaneeee=T)]
fprintf(Summ_file_fptr."%15.2f -> 28.2fF Z%Z \n"-
sus_ovi3l.fabs(sus_ovE3l/tot_erodedf31x100)3 3

fprintf(Summ_file_fptr.
"Tctal Volume of Suspended Sedimente.eceeeeeenneinnnnanenn. ="y
fprintf (Summ_file_fptr."%215.2f -> 25.2f %Z%Z \n\n",
TotSusRemOvr.fabs{TotSusRemOvr/TotEroded=1l00))3

fprintf(Summ_file_fptr.
"Total Volume of Deposited Sand..ccceivecenececeniannnnnennn =")3
fprintf(Summ_file_fptr."%215.2f -> %28.2f ZZ%Z \n",
dep_ovill.fabs(dep_ov[ll/tot_erodedf1L1x100))s

fprintf(Summ_file_fptr.
"Tetal volume of Deposited SilC..cceiiieneiiennenneenennnnnns =733
fprintf(Summ_file_fptr "%215.2f -> %25.8f 2% \n".
dep_ovizZl.fabs(dep_ov[21/tot_erodedf21x100))3

fprintf(Summ_file_fptr.
"Tctal Volume of Deposited (lay-.v-cveccerceecenennnnns e e=")y
fprintf(Summ_file_fptr."%215.2f -> 25.28f %% \n",
dep_ovE3l.fabs(dep_ovE3l/tot_erodedC31x1.00)):3

fprintf(Summ_file_fptr.
"Total Volume of Deposited Sediment....c..oiveenianiiioa =™y
fprintf(Summ_file_fptr"2158.2f -> %25.2f %ZZ \n\n",
TotDepRemOvr.fabs(TotDepRemOvr/TotEroded=100)) 5

fprintf(Summ_file_fptr,
"Total Volume of Sand Remaining on the Overland.............=")3%
fprintf(Summ_file_fptra"%215.2f -> %5.2f %% \n"-
tot_ovIlll-fabs(tot_ov[ll/tot_erodedf11%x100))%

fprintf(Summ_file_fptra.
"Total Volume of Silt Remaining on the Overland............. ="y
fprintf(Summ_file_fptr"%2L5.2f -> %5.2f %% \n".
tot_ovidl.fabs(tot_ovE21/tot_eroded[23%100))

fprintf(Summ_file_fptr,
"Total Volume of Clay Remaining on the Overland...cc..oeuenn. ="
forintf(Summ_file_fptr."%z15.2f -> %25.2f %% \n"a.
tot_ovI3l.fabs(tot_ovL31/tot_erodedC31x100))3
fprintf(Summ_file_fptr.
"Total volume of Eroded Material Remaining on the Overland..=")3
fprintf(Summ_file_fptr-"%15.2f -> 25.2f %% \n\n".
TotRemOvr.fabs(TotRemOvr/TotErodedx100)) 5

fprintf(Summ_file_fptr.
"Volumes of Eroded Sediment Remaining in the Chanmnels:\n™)3

fprintf(Summ_file_fptr.
"Tatal volume 0f Suspencded Sand...eeeeertieeeenenenncennnnan =")3
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fprintf(Summ_file_fptr+"%215.2f ~> 25.8f ZZ \n",
sus_chll).fabs(sus_chf1l1/tot_erodedf1Ix100))3

forintf(Summ_file_fptrs
"Total Volume of Suspended Silt....veiiiiniieeiereeeeeennn =")3
fprintf(Summ_file_fptr."%Lk5.-2f =-> %5.2f 2% \n",
sus_chl2])-fabs(sus_chl23}/tot_erodedf21x100))3

fprintf(Summ_file_fptr-
"Tctal volume of Suspended Clay-.-c.eeeeieerereereeeeonnennnesns 3%
fprintf(Summ_file_fptr-"215.2f -> %5.2f 2% \n",
sus_chi33-fabs(sus_chC31/tot_eroded[33%100))3

fprintf (Summ_file_fptra.
"Tatal volume of Suspended Sediment......c.ceiveeeeecceaeaea=T)y
fprintf(Summ_file_fptr."%215.2f => %25.2f %%Z \n\n".
TotSusRemChn.fabs(TotSusRemChn/TotEroded=100)) s

forintf(Summ_file_fptr-
"Total Volume of Deposited Sand:.-..-c.c.iirriiienienennceannea=m)y
fprintf(Summ_file_fptr."%15.2f => %Z5.8f ZZ \n",
dep_chlll.fabs(dep_chl[l]l/tot_erodedC1l1=1.00))4

fprintf(Summ_file_fptra.
"Total Volume of Deposited Silt-.... ottt ineinennea=m)y
fprintf(Summ_file_fptr+"%15.2f -> %Z5.2f %% \n".
dep_chEf231-fabs(dep_ch[21/tot_eroded[23%100)} %

fprintf(Summ_file_fptr-
"Total Volume of Deposited Clayececeeconrecnaneenenonsoannnn =")3
fprintf(Summ_file_fptr-"2z215.2f -> %Z5.2f %% \n"a.
dep_chl33.fabs(dep_chl31/tot_erodedl31x100))%

fprintf(Summ_file_fptr.
"Tatal volume of Deposited Sediment...... o=y
fprintf(Summ_file_fptr-"%215.2f => %5.2f %% \n\n".
TotDepRemChn.fabs(TotDepRemChn/TotErocdedx100))3

fprintf(Summ_file_fptra.
"Total volume of Sand Remaining in the ChannelSec-ceeceeee. R S
forintf(Summ_file_fptr"%15-2f -> %5.2f %% \n"+
tot_chfll.fabs(tot_chLl1/tot_erodedf11Ix100))3

fprintf(Summ_file_fptra
"Total Volume of Silt Remaining in the Channels...c..ce.ceee.=m)y
fporintf(Summ_file_fptr+"%L15.2f -> 25.2f %% \n",
tot_chf2].fabs(tot_ch[21/tot_eraoded[23%x100))3

fprintf(Summ_file_fptra.
"Tstal Volume of Clay Remaining in the Channels....cceeeec.. ="y
fprintf(Summ_file_fptr "215.2f -> %5.2f %% \n".
tot_chf3J.fabs(tot_ch[3}/tot_eroded[33=100))3

fprintf(Summ_file_fptr.
"Total Volume of Eroded Material Remaining in the Channels..=")3
fprintf (Summ_file_fptr-"215.2f -> %5.2f %% \n\n",
TotRemChn.fabs(TotRemChn/TotEroded=l00))3
fprintf(Summ_file_fptr,

"Volumes of Eroded Sediment Leaving the Watershed:\n"™)3
fprintf(Summ_file_fptr.

fprintf(Summ_file_fptra.
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"Tatal volume of Eroded Sand Leaving the Watershed..--.---..= 3
forintf(Summ_file_fptr "215.2f =-> z5.2f 2% \n".
sed_outfll-.fabs(sed_outLll/tot_erodedC11x100))%

fprintf(Summ_file_fptr-
"Tctal volume of Ergded Silt Leaving the Uatershed..--..cc...= 5
fprintf(Summ_file_fptr-"%215.2f -> 25.2f %%z \n"
sed_ocutf2l.fabs(sed_outf2l/tot_erodedf23I*100))5

fprintf(Summ_file_fptr-
"Total Volume of Eroded (lay Leaving the Watershed...-......=")3
fprintf(Summ_file_fptr.+"%z15.2f -> %25.2f %% \n".
sed_outf3I.fabs(sed_outL3)/tot_erodedi33I=x1i005)5

fporintf(Summ_file_fptr.
"Total Volume of Eroded Material Leaving the Watershed...... =")3
fprintf(Summ_file_fptr-"%215.2f -> %Z5.2f %% \n\n",
TotLeaving.fabs(TotLeaving/TotErocded=1l00))4

fprintf(Summ_file_fptr.
"Parcent Mass BalanCe:.-cc:cteeereniecriooecinccnncenaasasocnnse =")3
fprintf(Summ_file_fptr-"%15.2f \n\n", PercentSed)s

/® ... Minimum and Maximum Values for Various Variables =/

fprintf(Summ_file_fptr-
"\nSEDIMENT VARIABLES MINIMUM AND MAXIMUM VALUES\n™)3
fprxntf(Summ file_fptr-

fprintf(Summ_file_fptr.
"Max. Flux Conc. Overland (M3/S/M3/S) . et cecccccncncocseseaa=m)}
fprintf(Summ_file_fptr."\tZg \n", amaxFluxCoutOv)s

fprintf(Summ_file_fptra.
"Max. Flux Conc. Channels (M3/S/MI/S).erercnncecnnacncenens ="y
fprintf(Summ_file_fptr."\t%Zg \n". amaxFluxCoutCh)3

fprintf(Summ_file_fptr-
"Max. Suspended Sediment in Overland (MM):..cceoeceecoeaseeeea=m)]
fprintf(Summ_file_fptr."\tZ%Zg \n", amaxSusOvxl000/(wesw) )3

fprintf(Summ_file_fptr.
"ﬂax- Suspended Sediment in Channels (Mm)...cceevveeceeneeaea=7)y
fprintf(Summ_file_fptr-"\t%Zg \n". amaxSusChxl000/(w*w) )3

fprintf(Summ_file_fptr.
"@ax- Concentratian on Qverland (M3/M3). e eenecnnroeeannn ="y
fprintf(Summ_file_fptr."\tZg \n", amaxSusCov):

fprintf(Summ_file_fptr-
"Max. Concentration in Channels (M3/m3). ... cenmtnne =)y
fprintf(Summ_file_fptr-"\t%Zg \n". amaxSus{ch);

fprintf(Summ_file_fptr.
"Total Net volume (mm) at the End of the Simulation: \n7™)3%

fprlntf(Summ file_fptr.
MiniMUM VVBLUEB +ocenoriocceonneenanneeneseensenoeenneeas™)y
fprintf(Summ_file_fptr."%215.3f \n". totnetv_stats.min )3

fprlntf(Summ file_fptra
Maximum V31U eceocecocacnecons Ceere st ces st anenneeee 3
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UriteSussSed-.c (575)
forintf(Summ_file_fptr-"%215.3f \n".totnetv_stats.max )5
fprintf(Summ_file_fptr,
". MBAMN e evrtseceeecseroceessososoctsnscesnsssnnosvscncsonss ="y
fprintf(Sumam_file_fptr."2315.3f \n".totnetv_stats-mean )3
fprintf(Summ_file_fptr,

"- Standard Deviation - cceeerrerorerrenennceeanoasoscenes ="y
fprintf (Summ_file_fptr."215-3f \n".totnetv_stats.stdev )3
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ReafFree-c 2)

2333133332323 223 2233323233333 3332 ¥,
/% MemFree.c x/
‘213131323233 3323333233+33323333¢333333 %,

#include "all.n"

extern void GridsMemFree()
{

int SizefFrs

/x Deallocate memory for input matrices x/
iMemFree2d(ishp.m.n}s3

ifemfFree2d(isoil-m.n)s

iMemFree2d(iman.m.n)3

fhemFree2dd(e-m-n)s

fMlemFree2dd(ret.m.n)s

if(chancheck == 1)
{
iMemFree2d(linkm.n)3
iMtemFree2d(node-m.n)3
}

flemFree2dd(sdep-m.n) 3
/x Deallocate memory for output matrices x/
if{indexinf == 1) fMemFree2d(vinf.m.n):

fMlemFree2d(h+man)s
flemFree@dd(hchman) 3

iftindexerss == 1)

{
fhemFree2d{(gss.m-n)s
flemFree2d(MaxFluxCout.m-n}3
fMemFree2d(totsus-m-n)s
fhemFree2dd(SusC.m.nls
fMlemFree2dd(totnetv.m.n) 3

/x Deallocate memory rfor 3-D matrices x/
for (SizeFr=03SizefFrcusSizeFr++)
{
fMemFree2d(qovsCSizeFrlim-n)s
flemFree2d(vols[SizeFrlI.m.n)s
fMemFreedd(ssoilESizeFrl.m.n)s
flemFreecdd(SedFluxOutESizeFr¥.m.n);
flemFree2dd (MFACLSizeFrl.m.n)s
}
}

fMemFree2d(dqovam.n)s
fMemFree2dd(dqch-m.n) s

fMlemFree2dd(rtot.m.n)y3
fMemFree2d(rint.m.nls
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Aeafree-c 2/72)

1233323333233+ £2 2322233233333 333233 74
/x F(T: fMemFreedd x/
1233333322333 332 2323233333333 3233233 9]

/% Deallocates memory for a floating 2D-grid of NoRowsxNoCols =/
void fMemFreedd(floatxx matrix2d- int NoRows. int NoCols)
{

int k3

for(k=03 k<{(NoORows+1l)3 k++)
:

free(x(matrix2d + k))s

}
free(matrix2ad) s
¥
/* Deallocates memory for a integer 2D-grid of NoRcws:NoCols x/
void iftemFreedd(intxx matrixdd. int NoRows. int NaCols)
{
int k3

for(k=05 k<(NoRows+lL)3 k++)
{

free(x(matrix2d + k)3
s

free(matrix2dd)s
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RunTise-c 373)

2133332323222+ 32322332338333333333¢ ¥4
/% RunTime-.c x/
2333333323232 3333223333333333333+31 V4

$include "3il.h"

extern void RunTime(clock_t finish)

£

double elapsedTimes

fprintf(Summ_file_fptr.
"\nProgram stops at simulation minute:2i0-2f\n",(iter-1)xdt/bL0)3

elapsedTime = (double)(finish - startTime)/CLOCKS_PER_SEC:3

fprintf(Summ_file_fptr,
"\NACASC2D RUNNING TIME:%1D0.2f minuctes\n™. elapsedTime/k0)s

fclose(Summ_file_fptr)s
}
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Fcts_chann-c (2/2)

/XXEREEXXLXXXXEELEKEXXIXRREXRXKXEXR K/
/% Fcts_chann.c x/
2333333232333 32233¢+23333233323333¢3 ¥4

#include "all.n"
1232233 3$3332333333332233133333332333V4

/= FUNCT: newChnDepth x/
1233333233333 3333333233333332332333% 74

extern float newChnDepth(float wch-float dch-flocat sfactor-
int j. int k.float addedVolume)
{

flcat area_ch.vol_ch.area_init.vel_init.
vol_final.newdepths
/x Channel area and valume x/

area_ch = wch =® dchs
vol_ch = area_ch * w x sfactors

/= Calculates initial area and volume x/

ifthchLjILk1 <= dch)

area_init = wch = hchEjllk]s
else
area_init = (hchLjILkl - dch) x w + area_chs

vol_init = area_init = w ®= sfactors

/% After adding new volume calculates volume x/
vol_final = vol_init + addedVolume:

/% ... 3and depth corresponding to the final volume x/
if(val_final > vol_ch)

newdepth = dch + (vol_final - vol_ch) / (wxwssfactor)s

ei:Sdepth = vol_final / (wchxwxsfactor):s

return(newdepth?s
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Fcts_chann-c (272)

123323332 32323233333332 3333333333333 3333 ¥,
/x FUNCT: chnDischarge x/
23333332+ 31333333323+33332333+2333332 32 ¥4

/x Calculates the outflow in m3/s from a cell =/

float chnDischarge(float hchan.float hh.float wch.float dch,
float stordep.float rmanch-float a-float sf.float sfactor)

{
float area- wp~ dd. vol_ch_avails
/* (alculates flow area and wetted perimeter x/
if(hchan <= dch)
{
area = wch = hhs
wp = (float)(wch + 2 x hh)s
3
else
{
area = wch ¥ (dch - stordep) + w x (hchan-dch)s3
wp = (float)(wch+2x(dch-stordep) + 2x(w-wch) + 2x(hchan-dch))3
b
d@ = (float)(as(sqrt(fabs(sf))/rmanch)x
(pow(area-l-bbb?))/(powl(wp 0.-LkkE7)) )3
/= Limit the outflow by availability x/
vol_ch_avail = area * w x* sfactors
if(d@xdt > vol_ch_avail) dd = vol_ch_avail/dts
return(da@’s
T
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Fcts_misc-c 3/3)
1231133133332+ 3+13313333233333%3313313: 74

/% Fcts_misc.c %/
233331333322 3232332332333 33333333333 74

#include "all.n"
3133313 3333333333333 3333333333%Y;
/x FUNCT: max x/
/2333333333333 3333333323 123333333332 %4

/x Finds the maximum between two floating numbers =x/

extern float MAX(float one-.float thelOther)

{
float maximums
if (one >= thel0ther)
maximum = ones
else
maximum = theOther:
return(maximum) s
¥

123232323333 33333333333333333¢33333333 74
/x FUNCT: min x/
222223332333 223333 333223333333 333334

/x Finds the minimum between two floating numbers x/
extern float MIN(float one-float theOther)

{
float minimums

if (one <= theOther)
minimum = ones

else
minimum = theOthers

return(minimum)s
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Fcts_sed.c (2/2)

2333113333333 3333333323733 333 323323 V4
/% Fcts_sed.c x/
1233313233333 332332333333222333 %23 ¥4

#include "3il.nh"

2333331 3333333333333233323233333333 3294
/% FUNCT: EHcap =/
12323333323 3733333:3 2233133133533 32+3 ¥4

/x Determines the sediment transport capacity based on the x/
/® Engelund and Hansen transport 2quation. Result is in m3 x/

extern float EHcap(int SizefFr.float width-.flocat depth,
float sf.float discharge)
{
float Cwlu4l-s Rh.V. EHcapacitys

Rh = (widthsxdepth)/(width + 2 x depth)s
V = (float)(discharge/(widthxdepth)}3

CwESizeFrl = (float)(0D-05%(6/(6-2)) =
fabs(Vxsf)/sqrt((G-1l)xgxdsfSizefFrl) =
sqrt(Rnxfabs(sf)/((G-L)xdsCSizeFrl) ) ) 3

-

EHcapacity = (float)(discharge * CwlSizefrl} /7 2.b5)=dt 3

return(EHcapacity)s

A3 31333333333 333333333333333F333332 Y]

/x FUNCT: KRcap x/
/!38!!!*!!3:*!!*!833!!!!ttlttl!txt‘/

/% Detgrmines the sediment transport capacity based on the x/
/% Kilinc and Richardson transport equation. Result is in m3 x/

extern float KRcap(float KRcoeff.float discharge-float width,
float sfs int jfrom. int kfrom)
{
int SoilTypes
float KRcapacity- UnitDischarge.Cusle-KuslesPusles

UnitDischarge = (float)(fabs(discharge/width))3
SoilType = isoilLjfrom3Lkfromls
Cusle

Kusle
Pusle

cfactorfimanL jfrom2Ckfrom3]s
pinfCSo0ilTypelL?13
pfactorCimanljfromICkfromlls

KRcapacity = (float)(KRcoeff * pow(fabs(sf).l.bb) x
pow(UnitDischarge.2.035) x Cusle x Kusle x Pusle
* width x dt)s

return(KRcapacity)s
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Fcts_sed.c (2s2)

1231313323337 3733333333313333323332 3394
/x FUNCT: TransferSed =/
1233333332333 ¢333332333333333323333333 74

/x Transfers a certain volume of sediment. VolToTransfer, from x/
/x 3 putgoing cell (jfrom.kfrom) to receiving cell (jto.kta)- The =x/
/% source-~ c£an hbe the suspended-.deposited or parent materisl in x/
/x gutgoing cell. The transferred volume of sed. will be added x/
/% in all cases cnto the suspended portion of the receiving cell. =/
/x If the outgoing cell is the outlet cell. the VolToTransfer is x/
/x not added into a receiving cell but to the variable that holds =/
/x the total valume of sediment leaving the basin by size fraction=z/s

extern void TransferSed(int SizefFr.float xxSourcef].
flaat VolToTransfera
int jfrom.int kfrom.int jto.int kto)
SourcefSizeFrli jfromltkfroml -= VolToTransfers

if(jfrom==jout &8 kfrom==kout)

{
sed_outlSizefFr) += volToTransfers
}
else
{
qovs[SizeFrlLjtolfktol += VolToTransfers
}

b

2233333223333 33233323333312333333322 ¥
/% FUNCT: FindMFAC x/
2333322273323 92333 33731132133 %33374

extern void findMFAC(int jfrom.int kfrom.float totdSout-
float discharge.float qsi4l)
{
int SizeFrs

if(MlaxFluxCoutfjfromIkfroml < tot@Sout/dt/fabs(discharge}
[ 3] fabs(discharge) > lE-4)
{
MaxFluxCoutEjfromllkfroml =
(float)(tot@Sout/dt/fabs(discharge));

for (SizefFr = 13 SizeFr <=33 Sizefr++)
{

MFACCSizeFrIL jfromILkfroml =
(float)(qsCSizeFrE/dt/fabs(discharge))s
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Fcts_stats-.c (373)

2333323333333 +3333323£$3233333+33323 ¥4
/% Fcts_stats-.c x/
2333322233333 3332323333323333333%317%;

#include "a3l1.h"

123333333 3323232333333%333333332333333 ¥4
/= FUNCT: gridstats «/
1233333322 252333132223333 322222333323 ¥4

/x Determines the mean and standard deviation of a grid x/
extern struct gstats gridstats(float sxinputgrid)

{
struct gstats statisticss
float s3
int j‘k;

statistics.min = 10E300%
statistics.max = -L0E300:3
statistics.mean = 0%

s = 03

for(j=lsj<=msj++)
I

fori{k=lsk<=nik++)

{
if{ishpljILk] !'= nodatavalue)
{
statistics-min = MIN(statistics.min~inputgridfjlCk1)s
statistics.max = MAX(statistics.max-»inputgridLjICk1)s
statistics.mean += inputgridfjICk] / ncells;
}
}

b
for(j=lij<=m3j++)
{

for(k=Lik<=nik++}

{
if(ishpLjIEk] '= nodatavalue)
{
s +=
(float) (pow(inputgridl jILkI~-statistics-mean.2)/(ncells-1))3
r
}

}
statistics.stdev = (float)(sqrt(s));

return(statistics)s
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.3 CASC2D-SED INPUT/OUTPUT FILES

Model input and output files are defined in a Project file. The project file name
represents the argument of the CASC2D-SED program. The list of input/output files and
their definition is found in Table I-1, Table I-2 and Table [-3 below. An example of a
project file is found in Appendix III.

1.3.1 Input Files

Required CASC2D inputs and options are:

(1) Simulation control data: computational time step, simulation duration, and
number of rows and columns and cell size of the grid.

(2) Precipitation data: precipitation duration and a) if uniform rainfall, the
intensity or b) number of raingages, rainfall data time step, and rainfall gages UTM
coordinates if distributed rainfall.

(3) Basin outlet characteristics: a) row, column and overland slope of the basin at
the outlet and b) link characteristics if channel routing is selected: (link number, total
nodes, type, width, depth, side slope, roughness and sinuosity)

(4) Soil parameters: number of different soil types, and a) if infiltration occurs:
hydraulic conductivity, suction head, and moisture deficit and b) if erosion option is
selected: percentages of sand, silt and clay in soil and USLE soil erodibility factor.

(5) Land use parameters: number of different soil uses, roughness coefficient and
interception depth and, if erosion option is selected: USLE cover and management
practice factors.

The input files are: the simulation control file (specifying parameters defined in

the last 5 paragraphs), channel data file, and precipitation file (if distributed rainfall is
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used). Input as raster ASCII maps are: DEM, soil index, land use index, watershed mask,
and channel links and nodes (if channel routing is selected). The storage depth ASCII
grid is an optional input grid.

Examples of input files can be found in Appendix III.

[.3.2 OQutput Files

CASC2D-SED creates the next output files:

(1) Summary file: contains information on the simulation parameters, channel
topology inferred from the link and node maps and the final results of the hydrological
and erosion components.

(2) Flow and sediment flow files: containing the water flow [m3/s] and sediment
flow [m3/s] at the outlet. Results can optionally be written at other internal locations
inside the watershed.

(3) Time-series grids: They are optional and represent simulation values at
predetermined times. Output raster maps include: water depth, rainfall rates,
accumulated infiltrated depth, total sediment volume, suspended sediment volume, and
sediment flux and concentration by size fraction. Time series maps can be later used as
input in an animated file.

Examples of CASC2D-SED output files can be found in Appendix III.
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Table [-1 CASC2D-SED input and output text files

Project name

File variable

Description

lOutpul Text Filesl Input Text Files

DISCHARGE_OUT  dis_out_file

SEDIMENT_OUT sed_out_file

CONTROL control_file Controls the simulation.

PRECIP rain_file Precipitation data if gages are present [in/hr]
CHANNEL chn_file Channel characteristics data for each link and node.
SUMMARY Summ_file Simulation summary file

Hydrograph at outlet and, if selected, at internal
locations [m*/s]

Sedigraph at outlet and, if selected, at internal
locations [m’/s)

Table I-2 CASC2D-SED input grids

Project name File. Varfable Read Description

variable / Displayed
ELEVATION elev_file e[jlk] Grid elevation at (j,k) [m]
SOIL soil_file isoil(j1k] Soil type index at (j k)
LANDUSE iman_file iman{j]{k] Land use / land cover index at (j,k)
MASK shap_file ishp(jlIk] ;\tlz(sitir)shed and channel network definition
LINK link_file link[j]{k] Link number at (j,k)
NODE node_file node(j]{k] Node number at (k)
STORAGE_DEPTH sdep_file sdep[jli{k] Storage deposition at (j,k) [m]
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Table I-3 CASC2D-SED time-series output grids

Project name File variable Vanab.lc Read Description
/ Displayed

RAINFALL mame rint[j][k] Rainfall rates at (j,k) [in/hr]
INF_DEPTH vinfname vinf[jj[k]} Volume of infiltrated water at (j,k) [m]

h{jllk] or Depth of water (channels and
WATER DEPTH  dname heh{j)[K] overland) at (j.K) [m]

. Total volume of suspended sediment at

SUS_SED susname totsus{j]{k] G,k [mm]

Zqovs[SizeFr]{j}{k] Total suspended sediment
SED_CONC cname / (water volume) concentration at (j,k) {m’/m3 ]
EROS_DEP erosdepname tometv{j][k] Total net erosion at (j,k) [mm)]

SAND FLUX_OUT  sandfluxname SedFluxOut[1](j](k] Total sand flux out of (j,k) [m*/s]
SILT_FLUX_OUT siltfluxname SedFluxOut{2]{ji(k] Total silt flux out of (j,k) [m’/s]
CLAY_FLUX_OUT  clayfluxname SedFluxOut[3](j][k] Total clay flux out of (j.k) [m®/s]

TOTAL_FLUX _OUT totalfluxname gssfjl[k}/dt Total sediment flux out of (j,k) [m’/s]
Max. flux-averaged concentration of
sand out of (j,k) [m®/s / m%/s]

Max. flux-averaged concentration of
silt out of (j,k) [m*s / m*/s]

Max. flux-averaged concentration of
clay out of (j,k) [m*/s / m%/s)

SAND MFAC OUT  sandMFACname MFAC[1]{ji{k]
SILT_MFAC_OUT sitMFACname  MFAC[2](jl[k]
CLAY_MFAC_OUT clayMFACname MFAC[3][jl(k]}

TOTAL_MFAC_OUT totalMFACname MaxFluxCout[j](K] ;‘:sfmg:["ofl‘t’ffazeg)°[‘::§/§"/“‘n;§'/‘;;‘ of
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/'
/b
/f
/.
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/ﬁ
/*
/=
/t
/*
/'
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/*
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/*
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/*
/'
/*
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/'
/t
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/'
/*
/-
/'
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/'
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/'
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/'
/'
/*
/o
/'
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/'
/t
/'
/-
/t
/v
/'
/-
/*
/'
/'

CALLS:

VARIABLES:

Globals:

.CreateMovie: Index: 1: Movie is created; 0: not created

.ElapsedTime: Elapsed time (secs) between CASC2D generated maps

.Endframe: Frame in which the display or movie will end

.FrameStep: Number of frames to skip when displaying series

.iter: Counter used to name multiple sequential images

.MapTitleXX: Title for each of the displayed maps

.MovieName: Name given to the final MPEG file (movie)

.NameXX: Prefix (root) given to each of the thematic series

.RMTXX: Remap table for each of the thematic series

.SecsPause: Seconds to halt the series display

.ShdSetXX: Shade set for each of the thematic series

.StartfFrame: Frame in which the display or movie will end

.wPath: workspace location. Enter full path if the workspace
is in ancther location

ROUTINES:

GetUserInputData ~- Prompts the user to enter input data
GetFileInputData -- Input data is read from a file
CreateGrids --
1. Creates the grids from the ArclInfo
ASCII files if they don't exists.
They will be named as: PrefixSufix
Example: depthl; depth2; ....depthn;
2. Writes grid stats. in text files
CisplayGrids -- Displays the series of grids in an Arc Plot
display window according to the specified
remap table and shadesets defined previously
by the user.
Animate -- Executes the MPEG encoder
KillAllGrids -- Created grids can be cleaned once the screen
shot has been taken if the user decides so.
GetUserSpecs -- Get the user's ArcPlot configuration
PutUserSpecs -- Restores the user's AP configuration
bailout ~-- bails of of aml

NOTES:
Must have the Berkeley MPEG encoder in:

SARCHOME\bin\mpeg_encode.exe
HISTORY:
9 Aug 1996 Original coding - Ian DeMerchant
(as mpeg_encode.aml in ArcTools)
15 Nov 2000 Major revision - Stephen Lead (slead@esriau.com.au)

{&s mcvie.aml)

15 Jul 2001 Revision ~-- Rosalia Rojas (CSU}

{as DisplaySeries.aml)
This AML has been rewriten for handling different options.
The movie can display 1, 2, 3, 4 or 6 maps per frame
User is able to define the remap table and color scheme
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/* DEFINE WHICH TRAMES WILL BE SHOWN

&SV .StarctFrame = RESPONSE 'Start movie in frame number']
STYPE

&5V .EndFrame = {RESPONSE 'End movie in frame number']
&TYPE

&SV .ElapsedTime = ~
TRESPONSE 'Elapsed show time between frames (sec.)']
&§TYPE

&SV .FrameStep [RESPONSE 'Show frame step']

£TYPE

&SV .SecsPause {RESONSE 'Seconds to pause frames display in AP']
/* Ask fcr the location of the folder where the ASCII grids are
&5V .wPath = [RESPONSE 'ASCII grids location (full path)']

aTYPE
/* GET TEE NAMES OF THOSE MAPS

&DO MapNumber = 1 &TO %.MapsPerfFramet
&sv .Name$MapNumber® = ~
[RESPONSE 'Name {prefix) of map no. '%MapNumber% :']
&END
&TYPE

/= ASK THE USER TO ENTER THE REMAP TABLE NAME FOR EACH OF
/* THE MAPS (S)HE WANTS TO DISPLAY

&§D0 MapNum = 1 &TO %.MapsPerFrame$%
&sv .RMT¥MapNum% = ~
[RESPONSE 'Remap table name for the '([value NameiMapNumi]' map']
&END
§TYPE

/= ASK THE US
{
!

R TC ENTER THE SHADESET FILE NAME FOR EACH OF
/= THE MAPS )

r
S)HE WANTS TO DISPLAY
&DO MapNo = 1 &TO %.MapsPerfFramet
&sv .ShdSettMapNot = ~
[RESPONSE 'Shadeset file name for the '{value Name%MapNo%]' map']
&END
&TYPE

/* ASK THE USER TC ENTER THE TITLE TO DISPLAY FOR EACH OF
/* THE MAPS (S)HE WANTS TO DISPLAY

&DO MapNo = 1 &TO %.MapsPerFramei
&sv .MapTitietMapNos = ~
[RESPONSE 'Title tc display for the '[value Name%MapNo%]' map']
&END
&TYPE

/>~ ASK WHETHER THE USER WANTS TO CLEAN THE WORKSPACE
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/* AFTER THE MOVIE IS DONE.

&SV OrderToKill = ~
(RESPONSE 'Kiil grids after they are displayed (l:yes;0:no) ?2']
&TYPE

/* SCARE THE USER IF (S)HE WANTS TO CREATE THE MPEG FILE
&TYPE
&TYPE WARNING !'!!'!
&TYPE 8Se aware that creating a movie will take for about
&TYPE a minute per frame. Make sure that this time series
&TYPE 1is what you want to be displayed.
&TYPE
&TYPE
&TYPE

&SV .CreateMovie = ~
{RESPONSE 'would you like to create a movie (l:yes;0:no) ?']
&TYPE

&§IF %CreateMovie% = 1 &THEN
&SV .MovieName = [RESPONSE 'Movie name']
§TYPE

/*&SV .3Drendering = ~

/= [RESPONSE 'would you like a 3-D representation (l:yes;0:no) ?']
/=&TYPE

/*&SV .SurfaceModel = -~

/> [RESPONSE 'Name of the surface model (include path) ?']

/*5TYPE

/*&SV .2Zscale = ~

/= [RESPONSE 'Vertical scale (>1 exaggeration; <1 reduccion):']
/*&TYPE

&RETURN

/r RRHBBEERBRRERE RO RB R GER B SBABUA NN B BRI
/* hhBBEREEAERY ROUTINE GET_FILE_INPUT_DATA (3332322222233 22
/T BUBHGRARRERERARREURARRRREHUBRANRRRUG AR R BERERBUGEE BRGNS
&ROUTINE GetFilelnputData

&SV AMLunit = ‘open tDSParamFile% openstat -read]

/* First four lines are comments

&SV linel = (read %¥AMLunit% readstat] /* comment line
&SV line2 = [read %AMLunit% readstat] /* comment line
&SV line3 = [read $AMLunitt® readstat] /* comment line
&5V lined4 = [read tAMLunit% readstat] /* comment line
&TYEE

&SV line5 = [unguote [read %AMLunit% readstat]]

&SV .MapsPerframe = [extract 2 tlineS5%]
&TYPE Maps Per Frame: 3%.MapsPerframe%

1-90

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&TYPE

&5V line6 = {unquote [read %AMLunit% readstat]]

&SV .StartfFrame = [extract 2 %line6y}

&TYPE Starting Frame = %.Starclkrame$

&TYPE

&SV l:ine7 = !unquote [read %AMLunit% readstat]]
&SV .EZndFrame = {extract 2 %line7%]

&TYPE Ending Frame = %.EndFramel

aTYPE

&5V lineB8 = [unquote [read %AMLunit$% readstat]]
&5V  .ElapsedTime = [extract 2 %lineB%]

&TYPE Elapsed time between frames = %.ElapsedTime%
&TYPE

&SV 1ine9 = [unquote ([read %AMLunit% readstat]]
&SV .FrameStep = [extract 2 %1line9%]

&TYPE Frame Step = %.FrameStep%

&TYPE

&SV linel0 = [ungquote [read $%AMLunit% readstat]]

&SV .SecsPause = [extract 2 %iinelQ%]

&TYPE Seconds to pause frame display in AP = %.SecsPausetl
&TYEE

&SV linell = ‘read %AMLunit$% readstat] /* blank line

&SV linel2 {UNQUOTE [READ %AMLunit$% readstat] |
&SV .wPath = [extract 2 %linel2%i]

&TYPE Time series grids location = %.wPatht
&TYPE

&SV linel3 = [unquote (read %AMLunit% readstat]]
&DO MapNumber = 1 &TO %.MapsPerFrame$
&SV .NameitMapNumber% = ~
[EXTRACT [CALC %$MapNumber% + 1] %linel3%)
&TYPE Map No. %MapNumber%: [VALUE .NametMapNumbers}]
&END
&TYPE

&5V lineld4 = [unquote [read %AMLunit% readstat]]
&DO MapNumber = 1 &TO %.MapsPerfFramet
&sv .RMT%MapNumbert = ~
{EXTRACT [CALC $MapNumber% -+ 1] %$lineld%)
&TYPE Map No. %MapNumber$% Remap Table: [VALUE .RMT%MapNumbert]

&SV linel5 = {[unquote [read %AMLunit$% readstat]]
&DO MapNumber = 1 &TO %.MapsPerFramet
&s5v .ShdSetr%MapNumber% = -~
[EXTRACT [CARLC %$MapNumbert + 1] %linel5%]
&TYPE Map No. $MapNumbert% shadeset: [VALUE .ShdSet%MapNumber$]
&END
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&TYFE

&SV _:nel6 = [unguote [read ¥AMLunit% readstat]]
&DO MapNumber = 1 &TO %.MapsPerFrame}
&sv .MapTitieiMapNumber$% = ~
[EXTRACT (CALC %MapNumber% + 1] %linel6%]
&§TYPE Map No. tMapNumber% title: [VALUE .MapTitletMapNumber%]
&END
&TYPE

4S8V 1lirel7 = [unquote [read $AMLunit% readstat]]
&§D0 MapNumber = 1 §TO % .MapsPerframel
&5v .MapSubTitle3MapNumber% = ~
{EXTRACT ([CALC %MapNumber% + 1] %1linel7%]
&TYPE Map No. %MapNumber$® subtitle: [VALUE .MapSubTitle%tMapNumber%]
&END
&TYPE

&SV linelg = [unguote (read %AMLunit$% readstatl}]

&SV .CrderToKill = [extract 2 %$linel8%]

&IF %.0rderTcKill% = 1 &THEN; &TYPE Grids deleted after displayed
&ELSE &TYPE Generated grids will not be deleted

&TYPE

&SV linel3 = [unquote (read %AMLunit% readstat]]

&SV .CreateMcvie = [extract 2 %linel9%]

&IF %.CreateMovied% = 1 &THEN; &TYPE An MPEG file will be created
&ELSE &TYPE No MPEG file will be created

&TYPE

&SV line20 = [unquote [read %AMLunit$% readstat]]

&SV .MovieName = [extract 2 %1ine20%]
&TYPE Movie Name = %.MovieName$
&TYPE

&5V closestat = [CLOSZ %AMLunitk]
&RETURN

I REREEAGRERERRAAAGBREERRT RN BB R ERNB AR
/r BEBBEHEREHEES ROUTINE CREATE GRIDS 2233223322222 222 22
I REGRERRERERBRBRBEBRRBRBRRARAROE RGBSR

§routine CreateGrids

/* OPEN AND WRITE TITLES IN THE FILES THAT WILL HOLD THE GRIDS STATS.

&D0 i = 1 &TO t.MapsPerfFrame%
&SV filexists = [EXIST %$.wPath3%{value .Name%i%] desc.txt -FILE]
§IF $filexists% &THEN -
&SV NULL [DELETE %.wPath%{value .Name%i%] desc.txt]
&SV fileunit$it ~ B

[open %.wPath%[value .Name%$i%] desc.txt openstat -WRITE]
&SV NULL [WRITE [value fileunit%i%] ~
'GridName Min. Max. Mean StdDev']}
&SV NULL [WRITE [vaiue fileunit%i%] -~
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&§FORMAT 1

/*&IF %.MapsPerFrame% = 1 &THEN

/'

&RUN DS1.AML

/*&ELSE

&RUN APdisplay.ami

§CALL PutUserSpecs

QUIT

&RETURN

AR 1213332333233 32 2222232222322 23222223323332328
/* BEBEBRAUEEES ROUTINE ANIMATE RERERUEHERBEREERAS
IAMREIIE3232323223233222322232332332233223233 323232323 2322333323322323
/* THIS PART OF THE CODE IS A MODIFIED COPY OF THE animate

/* routine WRITEN BY STEPHEN LEAD IN THE animate.aml

&ROUTINE animacte

/v
/*

/t-
/i
/t
/*

/ﬁ
/t

TO CREATE THE ANIMATED MPEG FILE, WE USE THE BERKELEY MPEG ENCODER
WITH THE DEFAULT MPEG PARAMETER FILE DEFINED IN THIS AML.

THE USER CAN CHANGE THESE PARAMETER VALUES TO HIS/HER LIKING
ACCORDING TO THE USERS-GUIDE.PS CREATED AT THE BERKELEY MULTIMEDIA
RESEARCH CENTER, WHICH CAN BE FQUND AT:
http://bmrc.berkeley.edu/frame/research/mpeg/mpeg_encode.html

A GOOD EXPLANATION AND EXAMPLE OF THE MPEG PARAMETER FILE IS FOUND
AT: http://www.math.arizona.edu/swig/animation/MPEG/ (by Mark Hays)

/* Calculate the first and last images - the temporary files
/* contain a prefix with 5 trailing digits. We need to substitute
/* zeros for any leading blank values.

&s first 00000
&s last %$.iter%
§do 1 =1 &to [calc 5 - [length %.iters]]
&s last 0O%last$
&end

/* Write out a parameter file for this animation.

&s param_file [scratchname -£file]

&s f:leunit [open %param_file% openstat -write]

&1f topenstat¥% <> 0 &then
&do
&s str Could not create %param_file%...; &call bailout
&end

§s null [write %fileunit$% 'PATTERN IBBPBBPFBBPBB']
§s null [write %fileunit% 'INPUT']
&setchar &function '[*' '*}°
&s null I~ write %fileunit% ~
I quote %.MovieName%* [$first%-%lastt] *| *|
&setchar &function [ }
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http://www.math.arizona.edu/swig/animation/MPEG/(by

&s null [write %fileunit$% 'END_INPUT'}
&s null [{write %$fileunit% [quote OUTPUT %.wPath%%.MovieNamei]]
&s null [write %fileunit% [gquote INPUT_DIR [show work]]]
&s null {write %$fileunit$% ~
(quote INPUT CONVERT [joinfile [joinfile ~
[pathname SARCHOME] bin ~SUB] rasttopnm -FILE] *1]
&s null [write %fileunit$% 'BASE FILE_ FORMAT PNM']
&s null {write %fileunit} 'SLICES_PER_FRAME 1']
&s null [write $fileunit% 'PIXEL HALF'}
§s null [write %$fileunit% 'RANGE 9']
&s null [write %#fileunit% 'PSEARCH_ALG TWOLEVEL']
&s null ‘write %fileunity 'BSEARCH_ALG CROSS2']
&s null [write 3fileunit% 'GOP_SIZE 12°']
&s null [write %fileunit% 'PQSCALE 10°')
&s null [write %fileunit% 'IQSCALE 10']
&s null [write $fileunit® 'BQSCALE 10'}
s null write %fileunit$ 'REFERENCE_FRAME ORIGINAL']
&s null [write %fileunit% 'FORCE_ENCODE_LAST_ FRAME']
&s null f(close $fileunity]

/* EXECUTE THE ENCODER
&sys [joinfile [joinfile {pathname S$SARCHOME] bin -SUB] ~
mpeg_encode -FILE] $param_file$

/* DELETE THE TEMPORARY FILES
&s deletestat ([DELETE %param_filet% -file]
&DO i = 0 &TO %.iters
&SV value %i%
&DO a = 1 &TO [calc 5 - [LENGTH %i%]]
&S value 0O%value$
&S delstat [DELETE %.MovieName%t%value% -file]
&END
&END

&RETURN

I RRHBEHBRRAAARARERB D RRR BRI BG BRI REBEE
/T BRERBREBHELHN ROUTINE KILL ALL GRIDS BhEHBBRHBERARARASRS
/r GEHRRBRRRRRBECRANBRERABRERER UGBS RGBSR
/* KILLS THE INPUT GRIDS IF THE USER DECIDED SO

&ROUTINE KillAllGrids
&IF %.0rderToKill% = 1 &THEN

&DO FrameNumber = %.StartFrame% &TO %.EndFrame$% &BY 3%.FrameStep%
&type Killing Grids Number: $FrameNumber%
&DO MapNumber = 1 &TO %.MapsPerFrame%
&sv String := %.wPath%[value .Name%MapNumber%]
&sv gridexist = [exists %Stringi%FrameNumber% -grid]
&§if ¥gridexist® &then
KILL $String%%FrameNumber$% ALL
&END
&END
&RETURN
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I HARBRAABBAAERNUBE R EE AR BB R RN RURLBRABRRGRERRERRERLERRE
A 3323332221 ROUTINE CHECK_INPUT_ERRORS i3 3333253333222
/r REBBEHABEABBE AR R REBERHBEUORERRAR NG RARBBARIRR LGRS

&ROUTINE CheckInputErrors

/* TODO: this is just one of the errors. I should check for the rest
&IF %.MapsPerFrame$ NE 1 AND ~
% .MapsPerfFramet NE 2 AND ~
% .MapsPerFrame® NE 3 AND ~
% .MapsPerFrame% NE 4 AND ~
% .MapsPerFrame% NE 6 &THEN
&DO
§TYPE WARNING !'!!!
&§TYPE You have chosen to display %.MapsPerFrame% grids per frame
&TYPE Please, Choose to display 1, 2, 3, 4 or 6 grids per frame
S§TYPE
&CALL bailout
&END

&RETURN

/7 BERRERRRRARBRBRAANABHERURHNBRUGHEGUBRANBEBRARERHBERORRUBER AR RN
/* BEBGEBEBESHS ROUTINE BAIL_OUT (2323323232332 333 221
AR 3123222233323 33333 3222222222222 2R 2 RS SERRRREAN

&ROUTINE bailout
&IF NOT ([variable str] &THEN &S str Bailing out of tamlSfile%
&RETURN; &RETURN &WARNING %str%
&TYPE

&RETURN
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/* SPECIFY ARCPLOT DISPLAY CONFIGURATION
&IF %.MapsPerFrame% EQ 1 OR %.MapsPerfFramet EQ 4 &THEN

&DO
DISPLAY 9999 SIZE CANVAS 720 600 /~ Landscape
PAGESIZE 11 8.5 /* Landscape
/* &IF sCanvasColor$ EQ BLACK &THEN PATCH 0 0 11 8.5
BOX C 0 11 8.5 /* Landscape

S&END

&ELSE

£DO
DISPLAY 9999 SIZE CANVAS 530 720 /* Portrait
PAGESIZE 8.5 11 /* Portrait
/*&lIF %$CanvasColor% EQ BLACK &THEN PATCH 0 0 8.5 11
30X 0 0 8.5 11 /* Portrait

&END

/* LEGEND AND TITLES WILL NOT CHANGE ALONG THE SIMULATION SO THEY ARE
/* DISPLAYED ONLY ONCE AT THE BEGINING (they won't flicker every time
/* the display is refreshed and the display will be faster)

/* Set variables depending on the number of maps per frame
&CALL SetLayoutVariables

/* Creates Legends and Titles in layout
&CALL Legend
&CALL TitleText

/* DISPLAY THEMATIC MAP SERIES
&D0 FrameNumber = %.StartFrame% &TO %.EndFrame% &BY $%.FrameStep$

GNDS TRANSPARENT /* NODATA cells will be displayed transparently.
/* that I can see the map legend

&SV timesec [calc iFrameNumber% * %.ElapsedTime%]
&SV timemin [calc %$timesec% / 60)
&CALL TimeText

&TYPE Displaying frame Number: %FrameNumber$

&D0O n = 1 &TO %.MapsPerFrame%

MAPLIMITS [UNQUOTE[VALUE MLimits¥n%]]

MAPEXTENT %.wPath#[VALUE .Name%n%]%FrameNumber$

MAPPOSITION LR LR

SHADEDELETE ALL

SHADESET ([VALUE .ShdSet%n%]

GRIDSHADES -~

% .wPath% [VALUE .Name%n%]3%FrameNumber% VALUE [VALUE .RMT%n%]

LINECOLOR 2

LINESIZE 0.04

/*ARCS h:\gismaps\3hydromodel\30\drainagedata\basins_pclys
&END

&§PAUSE &SECONDS t.SecsPauset

&IF Y.CreateMovies = 1 &THEN &DO
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&RXUN TakeScreenShot
4TYPE Done: Screen shot of frame Number: %FrameNumber%
S§END

&END
&RETURN

/v BEBHGREGESHUEREBUBREHRNERLRROHRHEHEAHERRARUREERRETHEERRRREER R
AR 2232 E2 22233 ROUTINE LEGEND (2232333322233 2223 3
[ BRBHEERUREERGG BB RUERREERRABHERREEERRBU R RE DRt

/* CREATES FILES TO STORE THE KEY FILES.
/* KEY FILES ARE DERIVED FROM REMAP TABLES

&ROUTINE Legend
&DO k = 1 &TO $.MapsPerframet
&SV fileunittky [OPEN %t.wPath%(value .Name3k%].key openstat -write]

&IF %openstat% <> (0 &THEN
&DO
&SV str Could not create key file ...; &CALL bailout
&END

/* DATA WILL BE TAKEN FROM THE REMAP TABLE (DEFINED BY THE USER)
/* AND WRITEN TO THE TEMPORAL KEY FILE WITH THE CORRESPONDING
/* KEY FILE FORMAT (see "Drawing Key Legend” help)

&SV ecf O

&SV RemapFile%$k% [(open [value .RMT%k%] openstat -read]
&SV line [UNQUOTE [READ [value RemapFile3k3] eof]]

/* 1 ASSUME THAT THE USER DOESN'T HAVE MORE THAN 100 CLASSES!'!!
/* I WILL ONLY WRITE THE UPPER LIMIT AS THE TEXT CLOSE TO THE KEY
/* IF YOU WANT TO WRITE THE WHOLE INTERVAL --> CHANGE NEXT LINES
/* OF CODE TO READ AND WRITE THE 1st AND 2nd ARGUMENT OF %line%

&DO i = 1 &TO 100 &WHILE %eof% NE 102
/* 102 is returned value for EOF
&SV NULL [WRITE (VALUE fileunit%k%] .%i% ]
&SV key%i% := [QUOTE < [EXTRACT 2 %line%]]
&SV NULL [WRITE [VALUE fileunit%k%] [value key%i%]]
&SV line [UNQUOTE [READ [value RemapFile%k%] eof]]
&END

&SV NULL [CLOSE ([VALUE fileunit%k%]]

&SV closestat = [CLOSE [VALUE RemapFile%k%]}
&END

/* TCDC:CHANGE THE NEXT LINES WITH THE FONTS AND SIZES OF YOUR LIKING
/= NEXT SPECIFICATIONS WILL BE COMMON FOR ALL LEGENDS

1-100
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/ BRESHAAABHE4BMGGHAABRHANREARREHTHUABUABAIRBEEHANERARUCHARGHERERYHS
/T BEhEsddadnes ROUTINE TIME_TEXT t33333222 33823322323
I GEBHASGBABAGRREAHEHEHBURRERUGRHARIABEIHEBGREREROERBRERS

/* CALCULATES SIMULATION TIME AND DISPLAYS IT ON THE LAYOUT

&ROUTINE TimeText

/* Needed to put a black box on top of the time so that the last
/* time is not shown (the display window is not being refreshed )

SHADETYPE COLOR
SHADECOLOR 0

/* (xmin, ymin) has been specified in the SetVariables routine
&SV xmax [CALC $xmin% + 2]
&SV ymax TCALC %ymin% + 0.55]

PATCH $xmin% %tymin% 3¥Ixmax¥ %ymax$
MOVE [CALC %xmint% + 0.25] [CALC %ymin% + 0.25]

TEXTSIZE 0.40 0.40

TEXTSPACING 0

TEXTQUALITY EROPORTIONAL

TEXTFONT 'omega bold'

TEXT 't = '

TEXT [QUOTE ([format '%1%' %timeming]]

MOVE [CALC %$xmin% + 1.8] [CALC %ymin% + 0.25]

TEXTEFONT 'times. /' rarieieieledelelelelele e e Be e B R ho e B 2o ]

TEXT ' min.' /* How to write the whole thing
/* with only one TEXT command 2
S&RETURN

/7 RHBRGERBARERAIREERHARERUBHHARGIRAIGLEHERGRRMAANUABBRRTUBI Y
/* GeBhBEGaEEAS ROUTINE SET_VARIABLES (3332332383323 22223
[ BAREERAGERARIARRGLARERERHRIER RGOt
&ROUTINE SetlayoutVariables

&IF %.MapsPerfFrame% EQ 1 &THEN

&§DO
&SV MLimitsl = ' 0 0 11 8.5 '
&SV Areal = '0.2 5.0 4.3 8.4
&SV xTitlePosl = 3.5
&SV yTitlePosl = 7.35

&SV xmin = 6.75
&SV ymin 0.75
§END
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&IF %.MapsPerFrame% =Q 2 &THEN /-
&DO /™

| |
&SV MLimitsl = '0.1 5.4 8.4 10.9' /* | 1 I
&SV MLimits2 = '0.1 0.1 8.4 5.5 /* | I
&SV Areal = '0.1 8.9 2.85 10.65" /* | ]
&SV Area2 = '0.1 3.6 2.85 5.35°' /* 2 !
&SV xTitlePosl = 2.4 VA !
&SV yTitlePosl = 10.6

&SV xTitlePos2 $xTitlePoslt
&SV yTitlePos2 = (CALC %yTitlePoslt - 5.3 }
&SV xmin = 4.20
&SV ymin = 0.1
&END

/* this one needs more work. Check values
&IF % .MapsPerframe% EQ 3 &THEN
&DO

&SV MLimitsl = '0.0 7.4 8.5 11.0°
&SV MLimits2 = '0.0 3.7 8.5 7.3’
&SV MLimits3 = '0.0 0.0 8.5 3.6
&SV Areal = '0.1 8.9 2.85 10.65"
&SV Area2 = '0.1 3.6 2.85 5.35"
&SV Area3 = '0.1 3.6 2.85 5.35°'
&SV xTitlePosl = 5.795 /*
&SV yTitlePosl = 0.9 /* I
&SV xTitlePos2 = 5.75 /* | 1 ]
&SV yTitlePos2 = 6.3 /x| I
&SV xTitlePos3 = 6.3 /* | }
§SV yTitlePos3 = 5 /* 2 |
&SV xmin = 2.20 /* | f
&SV ymin = 0.1 /o i

&END /* 3 i

/) !
&IF % .MapsPerFrame% EQ 4 &THEN

&DO
&SV MLimitsl = '0 4.25 5.5 8.5"
§SV MLimits2 = '5.5 4.25 11 8.5"
&SV MLimits3 = '0 0 5.5 4.25°
&SV MLimitsq4 = '5.5 0 11 4.25°
&SV Areal = '0.05 6.95 2.05 8.45"
&SV Areal = '5.40 6.95 7.40 8.45"
&SV Area3 = '0.05 2.75 2.05 4.25°
&SV Aread = '5.40 2.75 7.40 4.25°
&SV xTitlePosl = 2.70
&SV yTitlePosl! = 8.05 /* !
&SV xTitlePos2 = 8.10 /* I I
&SV yTitlePos2 = B8.05 /* 1 ! 2 I
&SV xTitlePos3 = 2.70 /| i |
&SV yTitlePos3 = 3.85 /* ' I
&SV xTitlePos4 = 8.10 /* | 3 f 4 i
&SV yTitlePos4 = 3.85 A ! |

&SV xmin = 3.0
&SV ymin = C.05
&END
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&§IF % .MapsPerFrame% EQ 6 &THEN

&D0
&SV
&SV
&5V
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&SV
&5V
55V
&5V
&5V

&END

&RETURN

MLimitsl =
MLimits2
MLimits3
MLimits4 =
MLimitsS =
MLimitsé6 =
Areal ‘0
Area2 '4
Areal3 = '0
Aread = '4
Area5 = '0
Area6 '4
xTitlePosl

yTitlePosl =

xTitlePos?2
yTitlePos2

.2

xTitlePos3 =
yTitlePos3 =

xTitlePos4

yTitlePos4 =

xTitlePos5
yTitlePos5
xTitlePosé6
yTitlePos6
xmin = 2.20
ymin = 0.05

.
— NN W
. .

'0.0 7.2 4.2 10.8' /*Landscape: 0 4.2
'4.2 7.2 8.4 10.8' /+*Landscape: 3.6 4.
‘0.0 3.6 4.2 7.2 /*Landscape: 7.2 4.
'4.2 3.6 8.4 7.2" /*Landscape: 0 0 3
'0.0 C.0 4.2 3.6 /*Landscape: 3.6 0
'4.2 0.0 8.4 3.6 /*Landscape: 7.2 0
.05 9.15 1.65 10.85"
.2 9.15 5.8 1C.85"
.05 5.55 1.65 7.25°
.2 5.55 5.8 7.25°
.05 1.95 1.65 3.65"'

1.95 5.8 3.65'
= 2 /*
= 10.2 AN !
= 6.15 /i 1 ! 2
= 10.2 /o t

2 /* !

6.6 /* 3 I 4
= 6.15 /* 1 !

6.6 /* f
=2 /* 5 ! 6
= 3.0 /1 |
= 6.15
= 3.0
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[ BEFRESHHBEFRLBILNRRARELLUBRRIELARRHRRRECHRBRARAHBER BRI HGHnFYRRY
/* RHEEEEEREHEN ROUTINE TAKE_SCREEN_SHOT t3332332332332323323
/O BEBRBEBAGHAASGAALHHEABEASERAGAGHSREINGRUBARAUELIRARHI SRR

/* THIS PART OF THE CODE IS A PARTIAL COPY OF THE createimages
/* routine WRITEN BY STEPHEN LEAD IN THE animate.aml

/* IMPORTANT: I HAD TO CHANGE MY SCREEN DISPLAY TO 'TRUE COLORS'
/* (NOT 256 OR 65536 COLORS)

/* CREATE A TEMPORARY SCREENSHOT IMAGE, CONVERT TO SUNRASTER.
/* OMIT THE CONVERSION STAGE IF YOU ARE NOT USING WINDOWS NT.

&5V tempimage [scratchname —-file]

/* screensave command:IN WINDOWS NT THE IMAGE IS SAVED AS A BMP FILE
/= UNLESS OTHERWISE SPECIFIED. SINCE JPEG IS ALREADY A COMPRESSED
/* IMAGE, AND THIS IMAGE WILL BE FURTHER COMPRESSED IN THE MPEG

/* ENCODER (THUS, LOOSING RESOLUTION) WE SAVE THE FILES AS SUNRASTER

SCREENSAVE %tempimaget

&5V rsimage [scratchname -file]

ARC CONVERTIMAGE 3tempimage® %rsimage% sunraster none
&SV delstat [delete %tempimage$ -file]

&SV delstat ([delete %tempimage$w -file]

/* NOTE: ANOTHER WAY TO CREATE AN ANIMATED FILE IS TO CREATE GIF

/* OR JPEG FILES AND TCO USE A PROGRAM TO CREATE AN ANIMATED GIF.

/= ADVANTAGE: EASY TO USE, VERY VERSATIL. DISADVANTAGE: SOFTWARE

/* NOT FOR FREE. A GOOD STARTING POINT TO LEARN ABOUT ANIMATED GIFs
/* AND COMPARE SOFTWARE: http://www.webreference.com/dev/gifanim/
/* IN CASE THAT YOU DECIDE TO CREATE AN ANIMATED GIF,YOU CAN END

/* THE AML HERE. NO NEED TO EXECUTE THE animate SUBROUTINE.

/* COPY THIS IMAGE A NUMBER OF TIMES TO PROVIDE MULTIPLE FRAMES,
/* ELSE THE IMAGE ONLY APPEARS FOR A SPLIT SECOND IN THE MPEG FILE.
/* SETTING THE APPROXIMATE NUMBER OF FRAMES PER SECOND TC 40 FRAMES

/* SEEMS TC RESULT IN EACH IMAGE LASTING ABOUT 1 SECOND.

/* THE LARGER NUMBER OF repeats --> THE MOVIE DOES NOT GO SO FAST
/* BUT THZ TIME IT TAKES TO CREATE THE MOVIE IS BIGGER AND THE

/* MPEG FILE WILL ALSO BE LARGER

&SV repeats 4
&TYPE Copying the image 4 times

&do a = 1 &to irepeatst
&SV .iter {calc %.iter% -+ 1]
&SV imaget.itert [scratchname -prefix %.MovieName$ -file]
&SV ccpystat [copy %rsimage?® [value image%.iter%] -file]

§1f %copystatt% > 0 &then
&do
&s str Error copying image file...; &call bailout
&end
tend

I-105
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/* DELETE TEMPORARY FILES

&s delstat [delete %rsimage® -file}

&s delstat [delete %rsimagesw -file]

&RETURN

[ BERRFRRERABEEBRRABHBUEAGARUBRIRIHASLHGEERETGABUTBEGRBBERRNYRY
/* HERELREEEEHE ROUTINE BAIL_OUT FRERBTHIEABENT S
VASR 223223322222 23322323 3323332333333 223 23222232323 2322332 2]
&ROUTINE bailcut

&IF NOT ([variable str] &THEN &S str Bailing out of %aml$file$
&RETURN; &RETURN &WARNING %str%

&RETURN

1.4.2 DS.aml parameter file example

4 DISPLAYSERIES.AML INPUT FILE
# Please, use this file as a template.
Leave at least one blank space between arguments

No.Maps_Per_Frame (1;4:;6): 4
Start_In_Frame_No.: 306
End_In_Frame_ No: 307
Elapsed_Time_Between_ frames(sec): 60
Show_By frame Step: 1
Seconds_Teo_Pause_Frames Display InAP: 5

Map(s)_Location: h:\simulations\distribprecip\l7o0ct81\30m\hydromaps\

Map (s} _Name{s): rain infvol depth conc
Rema(s) _Table(s): rain2.rmp infvol.rmp depth.rmp concl4.rmp
Shade (s)_Set(s): rain.shd infvol.shd depth.shd conclé4.shd
Map Title(s): 'Rainfall® ‘'Infiltr.' ‘'Depth' ' Cv!
Map Subtitle(s): ' [mm/h}' ' [mm]°* ' [m}" * (m3/m3]"°
Kill Grids_after_Displayed(l:yes;0:noj: 0
Create Movie(l:yes;0:no): 0
Movie Name: HydroSumm30.mpeg
I-106
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APPENDIX 11

{l.I  Goodwin Creek DEM, Land Use, Soil Type, and Watershed Definition at Different Spatial

Resolution -2
Figure II.1.]  DEM, watershed definition, soil type, and land use at 30-m --—---~--=--=----[1-2

Figure I1.1.2  DEM, watershed definition, soil type, and land use at 90-m —-~-------=------ -3

Figure II.1.3 DEM, watershed definition, soil type, and land use at 150-m --- ---114

Figure I1.1.4  DEM, watershed definition, soil type, and land use at 210-m -----------——----[I-5

Figure II.1.5 DEM, watershed definition, soil type, and land use at 270-m ---------------- -6

Figure II.1.6  DEM, watershed definition, soil type, and land use at 330-m -——------------ -7

II.2  Percentage of the Area Covered by each Soil Type for each Grid Size and Sub-basin----—--------- -8
Figure I1.2.]1  Percentage of the area covered by each soil type in sub-basin 4 ------—----- -8

Figure 11.2.2  Percentage of the area covered by each soil type in sub-basin 6 ------------- -8

Figure I1.2.3  Percentage of the area covered by each soil type in sub-basin 7 ------------[1-9

Figure 11.2.4  Percentage of the area covered by each soil type in sub-basin 8 -----—------1I-9

Figure I1.2.5  Percentage of the area covered by each soil type in sub-basin 14 ---—---- 11-10

I1.3  Percemtage of the Area Covered by each Soil Type for each Grid Size and Sub-basin------------- i-11

Figure 11.3.1

Percentage of the area covered by each land use type in sub-basin 4 ----- -1

Figure I1.3.2  Percentage of the area covered by each land use type in sub-basin 6 ----- l-11
Figure I1.3.3  Percentage of the area covered by each land use type in sub-basin 7 ----- [I-12
Figure I1.3.4  Percentage of the area covered by each land use type in sub-basin 7 ----- i-12
Figure I1.3.5  Percentage of the area covered by each land use type in sub-basin 14---- [I-13
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I1.1 GOooDWIN CREEK DEM, LAND USE, SOIL. TYPE, AND WATERSHED DEFINITION AT DIFFERENT SPATIAL

RESOLUTION
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Figure I1.1.1 DEM, watershed definition, soil type, and land use at 30-m
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Figure 11.1.2 DEM, watershed definition, soil type, and land use at 90-m
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Figure 11.1.3 DEM, watershed definition, soil type, and land use at 150-m
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Figure 11.1.4 DEM, watershed definition, soil type, and land use at 210-m
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Figure I1.1.5 DEM, watershed definition, soil type, and land use at 270-m
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Figure 11.1.6 DEM, watershed definition, soil type, and land use at 330-m
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I1.2 PERCENTAGE OF THE AREA COVERED BY EACH SOIL TYPE FOR
EACH GRID SIZE AND SUB-BASIN

Goodwin Creek sub-basin 4

70% ° @30 m. resolution
60% - ©90 m. resolution
0150 m resolution

50% -
g 8210 m. resolution
2 40% ~ B270 m_resolution
B3 30% - 8330 m. resolution
20% " T "
0%~ 7T I
0% - : L i
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Goodwin Creek sub-basin 7
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Figure [1.2.3 Percentage of the area covered by each soil type in sub-basin 7
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Goodwin Creek sub-basin 14
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Figure I1.2.5 Percentage of the area covered by each soil type in sub-basin 14
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I1.3 PERCENTAGE OF THE AREA COVERED BY EACH SOIL TYPE FOR
EACH GRID SIZE AND SUB-BASIN
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Goodwin Creek sub-basin 7
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Figure [1.3.4 Percentage of the area covered by each land use type in sub-basin 7
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Goodwin Creek sub-basin 14
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II1.1 PRECIPITATION DAILY TOTALS PRECEDING PRECIPITATION EVENTS

a) k]
2.5¢
= Octoder 17,
bed ¢ Event 1
-
]
8 1.5¢
-
E
3 l1¢
&
0.5¢
0 et e —p—
QP S P T P . SR, O O S S R T
W WL R R K R
WY (P (P oV oV e o b WYY Y Y Y
LA AR A M A R A A )
b) 7
6P
September 20, 83
Event 2
a S
-
K] ‘1
&
°
& 34
»
-4
-t
a 2$
14
OJ—OI + *.f*-fj““.“

I I R T T S S S S S S SR GRS
C WO OO C RO
R R G S U R U SCAC AN A Ay
R A A MR R

c) 2.5

24
g
- 9
= 1.5¢ August 28, 02
-] Event 3
8 :
-
» 14
i

0.5 4
04

(R R, T Y

‘\0 s\. m‘. .\0 .\0
A 97 o\ G\
AT AT e

IR i e

L R S S8
GG
TR QR O RN

OO 3 o Y >
ISR L R R

)
"
TN

Figure IlI.1.1 Precipitation daily totals preceding the a) calibration and b) and c)
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I11.2 CALIBRATION EVENT INPUT FILES

I11.2.1 Project file: rund.prj
HE##444444448% INPUT DATA FILES Hé##s44SR##EE

CONTROL Input/run4.dat
PRECIP Input/17oct8l.pre
CHANNEL input/chann(.045.dat
#4444 4444% INPUT DATA GRIDS ##t#s#se8488%
ELEVATION Input/DEM90.asc

SOIL Input/soils%90.asc
LANDUSE Input/luse9Q.asc
MASK Input/mask90.asc
LINK Input/linksS0.asc
NODE Input/nodes90.asc

#REHRRRREESER4 OUTPUT FILES #H##4440480444RSS

SUMMARY Output/rund.sum
DISCHARGE_OQOUT Output/rund.q
SEDIMENT_OUT Output/run4.qgs
#####4 OUTPUT TIME SERIES GRID NAMES #######
RAINFALL outmaps/rain
INF_DEPTH outmaps/infvol
WATER_DEPTH outmaps/depth
SED_CONC outmaps/conc
EROS_DEP OutMaps/netvol
SAND_MFAC_OUT outmaps/mfacSAND
SILT_MFAC_OUT outmaps/mfacSILT
CLAY_MFAC_OUT outmaps/mafacCLAY
TOTAL_MFAC_OUT outmaps/mfacTOT
-3
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I11.2.2 Control file: rund.dat

2 42000 9000 30 150
57 1 0.003539

1

1

1

16 900
231568.7117 3791553.7426
233072.7721 3793603.9817
236856.3335 3794839.5058
236459.33 3795732.9309
236662.9499 3793699.8824
238396.5605 3794734.2989
239756.4195 3795151.8743
234644.3966 3793655.021
237777.6768 3796476.9739
238787.2374 3796056.2956
233758.5726 3794401.0867
235620.4058 3795906 .558
234840.6096 3792778.0814
233122.6924 3791785.0733
236523.6428 3792701.0902
238663 .3566 3793326.2882

4 0
0.25 3 0.0036 1
0.01 0 0 1
0.15 1 0.18 1
0.2 1.5 0.072 1

1 1 7
0.336 22 0.29 0.25 0.55 0.2 0.4
0.3072 14 0.29 0.25 0.55 0.2 0.1
0.3552 17 0.29 0.3 0.6 0.1 0.2
0.3648 22 0.29 0.25 0.55 0.2 0.4
0.3456 18 0.29 0.3 0.6 0.1 0.2
0.432 22 0.29 0.3 0.6 0.1 0.1
0.384 15 0.29 0.25 0.55 0.2 0.1
1 6 3

57 1 2071.98

27 42 365.88

11 55 145.86

34 57 166.07

14 78 135.85

34 36 151.46

1 6 2

57 1 2071.98

27 42 365.88

11 55 145.86

34 57 166.07

14 78 135.85

34 36 151.46

-4
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I11.2.3 Channel file: chann0.045.dat

1 12
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 20 3 0 0.045 1
2 11
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
2 22 3.5 0 0.045 1
3 7
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
2 27 4.3 0 0.045 1
4 9

wererenrmseemeee | NOTE: MIDDLE SECTION OF THE CHANNEL FILE HAS BEEN DELETED]

18 16
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1
2 34 6.05 0 0.045 1

-5
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II1.3 CALIBRATION EVENT OUTPUT FILES

[I1.3.1 Summary file: run4.sum

CONTROL Input Data

Control file : Input/rund.dat
DT = 2.00 sec NITER= 42000 NITRN = 9000 NPRN = 30 NPLT = 150

Overland outlet cell:
JOUT = 57 KOUT = 1 SOVOUT = 0.003539

CHANCHECK= 1
ELCONV = 1.00

Rainfall Data

Rainfall file: Input/l17oct8l.pre
NRG = 16 NREAD = 900

XRG([1] = 231568.718750 YRG([1l] = 3791553.750000
XRG{2] = 233072.765625 YRG([2] = 3793604.000000
XRG([3] = 236856.328125 YRG[3] = 3794839.500000
XRG[4] = 236459.328125 YRG[4] = 3795733.000000
XRG([5] = 236662.953125 YRG[S] = 3793700.000000
XRG[6] = 238396.562500 YRG[6] = 3794734.250000
XRG([7] = 239756.421875 YRG(7] = 3795151.750000
XRG([8] = 234644.390625 YRG[8] = 3793655.000000
XRG[9] = 237777.671875 YRGI9] = 3796477.000000
XRG{10] = 238787.234375 YRG[10] = 3796056.250000
XRG(1l1l] = 233758.578125 YRG[11] = 3794401.000000
XRG([12] = 235620.406250 YRG([12] = 3795906.500000
XRG[13] = 234840.609375 YRG[13] = 3792778.000000
XRG[14] = 233122.687500 YRG[14] = 3791785.000000
XRG[{15) = 236523.640625 YRG[15] = 3792701.000000
XRG[16] = 238663.359375 YRG[16] = 3793326.250000

Land Use Parameters

Index Manning Intercept. Cusle Pusle

----- --n -- -- [mm] -- ———— ————-

1 0.250 3.000 0.004 1.000

2 0.010 0.000 0.000 1.000

3 0.150 1.000 0.180 1.000

4 0.200 1.500 0.072 1.000
-6
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Soil type Parameters

INDEXINF= 1 INDEXEROS= 1 NSOIL= 7

Index Ks G Md $Sand $Silc $Clay Kusle
--—- [cm/h] [em]  -=--- aeee- eeeee aee-- -———-

1 0.336 22.000 0.290 0.250 0.550 0.200 0.400
2 0.307 14.000 0.290 0.250 0.550 0.200 0.100
3 0.355 17.000 0.290 0.300 0.600 0.100 0.200
4 0.365 22.000 0.290 0.250 0.550 0.200 0.400
5 0.346 18.000 0.290 0.300 0.600 0.100 0.200
6 0.432 22.000 0.290 0.300 0.600 0.100 0.100
7 0.384 15.000 0.290 0.250 0.550 0.200 0.100

Internal Gages Data

Gage Row Column Area
-——- -——= meeee- [has]
1 57 1 2071.980
2 27 42 365.880
3 11 55 145.860
4 34 57 166.070
5 14 78 135.850
6 34 36 151.460

INDEXSED = 1 NSED = 6 Qs_Units = 2

Gage Row Column Area

-—— ~——= eemee- [has]

1 57 1 2071.980
2 27 42 365.880
3 11 55 145.860
4 34 57 166.070
5 14 78 135.850
6 34 36 151.460

ASCII grid files header

nrows 58
xllcorner 231584.00
yllcorner 3791449.00
cellsize 90.00
NODATA_value -9999

The following Grids have been read:

Elevation Grid: Input/DEMS90mod_c.asc

Shape Grid: Input/mask.asc
Soils Grid: Input/s0ils90.asc
Landuse Grid: Input/lusel80.asc

Node Grid: Input/nodes.asc
Link Grid: 1Input/links.asc
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Number of cells in basin: 2558
Basin area: 2071.980 [ha]

Channel Linkage Information

Maximum Number of Links
Maximum Number of Nodes

18
24

SUMMARY OF FLOW OUTPUT

Peak Discharge (M3/S8) - o i vttt it ittt it e et e e e ettt e e eeee s
Time to Peak (min)............
Initial Surface Volume (m3)...
Volume of Rainfall - retention (m3)........cu'mmrmunnnnn.
Volume leaving the Watershed (m3)................ .. ... .....
Percentage of Vout to Vin.....
Final Surface Volume (m3).....
Volume Infiltrated (m3).......
Percentage of Vinftot to Vin..
Percent Mass Balance..........

HYDROLOGICAL VARIABLES MINIMUM AND MAXIMUM VALUES

Min.
. Rainfall Intensity (mm/hr) ........ ... .00t innnnnnn.
Min.
Max.
Min.
Max.
Min.
Max.

SUMMARY OF SEDIMENT OUTPUT

Rainfall Intensity (mm/hr) .. .... .. .. ennnnnnn

Infiltration Depth (mm)..
Infiltration Depth (mm)..
Overland Depth (m).......
Overland Depth (m).......
Channel Depth (m)........
Channel Depth (m)........

.............................

: Volume in Cubic Meters

(Percentages from the total eroded

Total Volume of Sand Eroded...
Total Volume of Silt Eroded...
Total Volume of Clay Eroded...

Total Volume

of Material Eroded............ ...

Volumes of Eroded Sediment Remaining on the Overland:
Total Volume of Suspended Sand
Total Volume of Suspended Silt
Total Volume of Suspended Clay

Total Volume

Total Volume of Deposited Sand

of Suspended Sediment............ccetiinn..

.............................

]

[NOTE: CHANNEL LINKAGE INPUT DATA HAS BEEN DELETED HERE ]

40.

277.

0.
1497104.
465479.
31.
10984.
.44

1020636

68.
.00

0

(%]

o
HPOOOMAOKHO

462
983
292

1738.

[N eNelNe

314
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37
07
00
00
41
09
83

17

.00
.60
.00
.94
.00
.23
.00
.47

.34
.90
.30

54

.00
.00
.12
.12

.39



Total
Total
Total
Total
Total
Total
Total

Volume
Volume
Volume
Volume
Volume
Volume
Volume

of
of
of
of
of
of
of

Deposited Silt
Deposited Clay
Deposited Sediment
Sand Remaining on the Overland
Silt Remaining on the Overland
Clay Remaining on the Overland
Eroded Material Remaining on the Overland..

Volumes of Eroded Sediment Remaining in the Channels:

Volume
Volume
Volume

Suspended
Suspended
Suspended
Suspended
Deposited
Deposited
Deposited
Deposited
Sand Remaining in the Channels
Silt Remaining in the Channels
Clay Remaining in the Channels
Eroded Material Remaining in the Channels..

Volumes of Eroded Sediment Leaving the Watershed:

Total Volume
Total Volume
Total Volume
Total Volume

Percent Mass

of Eroded Sand Leaving the Watershed..........
of Eroded Silt Leaving the Watershed
of Eroded Clay Leaving the Watershed..........
of Eroded Material Leaving the Watershed

Balance

SEDIMENT VARIABLES MINIMUM AND MAXIMUM VALUES

Max. Flux Conc. Overland (m3/S/M3/S).....cuoueemeennnenennn =
Max. Flux Conc. Channels (M3/S/M3/S)......uvtimemnnnennnn. =
Max. Suspended Sediment in Overland (mm).................. =
Max. Suspended Sediment in Channels (mm).................. =

Max.
Max

Total Net Volume
Minimum Value
Maximum Value

. (=T o =
Standard Deviation ...........c ittt =
Program stops at simulation minute: 1400.00
-9

Concentration on Overland (m3/m3)
Concentration in Channels

....................

(mm) at cthe End of the Simulation:

........................................

(m3/m3) oo i i e =

OO OOOo

535

14.
864.47
314.39
535.89

14.32
864.59

.89
20

.00
.03
.67
.71
.80
.84

ww oo

122
128

252
122
128

.64
.80
.87
.67

256.35

25.15
319.05
273.21
617.41

.01

.0468933
.0138061
.569869
.28504
.00890181
.0091609

-11.055
7.345
-0.030
0.531
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II1.3.2 Discharge file: run4.q

Time Row57Coll Row27C0l42 RowllColS55 Row34Co0lS57 Rowl4Col78 Row34Col36

1.00 0.000 0.000 0.000 0.000 0.000
2.00 0.000 0.000 0.000 0.000 0.000
3.00 0.000 0.000 0.000 0.000 0.000

cesvreresesmesmresrmsrassen [ NOTE: THIS SECTION OF THE DISCHARGE FILE HAS BEEN DELETED]

294 .00 6.718 3.537 3.396 3.001 3.840
285.00 6.686 3.483 3.337 2.957 3.780
296.00 6.654 3.430 3.279 2.913 3.721

cesessrmserssmsenemennee | NOTE: THIS SECTION OF THE DISCHARGE FILE HAS BEEN DELETED]

1397.00 0.039 0.005 0.000 0.002 0.001
1398.00 0.039 0.005 0.000 0.002 0.001
1389.00 0.039 0.005 0.000 0.002 0.001
1400.00 0.039 0.005 0.000 0.002 0.001

II1.3.3 Sediment discharge file: rund.q

Time Row57Co0ll Row27Co0l42 RowllCol55 Row34Col57 RowldCol78 Row34Col36
1.00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2.00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3.00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
we{ NOTE: THIS SECTION OF THE SEDIMENT DISCHARGE FILE HAS BEEN DELETED]
294.00 6.87274 3.62914 5.18821 2.15760 5.53370 8.28419
295.00 6.87603 3.56300 5.04122 2.13972 5.40966 8.11878
296.00 6.87683 3.49812 4.89810 2.12220 5.28760 7.95496
297.00 6.87516 3.43447 4.75876 2.10501 5.16751 7.79274

ww|{ NOTE: THIS SECTION OF THE SEDIMENT OISCHARGE FILE HAS BEEN DELETED]
1398.00 0.01110 0.00115 0.00003 0.00048 0.00003 0.00017

1399.00 0.01107 0.00115 0.00003 0.00048 0.00003 0.00016
1400.00 0.01104 0.00114 0.00003 0.00047 0.00003 0.00016

m-10
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IIL.4 EVENT 2 HYDROGRAPHS AND SEDIMENT GRAPHS
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Figure Il1.4.1 Observed and simulated hydrographs for validation event 2
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Figure [11.4.2 Observed and simulated sediment graphs for validation event 2
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LS EVENT 3 HYDROGRAPHS AND SEDIMENT GRAPHS
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Figure [I1.5.1 Observed and simulated hydrographs for validation event 3
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Figure IIL5.2 Observed and simulated sediment graphs for validation event 3

-14

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1500

1500

1500





