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 A focus on river and stream morphology with a specific emphasis on how 

urbanization and human impacts affect river channels.  In the study of rivers, specifically 

looking at how the channel geometry changes with time, there are five main physical 

factors described that affect the channel morphology: (1) bank and bar stability; (2) 

sediment size distribution; (3) sediment supply; (4) flow variability; and (5) downstream 

slope, width and height.  Understanding how these five factors affect channel form is 

vital in constructing realistic and accurate models of rivers and how they change over 

time.  It is also important to understand some of the limitations of the combined modeling 

of all these factors together for a general stream. 

 Research studies are presented in order to further understand what knowledge has 

been acquired, and what areas are lacking in adequate understanding.  Examples of cases 

where urbanization and land use change have a large impact and almost no impact are 

examined.  It is important to understand what the limiting factors are in such cases, and 
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whether it is possible to mitigate the effects or urbanization by any means other than 

natural channel phenomenon. 

 A two-dimensional hydrodynamic and sediment transport model is thoroughly 

described.  The model is evaluated and verified, and potential problems and limitations 

are then discussed.  Then a one-dimensional sediment transport and bed variation model 

is examined and tested using parameter controlled cases. 

 Urbanization increase near rivers and streams reduces the time frame over which 

certain natural events would have occurred in those channels.  The affects of urbanization 

include but are not limited to changes in streamflow, sediment transport and deposition, 

channel bank stability, and increased channel widening.  The magnitude of these affects 

will increase over time if careful steps are not taken to minimize the human influence 

within channels.    
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Chapter 1 - Introduction 

In engineering, like other fields of study such as business or technology, the 

landscape of how to approach problems is ever-changing.  With constant research at 

universities and private firms, society is quickly adapting to new discoveries and 

becoming increasingly knowledgeable in a wide variety of subject matter. 

There exists a vast array of literature on channels and their differentiation from 

one another, proving that there is a wide variety of morphology seen in different types of 

stream channels.  There is no single classification that exists which can satisfy all 

possible purposes, or encompass all the possible channel types; each different channel 

classification commonly in use today has advantages and disadvantages for use in 

ecological, geological and engineering applications (Kondolf, 1995).  It has been a very 

wide-spread goal of those studying rivers to understand the methods that change and 

impact the character and patterns of a river or river systems.  The differences within 

rivers and river systems impose a challenging study, especially when rivers under diverse 

settings behave similarly.  Rosgen (1994) rightly claimed that one difficulty in studying 

river systems is what usually appears complex tends to be even more complex upon 

further magnification.  He continued that underlying all the complexities is a collection of 

interconnected variables that determine the pattern, profile and the dimension of the river 

seen today (Rosgen, 1994).   The physical forms of a river are the results related directly 

to the streamflow, sediment deposition or transport, and any lasting man-made affects. 

Sedimentological and morphological responses in streams at the river basin-level for 

increasingly urban and agricultural areas are well documented and understood.  There is 
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however, very little research done on modest levels of disturbance within a channel basin, 

perhaps because knowing the effects of extreme impact will yield a relation between the 

severity of change and the subsequent impact.  Whatever the case may be,  morphologic 

impacts are felt within systems no matter how small the land use change. 

The aim of this paper is to: (a) look at naturally occurring physical factors 

affecting the development of channel morphology; (b) show how urbanization, dams, 

channelization, etc. affect the streamflow, sediment transport/deposition, and stream bank 

change via case studies found in the literature. 
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Chapter 2 - Physical Factors Affecting Channel Morphology 

 Stream channels posses a collection of characteristics that can be identified at the 

spatial scale from smaller individual channel units to the entire scope of a drainage basin 

(Frissell et al., 1986).  In order to consider a body of water as a channel, only channel 

reaches whose length is at least 10 to 20 channel widths are of an adequate scale over 

which this paper can relate the discussed channel morphology to the channel processes 

(Montgomery and Buffington, 1997).  In the study of rivers, specifically looking at how 

the channel geometry changes with time, there are five main physical factors that affect 

the channel morphology: (1) bank and bar stability; (2) sediment size distribution; (3) 

sediment supply; (4) flow variability; and (5) downstream slope, width and height.  

Understanding how these five factors affect channel form is vital in constructing realistic 

and accurate models of rivers and how they change over time.  It is also important to 

understand some of the limitations of the combined modeling of all these factors together 

for a general channel. 

 

2.1 - Bank and Bar Stability 

Bank and bar stability describes the stability of the channel walls and the bed of 

the channel.  One way to investigate bank and bar stability is to examine the ways in 

which a river’s banks are eroded.  In order to examine the channel bank erosion, the 

processes most responsible are considered, and how these processes create instability by 

different mechanisms and modes of failure. The stability of the channel bank is known to 

be influenced by the presence of permafrost, the presence and location of vegetation, the 
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soil material composition, and any hydraulic forces imposed by the static and/or dynamic 

properties of the water in the channel (Thorne, 1982).  In general, it is usually a particular 

combination of these properties within a given system that result in bank erosion.  Modes 

of failure depend on the soil and strength properties of the bank material as well as the 

size and structure of the bank. 

It has been proven that vegetation helps stabilize banks by reducing water velocity 

(Gray and MacDonald, 1989), increasing the shear strength of the soil and armoring the 

bank (Thorne, 1982).  It has also been shown that the variability and the location of the 

vegetation in the channel affect not only the bank stability but also some of the hydraulic 

flow characteristics as well.  In a rare case, Huang and Nanson (1997) noted vegetation 

growing on the bed significantly increased the flow resistance, which then resulted in the 

widening of the channel and reduced flow velocity.  However, in most cases vegetation 

generally does not cause the widening of channels, it usually has the inverse affect.  Their 

case study also showed that for narrower channels the vegetation growth generally 

occurred on the banks and was very dense in most observations. 

Permafrost, as defined by Dingman (2002), is the condition in which soils and/or 

their underlying materials remain at temperatures lower than 0° C throughout the entire 

year, with only a thin surface layer thawing in the summertime.  When the air 

temperature is lower than the ground temperature, we know from thermodynamics and 

energy transfer that a thermal gradient is established within the soil which causes the soil 

to lose heat to the atmosphere.  Once the soil has lost enough heat, the water within the 

soil freezes and changes the structure of the soil by the reorienting of particles. In streams 
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where water and infiltration are abundant, over enough time, more and more water is 

drawn up into the freezing zone.  By the end of winter, the amount of ice in frozen soils 

can be higher than its water content when the soil is unfrozen. Upon thawing, the 

previously frozen soil is now temporarily more saturated than normal and the soil has a 

disrupted soil structure.  This disrupted soil structure reduces the internal friction and 

cohesion and also reduces the soil’s shear strength, and in this weakened state, the thawed 

banks are more easily eroded by overland flows, currents and waves, raindrop impacts, 

river and lake ice forms, and are highly susceptible to mass failures (Gatto, 1995). 

Looking at specific soil properties of the channel bank, failure occurs when the 

driving forces, most notably stress, exceed the resisting forces, or the strength. The shear 

strength of saturated soil along the channel bank can be described by the Mohr–Coulomb 

criterion shown here: 

                                                                                           (1) 

where τf = shear stress at failure; c’ = affective cohesion; σ = normal stress; μw = pore-

water pressure; and ϕ’ = affective angle of internal friction.  In many areas, especially 

here in Texas, most of the channel bank is above the water table, meaning that it 

experiences unsaturated conditions.  This area has a negative pore water pressure because 

it is above the water table, and results in the increase of the cohesion within the soil.  

Cohesion incorporates both the surface tension from the air-water surface interface and 

the chemical bonding in the soil matrix (Simon and Collison, 2002).  The main driving 

forces, or stresses within the system, are driven by the channel geometry, slope and 

height, the density of the soil, the amount of water that is within that soil, and even the 
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load applied by objects on the top of the bank, such as boulders or trees.  Channel bank 

failures may be the result of several different mechanisms, the most common are banks 

undercut by cantilever failures, rotational slumping, wedge failures, and toppling of slabs 

which are arranged vertically (Thorne et al., 1981). 

 

 

Figure 1: Illustration of the intermediate axis used to determine sediment size.  From 

Potyondy and Bunte (2002). 

 

2.2 - Sediment Size Distribution 

 The sediment size distribution of the channel illustrates the frequency and range 

of different sized particles. The distribution is also a good indicator as to if the channel is 

dominated by suspended load or is dominantly bedload transport.  Sediment “size” refers 

to the intermediate axis of the particle, labeled as B in Figure 1.  Sediment transportation 
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associated with flow and flow variability occurs in two distinct modes (Middleton and 

Southard, 1984).  Sediment particles that skip, slide, roll and jump along the bottom of 

the channel make up the bedload.  This material is typically made up of larger particles, 

and is transported near the bed, and remains contacted along the channel bed for 

considerable amounts of time.  The suspended load is made up of the particles supported 

by the turbulence of the flow; these particles reside almost exclusively within the water 

column and have little contact time with the channel bed.  Another increasingly common 

term used to describe sediment is wash load, which consists of particles so small that they 

essentially will never settle in the flow, and they have rare infrequent interaction with the 

channel bed.  For the purposes of morphology is it important to classify rivers by the 

characteristic size of their surface bed sediment, that is the median size, D50, or a 

geometric mean size, DGM (Millar, 1999).  A river with a characteristic size between 

0.0625 and 2 mm is termed a sand-bed stream, and a river with a characteristic size 

greater than 16 mm is called a gravel-bed river (Parker, 2004).  Streams in between 2 and 

16 mm are termed as transitional for grain sizes, and are less common than sand and 

gravel-bed streams.  The variations between bedload and suspended load in a given 

channel influence the channel morphology (Turowski et al., 2010).  One example of this 

is downstream fining within the bed load, where the grain size within the bed load 

decreases downstream.  This occurs because of attrition and abrasion caused by stones 

colliding with the channel bed and with each other.  Attrition and abrasion yields 

smoother stones and helps reduce the size of particles within a channel as well.  Selective 

transport is also related to downstream fining; smaller particles are more easily entrained, 
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picked up by the flow, than larger particles, because the size of the grain, specifically the 

diameter, is linearly proportional to the shear stress required to entrain that grain.  This is 

why longitudinal profiles of catchments are typically concave up as shown in Figure 2. 

 

Figure 2: Concavity in longitudinal river profiles.  From Sinha and Parker (1996). 

 

2.3 - Sediment Supply 

Sediment supply refers to the availability of sediment for transport within the 

channel.   Erosion is directly related to sediment transport because all of the particles 

eroded away from the channel banks and bed become available for transport and/or 

deposition by the flow of the stream.  Most sediment transport models assume an 

unlimited supply of sediment; however the actual transport rate in a channel may be 

limited by the lack of sediment available for transport.  Competence and capacity are two 

general terms used to describe sediment supply for a channel. Competence is defined as 

the largest clast size that a given flow can transport, or in other words the largest particle 
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that can be transported by a certain magnitude of streamflow.  Capacity is the sediment 

flux a given flow could transport for a given grain size distribution (Tucker and Bras, 

1998).  Transport rates in a channel can be either supply-limited, where capacity is 

greater than supply, or they can be capacity-limited, where supply is greater than 

capacity.  During a storm event, a channel that was initially supply-limited could become 

capacity limited as more sediment is eroded down the hillslope, which could lead to 

initial deposition in the channel.  Conversely, a channel that was capacity-limited, now 

has much more flow from runoff and is able to erode and transport more material than 

before, thus morphologically changing the channel.  The second case is more common 

than the first, especially in mountainous streams (Lehre, 1982).  It is worth noting that 

mountain streams are subject to large sediment loads and a higher variance of discharges 

(Schmidt and Egenzinger, 1994), making them more susceptible to excessive slope 

failures and debris flows, which do not occur as often in lower lying, flat areas (Smelser 

and Schmidt, 1998). 

 

2.4 - Flow Variability 

 Flow variability is defined as the variation from the average flowrate in a channel, 

and how much the flowrate changes over a certain period of time.  The time scale is 

usually dependent on what type of research or subject is of interest.   For some geologic 

time scales, the period of interest may be what has occurred over millions of years, and 

for say a flooding event downstream, the period of interest may be only a few hours.  For 
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this paper, the example of a storm event is used for simplicity, and the time of interest is a 

period of several hours. 

A watershed catchment is the basic measure of landscape generally used for the 

study of hydrologic processes.  The topographic and hydrologic boundary of a watershed 

catchment typically coincide, resulting in the precipitation falling in to the given 

catchment, less the water infiltrated, running into the stream where it then is transported 

out of the watershed.  Some of the fundamental factors of the hydrologic cycle, most 

notably runoff, precipitation, and evapotranspiration, have been well documented from 

studies done on the water balance conducted on smaller catchment systems.  Horton’s 

(1933) hypothesis was that the primary source of runoff from rain storms was the surplus 

rainfall over the infiltration capacity of a basin’s surface materials, and the water that 

infiltrated eventually proceeded to become groundwater, which then becomes the 

baseflow source in the hydrograph, which is illustrated by Figure 3.  Baseflow represents 

the flow that is always within a stream, most larger rivers have continuous flow, and are 

not solely dependent on storm events for streamflow.  The runoff during rainfall events 

can often transport sediment into the channel as well.  In the drier areas of Texas where 

there are typically high runoff coefficients, where overland flow dominates and there is 

limited protection by vegetation against surface erosion, sediment often is entrained in 

the flow (Baker, 1977).  

The concept of rapidly changing flow, similar to that during a storm, is significant 

to channel morphology not only because in channels of interest there is continuous flow, 
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Figure 3: Example of a storm hydrograph.  From “Storm Hydrograph.” 

but also because the flow changes rather substantially over a relatively short amount of 

time as shown by a hydrograph in Figure 3.  Previously mentioned in the section on 

sediment supply, flow variability plays a large role in sediment transportation.  Sediment 

transport depends primarily on grain size, cohesion, and the flow intensity.  The amount 

of flow directly relates to the erosion of the channel banks and the sediment that is 

transported.  Shown in Figure 4 is the Hjulström diagram which illustrates the processes        

which can occur given the type of material (gravel, silt, clay) and the flow velocity in the 

channel.  In the erosion field, grains will be picked up from the channel bed or even 

eroded from the channel banks.  The transport field is the area where grains already in 

motion will keep moving in most cases.  In the deposition field, grains in motion will be 

deposited and no grains will be entrained.  This Hjulström diagram helps make the 

connection between increased flow and flow velocity during storms and the affect that 
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this has on erosion and sediment transport within the channel. During storms, and labeled 

in the Figure 4 hydrograph as the lag, is the time difference between the largest amount 

of rainfall and the peak discharge (Peak Q) in the stream.  This rapid increase of 

streamflow in the channel leads to increased flow velocity and shear stress on the channel 

banks, which increases channel erosion and also increases the amount of sediment the 

stream can transport (Baker et al., 1983). 

 

Figure 4: The Hjulström diagram.  Adapted from Hjulström (1935). 

 

2.5 - Downstream Slope, Width and Depth 

The downstream slope, width and depth refer to the type of channel and the 

channel geometry downstream.  Channel morphology generally develops from feedbacks 
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among water flow and sediment transport, which help shape the channel, which is now 

the means to transport water and sediment, and thus is continually shaped by those 

transports.  Understanding the relation between the channel geometry (width, depth, 

slope, bed roughness, etc.) and how those properties vary with discharge and sediment 

flux is of immense importance.  Channels are formed and related to the area around them, 

for instance, a meandering river has a broad floodplain similar to rivers in Louisiana, or 

the channel may be a narrow mountain river which is constrained and does not have very 

much lateral movement.   

As mentioned above in the section on flow variability, changes in channel size 

and shape are related to the variability in discharge and how it changes over time at a 

specific cross-section as well as downstream.   The channel bed can adjust in two primary 

ways, bed degradation or bed aggradation.  Bed degradation is where channel incision, or 

the lowering of the channel bed occurs, where as bed aggradation is when there is a 

continuous accumulation of sediment on the channel bed (Lane et al., 1994).  In the two 

examples mentioned above, the sediment transport and flow intensity will be greatly 

different in both the broad floodplain and the steep mountain river.  Meandering rivers’ 

characteristics include broad floodplains, lower elevation gradients, cohesive banks, fine 

sediment (e.g. sand and silt), and a high suspended sediment transport (Leopold and 

Wolman, 1957).   In a meandering river there is much more fine sediment transport and 

deposition which results in the formation of natural levees on the channel banks.  The 

levees have a higher elevation than the surrounding area, and when a flood occurs the 

river stage becomes higher than these natural levees.  The river then floods out into the 
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large, flat floodplain, which results in fine sediment deposition in the entire floodplain.  

This is a very stark contrast to mountain rivers which typically have straight or braided 

channel patterns, low sinuosity, steep channel gradients, flow through forested slopes, 

and nearly vertical banks (Smelser and Schmidt, 1998).  Mountain rivers are able to 

transport larger particles and sediment because the rivers are more narrow and much 

more steep, which results in greater flow velocities than those of meandering rivers. 

The comparison of a meandering river and mountain river shows how vast the 

differences can be in natural systems.  It also shows how the channel geometry 

downstream affects the channel morphology, whether there is sediment deposition, like 

that in a meandering river, or there is channel incision, and bed degradation like that in 

mountainous rivers. 
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Chapter 3 - Effects of Urbanization on Channel Morphology 

 Urbanization can dramatically alter a drainage basin’s hydrologic regime.  Urban 

development generally involves the removal of trees and vegetation, and replaces those 

trees and vegetation with surfaces which are impervious, and this also covers the soil 

with surfaces such as concrete or asphalt, which replaces the natural drainage systems 

with networks of storm sewers.  These changes in land use result in reduced infiltration of 

precipitation, reduced interception of rainfall by the forest canopy, and increased 

drainage efficiency.  These affects typically result in a decreased lag time, an increase on 

the hydrograph peak and an increase of total volume of runoff for specific amounts of 

rainfall (Anderson, 1970). 

Only recently has the relationship between geomorphology and river engineering 

become clear.   Engineering with respect to channels involved the use of trapezoidal 

channel geometries, embankments, impoundments, and a range of structures to control 

rivers and their flow (Gilvear, 1999).  It was believed that when engineering structures 

failed it was normally explained by design flaws, particularly with respect to the flood 

exceedance, and not the fact that the dynamics of the geomorphic system had not been 

taken into account (Gilvear, 1999).  Geomorphology on the other hand, was more 

concerned with landscape evolution over long timescales, and it seemed unimportant in 

the realm of the engineer.  The recent interest in geomorphology by engineers has sprung 

from the desire to minimize flood damage, to reduce environmental degradation (Hey, 

1996), to move towards restoring channelized river reaches to aesthetically pleasing and 

ecologically valuable watercourses (Larson, 1996), and concern for the response of 
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channels to climate change (Gilvear and Black, 1999).  The geomorphic stability of a 

river can be influenced by such things as removing riparian vegetation, land use changes, 

and climate change (Turner-Gillespie et al., 2003). The impact of these affects varies 

between and along rivers.  Case studies throughout literature offer great examples and 

analysis on the affects of urbanization and land use on channel morphology. 

 

3.1 - Minimal Channel Influence 

Price and Leigh (2006) studied the morphological responses of streams due to 

minimal human impact in the Southern Blue Ridge Mountains in parts of Tennessee, 

Georgia, and North Carolina.  The three drainage basins which they used for the study 

differed in the amount of land covered by forrest, using the ranges 60% - 70%, 70% - 

80%, and >90% forest.  Their goal was to examine basins with little human impact, as 

opposed to basins with wide deforestation in order to convert the land for purposes of 

agriculture or urban development, where many studies have already been conducted.  

Another goal  of their study was to possibly identify any sedimentological or 

morphological parameters that could serve as indicators for disturbances in this region of 

the southern Blue Ridge.  A mountainous region was chosen because development 

pressures are generally much lower in those areas due to difficult access and a much 

greater likelihood of conservation and landscape protection on any public lands. 

Some of the human impacts in higher elevation terrains include road building, 

grazing, limited agriculture, and timber harvesting (Wohl, 2000).  There has also been in 

increase in the number of secluded second-home, cabin type development in recent years.  
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Although the nature of impact is significantly different in the mountains than in low-lying 

areas, responses to disturbances by humans is very largely still a product of adjustments 

made by the system in fluxes of water and sediment.  Many mountainous streams are 

sensitive to outside influences, even small external changes with respect to sediment 

supply or stream discharge can alter stream morphology and sedimentology 

(Montgomery and Buffington, 1997).  The two impacts that have the greatest influence 

and therefore are most commonly studied are road building and timber harvest.  It has 

been proven (Johnson and Beschta, 1980) that the removal of forest exposes soil, which 

increases the deforested region’s susceptibility to surface erosion of slopes.  Timber 

harvest is also generally associated with reduced infiltration and interception, which leads 

to increases in overland flow, and therefore an increase in soil erosion. 

Price and Leigh (2006) concluded that although the sedimentology for the streams 

was clearly different, no definitive conclusions could be drawn about morphological 

differences between the separate study areas.  They found that the embeddedness of 

riffles and particle size were parameters that exhibited a good indication of stream 

response to human impacts.  The reason they had trouble quantifying any significant 

evidence of morphological impacts may have been because the test may not have been 

run long enough to induce any morphologic response.  The methods used for this study 

yielded great results in the assessment of sedimentology change in the stream bed, but do 

not seem optimal for the assessment of morphological responses to disturbances, 

especially only considering few sample sites. 
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Nelson et al. (2006) focused on the Dead Run catchment in Baltimore County, 

Maryland.  This catchment has undergone increased urbanization since the 1950s.  In 

looking at aerial photographs from the present back to 1890s, the channel geometry and 

planform has remained relatively unchanged since the 1930s.  This stability in channel 

geometry exhibiting very little morphology contrasts those of other urbanized catchments 

in the area.  Discharge data shows an expected increase in streamflow and storm runoff 

due to the urbanization of parts of the catchment.  The research also examined a flooding 

event that occurred in association with Hurricane Agnes.  The paper concluded that even 

after decades of urbanization, and even high shear stresses experienced by sections of the 

channel due to significant flooding events, the planform remained stable.  The authors 

noted that the stability is most likely the result of geological controls stemming from 

coarse bed and bank material and bedrock outcrops.   

 Kang and Marston (2006) examined the geomorphic affects of rural-to-urban land 

use on three streams in central Oklahoma.  They selected the watersheds within the Great 

Plains ecoregion of Oklahoma, one was largely urbanized, one was rural, and the third 

was in rapid transition from rural to urban in terms of land cover.  The three streams used 

had similar low gradients, width-to-depth ratios, and cohesive channel banks.  Their 

results showed the expected downstream increase in channel depth and width, but overall 

the substrate materials and channel units remained unchanged.  They then conducted a 

statistical analysis, which showed that urbanization did not explain the spatial patterns in 

the data or changes in any variables.  Their conclusion was that local geological 
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conditions, bedrock, riparian vegetation and cohesive substrates were mitigating the 

affects of urbanization. 

 

3.2 - Significant Channel Affects 

Montogomery (1994) researched how the road surface drainage and runoff 

impacted not only the immediate overland flow into the channel, but also how this runoff 

affected the channel much farther downstream.  A wide variety of environmental impacts 

have been the result of road construction.  Even though almost all road surfaces alter both 

runoff generation and drainage patterns, only recently has the geomorphic impact of road 

building received ample attention in the qualitative and theoretical framework. 

Geomorphic impacts that are significantly road-related are (1) channel network expansion 

and gullying; (2) destabilization of side-cast material and hillside downslopes; (3) 

increased downstream sediment loads; and (4) channel adjustments and altered 

streamflow (Furniss et al., 1991).  It has been shown by several previous works that, for 

example, erosion rates from road-related landslides and road surfaces are several times 

greater than from undisturbed slopes (Megahan and Kidd, 1972).  Road-related impacts 

are generally the result of increased concentration from both intercepted subsurface 

discharge and runoff generated on road surfaces.  This increase in concentration of road 

drainage can possibly have geomorphic effects: (1) the discharge increase may be 

sufficient to enlarge a channel; (2) the concentrated discharge may weaken slope stability 

below the drainage outfall; or (3) the increased drainage may have no evident identifiable 

geomorphic impact (Montgomery, 1994). 
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 Differences in runoff generation from natural slopes and road surfaces are well 

documented.  Relatively impermeable road surfaces, such as asphalt and concrete, are 

sources of rapid runoff, which increase both volumes and peak rates of runoff (Megahan, 

1987).  This is of great importance to environmental and water resources engineers, 

especially in the design of roadways and drainage systems, and how those roadways and 

runoff designs relate to the overall natural system.  Roadside ditches are designed for 

almost every road today, and they are responsible for the interception of both shallow 

subsurface and surface runoff.  The ditches receive this runoff from upslope areas and 

then reroute this accumulated discharge to culverts and other locations.  Drainage 

alterations and diversions, such as those due to ditches, may alter the channel network 

extent, pattern, and processes.  Threshold theories (Horton, 1945) regarding channel 

initiation and slope instability provide a good context within in which it is possible to 

analyze the erosional impacts of drainage modification.  The underlying principle within 

these theories is that once surface or subsurface discharges become greater than the  

erosional resistance of the ground, erosion begins to occur (Montogmery, 1994).  There 

are several factors that influence the location and timing of erosion, mainly spatial 

variations of vegetation and its contribution to soil strength and the duration and intensity 

of rainfall events.  Several threshold models exist for predicting the spatial distribution 

for erosional processes in a given area.  These models are generally developed in terms of 

the ground slope, drainage area, and the soil properties of the system, such as bulk 

density, friction angle, and critical shear stress.  Shallow landsliding and overland flow 
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mainly contribute to channel initiation in humid, soil mantled landscapes as shown in 

Figure 5. 

 

Figure 5: Road-related landsliding in the central Washington Cascades.  From 

Montgomery (1994). 

Clark and Wilcock (2000) studied land use change and its effect upon channel 

morphology in three different river segments in Puerto Rico.  In their study the societal 

shift from agriculture to industry and residential land uses over the last 50 years helped to 

increase the level of runoff and decrease the sediment supply.  This resulted in the 

erosion of the channel, and the rivers beginning to remove coarse sediment that had been 

stored within the channel.  The report also noted that there was an increase in the size and 

abundance of in-channel gravel bar deposits, channel depth decreases, and an increase in 

the frequency of overbank flooding downstream along the studied channels as well.  The 
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authors assume this phase to be a transient state, due to the idea that when immediate 

changes occur in river systems there is a lag time associated with the response of that 

system to reach steady-state.  They concluded that continued transport would lead to 

degradation of the channel bed in downstream reaches as the channel adjusts to the 

increased supply of flow and decreased supply of sediment.  From this study it is clear 

that land use changes modify the water and sediment supplied to rivers, which, in 

response, modify their composition and geometry toward a condition capable of carrying 

the supplied sediment with the amount of water available. 

 Bledsoe and Watson (2001) studied the effect of urbanization on channel 

instability with similar results.  They found that for basins with lower levels of 

imperviousness, approximately 10% - 20%, there is a greater affinity for streams to 

destabilize.  They noted however that out of the three basins they studied, changes in 

discharge were highly variable, and were dependent on watershed specific conditions.  

They also found the magnitude of channel alteration due to the urbanization relied upon 

the conveyance and connectivity of the imperious areas and the characteristics of 

receiving channels.  Different stream types likely would have different levels of alteration 

depending on vegetation, cohesive properties of the banks, and whether the channel was 

dominated by bed load or suspended load sediment transport.  Not only does their 

research give insight into one aspect of the relation of urbanization in channel 

morphology, but it also shows that the relationship is very complex and involves several 

factors.  
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 Gregory (2006) examined how human interaction changes river channels by 

focusing on important man-made structures that help regulate and change flowrates 

within a channel.  He focused on literature concerning the changes that occurred due to 

dams, channelization, channel modification, river diversions and water extractions.  He 

found that in 72% of the studies used for urban development, there was an increase in 

characteristics that influence channel morphology.  He noted that channel capacities and 

widths increased, bed lowering occurred, entrenchment and gullying were shown to be 

related to boundary disturbances and runoff from road crossings, and bank instability was 

affected by an increase in erodibility.  For channelization (e.g. removal of dams and 

woody debris, extraction of minerals) he found that 52% of studies showed an increase in 

morphologic characteristics.  The most common changes found due to channelization 

were that the formation of braided channels were less frequent due to changes in the 

sediment supply and flood discharge, increases in channel width, increased aggradation, 

and channel stability were affected in some cases.  Gregory (2006) noted that large 

woody debris can occupy approximately 2% – 4% of a streambed’s cross sectional area 

but can account for 50% of the flow resistance.  For land use changes he found that 61% 

of the studies showed an increase in characteristics of channel morphology.  The changes 

that occurred due to catchment land use change were that multiple thread channels 

became single thread channels, an increase in the incidence of floods or bankfull flow, 

and some basins showed disproportionate geomorphological change for small hydrologic 

changes due to increased hypersensitivity. 
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 Galster et al. (2008) used historical aerial photographs to measure the impacts of 

urbanization on channel widths.  They qualify that significant affects of land use changes 

occur over short enough time scales that aerial photographs can be used to compare and 

measure not only channel geometry changes, specifically channel width in this case, but 

also increases in urbanization in the area on interest.  Their research compared two 

watersheds in the Lehigh Valley in Pennsylvania.  They explained that since the 

watersheds are comparable in size and in the same region, high resolution topographic 

surveys were used to compare how the differing channels changed over the past 50 years.  

The main difference between the compared watersheds is the amount of urban land use.  

They analyzed the Lehigh Creek watershed first and found that the aerial photographs 

showed that most of the measured creek widths, 67 out of 85, examined were clearly 

wider in 1999 than they were 1947.  The Sacony Creek watershed was analyzed next, and 

the channel remained much more unchanged from 1946 to 1999 with 18 measured cross 

sections widening, 28 cross sections slightly narrowing and 6 cross sections remaining 

completely unchanged.  Their results showed that in the Sacony Creek watershed, 

downstream of the only significant urban area, the branch of the channel network had 

widened over the study period.  During this 50 year span, their research showed that the 

Lehigh Creek watershed had tripled its urban area, whereas the Sacony Creek watershed 

had the same amount of urban area as it did in 1946, remaining virtually unchanged.  

They concluded with this data and other hydorological data they collected from the area 

of study was that the larger peak discharges experienced by the Lehigh Creek watershed 

were from the increase in urbanization.  They believe theses larger peak discharges are 
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the mechanism which led to the widening of the channel cross sections in Lehigh Creek.  

They also found that these adverse affects from the widening of this channel have also 

influenced aquatic habitat, river aesthetics, suspended sediment loads, and water quality.  
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Chapter 4 - Model Assessment 

The importance in geomorphic processes of certain extreme or catastrophic events 

and more frequent events with smaller magnitude can be measured relatively to terms of 

“work” done on the landscape and the formation of specific features of the landscape 

(Wolman and Miller, 1960).  The rate of movement of material can generally be 

expressed as some function of flow characteristics, for example basal shear stress.  

Specifically looking at shear stress and rivers, almost all rivers are competent to erode 

both banks and bed during moderate flows.  The aim of this section is to examine two 

numerical models, the first, created by Yafei Jia and Sam Wang, is a two-dimensional 

model used for the simulation of hydrodynamics and sediment transport, which can also 

be used to model steady and unsteady surface flow as well as morphological processes in 

natural rivers.  The second model was created by Gary Parker, and deals with one-

dimensional sediment transport morphodynamics with specific application to rivers and 

turbidity currents, and establishes that the processes and assumptions used to create the 

model are appropriate and reflect reality.  Since Gary Parker’s model is available to the 

public, it is analyzed in much greater detail and evaluated later in this chapter to see when 

the model no longer becomes valid.   

 

4.1 - CCHE2D Model (Jia-Wang) 

Although many three-dimensional models exist for the simulation of steady and 

unsteady surface flow, sediment transport, and channel morphologic processes, there is 

still a reasonably large demand for accurate two-dimensional simulation modules.  In 
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areas such as hydraulic and environmental engineering, water resources, management 

planning, and policy making, these two-dimensional models are used for preliminary 

analyses, optimizations of engineering design, and studies required for planning and 

decision making.  These two-dimensional models are also greatly in demand and used for 

calculations when long-term effects are being simulated over a long time frame and the 

output information is needed in a relatively short time.  When a decision maker needs 

computational information on which best decision to make from all the options, but does 

not have the amount of time that a finite element three-dimensional model with a small 

grid size would take to run over a simulation period of say, 20 years, and output how the 

channel changes between those small finite elements.  Where as a two-dimensional 

model can still calculate this same information, with a little less accuracy, over a 

significantly less run time, and produce the same information needed for a decision as the 

three-dimensional model. 

The model CCHE2D (Center for Computational Hydroscience and Engineering 2-

Dimensional), created by Jia and Wang (1999), uses the shallow-water approximation 

which is assumed in many cases for free surface flows in nature (Engelund, 1974), 

especially in relations with channel flow, and thus this model is simulated using a depth-

integrated model.  Since the use of a depth-integrated model is used, the resultant model 

is two-dimensional and is depth averaged, the entire program also consists of a bedload 

transport model, and a channel bed elevation simulation model.  These models use 

several empirical functions for predicting sediment entrainment, bed roughness, the 

transport capacity of the bedload, and many of the other morphologic characteristics of 
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the channel.  The authors claim that the model is proficient at simulating free surface 

flows, steady and unsteady, sedimentation and morphological processes, such as bank 

erosion, channel widening, bed aggradation/degradation, and migration in irregular 

natural channels, rivers, and streams with and without in-stream, man-made structures 

(Jia and Wang, 1999). 

4.1.1 - Model Construction 

 The use of finite-element methods for computational models is a widely accepted 

cost-effective tool for practical engineering analysis, conducting research, and hydraulic 

engineering design.  This depth-integrated two-dimensional model uses a special finite-

element method known as the efficient element method introduced by Wang and Hu 

(1992). This efficient element method is used to make the finite difference method more 

efficient in the formation of the numerical model, and to handle the complexity of the 

changing geometries of the natural channels.   

As in most environmental fluid mechanics models, the first step is to look at the 

governing momentum equations.  Since this model is a depth-integrated two-dimensional 

model, the momentum equations for turbulent flows within the system were obtained by 

vertically integrating the three-dimensional Reynolds equations (Jia and Wang, 1999): 
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where u and v = depth-integrated velocity components in the x and y-directions, 

respectively; t = time; g = gravitational acceleration; ηs = water surface elevation; ρ = 
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density of fluid; h = local water depth; fCor = Coriolis parameter; τxx, τxy, τyx, τyy = depth-

integrated Reynolds stresses; and τbx, τby = shear stresses on the channel bed.  The 

continuity equation is used to calculate the free surface elevation of the flow, and is as 

follows:  

                                                
   

  
 

 

 
                                                        (3) 

where A = area of the central cell in an element; s = length of a segment along a curved 

boundary of the cell; and n = unit-vector normal to the differential area pointing outward 

from the cell.  As mentioned earlier, this model uses the efficient element method to 

solve the mentioned system (2a,b).  In this model, the mass conservation is included and 

expressed by the integral in Eq. (3).  The free surface elevation of the water within each 

grid is obtained when the net mass flux across the curved grid surfaces has been 

integrated numerically and then substituted into the momentum Eqs. (2a,b) (Jia and 

Wang, 1999). 

 The hydrodynamic part of the model uses essential and natural boundary 

conditions.  The water surface elevation and velocity vectors have to be specified on the 

boundaries along the computational domain.  The model considers three different types 

of boundaries, inlet, outlet, and solid walls.  The model also allows for both steady and 

unsteady discharges to be specified along the inlet area where both the cross-sectional 

area and the water surface elevation are allowed to change over time.  The distribution of 

the discharge over the cross section is either user specified or is distributed according to 

the local conveyance along the section.  Ponce and Theurer (1982) showed that either an 

empirical function generated hydrograph or a measured hydrograph could be used as the 
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unsteady flow boundary condition at the inlet.  A free boundary condition or a constant 

water surface elevation can be applied at the outlet section.  In the case of the free 

boundary condition, the free surface is computed using the wave equation (Jia and Wang, 

1999).   

The logarithmic law is depth-integrated and used to evaluate the shear velocity 

along the channel bed.  The zero velocity level, zo, is calculated by applying different 

formulas for hydraulically smooth, rough, and transition conditions, respectively: 
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where U = total velocity; U* = total shear velocity; κ = Von Karman Constant (=0.41); ks 

= roughness height of the channel bed surface; and v = kinematic viscosity of the fluid.  

Since U* is implicitly derived, Eq. (4) must be solved iteratively.  The Darcy-Weisbach 

friction factor, fc, can be obtained from U* (van Rijn, 1993), and is given by: 
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After the model has computed the total shear velocity and the Darcy-Weisbach friction 
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factor, from Eqs. (5) and (6), respectively, the shear stress components along the channel 

bed are then calculated: 

                                                 
 

 
               

 

 
                                     (7a,b) 

 It should be noted, that the Manning formula, could be used as an alternative 

method in this step of calculation to compute the shear stresses. 
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where n = Manning coefficient.  Eq. (8) is used when the Manning coefficient is a local 

constant fixed for the bed condition, and does not change with the flow condition.  For 

general applications the second method is used more frequently, however in cases when 

accurate bed roughness data is available, the first method is recommended.  When 

attempting to model rivers with loose banks and bed, it is important that the affects of 

both bed-form resistance and grain size be include in Manning’s n and the roughness 

height, ks, used for calculating  the shear stress (van Rijn, 1993). 

The model allows for both slip and nonslip conditions along the wall boundaries, 

and the slip adjustment along solid walls includes the logarithmic law of the wall, which 

accounts for the affects of shear stress along the wall, as is by the given equation: 
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where U = total velocity along the wall; U* = total shear velocity along the wall; and Y = 

normal distance of the first node from the wall.  The method used by specifying the 

velocity on the wall in the boundary condition allows the first and second-order velocity 

derivatives normal to the wall to satisfy the logarithmic law of the wall.  All of the steps 
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for the calculation of the wall stresses were not provided by Jia and Wang (1999) in their 

initial report, and thus are not possible to thoroughly examine all the steps as done before 

on the computation of the bed shear stresses.  It was not included most likely because the 

steps are similar, with few terms changing in the overall governing equations and 

formulations of the wall shear stresses.  Not to say that the wall and bed shear stresses 

behave identically, they are similar, yet still very different, and equally as difficult to 

model. 

 The sediment transport part of the model assumes a uniform size of granular 

media and is based solely on the equilibrium bed load transport of those materials.  A 

limitation of the sediment transport model is that it only allows for the transport of 

uniform materials.  The model would be more applicable if it allowed for the user to 

specify a system with non-uniform sediment transport, and instead of only allowing for a 

system to be in equilibrium with bed load transport the model allowed for suspended 

transport to be included as well. This particular model uses the changes in bed elevation 

caused by the bed load transport to estimate the severity of channel morphology due to 

sediment transport and erosion.  The model also allows the user to increase the influence 

of secondary currents in curved channels, which results in an increased affect on the 

sediment motion.  Secondary currents typically are driven by combined pressures of the 

central flow force and transverse superelevation, and a force diagram is shown in Figure 

6.  The secondary currents induced by the curvature of the channel are different than 

those induced in straight channels by turbulence (Nezu and Nakagawa, 1993).   The 
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secondary current described in the model refers to the current in the direction of the 

convex bank of a meander bend in the lower portion of the flow and in the direction of 

 

Figure 6: Bed load motion affected by secondary flow and gravity.  From Jia and 

Wang (1999). 

the concave bank in the upper portion of the flow.  This flow primarily contributes to the 

moving of sediment transversely from one side of the channel to the other.  From this 

natural phenomenon, the bed load tends to be transported away from the concave bank 

and to the convex bank of the bend.  This results in channel migration and increases in 

the curvature of the channel, and therefore would be inaccurate to not include the role of 

secondary currents in the simulation of bed load and bed elevation change for curved 

channels. 

4.1.2 - Model Verification and Results 

 Model verification is extremely important in the process of numerical model 

development because it is important to ensure that the numerical model is free from 

errors in the mathematical formulation, computer programming, and the numerical 
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solution.  It is also important that the model be capable of predicting the basic physical 

mechanisms in controlled laboratory experiments as well as the physical processes that 

occur in nature.  A verification test was constructed for a U-shaped 180-degree channel, 

pictured in Figure 7, to test the model’s ability to simulate the flow field in a meandering 

channel.  Velocity components were measured in a flume for a large number of grid        

 

Figure 7: U-shaped 180-degree channel used to test the model.  From Jia and Wang 

(1999). 

 points across many different depth levels and cross sections.  The depth-averaged 

velocity field of the experimental flume was obtained by averaging the measured 

velocities along the water depth, this measured velocity field was then compared with the 
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output of the model.  It is widely known that the secondary flow is a significant 

characteristic of curved channel flow, however it is claimed this feature can only be 

captured by three dimensional models (Jia and Wang, 1999).  Since CCHE2D is a depth-

averaged model, it is unable to predict secondary currents since the flow would vary in 

the z-direction, which is the direction from the flow surface to the channel bed.  In most 

general cases, the secondary currents redistribute the longitudinal momentum from the 

flow in the transverse direction at each cross section, and this physical phenomenon 

cannot be represented using a depth-averaged model.  Figure 7 shows the comparison 

between simulated and the measured depth-average velocity fields from the controlled 

flume experiment.  The results show that the model is accurate and there is a good 

agreement between the simulation and the observations.  It is therefore possible to 

conclude that the CCHE2D model is applicable to the simulation of flow fields for curved 

channels, with the exception that the channel is not strongly curved, i.e. greater than 180 

degrees. 

 Verification of the morphological change to the streambed part of the model was 

verified using actual measurements from a meandering river, and compared with 

observed streambed changes.  It is important to note that this part of the model relies on 

the secondary flow, since the secondary flow changes the bed load transport direction 

from the main flow to that of some angle, α – (δ + φ), away, as displayed by Figure 6.  

This deviation in direction from the main flow is what causes the formation of pools, 

bars, and bank erosion in the channel beds, and thus is vital for the simulation of 

streambed morphology in this part of the model.  This model has adopted a general form 
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of Engelund’s relationship (1974) for estimating the angle, α – (δ + φ) (Fig. 6), between 

the new direction of the sediment motion and the main flow that is caused by the shear 

stress from the secondary flows.  The model was first run to simulate the flow field in the 

meandering channel, and the numerical solution of the flow field produced by the model 

was verified by comparing it with observed field data.  Using the results of the simulated 

flow field as the input to the streambed morphologic change model allowed for testing 

the capability of the model to run congruently.   The results of the simulation, shown in 

Figure 8, indicated that pools and bars developed along the concave and convex banks, 

respectively. The black and grey colors in Figure 8 represent the formation of pools and 

bars, respectively.  Similar trends have been observed for highly sinuous, natural alluvial 

rivers (Jackson, 1975).  Another limitation of this model is that the erodibility of the 

channel banks was not included.  Bank change is noticeably important in the study of 

morphological processes in natural streams, and was not included most likely because the 

bank materials must be highly erodible, and there is no mention of erodible banks in the 

model formation process.  Noted earlier, this two-dimensional model’s primary use is for 

accurate simulations given short amounts of run time, and the authors mentioned that 

several factors were exclusively left out due to this initial constraint. 

 Another hitch in the model is that the value of the channel bed load rate at the 

inlet section is consistently lower than the channel capacity, and thus the sediment 

transport capacity is larger after the pools and bars are formed. Throughout the 

simulation, the size of the pool and bar increased, and began to gradually migrate 

upstream; this migration occurs in natural rivers and is expected.  As the pools continued 
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to get deeper, a portion of the sediment deposited on the bars was now carried away by 

the flow resulting in an increase in the transversal bed slope.  However, as the system  

 

Figure 8: Comparison of simulated and measured depth-averaged velocities in U-

Shaped channel.  From Jia and Wang (1999) 

approached the equilibrium state, the bed-form and elevation changes became gradually 

slower.  As a result of the pools becoming deeper and the bars growing larger, the flow of 

water shifted toward the side of the channel with the pools, which further increased the 

bed erosion of the pools.  This process resulted in a reduction of the water surface width, 

and the top parts of several bars became higher than the water surface.  This fluvial 
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process has been observed in natural rivers and flume experiments and is reasonable for 

the model. 

 It is important to note that although the flow and bed change simulation were 

coupled in this study, there are a few assumptions that need to be addressed.  The flow 

was assumed to be steady when the bed change was computed, and the much larger time 

steps were used for the bed change simulation than for the flow simulation.  This is 

because the bed change occurs over a much larger time scale than that of the flow. 

 

4.2 - Parker Model 

The observation of natural channels has suggested that the channel shape and 

dimensions of meandering rivers seem to be closely linked to flows near or at the bank-

full stage (Wolman and Miller, 1960).  From statistics, the average recurrence interval for 

the bank-full stage is every year to two years (Paola and Angevine, 1992); this gives 

evidence that the features of several alluvial channels are dominated by these frequently 

increased flows, but in terms of the amount of sediment transported, in larger magnitude 

events sediment transport can be orders of magnitude greater.  The model was designed 

using larger magnitude events to deposit or remove sediment along the channel, so the 

analysis of the model will require using larger flowrates. 

The specific model being analyzed is titled RTe-bookAgDegNormal (Parker, 

2004).  Gary Parker, the model’s creator, gives some background as to how the one-

dimensional model was created, and some of the assumptions used during creation and 

programming.  Closely examining each step with its assumptions will yield a much better 
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understanding not only of the model, but of sediment transport and its effects on channel 

morphology as well.  Looking at the model from the first computational step and 

assumption until the completed running model with output, will yield more evidence 

where any limitations exist, and whether there are any mathematical errors or 

computational flaws within the model itself.  The rest of the section discusses the model, 

parameters, assumptions and equations used for programming. 

4.2.1 - Model Construction and Evaluation 

 The model is specifically designed to compute the one-dimensional bed variation 

in rivers due to differential sediment transport, meaning that it calculates the change in 

elevation of the channel bed over time.  This model can only be used to approximate the 

bed variation because it assumes a rectangular channel, and neglects any affects from the 

wall, therefore it cannot be used for anything with regards to bank erosion. This is 

somewhat of a limitation when analyzing many channels, as wall/bank variation and 

erosion should be accounted for.  Another limitation to the model is that it assumes that 

all the sediment is of a uniform size.  This allows for some variation from real world 

scenarios; however the assumption is often made that transport rates for a broad grain 

size distribution can be predicted using the D50 found from the grain size distribution 

curve.  It also important in dealing with channel geometry to note that the downstream 

end of the channel is assumed to be fixed at zero.  The model allows for the user to input 

a sediment influx rate at the upstream end of the channel, and by modifying this sediment 

influx, the channel can be made to aggrade or degrade to a new equilibrium computed by 

the model. 
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 The flow in the channel is calculated using the Manning-Strickler resistance 

relation and the normal flow approximation.  The Manning-Strickler relation is an 

approximation of the hydraulic rough flow relation derived by Keulagan (1938), and can 

easily be related to the Chezy resistance coefficient.  The Chezy resistance coefficient 

used in this model is shown here: 
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where U = flow velocity;    = shear velocity; H = flow depth; αr = dimensionless 

coefficient between 8 and 9; and kc = composite roughness height.  It is important to note 

here that since the model assumes a constant grain size, there are no bedforms (e.g. 

dunes) in the model.  Since a constant grain size is assumed, ks is equal to kc, where ks is 

the grain roughness height, and kc is the composite roughness height, which is more 

commonly used.  The grain roughness height, ks, is related to grain size by: 

                                                                                                                             (11) 

where nk = dimensionless coefficient between 2 and 5; and D = grain intermediate 

diameter.  The normal flow approximation assumes a constant channel slope, a constant 

bed friction coefficient, constant channel velocity and constant flow depth.  The model is 

consistent with all these assumptions, however this begs the question of how realistically 

accurate the model can be with all these assumptions.  There are very few cases where all 

these assumptions can be made, and they mostly occur in Mountain Rivers (Fukushima, 

1988).  The normal flow formulation of boundary shear stress used in the model, and 

derived from the normal flow approximation is shown in the following equations: 
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where τb = boundary shear stress; ρ = water density; g = the acceleration due to gravity; S 

= channel bed slope; τ* = Shields number (Shields stress); and: 
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where ρs = sediment density.  These equations are used to simulate the stresses acting on 

the sediment particles due to water flow, and particles are only entrained when the 

Shields stress is greater than the critical Shields stress for the system. 

The sediment transport is defined using a generalized equation similar to that of 

Meyer-Peter and Müller (1948), shown below: 
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where αt = coefficient in Manning-Strickler resistance relation;    
  = critical Shields 

stress for the onset of sediment motion; nt = dimensionless exponent, generally used as a 

correction parameter; and   
  = the Einstein number and is also given by: 

                                                           
   

  

     
                                                  (15) 

Where qt = volume sediment transport rate per unit width of the channel.  The parameter 

s, Eq. (14), denotes the fraction of boundary shear stress that consists of skin friction, if 

decomposition is used in the modeling of the sediment transport relation.  The earlier 

mentioned assumption of no bedforms has a secondary affect, allowing for the 

simplification of the model that decomposition is not used and therefore s = 1.  If 
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bedforms were present, a formulation for hydraulic resistance including bedforms must 

be used to estimate s.  In the original formulation of Meyer-Peter and Müller (1948) the 

following values are used: 

                                               αt = 8    nt = 1.5    τ*c = 0.047                                (13a,b,c) 

These are also the values used for the initial model, and can be changed in the section of 

the model titled “Auxiliary Parameters.” 

The model assumes that the river channel is only transporting significant amounts 

of sediment during higher magnitude flooding events, with large flowrates.  This is true 

as shown through research done by Millman and Syvitski (1992) and Syvitski and 

Mulder (1995) examining sediment transport into the ocean during exceptionally large 

discharges.  We do know that sediment is transported anytime that the Shields number, 

τ*, is greater than the critical shear stress, τ*c.  Meaning that there is sediment being 

transported at other times, not just during large flood events, however, this model 

neglects this transported sediment, and only focuses on large magnitude events.  The 

 

Figure 9: Schematic explanation of intermittency.  From Parker (2004) 
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model uses a term defined as intermittency, If, specified by the user, where the river is 

flooded only a fraction of the time (Paola and Angevine, 1992).  For the other time, (1-If), 

the channel is assumed to be transporting zero sediment.  An illustration of this is shown 

in Figure 9. 

 The slope of the channel is defined by the user initially, and the output from the 

model will show how the slope of the channel has changed over time.  The user also 

specifies the amount of sediment that is coming into the channel by defining the sediment 

feed rate, Gtf, at the upstream end of the channel which differs from the annual sediment 

yield, Gt.  This allows the user to specify whether the channel will aggrade or degrade.  

The flood transport rate, qt, associated with this initial slope is calculated.  The model 

then calculates Gt, using the equation: 

                                                                                                                                                   (16) 

 where Gt = annual sediment yield; qt = flood transport rate; B = channel width; If = 

intermittency; and ta = number of seconds in a year.  We must remember that during this 

process the downstream end of the reach is hinged, meaning the bed elevation is held 

constant, possibly alluding to the case of a bedrock formation such as a waterfall.   

The general Exner equation used in the mass balance on a system for sediment 

continuity is of the form: 
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where η = channel bed elevation; λp =  porosity of the bed deposit; and t = time.  

However, from the earlier assumption that qt equals zero for most of the time during 

intermittency, or the non-flood periods, the model uses an amended equation given here: 

                                                      
  

  
   

     

  
                                        (17b) 

Eq. (17b) represents Eq. (17a) averaged over many floods, since the only sediment 

transport that occurs is during intermittency, and at all other times qt is equal to zero.  In 

this amended form, qt specifically refers to the sediment transport rate that the model 

produces given the user specified flood flowrate, Qf.   

4.2.2 - Results 

 This section discusses the testing for the model, and checks the limits on certain 

parameters that can be defined by the user.  Understanding how the model was 

constructed is important so that it is now possible to see where the model may have 

problems and exhibit error in calculation. Shown in Table 1, are the Initial Parameters 

used for the model testing.  In order to understand how each variable affects the annual 

sediment transport, Gt, the test cases will be holding all things constant, as the initial 

parameters.  Then, by varying only one parameter at a time within the range of actual 

observed values, the interaction between the test parameter and its affect on the model 

will become clear.  The reason for the limitation of observed values is to confine the use 

of this model to real world possibilities, and understand the model from an empirical and 

not theoretical standpoint.  The Auxiliary Parameters, shown in Table 2, are not varied at 

all in this evaluation.  The model was run using Microsoft Excel and the outputs for each 
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test case were analyzed and recorded in the figures shown in the next section.  The first 

 

Table 1: Initial parameters used to test the model. 

parameter tested was the flood discharge, Qf.  As the flood discharge increases the annual 

sediment transport increases monotonically with a concave upward function as shown in 

Figure 10, which is expected.  When the flood discharge initially increases, the channel is 

able to transport much more sediment, but once a certain discharge is reached the channel

  

Table 2: Auxiliary parameters used to test the model. 
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starts to become capacity-limited, where supply of sediment is greater than the capacity 

of sediment the channel can transport.  It is not possible for the annual sediment 

transport, with the constrained geometry of the channel, to increase linearly with the 

flood flowrate.   

The annual transported sediment changes drastically with an increase or decrease 

in particle diameter, as shown in Figure 10.  For the initial parameter set chosen, 90 mm 

sized particles are approximately at the threshold of motion, meaning that given the 

constrained parameters the model cannot account for some cobble sized particles, which 

 

Figure 10: Resultant annual sediment transport given the flood discharge. 

are particles larger than 64 mm.  The threshold of motion is the required shear stress 

caused by the water flow in order to move a particle of a given size, in this case 90 mm, 

and anything larger will not be transported. 

The intermittency was only varied between 0.001 and 0.05 because landscapes are 

not flooded much of the time, and it was found that on average, they are flooded 
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approximately 5% of the time or less (Paola and Angevine, 1992).  The annual sediment 

transport increases linearly as the intermittency increases, which is what we would 

expect.  If there is an increase in flood events in a single year, the amount of sediment 

increases proportionally. 

Surprisingly, as the channel width increases the annual sediment transport was 

found to decrease.  Upon closer investigation of the model, it was found that when the 

channel width increases the depth of the channel flow becomes lower.  This lower depth 

of the channel flow results in less shear stress along the channel bed and allows for less 

sediment to be transported during the large magnitude events.  This relation is the same 

as that between annual sediment transport and particle diameter, and is not shown 

independently. 

 

Figure 11: Annual sediment transport-particle diameter relationship in the model. 

The variation of the bed porosity has no affect on the annual sediment transport, 

and only causes the final channel profile to vary slightly.  In looking at the model 
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formulation, this is because the model coding that uses the bed porosity is only affected 

by the auxiliary parameters.  Since the auxiliary parameters remain unchanged in this 

test, the bed porosity shows no traceable affect on the calculation of the annual sediment 

transport. 

The channel bed slope is the final user input examined and for the given set of 

parameters, the model will not work for slopes less than 0.00166 (ft/ft).  This is because, 

with the chosen initial parameters, when the channel has a bed slope less than 0.00166 

(ft/ft), the normal flow approximations do not hold, and so the model is no longer valid.  

In varying the channel bed slope, it was discovered that the annual sediment transport 

increases monotonically, and is also concave upward.  The relation between annual 

sediment transport and the bed slope is the same as the flood discharge relationship, and 

thus is not shown graphically. 

 The model is functionally and computationally sound in modeling the change of 

channel bed morphology with the exception of a few overlooked parameters such as the 

bed porosity.  The user must be careful as to not define an imposed sediment transport, 

Gtf, that is equal to the annual sediment transport, Gt.  When this occurs, the channel 

profile is unchanged since the sediment coming into the system is equal to the sediment 

leaving the system.  The normal flow approximation also slightly limits some types of 

natural channels that can be modeled using this system.  Overall, the process and 

assumptions used to create the model are accurate and valid.  The model is very useful 

when it becomes possible to model two-dimensional and sometimes even three-

dimensional channels in one-dimensional space.  One-dimensional modeling is key to 
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understanding two and three-dimensional systems, and many two-dimensional problems 

can be simplified and modeled accurately using this model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

Chapter 5 - Conclusion 

 It is evident that human impacts (e.g. road construction) fundamentally alter the 

erosional and hydrologic processes that operate within a drainage basin.  Landsliding in 

steep terrains and the integration of road and channel networks has led to increased 

concentration of road drainage.  There currently exist many types of construction designs 

that have significant geomorphic impacts, such as ridgetop roads where drainage is 

focused into steep unchanneled valleys which results in shallow landsliding 

(Montgomery, 1994).  Recently, research has shown that new designs are available in 

which only small changes must be made in order to reduce drainage concentration.  The 

new design process also would minimize negative road related impacts on slope stability 

and downslope stream channels.  More research could be done to improve upon 

theoretical thresholds for erosion initiation by collecting field data to help better calibrate 

the models.  More accurate models would lead to better generation of empirical 

relationships between drainage and erosional impacts. 

 However, we must be careful when addressing the problem of channel change, 

especially in urban areas.  Lateral erosion from channel widening can result in damage to 

infrastructure and property, and an increase in suspended sediment can affect aquatic 

habitats and water quality substantially (Galster et al., 2008).  Wider channels are often 

viewed as esthetically unpleasing, which decreases the recreational value of the river, 

which is not ideal for largely populated areas along urban rivers.  This widening is 

considered a severe problem which must be addressed in terms of engineering for 

structures such as bridges and related structures.  The widening of channels also results in 
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private property loss and alterations of riparian zones that may be ecologically sensitive.  

Therefore, restoration efforts in these urban streams would need to consider the increased 

wideness of the channel when working in an area such as river engineering, where the 

new channel dimensions are an important factor in the channel design.  These adverse 

affects from increased urbanization will inevitably continue unless mitigation of 

increased imperviousness occurs through means of engineered design and control of 

runoff and strict land use planning implementation.  

 The literature also showed that there are several occurrences in nature where 

urbanization has had little impact of the processes that cause morphological changes 

within a channel.  It is important to note that in this instance there was generally some 

type of geologic aspect, such as bedrock or large amounts of riparian vegetation, which 

helped to mitigate the affects of urbanization in these channels. 

The processes and influences that affect channel morphology are vital to the 

understanding of how urbanization impacts the once naturally balanced system.  It is 

important to understand how the five main factors that affect physical channel 

morphology previously discussed interact with one another.   

The CCHE2D model allowed a look at how the hydrodynamics of a channel are 

modeled, and how they relate to the channel meandering process.  By vertically 

integrating over the three-dimensional Reynolds equations for momentum, and including 

the continuity equation, the net mass flux of water through the system can be accounted 

for from cell to cell in the model grid.  The model formulation illustrated that the 

meandering process is very closely related to bank erosion and bed deformation processes 
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influenced by the secondary flows.  The bank erosion process was not included in the 

model because the simulation of bank erosion is much more complicated.  Bank erosion 

is caused by soil mechanical failures and shear stress, and the complexities of modeling 

this require thorough knowledge and understanding of the erodibility of channel bank 

materials.  Generally, the entire channel shape change occurs over a much larger time 

scale than that of the bed change.  One exception to this general claim is when channels 

have loose and noncohesive alluvial bank materials.  Since the model uses a fixed bank 

condition, the cross section form results produced by the model would be similar to cases 

with banks that have low erodibility.   

The human role in changing rivers has been exercised for thousands of years, only 

within the last half-century has this topic been addressed using widespread scientific 

investigation.  In little over a half-century, many answers have been obtained for a vast 

variety of questions dealing with river and stream change.  We have found answers, even 

including ones that deal with channel morphology in response to human impacts, and 

how these changes in channels occur.  Other questions regarding when, where and 

exactly why these changes occur have proven much more difficult to answer.  This more 

direct impact that has been shown through research and studies magnifies the need for 

engineers to embrace the sustainable design of channels with channel geomorphology in 

mind.  With all of the knowledge of the past 60 years, and increased concern in the 

present-day of the human role in changing rivers, it is now possible to positively oversee 

the management of river channels.  We can progress the applications of research, and 

continue to reduce the gap between research and practical implementation by increasing 
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our understanding of system feedbacks to the human interaction with nature, especially in 

regards to rivers and their morphology. 
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