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1    Introduction 

Natural, alluvial rivers experience a wide range of discharges and adjust their 
shape and size to each flow event that mobilizes either bed or bank sediments. 
Until the 1960s it was widely assumed that it was floods of great magnitude, but 
low frequency, that controlled channel form because of the nonlinear relation- 
ship between discharge and sediment transport capacity in which sediment load 
increases according to about the 1.5 power of stream power (Bagnold 1966). 
Consequently, the largest floods have enormous potential to transport sediment 
and to alter channel morphology radically. This view was challenged by 
Wolman and Miller (1960), who demonstrated that over an extended period of 
time, the total amount of sediment transported (and therefore work done in 
forming the channel) by a flow of a given magnitude depends not only on its 
transport capacity, but also its frequency of occurrence. Thus, although 
extremely large events can produce spectacularly high sediment loads, they 
happen so infrequently and last such a short time that their overall contribution 
to sediment movement during a long period is relatively small. Small events also 
make a small contribution to the total sediment moved because their high fre- 
quency of occurrence is offset by their very low sediment transport capacity. It 
follows from this logic that it is flows of moderate magnitude and frequency that 
are responsible for the greatest amount of sediment movement. 

Wolman and Miller defined 'moderate frequency' as events occurring 'at 
least once each year or two and in many cases several or more times per year' 
(Wolman and Miller 1960:p.60). They also considered the sediment load trans- 
ported by a given flow as a percentage of the total amount of sediment carried by 
the river during the period of record and then added the results from small to 
large events to find the percentage of the sediment load carried by events less 
than or equal to a given discharge. Their results, for a variety of American rivers 
located in different climatic and physiographic regions, showed that the greater 
part (that is, 50 percent or more) of the total sediment load was carried by 
moderate flows rather than catastrophic floods. Further to this, 90 percent of the 
load was carried by events with a return period of less than 5 years. The precise 
form of the cumulative curve actually depends on factors such as the predomi- 
nant mode of transport (bed load, suspended load, or dissolved load) and the 
flow variability, which is influenced by catchment size. Small catchments 
generally experience a wider range of flows than large catchments and this tends 
to increase the proportion of sediment load carried by infrequent events. 
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On the basis of both theoretical and empirical arguments, bank-full discharge 
is generally recognized as being the moderate flow that best fits Wolman and 
Miller's dominant discharge concept for rivers in dynamic equilibrium. This is 
the flow that just fills the channel, without overtopping the banks. Although 
Wolman and Miller noted that 'it is logical to assume that the channel shape is 
affected by a range of flows rather than a single discharge' (Wolman and Miller 
1960: p. 65), they concurred with the view put forward earlier by civil engineers 
working on 'regime theory' that the dominant discharge is the steady flow that 
produces the same gross channel shapes and dimensions as the natural sequence 
of events (Inglis 1949). This has been shown to be bank-full discharge for plan- 
form attributes such as meander wavelength (Ackers and Charlton 1970) and 
cross-sectional morphology (Hey 1972; 1982). 

In a river confined by levees and trained by revetments and contraction 
works, lateral channel migration and flow interactions between the channel and 
floodplain are prevented. The equivalent morphological expression of dominant 
flow in such instances might be the height of mid-channel and point bars, 
because their elevations are adjusted through lateral reworking of the bar 
sediments whereas the possibility of reworking the valley-fill sediments is 
denied to the river (Lewin 1978). However, this concept has not yet been tested 
using data from a trained river. 

Field identification of bank-full discharge causes problems (Williams 1978), 
but is usually based on a minimum width-to-depth ratio ( Wolman 1955), 
together with the recognition of some discontinuity in the nature of the channel 
such as a change in its sedimentary or vegetative characteristics. This approach 
should also be appropriate for a trained river, but with the cross-profiles and 
vegetation on channel bars providing much of the evidence normally gathered 
from the floodplain. 

For stable alluvial channels in dynamic equilibrium, the return period for 
bank-full flow has been identified as being in the range 1 to 2 years (Wolman 
and Leopold 1975). Hey (1975) showed that for three British gravel-bed rivers, 
the 1.5-year flood in an annual maximum series passed through the scatter of 
bank-full discharges measured along the course of the rivers. He went on to 
demonstrate using a magnitude-frequency analysis that the 1.5-year flood was 
equivalent to the dominant discharge. Richards (1982) suggests that in a partial 
duration series, bank-full discharge equals the most probable annual flood, which 
has a 1-year return period. 

Although the dominant discharge concept is not universally accepted, most 
river engineers and scientists agree that the concept has merit, at least for rela- 
tively large catchments, in humid areas, and over periods of 30 years or more. 
Thorough reviews of arguments about the conceptual basis of dominant dis- 
charge theory may be found in textbooks by Richards (1982), Knighton (1984), 
and Summerfield (1991). However, there have been relatively few applications 
of magnitude-frequency analysis to large rivers owing to the difficulties of 
obtaining reliable data over significantly long periods of record. In an earlier 
paper such data were examined for the Red, Pearl, and Lower Mississippi Rivers 
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in the southeastern United States. (Biedenharn, Little, and Thome 1987). This 
paper presents a more extensive examination of the data for the largest and most 
important of these rivers, the Lower Mississippi. The results of the analysis 
have immediate implications for river engineering and management, and these 
are explored briefly. 
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2    Study Area 

The Mississippi River originates in Lake Itasca, Minnesota, and flows 
through the central United States for 3,760 km to its mouth in the Gulf of 
Mexico, about 185 km downstream of New Orleans, Louisiana (Figure 1). The 
total drainage area of the Mississippi River and its tributaries is 2,975,910 km2, 
which constitutes 41 percent of the continental United States. The alluvial 
valley of the Lower Mississippi River begins just below Cape Girardeau, 
Missouri, where the floodplain widens abruptly, varying in width from 48 to 
200 km (Figure 1). Historically, this area was inundated during periods of high 
flows, but today it is mostly protected by levees that confine the flood flows 
within a floodplain with an average width of only 8 km. High-water and flood 
stages usually occur in the late winter and early spring, whereas the low-water 
season generally extends from about August to December. Unlike the Upper 
Mississippi River, the Lower Mississippi River did not experience severe flood- 
ing during the summer of 1993 because of its much larger channel capacity. 

The study limits for this analysis extend from about river kilometer 976 to 
river kilometer 512 (Figure 1). River kilometers are measured upstream from the 
head of passes (AHP) at the Gulf of Mexico. Figure 1 also shows the three main 
gauging stations for this reach. The mean annual flow of the Mississippi is about 
17,000 m3/s, and the highest recorded discharge is 61,140 m3/s. In the study 
reach, the river is predominantly sand-bedded, with a median grain size of 
approximately 0.38 mm. However, there are localized areas of gravel. The 
slope varies from about 0.000052 near Natchez to 0.00008 near Arkansas City. 
The average annual measured sediment load passing through the reach is about 
140 x 106 tons, of which, on average, about 70 percent is fine sediment (silt) 
with particle sizes less than 0.062 mm. 

During the last 50 years the river has responded to a variety of natural and 
human-induced changes. To provide adequate flood control and navigation, the 
U.S. Army Corps of Engineers has constructed numerous channel improvement 
features throughout the basin. Within the study area, the principal features 
include levees , bank revetments, cut-offs, dikes, and dredging. The river 
response was most marked after the bend cut-off program of the 1930s and 
1940s, with river levels lowered by as much as 4.8 m at the Arkansas City gauge. 
Although lowering is still occurring in the upper reaches of the study area, 
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Cairo 

Figure 1.  Alluvial valley of the Mississippi 

records from the Vicksburg and Natchez gauges indicate that bed levels in the 
middle to lower reaches have not stabilized. 
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3    Data Collection 

Discharge Data 

Mean daily discharge data were obtained from the Arkansas City, Vicksburg, 
and Natchez gauging stations covering a period of record from 1950 to 1982. 
This period was selected because it encompasses the period when sediment loads 
were routinely measured at each gauging station. On small rivers, instantaneous 
discharges may differ significantly from the mean daily flows, but on a very 
large system such as the Lower Mississippi River, the two are actually very 
similar. The record contains a wide distribution of flows, including both 
extremely low and high flow years. Observed discharges range from a low of 
about 4,250 m3/s to a high just over 56,600 m3/s during the 1973 flood. Flow 
duration curves for 1950-1982 were developed for all three stations. Figure 2 is 
the flow duration curve for the Vicksburg gauging station. The duration curves 
for the other two stations are very similar and are therefore not shown. 

Sediment Data 

Sediment transport data were also obtained from the Arkansas City, 
Vicksburg, and Natchez gauging stations. The period of record is 1969 to 1979, 
as this was the only period for which measured sediment transport records were 
available. On average, sediment was measured at each station about once a week 
during that period. The period of record includes several large flows of long 
duration so that" the data include both high and low flow conditions. Robbins 
(1977) provides a detailed description of the suspended sediment measurement 
program on the Lower Mississippi River. The measured sediment load is 
divided into two components: (a) fine sediment load consisting of particles less 
than 0.062 mm, and (b) sand load with particles greater than 0.062 mm. The 
total measured sediment load is the sum of these two components. 

As the fine sediment constitutes the 'wash load,' which is generally trans- 
ported through the system and has very little impact on the shaping of the chan- 
nel, it was decided to use only the measured sand load in this analysis. The 
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Figure 2.   Flow duration curve for Vicksburg, Mississippi 1950-1982 

measured sand load should correspond closely to the suspended bed material 
load, which plays an important part in shaping the channel. However, the 
measured sand load does not reflect the bed material that is transported as bed 
load. Although there are no measurements of the bed load discharge on the 
Mississippi River, according to the calculations of Toffaleti (1968), the bed load 
comprises less than 5 percent of the total sand discharge. Thus the term 
'sediment load' used in this paper refers to the measured sand load. 

To evaluate the impact of excluding wash load, the analysis was repeated 
using the total measured sediment load. This showed that although the absolute 
amount of sediment moved changed in comparison to the sand load results, the 
shape of the curves and the location of the major peak defining the dominant 
discharge were unchanged. Similar results were reported by Thorne, Russell, 
and Alan (1993) for the Brahmaputra River, suggesting that this finding is not 
unique to the Lower Mississippi. 

Channel Surveys 

Top of bank and mid-channel bar elevations were determined to relate the 
morphology of the river to the dominant flows identified in the magnitude- 
frequency analysis. The elevations of these features were determined from 
hydrographic surveys made in 1962-1964,1973-1975, and 1988-1989. These 
were comprehensive surveys with cross sections surveyed about every 300 m 
along the channel. 
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4    Analysis 

Magnitude-Frequency Calculations 

The first step in the magnitude-frequency procedure was to group the mean 
daily discharge data into flow increments and determine the number of events 
occurring in each increment over the entire period of record. A range of flow 
increments from 140 m3/s up to 6,000 m3/s was tested to determine the increment 
that was small enough to accurately establish the dominant discharge, yet large 
enough to produce a relatively smooth curve. Based on these tests, a flow 
increment of 1,000 m3/s was selected. 

Sediment rating curves were developed for each gauging section. These 
curves are shown in Figure 3. After several curve-fitting techniques were tested 
against the data, it was found that a double logarithmic regression provided the 
best fit. The relationship for each station is of the form of a power law. 

Qs = "J (1) 

where Qs = measured sand load (t/day), Q = discharge (m3/s), a = a coefficient, 
and b = an exponent. Values for the coefficient, exponent, and r2 for each 
station are listed in Table 1. 

As indicated by the r2 values in Table 1, the curves for the Natchez and 
Vicksburg stations describe the relationship between discharge and sediment 
load reasonably well. The fit is poorer for the Arkansas City station, although 
the correlation coefficient is still statistically significant. The poor fit may be 
due to the scarcity of data points for flows above 30,000 m3/s, the effect of the 
instability of the gauge due to the continued water level lowering in this reach, 
and the greater variability resulting from silting of the measurement section, 
which is at a meander crossing rather than a pool section, as at both Vicksburg 
and Natchez. 

Using the sediment rating equations, the sediment load associated with each 
flow increment was calculated. The total amount of sediment transported in 
each flow increment over the entire period of record was determined by 
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Figure 3.     Sediment rating curves for the period 1969-1979 at 
(a) Arkansas City, (b) Vicksburg, and (c) Natchez 

Table 1 
Sediment Rating Curve Equations 

Station Coefficient Exponent 
Coefficient of 
Determination (f2) 

Arkansas City 0.0000118 2.27 0.55 

Vicksburg 0.00000513 2.42 0.82 

Natchez 0.0000408 2.17 0.77 
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multiplying this value by the frequency of each increment in days. For example, 
at Natchez an observed mean daily flow of 30,680 m3/s would be assigned to the 
31,000 m3/s flow increment. According to the sediment rating equation for 
Natchez, a flow of 31,000 m3/s transports 240,000 tons of sand each day. During 
the 33-year period between 1950 and 1982, flows in this increment occurred on 
189 days. Therefore, flows within this increment were responsible for trans- 
porting 45.4 x 106 tons of sand during the 33-year period. This procedure was 
repeated for all flow increments and the total amount of sediment was then 
plotted against its respective flow increment (Figure 4). 

To illustrate the relative amounts of sediment moved by various ranges of 
flow, cumulative sediment load curves were developed for each station. This 
was accomplished by calculating the percentage of the sediment load moved by 
each flow increment and summing the results from the smallest to largest flows, 
producing a cumulative curve that shows the percentage of sediment moved at or 
below a given discharge over the entire period of record (Figure 5). 

Determination of Top of Bank and Mid-Channel 
Bar Elevations 

Top of bank elevations were determined by careful examination of 1973-1975 
cross sections. Care was taken to ensure that top of bank points represented the 
true, natural top of bank elevation and did not reflect some anomalous condition 
due to either the influence of an engineering structure such as a road embank- 
ment and levee, or the presence of a natural river bluff. 

Elevations of the tops of the mid-channel bars were determined from the 
1962-1964,1973-1975, and 1988-1989 hydrographic surveys. Although some 
subjectivity was involved in the determination of the top of bank elevations, this 
was small because the break of slope at the bank top was readily discernible 
from the cross sections. However, in the case of the mid-channel bars, there was 
uncertainty about the elevation that most accurately reflects the bar top. The 
simplest method would be to select the highest elevation encountered on the bar, 
but it was observed that this often corresponded to a localized high area covering 
a very small portion of the bar surface. A better representation of the deposi- 
tional surface reflecting the top of the bar that was not unduly influenced by 
small, localized high spots was determined from a cumulative plot showing the 
percentage of total area below a given contour. An example, for the Kentucky 
Bar, is shown in Figure 6. The zero contour elevation, which corresponds to the 
elevation of low water reference plane (LWRP), was selected as the base eleva- 
tion. The elevation below which 95 percent of the area is under water was 
selected to represent the top of the mid-channel bar. 

This procedure attempted to remove subjectivity from the analysis and pro- 
duce reproducible results. However, some uncertainties remain. First, there are 
the basic limitations of the survey data. In many instances the channel 
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cross-sections were not extended across the mid-channel bars, but rather 
contours were established based on photogrammetric techniques. In these 
instances, there may be some uncertainty as to the accuracy of the surveys 
compared with actual ground surveys. Secondly, it must be recognized that these 
bars are dynamic features and may be in various phases of evolution at the time 
of different surveys. Thirdly, there is the complicating factor of the influence of 
dikes and revetments on the morphology of the bars. 
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5    Discussion 

Effective Discharge Analyses 

The results of the magnitude-frequency analyses for the Arkansas City, 
Vicksburg, and Natchez gauges are shown in Figures 4a, 4b, and 4c, respec- 
tively. These histograms show the total amount of sediment transported in each 
flow increment during the 33-year period. Although the amounts transported by 
a given flow increment vary slightly from station to station, each of the distribu- 
tions is unimodal, with its peak indicating a dominant (or effective) discharge of 
about 30,000 m3/s. 

Flow-duration curves, for each station indicate that this discharge is equaled 
or exceeded about 13 percent of the time and from a flow-frequency perspective, 
based on a partial duration series, the dominant discharge has a return period 
equal to or just less than 1 year. This is consistent with the concept of Wolman 
and Miller (1960) and the findings of Leopold, Wolman, and Miller (1964) that 
the return period for the dominant discharge is 1 to 2 years. 

Cumulative Sediment Transport 

Although the effective discharge analyses define the dominant discharge, 
Figure 4 also shows that there is a range of flows that contributes significantly to 
the overall sediment transport at each gauging station. A cumulative analysis of 
the sediment transport was conducted to determine limits of this "effective 
range" of flows (Figure 5). Although there are minor differences in the shapes 
of the curves, they all exhibit a similar form and each curve can be divided into 
three zones. 

Zone 1 represents the steepest segment of the cumulative curves. This zone 
generally extends from about 17,000 m3/s to about 40,000 m3/s and represents 
the zone of maximum sediment transport for each increment of discharge. The 
flows in this zone are responsible for transporting about 70 percent of the sedi- 
ment load. Zone 2 encompasses the low flow regime, extending up to about 
17,000 m3/s. In this zone, only about 15 percent of the sediment load is moved. 

14 
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Zone 3 represents the high flow regime above about 40,000 m3/s, where the slope 
of the cumulative curve flattens and is also responsible for only 15 percent of the 
sediment load. 

Based on this analysis, the effective range of flows for the Lower Mississippi 
River occurs between about 17,000 and 40,000 m3/s. The lower limit of the 
effective range of flows (17,000 m3/s) corresponds to the mean annual flow, is 
equaled or exceeded 40 percent of the time and has a return period of about 
0.5 year (based on partial duration series). The upper limit (40,000 m3/s) is 
equaled or exceeded 3 percent of the time and has a return period of about 
5 years. 

Figure 7 shows the water surface profiles for the effective range of flows, for 
high water and for low water. In this plot, the water levels for 17,000, 30,000, 
and 40,000 m3/s are shown to represent the effective range of flows. For the 
low-flow condition, the LWRP is shown because it reflects about the lowest 
stages encountered during the period of record. The 50-year water level 
(58,000 m3/s) was selected for high water because it provides an upper envelope 
for the highest flows recorded during the period of record. 

The effective range of flows transports 70 percent of the sediment load and 
occurs over a stage range of about 7.3 m (Figure 7). In contrast, there is a 6-m 
stage range between the LWRP and 17,000 m3/s water surface profile, but only 
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Figure 7.    Water surface profiles for selected discharges in the Lower 
Mississippi River 
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about 15 percent of the sediment load is moved in this range. Similarly, only 
15 percent of the sediment load is moved in the 3-m stage range between 40,000 
and 58,050 m3/s. It should also be recognized that this upper range of flows 
occurs in an overbank situation, where stage increases with increased discharges 
are comparatively lower than those occurring for within-bank conditions. 

Impact of a Major Flood Event 

One of the criticisms of the dominant discharge concept is that major flood 
events are not properly accounted for by relatively short periods of record. To 
investigate this criticism, the magnitude-frequency analysis was repeated for the 
Natchez station with the Corps of Engineer's "Project Flood" added to the 
33-year period of record. This is an extreme event with an instantaneous peak 
discharge of 76,460 m3/s and flows in excess of 56,500 m3/s being sustained for 
2 months. Including this extremely high flood does alter the shape of the overall 
sediment transport curve (Figure 8), which shows a secondary peak resulting 
from this extreme event. However, this new peak is small compared with the 
primary peak of the dominant discharge, which still occurs at about 30,000 m3/s. 
The limited impact of the design flood is further illustrated in Figure 9. 
Although the shape of the cumulative curve is altered, particularly at higher 
flows, and 8 percent more sediment is moved by flows above 40,000 m3/s, the 
dominant discharge and effective range of flows remain essentially unchanged. 
It can therefore be concluded that the 33-year period of record from 1950 to 
1982 is sufficiently long that the occurrence of an extreme high flow does not 
significantly affect the results. 
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Figure 8.     Dominant discharge distributions for Natchez including the Corps of 
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Figure 9.     Cumulative sediment load curve for Natchez including the Corps of 
Engineers' Project Flood 

This finding cannot be taken to imply that the project flood is insignificant. 
On the contrary, if this flood were to occur, there would certainly be significant 
erosional and depositional problems, as well as marked changes in the local 
channel morphology. However, this event has an extremely long return period, 
which is much longer than the relaxation time for its morphological effect. 
Hence, over long periods, the effective range of flows remains the primary factor 
in shaping the channel. 

Morphological Expressions of the Dominant 
Discharge and Effective Range of Flows 

Implicit in the magnitude-frequency concept is the assumption that the flows 
transporting most of the sediment also accomplish the most work in forming the 
channel and determining its major morphological characteristics. If this is true, 
then there should be some morphological expression of the dominant discharge 
and range of effective flows in the form of the channel. For example, dominant 
discharge has often in the past been found to be equivalent to bank-full dis- 
charge, so that the channel capacity and bank-top elevation represent the mor- 
phological expressions of dominant flow in the cross section (Leopold, Wolman, 
and Miller 1964; Hey 1975). 
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For the Lower Mississippi River, a long channel plot of top of bank eleva- 
tions taken from the 1973-1975 hydrographic survey reveals that this parameter 
is highly variable and can differ by 3 m or more between adjacent cross sections 
(Figure 10). This variation in top of bank elevations is not unusual for alluvial 
rivers and simply reflects the highly dynamic and variable nature of the fluvial 
system. With this amount of variation, it is difficult to identify a single flow 
event that fully represents top of bank conditions. However, as shown in 
Figure 10, there is a strong correlation between the upper and lower bounds of 
the top of bank scatter and the upper bound of the effective range of flows and 
the dominant discharge, respectively. 
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Figure 10.   Long-channel variation in top-bank elevations in the study reach 

The fact that the water surface profile for the dominant discharge 
(30,000 m3/s in Figure 10) forms a good lower bound to the scatter of bank 
elevations indicates that the capacity of the channel is adjusted just to contain all 
flows up to and including the dominant discharge. As stages increase above this 
level, flow begins to spill out over the banks at more and more locations. This 
leads to changes in the flow pattern and the expansion of zones of interaction 
between in-bank and overbank flows that produce significant energy losses, 
higher flow resistance, and radically altered distributions of sedimentation. 

In Figure 10, the upper boundary to scatter in the top of bank elevations 
corresponds well to the upper limit of the effective range of flows~that is, the 
40,000-m3/s water surface profile. There are only a few isolated locations where 
top of bank elevations are higher than this. Therefore, the upper limit of the 
effective range of flows forms an upper boundary to the top of bank elevations, 
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reflecting a close link between the range of effective flows that transport the bulk 
of the sediment load and the upper limit of bank accretion. This does not suggest 
that the flow regime about 40,000 m3/s does not contribute to channel and flood- 
plain development, but that the influence of the large events is decreased due to 
their rarity and extremely short duration. It can also be observed that in the 
upper reaches of the study area top of bank elevations are a little higher, relative 
to the 40,000-m3/s water surface profile, than further downstream. This reflects 
the continuing water level lowering in the upper reach of the river (Elliott, 
Rentschler, and Brooks 1990). 

A second prominent morphological feature that may be related to dominant 
discharge and effective range of flows is the height to which mid-channel bars 
grow through accretion. Figure 11 shows that mid-channel bar elevations 
generally occur in the lower half of the effective range of flows, somewhere 
between the 17,000- and 30,000-m3/s water levels. This suggests that dominant 
discharge corresponds to both the upper bound of "bar-full" and the lower bound 
of bankfull flows for the Lower Mississippi. The submergence of mid-channel 
bars leads to the conversion of separate low-flow anabranches into a single- 
thread channel. This will result in decreased energy losses at bifurcations and 
confluences, increased sediment transport capacity, and increased sediment 
availability from the inundated bars. Hence it is perhaps not surprising that this 
bar-topping stage coincides with the dominant discharge. The finding that 
dominant discharge corresponds to bar-full stage is in agreement with the results 
of magnitude-frequency analysis of the Brahmaputra River, Bangladesh, a very 
large braided river (Thorne, Russell, and Alan 1993). 
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Figure 11.   Long-channel variation in elevations of mid-channel bars in the 
study reach 
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The data in Figure 11 also indicate that the bar-top elevations in 1988-1989 
were generally higher than in 1962-1964 and 1973-1975. Bar growth cannot be 
due to a general aggradational trend in the river because, although the specific 
gauge record for Natchez does indicate aggradation, the records for Vicksburg 
and Arkansas City show no such trend, despite also experiencing increasing bar 
elevations (Winkley 1982). For the most part, the 1988-1989 bar-top elevations 
correspond to the lower range of top of bank elevations and are close to the 
dominant discharge water surface profile, whereas the bar tops in 1962-1964 and 
1973-1975 were significantly lower. This seems to suggest that as the mid- 
channel bars mature, the elevation of the bar tops approaches that of dominant 
discharge and the surrounding top of banks. This evolutionary process is under- 
standable, given the constrained condition of the river, which prohibits channel 
shifting and lateral accretion, and therefore encourages in-channel, vertical 
accretion on bars. However, it must be noted that the difference in the elevations 
between 1962-1964 and 1988-1989 is generally only about 1.5-3 m, and given 
the survey limitations and the uncertainties in the bar-top determination pro- 
cedure, these results should be considered preliminary. A more detailed analysis 
of the evolution of these bars in needed to confirm that this trend is correct. 
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6    Engineering Applications 

Recognizing the dominant discharge and effective range of flows responsible 
for forming the salient features of the channel morphology has important appli- 
cations to river engineering, particularly in determining stable channel geome- 
tries and planforms and designing hard structures for river training and 
stabilization. 

River engineers are often required to make design decisions without having a 
complete understanding of the fluvial system with which they are dealing. This 
can lead to uncertainty about the response of the river to engineering work. The 
primary goals of the River Engineering Branch of the Corps of Engineers, Lower 
Mississippi Valley Division, are to document the long- and short-term morpho- 
logical trends in the river and to monitor the channel response to engineering 
interventions. Developing an understanding of the dominant or channel-forming 
flow, the effective range of flows, and their relationships with channel morpho- 
logy remain central elements of river engineering studies. With this in mind, the 
results of the magnitude-frequency analysis may be summarized as follows. 

The magnitude-frequency analysis reported here has shown that the individ- 
ual flow increment responsible for transporting the most sediment in the long 
term, often referred to as the dominant or effective discharge, is about 
30,000 m3/s for the Lower Mississippi River within the study reach. This is a 
relatively moderate flow with a return period of about 1 year, which is equaled 
or exceeded about 13 percent of the time. The effective range of flows was 
identified between about 17,000 and 40,000 m3/s, within which about 70 percent 
of the long-term sediment load is transported. There was a strong correlation 
between the top of bank elevations throughout the study reach, the dominant 
discharge, and the effective range of flows. The dominant discharge forms a 
lower boundary to top of bank elevations where overbank flows are just begin- 
ning to occur. The water surface profile for 40,000 m3/s forms the upper 
boundary, representing the maximum elevation for top of banks. The top eleva- 
tions of the mid-channel bars are usually lower than top of bank elevations and 
generally fall within the lower half of the effective range of flows, between the 
dominant discharge (30,000 m3/s) and the 17,000-m3/s water surface profile. 
There is some indication that as the mid-channel bars mature, the elevation of the 
bar tops approaches the lower boundary of the surrounding top banks, suggesting 
that they are adjusting to the dominant discharge and the constraints imposed by 
channel training works. 
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This information has been found to be useful in relation to several aspects of 
river engineering, particularly in the design of river training structures. This can 
be illustrated by two particular engineering applications. 

First, when planning river training and stabilization works, the need to har- 
monize with natural periodicities in the channel morphology is now accepted. 
Experience shows that the selection of a good alignment to the channel, espe- 
cially through the correct spacing of bends and crossings, drastically reduces the 
amount of dredging that is necessary to maintain a channel that is stable, pro- 
vides an adequate navigation depth, and has sufficient capacity to convey sedi- 
ment through the system (Winkley 1982). Determining the dimensions of the 
trained channel and, most importantly, the spacing of crossings between bends, 
requires reliable estimates of the dominant discharge and the range of effective 
flows. Magnitude-frequency analysis to establish design parameters therefore 
continues to be of crucial importance to sustainable channel stabilization. 

Second, a new design procedure for stone dike contraction structures on the 
Mississippi River has been formalized on the basis of hydraulic geometry 
analysis linked to an appreciation of process-form controls of channel morpho- 
logy (Lamb and Ethridge 1990). This procedure is used to determine the appro- 
priate size and elevation of stone dikes constructed to preserve an adequate low 
water navigation channel while not impeding flood flows. It is based on 
empirical relations between the width of the navigation channel and that of the 
overall channel, and between the proportions of the total conveyance within the 
navigation channel and outside that channel, above the elevation of the dikes. 
Key components in this design procedure are determining the top of bank width 
and elevation, which are essential for the conveyance calculations. Top of bank 
width and elevation are selected with reference to the water surface profiles for 
the dominant discharge and for the effective range of flows, where the 
preponderance of sediment transport occurs. 

These two examples illustrate the value of magnitude-frequency analyses for 
determining the dominant discharge and effective range of flows. There are 
tangible benefits for river engineering and channel design on the Mississippi 
River, as well as on other alluvial rivers around the world. 
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