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1. Introduction 

Highly dynamic mid-channel bars are prominent in braided sand-bed rivers due to their 

relatively shallow channels and generally higher bedload proportion. Much is known about the 

formation factors of mid-channel bars including the accretion of unit bars, migration of bars 

within the channel, and docking mechanisms of these bars. However, little to no studies have 

been conducted which tracked comprehensive bar statistics over a significant period of time. 

Consequently, while much is known of the occurrence and geometry of various types of bars, 

little is known of their kinematics. Studies by Hooke, Holbrook & Allen, and Bartholdy & Billi 

have addressed life-cycles of individual bars or small datasets of bars, but all of the bars in a 

given river have not been published (Hooke 1986, Bartholdy & Billi 2002, Holbrook & Allen 

2020).  Other studies that track general statistics like average surface area and intrachannel 

migration patterns have been performed on individual/small sets of bars (Ashworth 1996, Rice et 

al., 2009, Mukherjee 2011, Kleinhans 2010, Ashmore 2013 among others). The Missouri River, 

and its size being well observable from space, offers an opportunity to perform a similar study to 

the previously mentioned studies on a larger and more comprehensive scale. 

The advancement of remote sensing technologies and Geographic Information System 

(GIS) software presents a unique opportunity to track mid-channel bars en masse over long 

periods of time. Previous studies of mid-channel bars relied almost exclusively on models and 

field observations before advances in remote sensing collection and processing capabilities. Over 

the last 30-40 years, multiple satellite image collection missions have been run, including the 

Landsat Mission. Landsat is a joint USGS/NASA image collection mission which specializes in 

visible, near infrared, and thermal remote sensing which began in the late 1970s. In addition to 

these satellite image collection missions, many advances have been made in remote sensing 
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processing software and its capabilities. State of the art GIS processing software plus Landsat 

images from the last 30 years present ample and previously unavailable opportunity to track a 

river’s changes over a long period of time in totality. 

This study focuses on an 88 km uncanalized stretch of the Missouri River (Figure 1) 

between Gavin’s Point dam in Yankton, SD and Sioux City, IA (Figure 2). The Missouri River 

has been highly channelized by the US Army Corps of engineers for ease of access, flood 

control, and commerce purposes. However, the stretch of the river investigated in this study has 

remained largely unaltered and presents close to natural braided river conditions (US Army 

Corps of Engineers, Rahn 1977). This uncanalized and unaltered section of the river allows one 

to study the Missouri River approximately as it was before human intervention and presents 

unbiased data in a statistical study of the transformation of the braided river system. In this study, 

29 years of Landsat images were acquired and processed in ArcMap, a key component of 

Environmental Systems Research Institute (ESRI)’s ArcGIS suite used for GIS data analysis, in 

order to track all of the compound mid-channel bars in this stretch of the Missouri River. All in 

all, 104 compound mid-channel bars were tracked between 1989 and 2018. Characteristics like 

life-cycle, surface area, docking patterns, and downstream migration were tracked and analyzed 

in order to create a comprehensive profile of the mid-channel bars in this stretch of the Missouri 

River. It is expected that a large amount of mid-channel bars will dock at meander bends, further 

increasing point assemblages and sinuosity in the channel. It is also expected that most of the 

bars in the river will be fixed or semi-fixed, with few fully free bars which leave their respective 

meander bend. Bars are also expected to be confined to wider stretches of the channel with few 

mid-channel bars to be found in narrow areas of the channel. 
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2. Background  

2.1 The Meandering Braided Missouri River:  

The Missouri River is a 2,639 mi (4,247 km) long river that runs through eight states 

before joining the Mississippi River in St. Louis, Missouri. The headwaters of the Missouri are 

formed by the confluence of the Gallatin, Madison, and Jefferson Rivers in western Montana. 

The Missouri River drains approximately 529,000 square miles or 1.3 million square kilometers 

and its basin drains most of the Eastern and Northern Rocky Mountains, or about 17% of the 

contiguous United States (Laustrup & LeValley 1998; Spooner 2001; Holbrook & Allen 2020). 

In the early 1900s, the US Army Corps of Engineers began channelizing and damming portions 

of the Missouri River in an effort to regulate water flow as well as make the river more navigable 

(Laustrup and LeValley 1998; U.S. Army Corps of Engineers, 2004). By the 1960’s the river 

was completely channelized downstream of Ponca City, Nebraska, and fully submerged under 

dammed reservoirs upstream of Yankton, South Dakota, leaving only the 88 km stretch in 

between roughly unmodified (Sanford 2007, Jacobson et al. 2009, Holbrook & Allen 2020). 

The dammed and regulated Missouri River is much less dynamic than it was before 

modification, when stream morphology was more dynamic and water and sediment discharge 

more commonly ranged higher. Prior to the damming and channelization, the Missouri River 

transported a sediment load of 135 million tons per year (Mellema & Wei, 1986). The Missouri 

River discharge post-regulation has decreased to approximately 22 million tons of sediment per 

year, a decrease of approximately 75% (Rus et al., 2013).  

The Missouri River has been referred to as “the braided river that meanders” by Holbrook 

and Allen (2020) given the prevalence of both sinuosity and mid-channel bars in the uncanalized 
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section of the river. The unmodified river was predominantly single thread meandering upstream 

of Great Falls, Montana and multi-thread braided downstream. Changes in various sections of 

the river over the last 3,000-4,000 years have caused shifts between single thread meandering 

and multi-thread braided (Kashouh et al., 2012, Holbrook & Allen 2020). The braided sections 

feature mid-channel bars that form via accretion of unit bars into larger compound bars. These 

compound bars migrate and accrete to the bank or to lateral bars that collectively form bar 

assemblages that resemble the typical point bars that are seen in meandering rivers (Holbrook & 

Allen 2020). 
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Figure 1: The entirety of the Missouri River Basin. Study area highlighted by red box (ESRI). 

Figure 2: 88 Km study area between Yankton, SD (top left) and just upstream of Sioux City, SD. Source: Google 
Earth. 
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2.2 Fluvial Bar Types:  

Point bars, lateral bars (also alternate or side bars), and mid-channel bars (multiple mid-

channel and compound mid-channel bars) each form in the braided meandering Missouri River 

(Figure 4). Point bars are associated with meandering rivers but are present in the braided 

meandering Missouri due to inner bank sediment deposition and mid channel bar docking and 

give the Missouri River relatively high sinuosity for a braided river system (Holbrook & Allen 

2020). Lateral and mid-channel bars are typical in braided river systems and are abundant in the 

Missouri River. Lateral and mid-channel bars are the focus of the tracking in this study while 

point bar formation via mid-channel bar docking is of interest as a primary termination point of 

mid-channel bars’ life-cycles. 

Continued building of point assemblages on inner bends helps the Missouri grow and 

maintain sinuous meanders. Point bars are also present locally in bends. Point bars differ from 

point assemblages in that they are a compound bar through the addition of unit bars to a bar 

accretion surface rather than by addition of compound bars to the bank. Bars can also attach to 

any part of the cutback to form large counterpoint assemblages. Point bars form as bank attached 

bars along the inner (convex) portion of a meander bend. Flow velocity and sediment transport 

capacity increase along the (outer) cutbank and decrease along the inner bank around the 

meander. Lower inner bank velocity results from the lower depth and lower momentum and thus 

reduces the river’s sediment carrying capacity, which makes these areas of the channel more 

prone to deposition (Einstein 1926, Jackson, 1976, Andrews 1979, Langbein & Leopold 1966 

Seminara 2006, Kleinhans 2010). Centrifugal forces running perpendicular to the bank also 

contribute a little to cutbank scour, especially in sharper bends, and support point bar growth.  

Transformation and migration result from lateral shifts in channel position due to deposition on 
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the inner bank and erosion on the cutbank (Hayashi 1971, Jackson 1976, Fredsoe 1978).  

Accordingly, in addition to translation and expansion of meanders by generation of point 

assemblages, the Missouri River can contract or retreat meander bends though formation of 

counterpoint assemblages; thus, all four of the possible component vectors for meander 

migration generate in the Missouri River (Holbrook & Allen, 2020). 

Braided rivers mostly differ from meandering rivers by the relative dominance of mid-

channel bars. Mid-channel bars are typical of braided rivers, which tend to have large width to 

depth ratios, high sediment yield, and typically move more coarse bedload than a meandering 

rivers (Williams & Rust 1969, Rust 1972, Miall 1977, Ashworth et al., 1986) Compound mid-

channel bars form when unit bars coalesce onto preferential accretion surfaces and form a larger 

compound bar (Ashworth 1996, Ashworth et al. 2000). Mid-channel bars originate in the center 

of a river channel and may continue to grow until they create semi-permanent mid-channel 

floodplains, thus separating an anabranch from the other channel (Ashworth 1996). More 

commonly, mid-channel bars will grow then shrink until they disappear or move laterally or 

downstream until they dock to a bank and join the floodplain laterally. Mid-channel bars 

generally have a larger average grain size than point bars due to higher flow velocities in braided 

rivers (Ashworth 1996, Best et al. 2003, Luchi et al. 2010).  

The third most common bar type seen in the Missouri River is the lateral/side bar (which 

leads to side-attached bars). Side bars are types of elongated mid-channel bars (rather than a 

unique bar type) that have popped up near the side of the channel or laterally migrated there. 

Side bars share similar formation factors to mid channel bars but are mostly seen in straight, non-

sinuous portions of the river. Many side bars will migrate downstream or wash away, but many 

of them will dock to the shore and become side-attached bars. Side-attached bars will often 
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attach on alternate sides of the channel moving downstream and will give straight portions of the 

channel a sinuous path (Crosato & Mosselman 2020). 

 

Figure 3: A figure of common fluvial bars seen in the Missouri River adapted from Hooke 2011. Point bars are seen 
in meander bends. Multiple bars and mid-channel bars are products of the Missouri’s braided river characteristics. 
Side bars are mid-channel bars which can dock to the bank and create point bars.  
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2.3 Mid-channel Bars in Braided Rivers:  

Mid-channel bar (or “braid bar”) formation is a result of instabilities in bedload and 

turbulent flow along the channel bottom. This turbulent flow results in very uneven sediment 

transport along a slightly uneven bed, which causes sedimentation-erosion patterns and 

eventually causes the river to bifurcate around growing mounds (bars) of deposited sediment. 

Coarser grain sediment will remain at the head of the bar while grain size trends finer toward the 

tail due to selective sorting (Leopold & Wolman 1957, Ashmore 1991). Lateral accretion of 

other smaller dunes/bars will occur simultaneously, which further enhances the bar growth 

process (Ashworth et al. 2000, Lunt & Bridge 2004). In this stage the major drivers of bar 

growth are lateral accretion, deposition downstream of bank erosion, and deposition after high 

flow events (Ashworth et al. 2000, Lunt & Bridge 2004). Once a mid-channel bar reaches a 

certain size, it can split river flow significantly enough to cause an anabranch with increased 

flow velocity on one or both sides of the bar (Ashworth et al. 2000). The presence of these 

anabranches with increased flow velocity means higher erosion rates on the bar itself and the 

banks adjacent to the anabranch. This increased erosion leads to immediate deposition on the 

furthest downstream portion of mid-channel bars which elongates the tails of bars (Ashworth et 

al. 2000). Once compound bars are formed, they sometimes migrate laterally towards either bank 

via flow discrepancies between the bifurcations which surround the bar (Ashworth 1996, Shields 

et al. 2000). Compound bars can also migrate downstream via headward erosion and subsequent 

downstream deposition of sediment on the bar’s tail (Bristow 1987, Ferguson & Ashworth 1992, 

Ashworth 1996, Ashworth et al. 2000, Schuurman & Kleinhans 2015).  Mid-channel bars can 

also not migrate at all then completely erode away and disappear. The large compound bars can 

also continue to grow and sometimes become permanent floodplain fixtures in the channel.  
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Once a compound bar forms, the time it takes for it dissolve or dock would be referred to 

as its “life cycle”. Few studies (with widely varying results) have been published on the life 

cycle of mid channel bars. One of the first studies (Hooke 1986) suggests a life cycle of 5-15 

years for gravelly mid channel bars in the River Dane. Bartholdy and Billi (2002) suggested that 

bars in the Cecina River (Italy) form as a result of moderate level flood events and recycle in 

major flood events of 10-20 year recurrence intervals. A more recent study conducted in the 

Fraser River (Canada) finds some bars in “protected” portions of the river can survive some 30-

100 years – albeit in low flow/sediment flux conditions (Rice et al., 2009). In a study on the 

Missouri River, Holbrook & Allen (2020) performed a lifespan analysis on multiple bars in the 

same bend of the river. Holbrook & Allen (2020) addressed the time from bar initiation, growth, 

and floodplain accretion to be ~15 years. This study will use currently available imagery and GIS 

software, to generate a more comprehensive estimate of bar life cycle on the Missouri River. 

Braid bar migration and docking (or “welding”) are supported as the primary processes of 

floodplain development in braided rivers (Hooke 1986, Ashworth et al. 2000, Bridge 2003, 

Parker et al. 2013; Holbrook & Allen 2020), and the Missouri River in particular (Holbrook & 

Allen, 2020). Unit bars can coalesce into the banks and directly form lateral bars or accrete in the 

middle of the channel into compound mid-channel bars which may remain in the middle of the 

channel or migrate towards a bank and form lateral bars (Holbrook & Allen 2020). Ashworth et 

al. (2000) were one of the first to track the ontogeny of mid-channel bar.  A mid-channel bar 

emerged in the middle of the Jamuna River, Bangladesh and docked to the bank in a 3-year 

period. It was seen over these three years that bar migration was driven by unit bar accretion on 

the bankside of the braid bar. Once the anabranch was filled with smaller, sandy unit bars, finer 

material filled in the space until the bar was integrated into the floodplain (Ashworth et al, 2000). 
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A possible driver of lateral (bankward) bar migration is asymmetrical flow between channel 

branches on either side of a mid-channel bar. The asymmetry between the two branches can lead 

to one side of the bar having a branch with much less sediment carrying capacity, which leads to 

mass sediment deposition in that section of the channel. This sediment deposition leads to 

channel fill and eventual welding of the bar to a bank once the channel fills all the way, thus 

leaving the bar migrated and docked (Ashworth et al. 2000, Hood 2010, Gorrick & Rodriguez 

2014, Holbrook & Allen 2020). Bathymetry measurements in Holbrook & Allen show that 

preferential flow and deposition at bifurcations is a process that is native to the Missouri River 

(Holbrook & Allen 2020). Bar docking in rivers is an important concept because lateral accretion 

bars can drive a river to become more or less sinuous based off of where the bars dock. If bars 

migrate and dock on inner bends, the forced cutbank erosion will cause the channel to have 

higher amplitude sinuosity. Opposite, if a bar docks on the outer bend of a river, then the channel 

is straightened by subsequent point erosion (Bridge 2003). Since meanders in a braided river can 

be heavily influenced by bar docking, this can cause the meander bends to transform in 

contradiction to their previous expansional and translational patterns which were largely 

governed by slope and sediment erosional resistance (Lunt & Bridge 2004, Holbrook & Allen 

2020). What is not known on a large scale is what proportion of mid-channel bars in a given 

stretch of a river system dock to the banks and integrate into the floodplain versus simply 

dissolve or erode away in place with no preservation record. 

Mid-channel bars are rarely stable in terms of area, length, shape, and position in the 

river. In this study, fixed bars -also referred to as forced or non-migrating bars in literature- are 

bars which have little to no downstream movement and either stay stationary or migrate laterally 

towards the bank. In addition to lateral migration, mid-channel bars can move downstream in 
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some instances (Ashmore 1991, Ashworth 1996, Kleinhans 2010, Mukherjee 2011, Ashmore 

2013). Such bars in this study that move significantly downstream are considered semi-fixed or 

free bars depending on their degree of movement. Changes in channel morphology, discharge, 

and sediment load cause mid-channel bars to change quickly and often (Callander 1968, Hooke 

& Yorke 2011, Wang 2017). Riverbeds generally lack cohesion and will lose stability in a 

perturbed, random pattern due to turbulent flow. Instability in turbulent flow and the resultant 

erosion of a riverbed is the main driver in bar migration (semi-fixed and free bars) (Callander 

1968, Parker 1976, Seminara & Tubino 1989, Kleinhans 2010, Wintenberger et al., 2015). 

Migrating/free bars are mostly formed and influenced in flood years due to higher discharge and 

thus larger turbulent flow effects while they remain less changed and perhaps move less in lower 

stage years for the opposite reasons (Seminara & Tubino 1989). Conversely, non-migrating 

(fixed) bars are theorized to be the result of the forcing effects of channel curvature, which 

generally relegate fixed bars to the immediate area in which they formed (Seminara & Tubino 

1989, Repetto et al., 2002, Wu & Yeh 2005). It is important to note that in the case of fixed 

(forced) bars, the general discussion is relegated to point bars in a meandering river. However, 

braid bars can also remain in place with little to no downstream migration. In this study, mid-

channel bars that fit this description are also considered “fixed” bars as there is no downstream 

movement. The mechanisms that drive bars to be forced or free is well understood through 

models, but comprehensive real-world studies are lacking. Especially true is the fact that no 

known studies have been published on the proportion of braid bars in a braided river system that 

remain fixed vs. bars that migrate downstream (semi-fixed or free). The abundance of mid-

channel bars in the Missouri River provides an excellent opportunity to study the migration 

patterns of an entire stretch of a river system. 
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3. Methods:  

Landsat imagery from Landsat 4, 5, and 8 with multiband visible and infrared light were 

used for mapping bars over yearly time steps to track bar evolution. The USGS Earth Explorer 

page (https://earthexplorer.usgs.gov/) was used to access Landsat collection 1 images from 1986 

to 2021. Image quality before 1986 was poor and was not suitable for proper data analysis, while 

stream data was inconsistent or poor past 2018. Worldwide Reference System (WRS) path 29 

row 30 was selected for the image footprint area, which contained the entirety of the study area 

in one image . Cloud and snow cover filters were set at 10% or less in order to produce clear 

images. Images were selected between the months of March and October to limit snow and ice 

cover. 

Landsat images from 1986 through 2018 were selected based off those images which met 

the streamflow, cloud cover, and land cover criteria which provided a consistent comparison 

between imagery and stream conditions across the 32-year window. Images were selected where 

the a common low river stage range so bars could be compared year to year at a similar water 

levels. Streamflow data from the USGS (waterdata.usgs.gov) at the Yankton (USGS 06467500) 

and Gayville (06478526) gages in the Missouri River were compiled from the years 1986 

through 2021. Average gage height in feet was calculated at both locations, with the average 

gage heights at Yankton being 13.4 ft (4.1 m) and Gayville at 47.3 ft (14.4 m). Images selected 

based on when gages read a water level of 1.5 ft (0.45 m) on either side of the average (4.1 m at 

Yankton and 14.4 m at Gayville). The range of 0.45 m from the average water level was selected 

due to the total range (0.9 m) being approximately 10% of bankfull river stage (Anderson et al. 

2021). The restricted river stage range used equated to a window from 40-50% of bankfull flow, 

which reflects a compromise between maximum constancy for image comparison  without 
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compromising the available selection of images. It was also found that approximately 50% of 

bankfull river stage was where changes in water level least affected bar surface area.  Near 

infrared (NIR) and shortwave (SWIR) infrared light were used where available because they are 

absorbed by water and reflected by land at a high contrast. Infrared light is absorbed by water 

near three wavelengths: 1,100 nm, 1,300 nm, and 3,000 nm (https://earthobservatory.nasa.gov/). 

All three of these wavelengths fall within near infrared and/or shortwave infrared spectrum 

(NIR/SWIR). The Landsat Multi-spectral scanner (MSS) carried 4 bands: Red, Green, and two 

Near Infrared wavelengths. The investigated times/years in this study using the images taken by 

the MSS instrument were years 1986-1990 and 2012. Images acquired by the MSS sensor have 

poor quality in terms of spatial resolution (60 m) and available wavelengths (4 bands). As a 

result, the best band combination for land water delineation was 321 (NIR, Red, Green). Landsat 

images taken by the Thematic Mapper (TM) instrument were used from 1991-2011, taking up 

the largest portion of the dataset. TM images provide clearer false color images due to the 

addition of the SWIR band which is the closest wavelength to the 1,300 nm absorption 

wavelength of water. A band combination of 4, 5, 3 (NIR, SWIR, Red) was used in the Thematic 

Mapper composite band images. Landsat 8’s Operational Land Imager (OLI) instrument uses 11 

bands: coastal aerosol, blue, green, red, NIR, SWIR 1/2, panchromatic, cirrus, and thermal 

infrared (TIR) 1/2. Landsat images acquired by the OLI instrument were used for the interval 

2013-2018 and provided the greatest flexibility in composite band synthesis. Landsat OLI 

images (5, 6, 4) used a band combination similar to Landsat TM images (4, 5, 3) and contained 

NIR, SWIR 1, and red bands (Figure 6a). 
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Landsat Mission Sensor Years Used 

Landsat 4-5 Multi-Spectral Scanner 1986-1990, 2012 

Landsat 6 Thematic Mapper 1991-2011 

Landsat 8 Operational Land Imager 2013-2018 

Table 1: Table of Landsat missions and years used. 
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Figure 5a: Composite image of a portion of the river channel from 2016 (OLI). Bands combined were red, NIR, and 
SWIR1 

Figure 5b: A photo of the same stretch of river post-classification. Coffee colored pixels are land while Blue pixels 

are water. 

4a 

4b 
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ArcMap GIS software was used for image analysis and visualization. False color 

composite images were generated and stitched together, showing electromagnetic radiation 

wavelengths both inside and outside the visible electromagnetic spectrum. The supervised 

learning image classification tool in ArcMap was used to classify the Landsat images into a set 

number of feature classes.  In this procedure, training samples representing the investigated 

feature types were created and a pixel-based supervised classification algorithm detects and maps 

the features throughout image based on the spectral properties of the individual pixels. Only two 

classes were used in this study: land (coffee color) and water (blue)(Figure 6). After images 

were classified, ArcMap’s raster to polygon tool was used to create simplified polygons of water 

and land, defining the channel banks and emergent parts of bars.  

Polygon rasters of mid-channel bars were defined from Landsat images for each year, and 

measured area, XY centroid coordinates, and length. A threshold of 36,000 square meters was 

established to differentiate unit bars and compound bars. Unit bar sizes were estimated based on 

Alexander (2013) and Holbrook & Allen (2020)  The largest unit bar (based on visual 

estimation) was approximately 12,000 square meters. This value was then tripled (36,000 sq. 

meters, shown in figure 7) in order to effectively reduce the dataset to only include bars that 

were sufficiently large to assure they were indeed compound bars (as opposed to unit bars), and 

to reduce the sample to a manageable size for year-to-year tracking. The sample of tracked bars 

was further limited to those lasting at least 2 years within the data’s timeframe. Each bar meeting 

these thresholds of size and duration was manually tracked over the 28 years of data for 

migration direction and changes in size. Fixed bars were defined as bars whose centroid did not 

move more than a bar length downstream during the bar’s lifespan. Semi-fixed bars were 

described as bars whose centroid moved more than a bar length downstream but remained within 



18 
 

the same meander-bend reach. Free bars were described as bars that migrated outside of their 

meander bend during their life cycle. 

 

Figure 5: A rough diagram of the unit/compound bar threshold established in this study. The middle bar (outlined 
in solid) was considered the upper limit of the size of a unit bar. The two equally sized unit bars (dashed outlines) 
illustrate the other unit bars or sediment deposition necessary to transform the unit bar into a compound bar for 
the purposes of this study. 

 Bars exceeding the 36,000 square meter and two-year thresholds, were binned according 

to area, total bar movement, fixed vs. semi-fixed, and docking or non-docking. Average area and 

duration of each bar was calculated. Nominal age categories based on life cycle were created for 

the bars as follows: short lived (2-5 years), medium lived (6-10 years), long lived (11-20 years), 

or islands (20+ years). For bars that ended by docking instead of reworking, the location that 

docking bars welded to the floodplain was recorded in the following categories: inner bank of 
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meander bend, outer bank of meander bend), straightaway/crossover, and mid-channel floodplain 

between anabranches. Additionally maps of the modern river channel and the channel survey 

from the 1860’s (USGS) was compared to estimate the minimum rate at which the floodplain 

was reworked by channel migration from bar processes, and the degree of floodplain reworking 

over century scales  
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4. Results:  

The main variables tracked in this study for bars that met the size and longevity criteria 

were bar life-cycle length, average area, fixed vs. semi-fixed, and docking vs. non-docking. A 

total of 104 bars met the 36,000 square meter exclusion criteria as well as existing for at least 

two consecutive years in the dataset. Having met these two criteria, these 104 bars were tracked 

in depth over the 28-year time period of this study (Table 2). 
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MR Age Dock? (Dock Bank) Fixed or Semi-fixed Nominal Age Avg. Area 

1 29+ no fixed long 736947 

2 29+ no fixed island 698914 

3 10+ no fixed medium 338458 

4 3 no fixed short 128931 

5 12 no fixed long 36434 

6 3 no fixed short 124520 

7 29+ no fixed island 750962 

8 3 no fixed short 190149 

9 29+ no fixed island 707176 

10 29+ no fixed island 480020 

11 2 no fixed short 148677 

12 29+ no semi-fixed island 110664 

13 9 no fixed medium 96810 

14 3 no fixed short 129026 

15 9 no semi-fixed medium 203057 

16 12 no fixed long 251733 

17 18 no semi-fixed long 91189 

18 20 no fixed long 77926 

19 3 no semi-fixed short 103088 

20 8+ no fixed medium 187127 

21 3 no semi-fixed short 99351 

22 2 yes (fp) fixed short 51689 

23 2 no fixed short 77365 

24 29+ no fixed long 661456 

25 4 no fixed short 210546 

26 8 no fixed medium 702979 

27 2 no fixed short 36979 

28 3 yes (fp) fixed short 105505 

29 6 yes (fp) semi-fixed medium 28785 

30 2 no fixed short 61970 

31 2 no fixed short 83070 

32 3 no fixed short 86499 

33 8 yes (o) semi-fixed medium 70740 

34 2 no fixed short 87490 

35 9 yes (o) semi-fixed medium 181988 

36 23 no semi-fixed island 102322 

37 9 no fixed medium 71325 

38 6 yes (fp) fixed medium 88220 
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MR Age Dock? (Dock Bank) Fixed or Free Nominal Age Avg. Area 

39 8 yes (fp) fixed medium 178151 

40 17 yes (o) fixed long 92720 

41 19 yes (o) semi-fixed long 207640 

42 8 yes (fp) fixed medium 102000 

43 2 yes (i) fixed short 113042 

44 3 no semi-fixed short 48603 

45 3 yes (i) fixed short 200126 

46 3 no fixed short 52562 

47 7 no semi-fixed medium 190586 

48 20 yes (o) semi-fixed long 284001 

49 20 yes (o) semi-fixed long 266114 

50 21 yes (o) fixed island 215989 

51 7 no semi-fixed medium 299570 

52 2 no fixed short 92245 

53 6 yes (i) fixed medium 94196 

54 21+ yes (o) fixed island 203874 

55 25+ yes (o) fixed long 472020 

56 22+ no semi-fixed island 518538 

57 5 yes (s) fixed short 220103 

58 22 no fixed island 302717 

59 9 yes (i) fixed medium 132583 

60 10 yes (i) fixed medium 149769 

61 20 yes (i) fixed long 57214 

62 8 yes (s) fixed medium 182876 

63 4 no fixed short 70768 

64 6 no semi-fixed medium 101677 

65 21+ no semi-fixed island 164049 

66 21+ no fixed island 162139 

67 21+ no fixed island 125408 

68 5 no fixed short 97817 

69 6 no fixed medium 104139 

70 28+ no fixed island 120285 

71 6 no fixed medium 48815 

72 6 no fixed medium 99019 

73 2 no semi-fixed short 34321 

74 8 yes (s) semi-fixed medium 74216 

75 6 no fixed medium 117572 

76 2 yes (o) fixed short 71575 

77 3 no semi-fixed short 116746 

78 21+ no fixed island 96979 

79 2 no fixed short 67048 

80 2 no fixed short 94601 
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Table 2: A table displaying the basic information for each bar. MR # was the naming convention for this study. 

The MR column points to the sample number. Age column displays the bar age, a “+” next to the age 

demarks a bar which already existed in the beginning of the study interval or did not disappear before 

the study interval ended; thus, its age is longer that determined from this study. Dock? demarks bars 

which did or did not dock eventually dock as the completion of the life cycle (yes), vs. reincorporated 

into the bedload (no). Dock Bank indicates which bank a bar docked to if it docked (“yes” in column 

“Dock?”). O: Outer Bank, I: Inner Bank, S: Straightaway, FP: Bar docked to mid channel floodplain. Avg. 

Area provides the bar’s average surface area during its lifespan above 36,000 km2. Fixed or Semi-fixed 

tells whether the sample was fixed or semi-fixed. Nominal Age provides the age range of a bar. Short= 

2-5 years, medium= 6-10 years, long= 11-20 years, island= 21+ years.  

 

 

 

 

MR Age Dock? (Dock Bank) Fixed or Free Nominal Age Avg. Area 

81 2 no fixed short 56534 

82 15+ no fixed long 217429 

83 2 no fixed short 60324 

84 2 yes (o) fixed short 91120 

85 19+ no semi-fixed long 157181 

86 2 no fixed short 200162 

87 5 yes (o) fixed medium 36837 

88 14+ no fixed long 117086 

89 8+ no fixed medium 91304 

90 18 yes (s) semi-fixed long 87939 

91 6 yes (o) fixed medium 199028 

92 8+ no fixed medium 124755 

93 8+ no fixed medium 252788 

94 8+ no fixed medium 208277 

95 2 no fixed short 50017 

96 3 no fixed short 172502 

97 19 yes (s) fixed long 120527 

98 3 no fixed short 75428 

99 3 no fixed short 76860 

100 5 yes fixed short 95775 

101 21 yes (s) fixed island  268182 

102 7 yes (o) fixed medium 65002 

103 8 yes (o) fixed medium 443300 

106 12 no fixed long 69208 
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One of the main purposes of this study was to determine the average life-cycle length for 

the mid-channel bars in the Missouri River. Thirty-five of the 104 bars were either already 

present in 198 or did not complete their life cycle (dock or reincorporate) by 2018, so their life-

cycle was incomplete and underminable within the timeline of this study. Of the 69 bars whose 

life cycle begins and ends within the study time period; the average age was 7.9 years. While 7.9 

years was the overall average age, the average age of each bar type (docking/non-docking, 

fixed/semi-fixed, etc) varied between 4.5 years and 11.3 years.  

Another way to consider bar life cycle is grouping the bar ages into nominal categories. 

The nominal age category lengths were determined by examining the data clustering and trying 

to create intervals at natural breaks (natural breaks method) in the data while keeping interval 

length mostly consistent (manual classification). Bars which completed their life cycle in 2-5 

years were considered “short-lived”. Bars which survived 6-10 years were considered “medium-

lived”. Bars which existed for 10-20 years were considered “long-lived”. Finally, bars which 

survived 21-30 years OR did not originate and dissipate within the bounds of the study interval 

were considered “islands”. The distribution of bars by nominal age category is as follows: 38 

short-lived bars, 32-medium lived bars, 18 long-lived bars, 16 island bars (Figure 9). The 

average age of all bars (7.9 years) in the tracked dataset falls into the “medium-lived” category. 

Note a generally linear downward progression of the distribution of the bar types by nominal 

age. When this is included with the smaller (<36,000 sq. m) bar average life cycle of <2 years, 

the distribution shows a clear downward trend in numbers as age increases. 
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Figure 6: Nominal age of 50 sampled unit bars and the 104 tracked compound bars 

 

 Docking vs non-docking differentiates the bars that eventually become part of the 

floodplain (docking) from those that are not preserved as floodplain (non-docked) even 

temporarily.  Of the 104 bars, 34 (32.7%) of the bars ended their life cycle by docking to the 

floodplain. Conversely, 70 (67.3%) of the bars did not dock to floodplain and ended their life 

cycle by eroding and reincorporating back into the bedload in mid-channel (Figure 10). Cross-

referenced by duration, docking bar life cycles lasted 8.2 years on average while non-docking bar 

life cycles lasted 5.7 years on average. In addition to age, average area was also compared for 

docking and non-docking bars in the Missouri River. Average area for a docking bar was 

approximately 154,495 square meters while the average area for a non-docking bar was 184,703 

square meters.  A box and whisker plot was made, and similar to the fixed/free bars, it was seen 

that the non-docking dataset had multiple high outliers. The discrepancy in area is likely due to 

the presence of large outliers in the non-docking dataset, perhaps the same bars seen as outliers 

in the fixed bar dataset. Bars that eventually docked to become part of the floodplain on average 
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were longer lasting and slightly smaller. Bars that docked, docked in one of four general docking 

locations: inner bank (inner bank of a meander bend), outer bank (outer bank of a meander 

bend), straightaway/crossover (no discernable meander bends/ between meander bends), or mid-

channel floodplain islands. Of the 34 docking bars, 6 bars docked to the inner bank, 6 bars 

docked to the straightaways, 6 bars docked to mid-channel floodplains, and 16 bars docked to an 

outer bank, showing a preference to the outer-bank docking, but no preferences otherwise.   
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Figure 7a: Count of docking vs. non-docking bars 

Figure 7b: Table of docking vs. non-docking 
count.  

Figure 7c: Count of average age of docking vs. 
non-docking bars. 

Figure 7d: Table of docking vs. non-docking age. 

Figure 7e: Count of area od docking vs. non-
docking bars. 

Figure 7f: Table of docking vs. non-docking 
area. 
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 Bars were also binned as fixed vs semi-fixed. A fixed bar was defined as a bar which 

did not migrate downstream more than one bar length over its life cycle. A semi-fixed bar 

migrated at least one bar length downstream over its life cycle. This analysis was performed by 

using the coordinates of the centroid from the start and the end years of the bar combined with 

the initial bar length to determine distance migrated for a given bar. Of the 104 tracked bars, 81 

(77.8%) of the samples were classified as fixed bars (Figure 11). Conversely, 23 (22.2%) of the 

samples were classified as semi-fixed bars. There were no bars in this stretch of the Missouri 

River which migrated outside of their meander bend, or for that matter out of their half of their 

meander bend; thus, there were no fully free bars. Fixed bars had a life cycle length of 5.5 years 

on average while semi-fixed bars had a life-cycle length of 9.7 years on average. Fixed bars also 

had an average area of 180,737 square meters while semi-fixed bars had an average area of 

154,015 square meters.  Fixed bars had a much shorter duration and were slightly smaller than 

semi-fixed bars. However, upon further investigation via a box and whisker diagram, it was seen 

that the difference in average area between fixed and semi-fixed bars was due to a few outliers in 

the fixed bar dataset. The overall boxes of both bar types closely resemble each other and thus it 

can be assumed that this difference is simply the result of outliers in the datasets. 
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Figure 8a: Count of fixed vs. semi-fixed bars. 

 

Figure 8b: Table of fixed vs. semi-fixed 
count. 

Figure 8c: Area of fixed vs. semi-fixed bars. 

Figure 8d: Table of fixed vs. semi-fixed bar 
areas. 

Figure 8e: Average age of fixed vs. semi-fixed bars. 

Figure 8f: Table of average area of fixed vs. semi-fixed bars. 
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All 104 bars were assigned one of four specific categories: docking fixed, non-docking 

fixed, docking semi-fixed, or non-docking semi-fixed. There were 26 (25%) bars that were 

docked and were fixed, 55 bars (52.9%) were non-docking and fixed, 8 (7.7%) bars were 

docking and semi-fixed, and 15 (14.4%) bars were non-docking and semi-fixed (Figure 12).  

The average ages for the four bar categories are: 7.2 years for docking fixed bars, 11.3 years for 

docking semi-fixed bars, 4.5 years for non-docking fixed bars, and 8.8 years for non-docking 

semi-fixed bars. The average area for the four bar categories is: 155,823 square meters for 

docking fixed bars, 150,177 square meters for docking semi-fixed bars, 192,514 square meters 

for non-docking fixed bars, and 156,062 square meters for non-docking semi-fixed bars.  As was 

the case before, docking bars are generally longer cycled than non-docking bars in both fixed and 

semi-fixed form with negligible area difference, but in this case the semi-fixed bars lasted longer 

than the fixed bars in both docking and non-docking bins.    
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Figure 9a: Table of bar category counts. 

Figure 9b: Counts of bar categories. 

Figure 9c: Table of the average age of bar categories. 
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Figure 9d: Average age of each bar category. 

Figure 9e: Table of the average area of each br category. 

Figure 9f: Average area of each bar category. 



33 
 

Smaller (<36,000 sq. m) bars that did not meet criteria for tracking were sampled (50 

bars, 1992-1994) to make note of bar behavior before they potentially coalesced into the larger 

compound bars. 76% of the small bars did not last for more than one year. Only the bars with a 

surface area closer to the 36,000 square meters (24%) threshold lasted for two years or more. The 

smaller unit bars almost never docked (4% or two samples docked) and tended to still be mostly 

fixed, but with a higher proportion of the bars being semi-fixed than the larger (>36,000 sq. m) 

unit bars. Of the of small bars that lasted more than a year, 7 of 12 or 58% were semi-fixed bars 

while 5 of 12 (42%) were fixed.  

 Bars tend to form in wider parts of the channel. Previous authors propose that mid-

channel bars tend to form in wider channel reaches (Rahn 1977, Lewin 1981, Bertoldi & Tubino 

2005, Hooke & Yorke 2011, Pierik et al. 2022). Visual inspection supports this assertion (Figure 

13) after a correlation between channel width and bar centroid position shows that a higher 

density of the bars’ centroids lie in wider areas of the channel (Hooke 1986, Kleinhans et al. 

2013, Holbrook & Allen 2020, Pierik et al. 2022) 
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Figure 10b: A distribution density map of the bars in the Missouri River. More bars form in areas where the channel is 
wider (~1,000 meters and up) while less bars form in narrower areas of the channel (~ 400 meters or less). 

Figure 10a: A dot distribution of the 104 compound bars that were tracked in this study. More than 104 dots are 
present because the centroid from each individual year of the bar’s existence was plotted. This presents a 1,100-point 
dataset. 

10a 

10b 
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  Bars centroids are generally denser in wider reaches. A digital heat map of centroids 

reveals that bar centroids over time concentrate at wider reaches and are less common at narrow 

reaches (Figure 13). The highest and lowest density areas of the river were measured for 

numerical comparison. The channel widths in the lower density areas were as follows (meters): 

300, 306, 267, 247, 416, 281, and 261. These measurements produce an average channel width 

of 296 meters in the lowest density areas. The channel widths in the higher density stretches of 

the channel are as follows (meters): 1306, 994, 1471, 931, 1397, 1004. These measurements 

produce an average channel width of 1,184 meters in the higher density areas. In a similar 

fashion, it was found that these wider reaches averaged 32 bars per km while the narrower 

stretches averaged 7 bars per km. 

 A comparison of channel areas between the modern day Missouri River channel and 

the pre-industrial river channel provides useful insight into changes in the river over the past 150 

years (Table 1). A stitched map profile of the 1894 Missouri River channel (figure 14) was 

sourced from Holbrook & Allen 2020 (map plates sourced by USGS), digitized, and field 

geometries were calculated. The 1894 channel areas over the 88km study reach were: channel 

and bars -- 59.8 sq. km, channel only -- 48.9 sq km, and bars only -- 10.8 sq km. In the 2018 

channel areas were: channel and bars -- 56.2 sq. km, channel only -- 46.9 sq. km, and bars only -

- 9.2 sq. km. Overall, the 1894 Missouri River had about 6% more area in combined channel and 

bar area, 15% more area in terms of bars alone, and about 4% more area in terms of the channel 

only. One should keep in mind that the maps from 1894 lack the detail that current maps possess. 

This could be a factor in the differences in area, especially differences in bar area.  
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Figure 11a: A digitized map of the Missouri River between Yankton and Elk Point (1894). Note there are generally 
less bars, but the bars seem to be bigger. Source: USGS. 

Figure 11b: Comparison of the areas in the channel between 

1894 and 2018 

 



37 
 

5. Discussion: 

 Mid-channel bars appear confined to wider river reaches and rarely appear in narrow 

reaches. The fact that there are zero free bars suggests that the river may constrict at meander 

bends in a way that discourages bar migration past them and instead forces bars to dock or 

dissolve with no way through the bottlenecks. These bottlenecks are also not conducive to bar 

generation, which leaves distinct interbend areas the most populated with bars and the only place 

that bars can migrate within. Many studies have arrived at the conclusion that mid-channel bars 

are most often found in wider areas of meander bends (Rahn 1977, Lewin 1981, Bertoldi & 

Tubino 2005, Luchi et al. 2011, Hooke & Yorke 2011, Zolezzi et al. 2012, Holbrook & Allen 

2020, Pierik et al. 2022). These studies suggest the width accommodations support sediment 

deposition and leave ample room for channel bifurcation around mid-channel bars. The braided 

meandering nature of the Missouri river leads to high variance in channel width as one moves 

along the channel. Width ranges along bends by a factor of three according and allows ample 

space for the introduction of mid-channel bars (Holbrook & Allen 2020). The large variance in 

bar density - 7 bars/km in narrow stretches opposed to 32 bars/km in wider areas - supports prior 

literature that mid-channel bars tend to form in wider areas of the channel and that the Missouri 

River has high variance in width along meander bends.  

 Mid-channel bars in the Missouri River are fixed to semi-fixed, and do not move 

freely down the channel. The Missouri River has no truly free bars that left their original 

segment of the meander bend over there duration, and 78% did not even migrate a full bar length 

downstream.   None of the bars migrated out of the outer or inner part of the meander bend in 

which they originate. Previous studies suggest that fixed (“non-migrating” in some literature) are 

the result of local constraints like channel narrowing in meander bends and sometimes vegetative 
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cover on the bars. ( Luchi et al. 2011, Zolezzi et al. 2012, Kleinhans & van den Berg 2011, 

Hooke & Yorke 2011, Wintenberger et al. 2019, Holbrook & Allen 2020). Tubino & Seminara 

(1990) use bend theory to detail increased channel curvature as a constraint in bar migration. 

Hooke & Yorke further confirms that fixed, immobile bars are much more common in high 

sinuosity sections of a river due to the downstream bottlenecking that forces decreased migration 

and may increase floodplain assimilation (Hooke & Yorke 2011). The data from this study 

supports these assumptions from previous works that fixed/forced bars are products of variation 

in channel planform. As previously mentioned, there is a large variation in channel width 

oscillations in the Missouri River. This causes sections of large width bookended by more 

narrow areas, which constrains the mid-channel bars to short reaches of the river and does not 

allow for the bars to leave their meander bends and truly be free/migratory bars.   

 A few interesting differences in fixed vs. semi-fixed bar life cycle and area were seen 

and warrant discussion. Semi-fixed bars outlived fixed bars by 4.2 years on average (9.7 to 5.5 

years). One assumption for the discrepancy in average age could be semi-fixed bars’ ability to 

adapt to changes in channel morphology like channel widening or constriction. This means semi-

fixed bars can survive slightly longer than fixed bars, which have lower mobility and are more 

susceptible to dissolving or docking when channel morphology changes. It was observed that 

fixed bars’ area was 26,722 square meters greater than semi-fixed bars on average. It is 

noteworthy that one bar type would be dramatically larger (17%) than the other. This difference 

in size could further explain the discrepancy in age between fixed and semi-fixed bars. This 

suggests that larger bars are harder to move and would lead to less adaptability and quicker 

termination.  
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 Most of the mid-channel bars in the Missouri River do not preserve in the floodplain. 

Two-thirds of the bars in this stretch of the Missouri River do not dock and instead end their life-

cycle by dissolving and reentering the sediment load of the river. This suggests that only one-

third of the mid-channel bars eventually become integrated with the floodplain. The process of 

mid-channel bars docking (or “integrating) to either the cutbank or point bank of a meander bend 

is well documented (Ashworth et al. 2000, Bridge 2003, Hooke & Yorke 2011, Parker et al. 

2013, Schuurman & Kleinhans 2015, Holbrook & Allen 2020). Bend theory suggests meander 

bends will translate, expand, or contract based on where bar assemblages integrate with 

floodplain. Occasionally bars form in the middle of the channel instead (mid-channel bars), and 

then migrate to dock on the inner bend of a meander to grow bends more abruptly through 

accretion of larger sediment volumes (Hooke 1986, Ashworth 1996, Luchi et al 2010).   If bar 

assemblages dock to the inner (point) bank of a meander bend, expansion and higher sinuosity 

results (Ikeda et al. 1981, Blondeaux et al. 1985, Smith 1987, Bridge 2003, Luchi et al. 2011, 

Fustic et al 2012, Ghinassi et al. 2016). When new floodplain is suddenly added to the outside of 

a meander bend, the channel narrows due to this. In response, the channel will generally widen 

via point bank erosion and straighten the channel (Bridge 2003, Holbrook & Allen 2020). Of 

the 34 bars that docked, 16 of them docked to the outer bank of a meander bend while only 6 

docked to the inner bend (6 on straightaways and 6 on mid channel floodplain). With most bars 

within meander bends docking to the outer bank, this suggests that the current meander bends 

may be straightening, causing lower sinuosity in these areas. It is also noted that 6 bars docked to 

straightaway stretches in the river. These bars docked as side bars or alternate bars. Opposite of 

the previously explained process, alternate bars tend to increase the sinuosity of a river.  
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 Age and area comparisons were also made between docking and non-docking bars to 

try to interpret any patterns in this dataset. In terms of life-cycle length, docking bars (25 

samples) had an average age of 8.2 years while non-docking bars (44 samples) had an average 

age of 5.7 years. This leads to the conclusion that the longer a bar can survive in the channel, the 

more likely it is to dock into the floodplain. In terms of area, non-docking bars were significantly 

(20%) larger than docking bars with an average area 30,000 square meters larger. The 

assumption can be made that since docking bars are smaller, they can move towards the bank 

more readily. Their ability to move may pull them out of areas of maximum discharge and leave 

them less susceptible to erosion and dissolving. Conversely, the larger and less mobile non-

docking bars stay further within the channel and dissolve away more quickly.  

 As with the fixed/semi-fixed and docking/non-docking data, age and area comparisons 

were performed upon the four specific categories of bars in the Missouri: docking fixed, docking 

semi-fixed, non-docking fixed, and non-docking semi-fixed (Figure 15). The average age was 

highest in docking semi-fixed bars (11.3 years) and lowest in non-docking fixed bars (4.5 years) 

with non-docking semi-fixed (8.8 years) and docking fixed (7.2) hovering close to the average of 

the dataset (7.9 years). Docking semi-fixed bars may have the highest average lifecycle due to 

their ability to adapt to the changes in channel morphology by moving laterally and downstream 

more freely. Conversely, non-docking fixed bars may have the shortest life-cycle due to their 

lack of mobility and higher probability of being influenced by changes in channel morphology. 

In terms of average area, non-docking semi-fixed had the largest average area at 192,514 square 

meters while docking fixed, non-docking semi-fixed, and non-docking fixed bars had areas of 

155,823, 150,177, and 156,062 square meters respectively. Note that in previous sections, both 

non-docking bars and fixed bars contained the large areas with significant outliers. This would 
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be a reasonable explanation for the non-docking fixed category having a significantly larger 

average area than the other categories. An alternative hypothesis could be that non-docking fixed 

bars are exposed to more sediment being stationarily situated in the middle areas of the channel. 

This could lead to more deposition and larger bar building events. However, non-docking fixed 

bars have the lowest average age at 4.5 years, so this amount of deposition and bar building 

seems unreasonable over that comparatively short period of time. When the top three outliers 

from the non-docking fixed area group were removed, it made a new average area of 158,879 

square meters, which means that all 4 categories fall within 10,000 square meters of each other in 

average area. This pattern shows that there is likely a small general range of bar sizes in the 

Missouri River with a general cap around 160,000 square meters. This suggests that bar behavior 

is likely not related to size as much as position within the channel and channel morphology.

Figure 12: A box and whisker chart depicting the distribution in area of the four combo bar types 
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 Also worth noting is the small sampling of unit bars which did not reach the 36,000 

sq. m threshold of a compound bar. Of the of small bars that lasted more than a year, 7 of 12 or 

58% were semi-fixed bars. This proportion is much higher than the 22% of compound bars 

which were fixed. This suggests that the smaller bars are more easily moved by turbulent flow in 

the channel. Studies on unit bars suggest that turbulent or high flow make unit bars easily 

movable within the channel (Tubino & Seminara 1990, Tubino et al. 1999, Reesnik & Bridge 

2007, Schuurman & Kleinhans 2015, Holbrook & Allen 2020). Holbrook and Allen suggests that 

the smaller unit bars in this stretch of the Missouri River are readily movable, an assertion which 

is supported by the evidence put forth in this study. Only 2% of the sampled unit bars docked, 

likely due to their short lifespan. Unit bars have been found to be easily dissolvable and thus 

unlikely to dock to the bank and much more likely to coalesce to other unit bars (Miall 1977, 

Germanoski & Schumm 1993, Bridge & Lunt 2006). This data suggests that there is a large 

probability that a single unit bar will not grow or coalesce into a compound bar, as only 12 of 50 

bars made it past a year in age and none of the observed bars coalesced into a unit bar. This 

could be because of their small size and high probability of being eroded back into the sediment 

supply before they can survive long enough to turn into a compound mid-channel bar. 

 Lastly, an area analysis of channels from 2018 and 1894 was performed in order to see 

how the channel may or may not have changed in the last ~150 years. The findings of this 

analysis clearly show that the modern, dammed channel is still very similar to the pre-dammed 

channel in 1894. These results indicate that this uncanalized stretch of the Missouri River has not 

changed all that much even with anthropogenic modifications to the river system. The largest 

difference between the channels is the 15% reduction in bar size from the 1894 channel to the 

modern channel. This slight reduction in in mid-channel bar size is likely due to upstream 
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channelization and damming. The effects of the Gavins Point dam (and regulation in general) on 

flow and sediment load are present in multiple studies (Rahn 1977, Mellema & Wei 1986, 

Laustrup & LeValley 1998, Moody et al. 2003, Sanford 2007, Jacobson et al. 2009, Rus et al. 

2015, Holbrook & Allen 2020, US Army Corps of Engineers). The pre-dam sediment load at 

Gavins Point has decreased by almost 135 million tons/yr and the resultant incision from 

sediment starvation has been ~ 2 meters near Yankton, SD (Mellema & Wei 1986, Sayre & 

Kennedy 1978, Sanford 2007). It has been suggested that Gavins Point dam creates a larger 

width to depth ratio below the dam and thus increases opportunity for mid-channel bar formation 

(Rahn 1977). Additionally, the loss of suspended load due to the dam is partially replaced (.2% 

of its original load at Yankton, with about 18.6 million tons/yr at the end of the study area) by 

bank and bar erosion of existing downstream sediment (Sanford 2007, Jacobson et al. 2009, Rus 

et al. 2015). Even with more room for bar formation and partial sediment replacement via 

channel incision and erosion, the channel still runs at a sediment deficit compared to its pre-

damming years and thus the reduction in the size of mid-channel bars makes sense below the 

Gavins Point Dam. However, given the large loss of sediment due to damming, the overall 

reduction in bar surface area (15%) is rather small.  
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6. Conclusion:  

The Missouri River, dubbed “the braided river that meanders” by Holbrook and Allen 

(2020), exhibits features of both meandering rivers (high sinuosity meander bends) and braided 

rivers (high width to depth ratio, plentiful mid-channel bars). Studies on the life cycle, growth 

patterns, and movement of mid-channel bars are certainly lacking, and Landsat data and GIS 

software present a unique opportunity to conduct such a study on the compound mid-channel 

bars in the Missouri River. Measurements of life-cycle length (age), bar area, fixed vs. semi-

fixed, and bar distribution were all made for fixed/semi-fixed, docking/non-docking, and four 

more further specific bar types:  

• 81 (78%) bars were fixed while 23 (22%) were semi-fixed, with no free bars. Fixed bars 

lifecycle was 4.2 years shorter than semi-fixed bars, suggesting a bar’s ability to move 

may cause it to last longer. 

• Only one third of bars dock to the banks of the Missouri. Docking Bars outlived non-

docking bars by 2.5 years, suggesting that a bar’s ability to move and dock can increase 

lifespan.  

• Most bars dock on outer banks of meander bends, suggesting the Missouri River is 

straightening (lower sinuosity) 

• The bars followed a trend of appearing the most (having the highest density) in wider 

areas of the channel as opposed to narrower areas. 

• The Missouri has similar total channel area, but had larger bars than ~150 years ago 

which suggests that effects of anthropogenic modifications of the river are more minimal 

than expected. 
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Much is known about the formation factors of mid-channel bars, which involves accretion of unit 

bars, migration of bars within the channel, and docking mechanisms of these bars. However, 

little to no studies have been conducted which tracked comprehensive bar statistics over a 

significant period of time. Consequently, while much is known of the occurrence and geometry 

of various types of bars, little is known of their kinematics. Studies of the life-cycles of 

individual bars or small datasets of bars have been performed, but all of the bars in a given river 

have not been published. The Missouri River offers an opportunity to perform a similar study to 

the previously mentioned studies on a larger and more comprehensive scale. 104 compound mid-

channel bars were tracked between 1989 and 2018. Characteristics including life-cycle, surface 

area, docking patterns, and downstream migration were tracked and analyzed in order to create a 

comprehensive profile of the mid-channel bars in this stretch of the Missouri River. It was found 

that the average life-cycle of a compound mid-channel bar in this stretch of the Missouri River is 

7.9 years. Additionally, bars tended to mostly form in wider areas of the channel and the post 

regulation Missouri has seen approximately 15% lower surface area on its mid-channel bars. 
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