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ABSTRACT 

Historical land clearing is believed to be responsible for present-day channel instability in 

main stem reaches in the Ozark National Scenic Riverways (ONSR) in south-central 

Missouri.  The nature of instability is related to the delivery of excess amounts of gravel 

sediment to stream channels and higher rates of lateral bank erosion.  These conditions 

are of concern to resource managers because of the potential damaging effects on 

recreational facilities and aquatic habitat.  The purpose of this study is to develop a 

geographic information systems (GIS)/remote sensing (RS) based methodology to 

monitor spatial patterns of gravel deposition and lateral channel migration within the 

ONSR.  Two study reaches, each several kilometers in length, on the Jacks Fork and 

Current Rivers were selected for evaluation based on their proximity to recreation areas 

and history of disturbance.  Stream channel bank lines, centerlines and gravel bar features 

were digitized and analyzed in a GIS.  A mean center of mass method was used to assess 

spatial patterns of gravel bar movement, and a meander apex method was used to assess 

spatial patterns of lateral channel migration within the study reaches.  Results reveal that 

in disturbance reaches, channel migration rates typically occurred at 4 to 30 m/yr and bar 

centroids shifted 3 to 35 m/yr.  While both sites appear to be presently at the end of a 

channel migration cycle, smaller-scale gravel wave pulses continue to push through the 

Current River system.  Park managers may find it useful to classify channel reaches 

according to valley location and bar planform in order to better understand and predict 

the spatial distribution of disturbance zones. 

 

KEYWORDS: Geomorphology, Geographic Information Systems, Remote Sensing, 

Channel Migration, Bar Deposition 

 

     This abstract is approved as to form and content 

 

     _______________________________________ 

     Dr. Robert T. Pavlowsky 

     Chairperson, Advisory Committee 

     Southwest Missouri State University 



 iii  

GEOSPATIAL ANALYSIS OF GRAVEL BAR DEPOSITION AND CHANNEL 

MIGRATION WITHIN THE OZARK NATIONAL SCENIC RIVERWAYS, 

MISSOURI (1955-2003) 

 

By 

 

Derek Joseph Martin 

 

 

 

A Thesis 

Submitted To the Graduate College 

Of Southwest Missouri State University 

In Partial Fulfillment of the Requirements 

For the Degree of Master of Science, Geospatial Sciences 

 

 

August 2005 

 

 

 

 

 

 

 

 

 

 

 

 

Approved: 

 

____________________________________ 

Robert Pavlowsky, Chairperson 

 

____________________________________ 

Rex Cammack 

 

____________________________________ 

L. Monika Moskal 

 

____________________________________ 

Frank Einhellig, Graduate College Dean 



 iv 

ACKNOWLEDGMENTS  
 

 

     Many people deserve thanks for the help and encouragement that they have provided 

throughout the duration of this thesis research.  First and foremost I would like to thank 

my academic and thesis advisor, Dr. Bob Pavlowsky, for all of his help, time and 

patience throughout the development and completion of this thesis.  I would also like to 

thank the other two members of my thesis committee, Dr. Monika Moskal and Dr. Rex 

Camack for their help and guidance. 

     Next, I would like to thank Victoria Grant and the National Park Service ï Ozark 

National Scenic Riverways for providing aerial photographs and guidance in the selection 

of study sites for the project. 

     Thanks are also extended to my fellow graduate students and research assistants in the 

department of Geography, Geology and Planning, specifically Aaron Nickolotsky and 

Maya (Hirsch) Williamson, who were always there to help, encourage and to provide 

some much needed laughter. I would also like to thank all of the other graduate students 

in the department who provided advice, encouragement and support at the many forums 

and conferences at which I presented.  Having you in the audience helped more than you 

know.  Thank you all.  I would also like to extend a big thank you to the Graduate 

College, who provided me with a thesis grant to conduct my research. 

     Lastly, I would like to thank my family and friends for putting up with my ranting 

over the phone as well as their support and encouragement throughout the past two years.  

Their love and support is much appreciated and was an integral part to the successful 

completion of this thesis.   

 



 v 

TABLE OF CONTENTS  

Abstract .............................................................................................................................. ii  

Acceptance Page ............................................................................................................... iii  

Acknowledgments ............................................................................................................ iv 

Table of Contents ...............................................................................................................v 

List of Figures .................................................................................................................. vii  

List of Tables ......................................................................................................................x 

CHAPTER 1: INTRODUCTION  .....................................................................................1 

     Purpose and Objectives ...................................................................................................5 

 

CHAPTER 2: LITERATUR E REVIEW  ........................................................................7 

     Channel Morphology of Ozark Streams .........................................................................7 

          Channel Patterns ........................................................................................................7 

          Channel Morphology ...............................................................................................11 

               Meandering .........................................................................................................11 

               Gravel Bar Characteristics ..................................................................................12 

               Riparian Vegetation ............................................................................................14 

          Historical Disturbance and Channel Change ...........................................................15 

     Remote Sensing (RS)/Geographic Information Systems (GIS)....................................17 

          Sources of Error .......................................................................................................20 

          Summary ..................................................................................................................21 

 

CHAPTER 3: STUDY AREA  .........................................................................................22 

     Physical Description .....................................................................................................22 

          Soil ...........................................................................................................................24 

          Climate .....................................................................................................................29 

     History and Culture .......................................................................................................29 

 

CHAPTER 4: METHODOLOGY  .................................................................................32 

     Site Selection ................................................................................................................32 

     Photo Acquisition..........................................................................................................34 

     Photo Rectification........................................................................................................37 

     Feature Digitization ......................................................................................................38 

     Analysis of Bar Movement ...........................................................................................48 

          The Grouped Approach............................................................................................48 

     Analysis of Channel Migration .....................................................................................50 

     Analysis of Riparian Land Cover .................................................................................55 

     Field Verification ..........................................................................................................58 

 



 vi 

TABLE OF CONTENTS (CONTINUED)  

 

CHAPTER 5: RESULTS AND DISCUSSION .............................................................59 

     Bar Deposition and Channel Migration ........................................................................59 

          Burnt Cabin Site .......................................................................................................60 

               Gravel Bar Deposition ........................................................................................60 

               Channel Migration ..............................................................................................62 

               Bar/Channel Comparisons ..................................................................................66 

          Lower Site ................................................................................................................68 

               Gravel Bar Deposition ........................................................................................68 

               Channel Migration ..............................................................................................73 

               Bar/Channel Comparisons ..................................................................................77 

     Land Cover....................................................................................................................79 

     Valley Wall Influence ...................................................................................................81 

     Statistical Analysis ........................................................................................................85 

     Summary .......................................................................................................................86 

           

CHAPTER 6: SUMMARY AND CONCLUSIONS  .....................................................88 

     Gravel Migration ...........................................................................................................89 

     Channel Migration ........................................................................................................89 

     Land Cover Analysis.....................................................................................................90 

     Recommendations .........................................................................................................90 

 

LITERATURE CITED  ...................................................................................................93 

 

APPENDIX A: Photo Date Flow Data ...........................................................................98 

APPENDIX B: VBA Script Codes................................................................................103 

APPENDIX C: Raw Data ..............................................................................................105 

APPENDIX D: Statistical Output ................................................................................108 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vii  

LIST OF FIGURES 

 

Figure 1:   Location of the Current River within the Ozark National Scenic Riverways   

                   and the Ozarks of Missouri .................................................................................3 

 

Figure 2:   (A) Schummôs classification of channel patterns and (B) Overlapping pool-  

                   bar units in gravel-bed rivers of different channel patterns, modified from   

                   Knighton (1998). .................................................................................................8 

 

Figure 3:   Example of common alternating disturbance and stable reach channel form  

                      found in the Ozarks (Modified From Jacobson and Gran 1999). ............................ 10 

 

Figure 4:   Stratigraphic section and average hillslope gradient for the Current river  

                   drainage basin (Panfil and Jacobson, 2001). .......................................................23 

 

Figure 5:   Soil map of the soil types surrounding the Burnt Cabin site. ..............................25 

 

Figure 6:   Soil map of the soil types surrounding the Lower site. .......................................27 

 

Figure 7:   Location of the study reaches: Burnt Cabin reach (A) and Lower Reach (B). ...33 

 

Figure 8:   Photos of the Burnt Cabin reach. .........................................................................35 

 

Figure 9:   Photos of the Lower reach. ..................................................................................36 

 

Figure 10: Recognition of disturbance and stable reaches within the Burnt Cabin site. ......40 

 

Figure 11: Recognition of disturbance and stable reaches within the Lower site.................41 

 

Figure 12: Digitized gravel features from each photograph of the Burnt Cabin site. ...........42 

 

Figure 13: Digitized gravel features from each photograph of the Lower site. ....................43 

 

Figure 14: Gravel features of the Burnt Cabin site were classified as stable or  

                   disturbance depending on the classification of the reach in which they occur. ..45 

 

Figure 15: Gravel features of the Lower site were classified as stable or  

                   disturbance depending on the classification of the reach in which they occur. ..46 

 

Figure 16: Groups of gravel features were classified according to the disturbance or  

                   stable reach in which they occurred. ...................................................................49 

  

Figure 17: Determination of mean center of mass for gravel features grouped by reach  

                   classification. ......................................................................................................51 

 

Figure 18: Azimuth quadrants that represent migration direction. .......................................52 



 viii  

Figure 19: Example of determination of the meander apex. .................................................54 

 

Figure 20: Land cover classifications for each photo within the 200 meter buffer at  

                   the Burnt Cabin site. ...........................................................................................56 

 

Figure 21: Land cover classifications for each photo within the 200 meter buffer at  

                   the Lower site. .....................................................................................................57 

 

Figure 22: Spatial patterns of movement displayed by the mean center of mass within  

                   each reach of the Burnt Cabin site. .....................................................................61 

 

Figure 23: Changes in gravel bar area over time for the Burnt Cabin site. ..........................64 

 

Figure 24: Changes in gravel migration rate over time for the Burnt Cabin site. .................64 

 

Figure 25: Movement of meander apex at the Burnt Cabin disturbance reach. ....................65 

 

Figure 26: Changes in area, migration and azimuth for bar and channel at Dist_1. .............67 

 

Figure 27: Spatial patterns of movement displayed by the mean center of mass within    

                   each reach of the Lower site.. .............................................................................71 

 

Figure 28: Changes in gravel bar area over time for the Lower reach. .................................72 

 

Figure 29: Changes in migration rate over time for the Lower reach. ..................................72 

 

Figure 30: Movement of meander apex at the Lower Disturbance Reach 1.........................75 

  

Figure 31: Movement of meander apex at the Lower Disturbance Reach 2.........................76 

  

Figure 32: Changes in area, migration and azimuth at Dist_1 and Dist_2. ..........................78 

 

Figure 33: Land cover analysis within a 200 meter buffer of the Burnt Cabin reach. ..........80 

 

Figure 34: Land cover analysis within a 200 meter buffer of the Lower reach. ...................80 

 

Figure 35: Average valley width per reach at each site. .......................................................82 

 

Figure 36: A three dimensional rendering shows the location of the lateral migration-  

                   limiting valley walls at the Burnt Cabin site.  The dist_1 reach is clearly  

                   visible. .................................................................................................................83 

 

Figure 37: A three dimensional rendering shows the location of the lateral migration-   

                   limiting valley walls at the two disturbance reaches at the Lower site. ..............84 

 

 



 ix 

Figure 38: Regression relation between bar mean center migration rates and channel   

                   migration rates. .................................................................................................. 86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

LIST OF TABLES  

Table 1: Explanation of map unit symbols used in Figure 5. ............................................26 

Table 2: Explanation of map unit symbols used in Figure 6. ............................................28 

Table 3: Gage information for the two gages used to retrieve discharge information. .....34  

 

Table 4: Aerial photographs that were used to perform the channel and gravel bar   

               migration study. ..................................................................................................37 

 

Table 5: Azimuth direction, distance, and interpretation of bar migration for Dist_1 at the  

               Burnt Cabin site. .................................................................................................60 

 

Table 6: Azimuth direction, distance, and interpretation of channel migration for Dist_1  

               at the Burnt Cabin site.........................................................................................63 

 

Table 7: Azimuth direction, distance, and interpretation of bar migration at Dist_1 and  

               Dist_2 at the Lower Site. ....................................................................................69 

 

Table 8: Azimuth direction of channel migration at Dist_1 and Dist_2 at the  

               Lower Site. ..........................................................................................................74 

 

Table 9: Average valley width per reach at the Burnt Cabin site .....................................83 

 

Table 10: Average valley width per reach at the Lower site .............................................84 

 

Table 11: Correlation table for migration analysis............................................................86 

 

 



1 

CHAPTER 1 

INTRODUCTION  

     Over the past century the world has experienced a population surge that has severely 

affected the environment by placing stress on the worldôs natural resource demands 

(UNFPA, 2004).  To fill these demands, land-use practices such as logging and 

agriculture were greatly intensified and, although needed, are responsible for the 

degradation of the quality of many of the worldôs rivers and water supplies.  Impacts of 

human activities on the fluvial environment, however, are not always so apparent.  Rivers 

are naturally dynamic systems, continually responding to local hydraulic and riparian 

changes and larger scale fluctuations in runoff and sediment load from upstream 

watershed areas (Leopold 1997, Knighton 1998).  Thus, the key problem is to be able to 

effectively monitor river changes in a manner that allows the resolution of human-

induced disturbance to be recognized within the natural variability of river behavior. 

     A very common result of anthropogenic changes to the fluvial environment is channel 

instability.  As development or land-use changes take place in previously undeveloped 

watersheds, the rivers attempt to adjust to the new hydrologic regimes that in most cases 

mean accommodating higher and flashier discharges (Knighton, 1998).  While attempting 

to adjust, beds and banks become unstable and large amounts of sediment are introduced 

to the river system.  As a result, streams become more dynamic and higher rates of 

channel migration and sediment transport are induced by watershed disturbance. 

     Rivers are both agents and products of erosion and deposition, adjusting their channel 

dimensions to accommodate the sediment load demand from bed, banks and upland 

erosion.  Continual adjustments are made in an attempt to develop a stable dimension in 
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which the stream neither aggrades nor degrades (Rosgen, 1996).  Factors affecting 

sediment load such as climate, land-use and population are constantly changing. 

Concurrent with these changes are changes in the levels of fluvial activity such as 

increased aggradation or erosion (Knighton, 1998).  These are the changes that we seek to 

understand in order to manage a river system for the self- maintenance of natural form 

and stability. 

     As channel instability increases sediment load, needs for assessing and understanding 

these conditions becomes imperative.  Many hydrologists have devoted much time and 

effort to understanding the fluvial system (Wolman and Miller, 1960; Leopold et al., 

1964; Rosgen, 1996), paving the way for the current trend of incorporating a 

multidisciplinary approach to river systems analysis.  Recent advances in technology 

have added yet another route for analysis.   The sciences of remote sensing (RS) and 

Geographic Information Systems (GIS) have made it possible to make increasingly 

accurate photogrammetric measurements and analyses of the fluvial environment through 

advances in software development, as well as the increased availability of data sources 

such as aerial photography and satellite imagery (Campbell, 2002; Clark, 2001). These 

resources have also made it possible to assess a much larger area more efficiently, saving 

agencies valuable time and resources. 

     The aforementioned concerns have not only taken place in highly developed 

watersheds but also within more pristine and protected areas.  These areas are of primary 

concern because their quasi-natural conditions are essential to wildlife habitat as well as 

sustainable tourism and recreation.  One of the places such changes have occurred is 

within the Ozark Highlands region of Missouri, locally known as, ñthe Ozarksò (Figure  
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Figure 1. Location of the Current River within the Ozark National Scenic Riverways and 

the Ozarks of Missouri.  
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1). Census data have shown that human population growth has leveled off within the 

Current River watershed and the heavily logged landscape is re-growing (Jacobson and 

Primm, 1994).  This provides a unique environment to study anthropogenic effects on 

Ozark Rivers because the land-use practices potentially responsible for mobilizing excess 

sediment such as logging, have substantially receded (Jacobson and Primm, 1994).  Thus, 

anthropogenic effects on the river system can be studied, as well as the stages of  

recovery, given that current management practices maintain a critical level of 

environmental protection.  

     The Ozark National Scenic Riverways (ONSR) is a National Park that was created in 

1964.  Located in the southeastern portion of the Ozark highlands (Figure 1), the park 

includes 134 miles of the main stem of the Current and Jacks Fork rivers and entertains 

more than one million visitors per year. Land-use changes prior to and following the 

parks inception have led to management concerns regarding water quality and stream 

morphology (Jacobson and Primm, 1994; Grant 2004).  A primary management concern 

is the possibility that late 19
th
 century and early 20

th
 century land-use practices, primarily 

logging and agriculture, are responsible for delivering excess amounts of gravel sized 

sediments to the stream channel (Jacobson and Gran, 1999).  Excess gravel in the stream 

channel destabilizes recreation areas and structures within the park as well as perturbs the 

natural aquatic bio-habitat (Grant, 2004). 

     Previous longitudinal surveys within the ONSR revealed a watershed scale pattern of 

gravel-bar area indicating that a gravel wave is passing through the river system as a 

result of the intense, early 20
th
 century land use practices (Jacobson and Gran, 1999).  

Park managers would benefit from knowing the characteristic spatial patterns of gravel 
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movement as well as the rate at which the gravel is moving and how it is affecting stream 

morphology, especially in terms of lateral channel migration. 

     Innovative methods are needed to determine characteristics of gravel bar movement 

and lateral channel migration. One of the easiest ways to assess channel and gravel bar 

movement is with aerial photography.  ONSR managers have access to almost 50 years 

of aerial photograph coverage of the Jacks Fork and Current rivers.  GIS can be used to 

overlay multiple years of the digitized stream channels and gravel bars in order to 

quantify the streamôs lateral migration and the gravel barôs migration downstream.  The 

development of an innovative GIS/RS based methodology for studying and monitoring 

the movement of the stream and its gravel bars is of much importance to resource 

planners and park managers due to its time and cost efficiency. 

 

Purpose and Objectives 

     This study uses 48 years of aerial photograph coverage to assess the patterns of lateral 

channel migration and gravel bar planform within two disturbed reaches within the 

Ozarks National Scenic Riverways in an attempt to understand long-term effects of 

historical land-use induced gravel accumulations.  Although channel migration has been 

shown to be a spatially and temporally intermittent process (Hickin, 1974; Hickin and 

Nanson, 1984), generalizations can be made and will be beneficial in terms of resource 

management decision-making. 
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     The four main objectives of this thesis are to: 

1. Develop a geographic information systems/remote sensing approach to characterize 

the movement of gravel features as well as channel migration within the river system 

of the Ozark National Scenic Riverways; 

2. Determine the relationship between gravel bar sedimentation and channel migration; 

3. Determine the influence of riparian land cover on channel migration; and  

4. Use this information to make predictions of future channel migration as well as help 

understand the process of fluvial geomorphic aspects of gravel bed streams in the 

Ozarks. 

     The purpose of this thesis is to apply geospatial technologies to the investigation of 

the effects of the migration of excess gravel within the Current River system.  Results 

indicate: (1) gravel wave translation and sedimentation controls the migration rate of the 

channel; (2) channel and bar migration patterns may be linked to specific to channel 

disturbance type; and (3) valley location and morphology plays an important role in the 

type of channel disturbance that occurs.  This information suggests that channels should 

be classified according to valley location and bar behavior in order to understand the 

spatial distribution of disturbance zones for management purposes.  
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CHAPTER 2 

LITERATURE REVIEW  

     Resource management is currently experiencing an escalated need for geospatial 

information, such as land use information, population and demographic information, land 

cover change and in the case of this thesis, information on geomorphic change.  There 

has recently been an increasing acknowledgement of the link between channel and 

sediment properties and aquatic biological habitat quality; however, little literature exists 

for the combination of geospatial analysis techniques with fluvial geomorphology.  First, 

this chapter will discuss past and current trends in fluvial geomorphology relative to 

factors affecting gravel bar movement and lateral channel migration within the Ozarks of 

Missouri and second, trends in GIS and RS as they pertain to river systems analysis will 

be reviewed.  

 

Channel Morphology of Ozark Streams 

     Channel Patterns.  Rivers adjust their channel pattern in many ways to maintain or 

establish an equilibrium state.  Channel patterns were originally classified into three 

groups: straight, meandering, or braided, by Leopold and Wolman (1957).  This original 

classification scheme of patterns has served as the foundation from which more 

sophisticated classification schemes have branched (Figure 2).  The channel forms shown 

in figure 2 are all considered part of a continuum of channel pattern evolution (Bridge, 

2003).  Bridge (2003) describes the general stages of channel pattern evolution to be the 

formation of alternate bars in a straight channel, followed by the increase in length and 

height of the bars which then induces bank erosion and channel widening, leading to the 



 8 

creation of braid bars and a braided or anastamosed channel.  This type of channel 

evolution is shown in Figure 2(B).  This study takes into account that the different study 

reaches fall within different stages of that channel pattern evolution, however, the focus 

remains on the meandering reaches.  Although meandering is the most common type of 

channel pattern, it is understood the least due to its lack of sterile order and its 

undecipherable disorder (Ikeda and Parker, 1989). 

 

Figure 2. (A) Schummôs classification of channel patterns and (B) Overlapping pool-bar 

units in gravel-bed rivers of different channel patterns, modified from Knighton (1998). 
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     The scope of this study, which involves understanding lateral channel migration and 

the accretion of gravel, is built upon the basic idea that channels adjust in width, depth 

and slope to handle the sediment that is received from the upstream river system 

(Leopold, 1997).  Another foundational concept described by Leopold et al. (1964) is that 

alluvial streams in a state of natural, dynamic equilibrium migrate within their 

floodplains by eroding bank material from the outside of meander bends and depositing 

material on the inside of meander bends.  Bank erosion occurs along straight channel 

reaches as well, but most commonly occurs slightly downstream from the axes of 

meander bends (Leopold, 1964).  Given the above discussion one can state with 

confidence that the underlying processes controlling channel pattern are those of erosion 

and deposition.   

     A stream section that has a substantial amount of bed erosion taking place is said to be 

degrading and a stream section that has a substantial amount of deposition or alluviation 

taking place is said to be aggrading (Knighton, 1998).  Degradation and aggradation can 

be heavily affected by anthropogenic activities within the watershed, thereby disrupting 

the streams equilibrium state.   A stream in equilibrium with its environment is said to be 

stable.  For a stream to be stable it must consistently transport its sediment load, both in 

size and type, associated with local deposition and scour (Rosgen, 1996). Following this 

definition, channel instability occurs when the scouring process leads to degradation, or 

excessive sediment deposition results in aggradation.  Both of these conditions are 

currently occurring in Ozark streams (Jacobson, 1995; Jacobson and Gran, 1999; 

Jacobson and Primm, 1994; Jacobson and Pugh, 1995).  Aggradation occurs where 

excess gravel is deposited within a reach, facilitating local flooding and bank erosion.  
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Degradation occurs where gravel bar deposits are being eroded and incised.  The eroding 

gravel sediment is often transported and deposited in aggrading reaches downstream. 

     Channel patterns in Ozark streams are mostly dictated by the location of valley walls 

or the presence of a bedrock bed.  Ozark streams were classified by Dury (1964) as 

manifestly underfit because modern streams meander at wavelengths much smaller than 

those of the valleys (Jacobson, 1995).  Ozark streams are characterized by long, straight 

reaches separated by short, steeper, sinuous reaches, yielding a typically low average 

sinuosity.   The long straight reaches are referred to by Jacobson (1995) as 

 

Figure 3. Example of common alternating disturbance and stable reach channel form 

found in the Ozarks (Modified From Jacobson and Gran, 1999). 
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stable reaches and the sinuous reaches, commonly displaying rapid rates of lateral 

migration, are referred to as disturbance reaches, emphasizing that accelerated rates of 

erosion and deposition are occurring there (Figure 3).  Jacobson (1995) has also described 

disturbance as existing when channel conditions are outside of a normal or acceptable 

range of variation, using examples such as channel widening, channel incision, bed 

aggradation and changes in channel pattern.  Accelerated changes in channel pattern 

within Ozark streams suggest that the streams are disturbed from their natural condition 

(Jacobson and Primm, 1994). 

 

     Channel Morphology.  

     Meandering.  Natural channels have an inherent tendency to meander, irrespective of 

scale or boundary material, however, the definition of a meander remains somewhat 

arbitrary (Knighton, 1998).  Knighton (1998) also explains that channel pattern depends 

not only on hydraulic factors but also on sedimentary ones. With respect to lateral 

channel migration; the ability of a stream to shift laterally depends on the resistivity of 

the banks (Hickin and Nanson, 1984).  Bank resistivity is dependant on numerous factors 

including material composition and bank vegetation type and coverage.  

     The phenomenon of river meandering and lateral channel migration has been 

described in many publications (Ikeda, 1989; Nelson and Smith, 1989; Johannesson and 

Parker, 1989; Hasegawa, 1989; Burckhardt and Todd, 1998; Ellis-Sugai, 1999; Lancaster 

and Bras, 2002; Micheli et al., 2004).  Through these publications it seems to be widely 

accepted that the process of meandering is neither random nor regular, but somewhere in 

between.  It has been noted by Ferguson (1975) that meandering in a broad sense can be 
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characterized by three planimetric properties: a scale variable, sinuosity, and degree of 

irregularity.  River meandering has also been described by Stolum (1996) as a self-

organizing process that oscillates in space and time between an ordered planform and a 

chaotic one.  It is clear that the process of river meandering is still quite unclear. 

     Attempts to numerically model river meander patterns have been made with limited 

success due to the irregular, chaotic properties of river meandering (Lancaster and Bras, 

2002; Edwards and Smith 2002).  Although these models can not predict meander 

patterns with 100% accuracy, they, along with other less mathematically intense analyses 

of river meanders, can relate meander patterns to other factors such as land-use and 

hydrologic conditions (Hudson and Kessel, 2000; Ellis-Sugai, 1999; Lapointe and 

Carson, 1986). 

     It can be recognized that one of the simplest ways to monitor and assess channel 

meandering and the subsequent lateral migration is to note the depletion of the terrestrial 

environment on the outside of meander bends, or, essentially overlay the channel outline 

from multiple, consecutive years and note the existence of channel where, in the years 

previous, there was no channel (Ellis-Sugai, 1999; Jacobson and Pugh, 1995).   

 

     Gravel Bar Characteristics.  Bar formation takes place simultaneously with the 

formation of meanders, a concept that still lacks a satisfactory explanation.  As meanders 

form, so do alternate bars.  These bars are not viewed as the cause of meandering, but as 

catalysts that accelerate the meandering process (Knighton, 1998).  Given that 

spatiotemporal channel adjustment inevitably involves sediment redistribution, the supply 
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and movement patterns of sediment are of primary concern to river managers (Knighton, 

1998). 

     In the Ozarks, degradation in the upper watersheds, beginning sometime at or near the 

time of European settlement, is believed to be responsible for the aggradation of channels 

by gravel in the middle and lower sections of the watershed.  Characteristic of this 

aggradation are the formation of large, sweeping gravel bars on the inside of meander 

bends throughout much of the watershed (McKenney and Jacobson, 1996; Jacobson and 

Primm, 1997).  Bed aggradation of gravel sized sediment in the Current River has been 

related to land-use changes in the Ozark region over the past 160 years (Jacobson and 

Gran, 1999).  Jacobson and Primm (1994) have identified likely mechanisms for gravel 

delivery to streams to be open-range grazing of cattle and hogs, widening and upstream 

extension of first order streams into previously unchannelled valleys, and channel 

incision due to runoff associated with the rural road network.   

     Jacobson (1995) assessed mean streambed elevation (MSBE) changes at gages 

throughout the Ozarks and found evidence of a wave of gravel sediment passing through 

Ozark River systems, possibly being responsible for the excess accumulations of gravel.  

He described four different MSBE response types: Depleted, Slightly Wavy, Extremely 

Wavy and Stable/Degrading.  These response types are descriptive of the wave patterns 

observed in the MSBE changes. 

     The gage on the Jacks Fork at Eminence, Missouri displayed a depleted MSBE 

response type.  The response showed a rapid initiation of a sediment wave around 1940 

followed by a steady depletion of the wave until present.  The timing of this wave 

strongly supports a connection to land-use (Jacobson, 1995). 
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     The gage on the Current River at Van Buren, Missouri displayed an extremely wavy 

MSBE response type.  This response showed multiple, high amplitude waves which have 

persisted to current times.  The multiple waves may be a result of the gages location 

downstream of the Jacks Fork and many other tributaries.  The many waves of sediment 

induced upstream may be passing the Van Buren gage at different times, displaying 

multiple MSBE changes (Jacobson, 1995). 

  

     Riparian  Vegetation.  Riparian vegetation has been said to maintain stream ecology, 

stabilize stream banks, shade streams, remove pollutants, create wildlife habitats and 

protect wetlands (Schueler and Holland, 2000).  Riparian vegetation is also a known, 

controlling factor in the migration of stream channels (Ellis-Sugai, 1999; Jacobson and 

Pugh, 1995; Burckhardt and Todd, 1998).  Beeson and Doyle (1995) have found that 

unforested stream bends are five times more likely to experience significant erosion 

during high flow events than forested stream bends and Micheli et al. (2004) has found 

that agricultural floodplains are 80 to 150% more erodible than riparian forest 

floodplains.  Micheli et al.ôs (2004) results also showed much higher migration rates 

through agricultural land.  These findings make it well known that riparian vegetation has 

a major effect on migration rates and patterns of rivers. 

     In Ozark streams, and contrary to many other regions, vegetation has different 

potential effects on channel stability depending on size of the channel and whether 

vegetation is growing on an accreting, gravel point bar or on an eroding cutbank 

(Jacobson and Pugh, 1995).  Jacobson also notes that geomorphic changes in Ozark 

streams may result from changes in riparian land use in the extensive tributary areas. For 
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example, Jacobson and Primm (1994) found that headward extension of the channel 

network into areas where vegetation was disturbed or removed may have resulted in the 

delivery of gravel to the main stem.  These findings underscore the belief that riparian 

vegetation may control the spatial pattern of stream channel instability in the Ozarks.      

      

     Historical  Disturbance and Channel Change.  Historical accounts of the pre-

settlement Ozarks describe a somewhat different environment than what we see today.  

According to Jacobson and Primm (1994), the landscape which was encountered by 

settlers moving into the Ozarks in the early 1800ôs was not static and may have been 

going through a discrete shift in climate.  This natural variability in the pre-settlement 

landscape made it difficult to determine whether changes induced by settlement were 

significantly different from the natural regime. 

     Descriptions of pre-settlement vegetation cover in the Current River basin also 

differed from what we see today.  In Jacobson and Primmôs (1994) analysis of historical 

land use changes in the Ozarks they cited accounts of explorers describing the uplands as 

mostly open prairie with scarce oak trees and no wood available for campfires.  As they 

approached the Current River they described ñforests of lofty pineò and abundant timber 

near the banks.  The pine that they were referring to is the short-leaf pine (Pinus 

echinata) that is extremely scarce in this region today. 

     There is a lack of pre-settlement descriptions of streams in the Ozarks.  However, the 

few accounts that do exist were again described by Jacobson and Primm (1994).  These 

historical accounts make no mention of gravel or any other geomorphic features that 

might indicate channel instability or aggradation.  Jacobson and Primm (1994) describe 
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one explorerôs account of camping on a ñgravelly barren pointò in the river.  This is one 

of very few mentions of gravel, which leads one to believe that the pre-settlement fluvial 

environment was quite different than it is today. 

     The timber boom of the late 1800ôs and early 1900ôs is most often attributed to the 

current aggraded condition of Ozark streams.  During this period of timber production 

there was once again no mention of excess gravel in the stream channels.  However, 

following the timber boom oral accounts of ñfishin holesò being filled in were common.  

Then by the mid-1940ôs it was popularly accepted that stream aggradation and instability 

were caused by upland land-use changes. 

     Jacobson has contributed a majority of the available literature on gravel-bed streams 

in the Ozarks, with a focus on the effects of land-use and the transport of sediment 

(Jacobson, 1995; McKenney and Jacobson, 1996; Jacobson and Primm, 1997; Jacobson 

and Gran, 1999; Jacobson and Pugh, 1995).  Jacobson (1995) has noted that land-use 

induced disturbances at the drainage basin scale are of particular concern due to their 

broadly disseminated contributions over the landscape. 

     The geometry of alluvial rivers such as the Current and Jacks Fork, is controlled 

mainly by the flow and sedimentary processes that operate during seasonal floods 

(Wolman and Miller, 1960; Leopold et al., 1964; Carlston, 1965; Schumm, 1968; Daniel, 

1971; Knighton, 1998).  Over 80 years of flow data for the sites analyzed in this study are 

available from the United States Geological Survey (USGS 2005).  The channel patterns 

and bar patterns in this study will be evaluated through the use of aerial photography and 

geographic information systems approaches.  A review of the literature pertaining to 

these subjects will be discussed next. 
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Remote Sensing (RS) and Geographic Information Systems (GIS) 

     There is a growing number of available literature resources for RS and GIS research, 

however, very little has dealt with the use of RS and GIS for river systems research.  This 

could be due to the relatively young age of the science itself.  It could also be due to the 

complexity of analyzing linear features in an RS and GIS environment.  RS and GIS are 

widely used in the areas of landscape ecology, forestry, natural disaster assessment and  

landcover assessment (Clarke, 2001).  All of these applications have a common thread in 

that the entity being assessed (in most cases) is polygonal, or forms a broad enclosed 

shape such as a square or circle, in nature.  Due to the available resolutions of remotely 

sensed imagery, it is much easier to assess polygonal, rather than linear entities.  The 

development of methodologies by which we analyze thin, linear features such as rivers 

has displayed much slower progress then that of the analysis of polygonal features. 

     With increasing pressure on the use of natural resources, there is also an increasing 

demand for understanding the spatiotemporal patterns of resources and insight into the 

spatiotemporal  processes governing their availability (Burrough and McDonnel, 1998).  

This is why RS and GIS are becoming a standard tool for the analysis of natural 

resources, however these types of analyses are dependant on the type and availability of 

the data source, whether it be aerial photographs, satellite images or radar images.  There 

are an ever-increasing amount of data sources to choose from.  These data sources are 

available in a broad range of spatial, spectral and temporal resolutions.  The selection of 

the proper data source is very important. 

     The role of RS in river systems analysis has traditionally been diminutive.  However, 

the past fifteen years have brought about progressions in the science that have made data 
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much more accessible at a marginal cost.  Most river systems studies utilizing remotely 

sensed imagery have focused on polygonal entities such as aquatic habitat units or 

riparian vegetation and land-use (Marcus et al., 2003; Marcus, 2002; Lattin et al., 2004; 

Schilling and Wolter, 2000; Lonard et al., 2000).  In the study presented by Lattin et al. 

(2004), aerial photography was compared to Landsat Thematic Mapper (TM)  imagery in 

an attempt to determine the influence of RS data sources on the quantification of land 

use/ land cover.  They found that there was no significant difference between the aerial 

photographs and the Landsat TM imagery when relating riparian land use to stream 

ecological condition.  From this they concluded that even though there are limitations, 

TM based assessments of riparian land use/land cover, when applied at the stream 

network scales, have potential to assist in estimating and describing the influence of 

riparian attributes on stream ecological condition.  The conclusions of this work 

emphasized the contributions that remotely sensed imagery can have to the analysis of in-

stream processes; however, the work did not make direct measurements of in-stream 

entities. 

     Analysis of in-stream entities via remotely sensed data sources requires a high spatial 

resolution image due to the thin, linear nature of streams.  A typical Landsat TM image 

has a spatial resolution of 30 m, which in most cases is wider than the stream being 

studied.  The use of high-resolution imagery is quite effective and has been demonstrated 

thoroughly by Marcus (2002) and Marcus et al. (2003) in studies performed to effectively 

map in-stream microhabitat.  Both studies utilized 1 m resolution, 128 band hyperspectral 

imagery collected with a Probe1 sensor and were able to extract in-stream microhabitats 

at accuracies ranging from 67% to 99%.  These numbers, although encouraging, were 
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achieved through the use of imagery acquired at a monetary cost far beyond that available 

for the project discussed in this paper.  However, the spatial resolutions of those data 

sources are also attainable through the use of standard aerial photographs, a data source 

with a much higher availability and economic feasibility. 

     Eidse (2005) described a project being undertaken by the Northwest Florida Water 

Management District and the USGS in which historical aerial photographs were used to 

digitize surface water features and analyze changes in morphology of the Apalachicola 

River in Florida.  In the study they were able to determine that the river has changed 

substantially due to certain engineering practices.  Eidse (2005) was also able to use the 

historical information as a restoration reference to know what the dimension and profile 

were like before alteration.  

     The use of aerial photography to monitor river systems in the Ozarks has been highly 

effective as demonstrated by Jacobson and Pugh (1995) and Legleiter (1999).  Both used 

aerial photography to map instream features such as gravel bars and channel planform.  

Jacobson extracted these features in order to determine the locations of disturbance 

reaches as well as monitor the movement of gravel features.  Legleiter extracted these 

features in order to determine stream disturbance as a result of a dam. 

     Jacobson and Pugh (1995) used low altitude aerial photography to map channel 

features in the Ozarks.  The study conducted by Jacobson and Pugh sought to develop a 

synoptic overview of gravel in transport in the Current River Basin by mapping gravel 

features over a 160 km stretch of the mainstem of the Current River.  Although effective, 

this study merely gave a basic snapshot of gravel transport at one point in time, rather 

than using multiple photo dates to assess temporal change. 
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     Jacobson and Gran (1999) also used low altitude aerial photography to map channel 

features in the Ozarks, however, this study focused on changes in riparian land use and its 

relationship to channel instability.  This study created a map of riparian land use change 

including location of gravel features, however, the presence of gravel features were only 

used to note areas of disturbance. 

 

     Sources of Error.  There are certain limitations that come with the use of remotely 

sensed data, most notably data availability and spatial and temporal resolution (Campbell, 

2002).  Besides these limitations, there are also many ways in which error can be 

introduced into the analysis process.   

     Data of known accuracy is needed to make sound decisions using remotely sensed 

data (Congalton and Green, 1999).  To evaluate that accuracy, the errors associated the 

data must be known.  There are many possibilities to introduce error when using aerial 

photography.  The error associated with older aerial photographs can be attributed to 

optical distortions and tilt.  Optical distortion is caused by an inferior camera lens or 

camera malfunction.  Tilt is caused by displacement of the focal plane from a truly 

horizontal position by aircraft motion.  These sources of error just mentioned are 

commonly associated with older aerial photographs and the cameras that took them.  The 

most important source of positional error currently is relief displacement meaning that 

only the tops of the objects located directly below the camera lens will be visible and 

objects not directly under the lens will appear to lean outward from the central 

perspective of the camera (Campbell, 2002).  Since this form of error is associated with 

the height of an object, it does not apply with as much importance when using aerial 
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photos to study rivers, however these types of errors may need to be considered during 

the selection of ground control points (GCPôs).  Jacobson and Pugh (1995) have noted 

that absolute locations are no more accurate than the control source. 

      

     Summary.  Geographic information systems and remote sensing are emerging as a 

valuable tool for the analysis of natural resources.  There are a broad range of 

applications for these tools and more are being realized every day.  The science of fluvial 

geomorphology is one of the areas in which the application of GIS and RS could be 

extremely valuable. 

     With its history of land use and its unique karst geology, the Jacks Fork and Current 

River are experiencing geomorphic changes that need to be assessed and understood.  

GIS and RS will play an important role in the process of understanding these changes.  

This thesis takes advantage of those tools to monitor lateral channel migration and gravel 

deposition in order to understand how their relationships with each other as well as with 

land cover and hydrologic variables affect one another.  
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CHAPTER 3 

STUDY AREA 

     The study region is located about 120 miles southwest of St. Louis, Missouri within 

the Ozark National Scenic Riverways.  The ONSR is located within the Current River 

watershed (Figure 1), encompassing a majority of the Current River and its largest 

tributary, the Jacks Fork.  These rivers join to help drain the southern portion of the 

Ozark Plateau, eventually connecting with the White River and the finally the Mississippi 

River.   ONSRôs primary attractions are its rivers, playing host to roughly 120 million 

recreationists each year.  The Jacks Fork and Current River are lined with many 

limestone bluffs, one of the determinant factors of planform morphology in the Ozarks.  

A majority of the base flow in these rivers is provided by the many springs throughout 

the region.  The springs are a result of the karst topography that is typical to the Ozark 

region, providing beautiful clear, blue, cold flowing water throughout much of the year.      

     

Physical Description 

     The Ozarks are a broad geologic uplift with its medial axis oriented approximately 

southwest to northeast.  This uplift is known as the Ozark highlands physiographic 

province.  Sauer (1968) has noted that there are three distinguishing surficial 

characteristics of the Ozark Highlands; (1) Higher elevation than surrounding areas, (2) 

Greater relief and (3) A general accordance of summits.  The apex of this uplift is formed 

by igneous rock outcroppings in the St. Francois Mountains and surrounding counties.  

These igneous formations help dictate drainage patterns in the region due to their high 

resistance to erosion.  The Ozark highlands province has been broken down into four 
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physiographic regions; the Boston Mountains, the Springfield Plateau, the St. Francois 

Mountains and the Salem Plateau by Panfil and Jacobson (2001).  The Jacks Fork and 

Current Rivers join to drain part of the Salem Plateau. 

     The Salem Plateau is underlain mostly by flat-lying, Paleozoic, sedimentary rocks that 

are dominated by cherty limestone and dolomite (Figure 4).  The Ozarks contain probably 

more chert than any other similar area.  The chert ranges from small nodules to massive 

beds.  In most places it has weathered into flattened fragments of conchoidal fracture.   

 

 
Figure 4. Stratigraphic section and average hillslope gradient for the Current river 

drainage basin (Panfil and Jacobson, 2001). 

 

The carbonate limestone is also responsible for the distinct karst drainage system that has 

developed over much of the Ozark region.  Much of the precipitation in this region 

infiltrates into the subsurface karst drainage and emerges in springs in the valley bottoms.  

The karst drainage system is responsible for the unique hydrologic characteristics of 

Ozark streams, such as losing sections, springs and sinkholes. 

     Ozark streams have distinctive characteristics as a result of the regions unique 

geology.  Most Ozark streams are floored with a thick bed of chert fragments that extend 

the width of the channel.  The stream beds are often much more resistant to erosion than 



 24 

its margins.  This induces a tendency to cut laterally and accounts for (1) the relatively 

great width of Ozark valley floors and (2) the extraordinary degree to which Ozark 

streams have developed meandering habits (1968). It is characteristic of Ozark drainages 

to find a rapid succession of riffles and pools, with the pools flanked by wide white 

ñgravel barsò. 

 

     Soil.   Most Ozark soils are residual soils formed by the decay of the local rock 

formations.  On upland flats and gentle slopes the surface materials are mostly derived 

from the underlying rock.  Contacts of rock formations are commonly marked by sharp 

differences in soils.  On steep slopes more resistant beds of rock dominate the soils. 

     Similar soil characteristics are found at both of the study sites; however there are some 

minute, local differences.  Figures 5, 6 and tables 1 and 2 display the primary soil series 

associated with the areas surrounding the study reaches.  The floodplain soils at the Burnt 

Cabin site consist mainly of the excessively drained Relfe series which is formed in 

sandy, gravelly alluvium under grassy/herbaceous cover and tame pasteurlands.  The 

uplands are predominantly composed of the Gasconade and Alred series soils.  The 

Gasconade series is formed in gravelly residuum weathered from dolomite located on 

hills, hillslopes under tree cover and other grassy/herbaceous cover.  The Alred series is 

formed in colluvium over residuum weathered from cherty limestone located on hillslope, 

plateaus under tree cover and intermixed conifers and hardwoods.      
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Figure 5. Soil map of the soil types surrounding the Burnt Cabin site. 
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Table 1. Explanation of map unit symbols used in Figure 5. 

 

Map Unit Symbol Map Unit Name

99013 Riverwash, Frequently Flooded                       

75417

Relfe-Sandbur Complex, 0 to 3 

Percent Slopes, Frequently Flooded

75394

Relfe Gravelly Sandy Loam, 0 to 3 

Percent Slopes, Rarely Flooded

75390

Razort Silt Loam, 0 to 3 Percent 

Slopes, Rarely Flooded

73361

Coulstone-Alred Complex, 15 to 50 

Percent Slopes, Very Stony

73341

Gepp-Arkana Complex, 15 to 55 

Percent Slopes, Rocky

73269

Brussels-Gasconade-Rock Outcrop 

Complex, 30 to 90 Percent Slopes, 

Very Bouldery

73223

Coulstone-Bender Complex, 15 to 50 

Percent Slopes, Very Stony

73197

Viburnum Silt Loam, 3 to 8 Percent 

Slopes  
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Figure 6. Soil map of the soil types surrounding the Lower site. 

 

 

 

 

 

 

 

 

 

 

 

 

 


