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• Streambank stabilization structures have been extensively 
used in Illinois to control streambank erosion, protect 
farmland, and reduce sediment and nutrient loading, 
particularly phosphorus (P), into waterways. 

• From 2004 to 2011, the Illinois Stream Bank Stabilization and 
Restoration Program (ISBSRP) implemented 482 projects 
using structural practices like bendway weirs, stream barbs, 
and peak stone toe protection. 

• However, the long-term effectiveness of these structures in 
reducing erosion and improving water quality remains 
uncertain.

The objective of this research is to quantify differences in 
sediment mass flux before and after installation of erosion-
control structures using GIS-based analysis of channel change 
from historical aerial imagery. 

Funding provided by Illinois Nutrient Research & Education 
Council (NREC) project: “Evaluating the effectiveness of 
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482 sites throughout Illinois 
will be analyzed through this 
study. Although these sites 
are distributed throughout 
84 counties within Illinois, 
significant concentrations 
exist in Jo Daviess (77 sites), 
Adams (46 sites), and Pike 
(22 sites) counties. 

A preliminary 46 sites 
across 37 reaches have 
been identified and analyzed 
(Figure 1).  All completed 
sites involve – but are not 
limited to – construction of 
either Stream Barbs or 
Bendway Weirs. Figure 1. 482 ISBSRP sites with completed study 

sites denoted in red.

Figure 2. Example of stream barbs at Kickapoo Creek site 143-00029 
(top) and bendway weirs at Kaskaskia River site 041-00090 (bottom).

Data Acquisition and Analysis

• Acquired aerial imagery representing historical, pre-installation, 
installation, and post-installation years from Illinois Geospatial 
Data Clearinghouse and USGS Earth Explorer. 

• Digitized centerlines at sampled sites for each year of imagery and 
quantified eroded area between successive time intervals.

• After evaluating anomalous changes and examining successive-
year imagery, removed cut-offs & artificial straightening of rivers

• Determined average bank height of sites using highly accurate 
LiDAR DEM (Digital Elevation Model) raster data from Illinois 
Geospatial Data Clearinghouse.

• Obtained maximum, minimum, and average soil bulk density 
values for each site from USDA NRCS Web Soil Survey.

PRELIMINARY FINDINGS

Figure 5. The reach (left) and installation bend (right) at Walnut Creek (Site 443)

Rock Creek (Stream Barbs)

Rush Creek (Stream Barbs)

Figure 3. Digitized centerlines at Walnut Creek (site 443), including the first and last two years of imagery.

Table 1. Soil bulk density values for Walnut Creek (site 443) at the area of interest (AOI).

Average gross sediment flux and migration rate decreased at 
both bend and reach scales. Based on analysis using a Wilcoxon 
signed-rank test, the change was not significant at the reach  
scale (p > 0.05). However, using the same analysis at the bend 
scale surrounding installations, this change was strongly 
significant (p < 0.005). Altogether, the results reveal significant 
erosion reduction locally at the site of installation, but 
uncertain  impact at the reach scale.

Table 2. Mass flux of eroded sediment, migration rate, and percent change between historical, 
pre-installation, and post-installation years.

Figure 6. Average sediment mass flux and sediment mass flux for 3 sample study – both pre-
installation and post installation – at both a bend and reach scale

• Sediment mass flux will be linked to phosphorus data to 
examine how nutrient flux is impacted by stabilization 
installations

• Sediment mass flux will be quantified at additional sites to 
assess how geomorphic factors like stream power and bend 
curvature impact the effectiveness of stabilization structures.

• Error associated with channel centerline digitization and 
imagery georeferencing will be quantified to evaluate 
uncertainty of the analysis. 

• Sediment fluxes represent gross erosion rather than net 
erosion and future work should also consider deposition to 
determine net fluxes at bend and each scales.

Figure 5. LiDAR DEM at Walnut Creek (Site 
443) with cross sections used to determine 

bank height.

Figure 4. The exclusion of an artificially 
straightened portion of river at Walnut Creek 

(site 443)
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8cF
Hickory silt loam, cool mesic, 18 to 35 percent 

slopes
1.51 1.1 2.40%3077A

Huntsville silt 

loam, 0 to 2 

percent slopes, 

frequently 

flooded

1.26 3.7 8.20%

131F Alvin sandy loam, 18 to 35 percent slopes 1.54 0.9 2.00%3107A+

Sawmill silt loam, 

0 to 2 percent 

slopes, 

frequently 

flooded, 

overwash

1.36 0.7 1.60%

134C2
Camden silt loam, 5 to 10 percent slopes, 

eroded
1.51 0.9 1.90%3451cA

Lawson silt loam, 

cool mesic, 0 to 

2 percent slopes, 

frequently 

flooded

1.39 37.4 83.20%

134D2
Camden silt loam, 10 to 18 percent slopes, 

eroded
1.51 0.1 0.30%9279B

Rozetta silt 

loam, terrace, 2 

to 5 percent 

slopes

1.43 0.1 0.30%

Totals for Area of Interest 44.9 100.00%
Average for 

AOI 1.38611

ADDITIONAL STUDY SITES

Sugar Creek (Stream Barbs, STP)

Mackinaw River (Stream Barbs)

REACH

Average Pre-

Installation Rate

Average Post-

Installation Rate

Average Change in 

Rate

Percent 

Reduction

Migration Rate 

(ft/yr) 2.90 2.74 0.15 5%

Sediment Flux 

(US tons/ft x yr) 9268 8191 1077 12%

BEND

Average Pre-

Installation Rate

Average Post-

Installation Rate

Average Change in 

Rate

Percent 

Reduction

Migration Rate 

(ft/yr) 3.26 2.04 1.22 37%

Sediment Flux 

(US tons/ft x yr) 1458 1049 409 28%

Data Acquisition and Analysis

• Isolated bend (or bends, if applicable) with stabilization 
installations from the reach

Quantification Calculations

• Meander Migration Rate

M =
𝑨

𝑳 × 𝒕

M = Meander Migration Rate (ft/year)

A = Eroded area (ft2)

L  = Length of centerline (ft)

t  = Number of years

• Annualized mass flux:

S = 𝑴 × 𝑯 × 𝝆

S = Mass flux eroded sediment (short tons/ft x yr)

H = Channel bank height (ft)

𝝆 = Soil bulk density (short tons/ft3)
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