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In July of 2017, we joined graduate students from Missouri State University in sampling 
in-channel sediment deposits for subsequent trace-metal analysis (Figure 2,3,4).  As part of 
that �eld work, we made a variety of channel geometry measurements (which numbered 
over 100), including measurements of bankfull width.  A subsequent linear regression 
analysis of our channel-width data was completed by plotting channel width as a function of 
drainage area following the technique of Magilligan. The drainage area data for the 
regression analysis was obtained using ArcGIS.

Methods

Figure 2: Field sampling crew

Figure 3: Students collecting 
channel measurements

Figure 4: Soil samples are 
collected to test for lead and 
zinc traces

Figure 8: Merged 
sub watersheds to 
account for entire 

Figure 7: This is what 
each subwatershed 
looks like prior to 
merging subsequent 
watersheds.

Figure 6: Each indi-
vidual digitized sub 
drwatershed.

Figure 5: Shows 122 
sampling locations 
withinthe Galena Wa-
tershed.

Determining drainage area was done in ArcMap utilizing a LiDAR-derived digital 
elevation model (DEM) and a USGS topographic basemap. The �rst step of 
determining the drainage area for each sample point was to create a point shape�le 
utilizing the GPS coordinates of all 122 sampling locations, and giving them the 
same name code as they were given in the �eld (Figure 5). Next each subwatershed 
was digitized above each sample location. This was done in an editing session in 
ArcMap, where the polygon tool was used on the top most point, Upper Galena A1, 
in the watershed to digitize around the drainage area of that speci�c sample 
location (Figure 6). For each subsequent polygon the Auto-Complete tool was used 
because each drainage area shared a boundary with another point in the watershed. 
This allowed for an area to be created above each sample site, but in order to 
accurately represent the drainage area above an individual point, each polygon 
above a point had to be merged and a new shape�le was created showing the 
merged individual polygons (Figure 7and 8). The drainage area data were then 
entered into an Excel worksheet containing the bankfull width measurements. 
Finally, regression analysis of drainage area vs. bankfull channel width was done 
using the data analysis tools in Excel.

Results  
A regression analysis 
(Figure 9) reveals a clear 
relationship between 
modern bankfull widths 
and drainage area in the 
Galena River Watershed. 
The greater scatter in the 
width and drainage 
relationship at smaller 
drainage areas is due to 
channel forms that are 
often indistinct in the 
headwater regions of the 
watershed.
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Discussion
Magilligan (1985), in his investigation of the Galena watershed, 
found that stream channels became notably narrower from 1940 to 
1979 in headwater regions, and slightly wider in the lower 
reaches of the main Galena river. Upstream narrowing and 
downstream widening is shown in Figures 10 and 11, by the 
steeper regression line in 1979 compared to the regression line 
from 1940. Our results show that the trend of channel narrowing in 
headwater regions has continued to present day (Figure 12). In fact, 
the channel-narrowing trend appears to have accelerated. To show 
this trend, we took an average drainage area of 10km2, and input it 
into the “A” variable (for drainage area) in the regression analysis 
equation associated with each year. According to these equations, 
the average bankfull width in 1940 was 19.95m, while in 1979 it 
was 15.12m. Today, bankfull width at a drainage area of 10km2 is 
only 5.52m. This dramatic decrease in bankfull width could be 
attributed to  agricultural land use practices. Knox (1977) identi�ed 
agricultural land use as the cause for dramatic increase in the 
magnitude and frequency of �oods in small headwater watersheds 
in southwest Wisconsin in the late 1800s and early 1900s, which 
widened headwater stream channels. Between 1940 and 2017, 
with improved agricultural land-use practices designed to reduce 
soil erosion (Figure 13), the magnitude and frequency of �oods 
within watersheds of southwest Wisconsin have decreased (Gebert 
and Krug, 1966). As a result, headwater stream channels seem to be 
reverting back to a similar form to what they would have been in 
pre-settlement times. In contrast, downstream reaches have shown 
little to no change with respect to bankfull width since 1940. The 
reason for this is unclear and requires further research.

Figure 12: 2017 Regression analysis for this graph, we 
removed data points for sites with drainage areas <5 
km2 to coincide with drainage areas of Magilligan’s 
most-upstream sites.
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Figure 13: Contour strip farming that led to         
improved agricultural practices (Nichols 2014).
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The Galena River drains 526 km2 and enters the missississippi River 
16 km downstream from the Wisconsin-illinois border (�gure1). Like 
other watersheds in the Driftless Area, the Galena Watershed and its 
tribuataries have been a�ected by signi�cant changes in land-use 
and land-cover since the 1820s, when the region was �rst opened 
for Euro-American settlement.  In gerneral, converting the              
watershed into an agricultural landscape led to dramatic increases 
in storm-generated overland �ow, causing an increase in frequency 
and magnitude of �oods, which were laden with �ne-grain  sedi-
ment eroded from updland farm �elds and grazed woodlots.  Larger, 
more frequent �oods in the relatively steep upper reaches of stream 
networks caused signi�cant channel widening.  In contrast,        
deposition of �ne-grain sediment during overbank �oods along   
relatively low gradient downstream reaches caused channel 
narrowing.  As a result, channel widening in the downstream 
direction became less pronounced than it had been before 
Euro-American settlement and the conversion of the landscape to 
agricultural land use (Knox, 1977)  In his study of stream channels in 
the Galena watershed in 1979, Magilligan (1985) resurveyed 23 of 
the 37 channel cross sections that the U.S. SCS had surveyed in 
1940.  As mentioned above, he found that channels had become 
narrower, especially in the upper reaches of the stream network.  He 
attributed the observed narrowing to the implementation of soil 
conservation practices on agriculture land in the watershed since 
the early 1940s, which reduced storm-generated overland �ow and, 
therefore, the magnitude and frequency of �oods throughout the 
watershed (Magilligan, 1985).  Subsequent unrelated research has 
con�rmed the moderating e�ect of erosion-control practices on 
regional �ood hyrology (Gebert and Krug, 1996).  
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Figure 1:Map of the Galena watershed where all bankfull-width 
measurements were taken.
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Figure 10: Magilligan’s 1940 Regression Analysis

Figure 11: Magilligan’s 1979 Regression Analysis

Figure 9: 2017 Regression analysis data.
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