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                                                                           (over)

Fetch is the length of water surface
exposed to wind during the generation
of waves. Fetch is an important charac-
teristic of open water because longer
fetch can result in larger wind-gener-
ated waves. The larger waves, in turn,
can increase shoreline erosion and sedi-
ment resuspension. Although this pro-
cess is more pronounced in waters with
little flow, the Upper Mississippi River
(UMR) has experienced island loss and
high turbidity associated with long
fetches. Therefore, fetch data is needed
to better assess areas at  risk  in  the
UMR because of long  fetches.

Prior to the development of pow-
erful computer applications such as a
Geographic Information System (GIS),
calculating fetch was a slow and labo-
rious process. The process required tak-
ing manual measurements from paper
maps and then inserting those measure-
ments into one of several formulas de-
pending on the type of fetch being esti-
mated. Estimating fetch across an en-
tire pool was impractical given the de-
mands of manually calculating fetches
for the many points required for a pool
estimate.

I wrote two GIS programs to auto-
mate the process of calculating effec-
tive fetch that can be modified to calcu-
late fetch based on other  methods.  Ef-
fective fetch is calculated by taking fetch

shape into account.  This is done by
measuring distances to land for the se-
lected wind direction and each of seven
angles spaced  6 degrees apart on both
sides of the wind direction.  Each of the
fifteen measurements are weighted by
the cosine of the angle of deviation.  Ef-

fective fetch is then calculated by di-
viding the sum of the cosine weighted
distances by the sum of the cosine
weights as shown in the following equa-
tion:

                                                    (continued)

Estimating Fetch for Navigation Pools in the Upper Mississippi
River Using a Geographic Information System

Figure 1.  The reduction of fetch as a result of island construction in Lake Onalaska,
Pool 7.  Fetch is calculated as effective fetch for every 45 degree direction and a
weighted average is obtained on the basis of the frequency of occurance of each wind
direction during a 15 yr time period.
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The programs I developed use two methods to calculate
effective fetch in the GIS Arc/Info.  The first method uses the
raster based GRID module to calculate fetch for all water
“cells” in a pool.  This method can not replicate the accuracy
obtained in the actual polygon data of a vector GIS coverage.
A cell size of 50 meters on a side yielded mean errors of
around 20 percent.  I was able to acheive a lower mean error
of 5 percent with 20 meter cells, which was found to be more
accurate than hand calculations at a scale of 1:32,500.  Smaller
cells would yield lower errors, but processing time dramati-
cally increases with smaller cell sizes.  The 20 meter cell
calculations take over 5 hours to complete for a fetch cover-
age of a single wind direction for some pools.  The second
method calculates effective fetch by using polygon data rather
than a grid of the data.  This method results in no error, but it
is so computationally intensive that it can only be used for a
limited number of points and pool-wide calculations are not
practical.

I have calculated effective fetch pool-wide using the grid
method for each 45 degree wind direction (eight fetch cover-
ages) for Pools 4, 7, 8, 13, and 26.  The fetch coverages for
each wind direction can be combined in the GIS in a variety
of ways such as: weighting each direction on the basis of
occurance during historical periods using weather station
records, averaging the eight fetch values, or determining the
maximum of the eight fetch values.  The programs can be a
valuable tool for planning purposes in that alternatives for
island construction or projected island loss can be incorpo-
rated into the GIS land water coverage and therefore deter-
mine differences in fetch.  Figure 1 illustrates the reduction
in fetch for Lake Onalaska, Pool 7 due to island construction.
The program can be used in a similar manner for any pool in
the UMR for which a GIS land and water coverage exists.

Although I have made only rudimentary attempts at pre-
dicting resuspension based on fetch coverages and historical
wind data, the LTRMP has used the fetch coverages to begin
to understand wind-generated wave effects in some cases.  One
example is the use of the data in an empirical model devel-
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oped by Dr. Robert Gaugush of EMTC to map zones of sedi-
ment dynamics in Lake Onalaska.  In another example, I com-
bined the fetch data to create mean and maximum fetch cov-
erages to be included as a morphometric measure in a com-
parative summary of Pools 4, 8, 13, and 26.  Figure 2 illus-
trates the differences in distribution of maximum fetch for
the four pools.  In both these examples, the use of the effec-
tive fetch method rather than other fetch methods is not as
critical as it would be if we were to use fetch measurements
to calculate wave characteristics.  Other methods of fetch cal-
culation, and verification with actual data, would be needed
to go beyond our current use of fetch data.r

Figure 2.   Distribution of maximum  fetch for Pools  4,  8,  13,
and  26.


