Using GIS to calculate
geomorphological change
IN The Red River system near
Fargo, North Dakota

Katie Messick: GIS Analyst
Hans Hadley: Geomorphologist
Robert Predosa: Project Engineer
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Background: the Red River system floods.
A lot.

The Army Corps of Engineers and its non-federal partners propose to
reduce flooding by building diversion channels and dam structures.
In order to be able to measure the impact of these structures on the
river system, certain things need to be measured in advance and then
periodically after the fact to see if they have changed.
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WEST Consultants performed a series of measurements across several years
to establish the baseline stability of the river system using multiple years of aerial imagery

« 2011 was no good
because it was flown
when the rivers were in
flood

« Ultimately used 5 years of
aerial imagery
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First things first: banklines are central to the
geomorphological calculations

What is a bankline?

Aerial photos

Hillshade LIDAR
& G =

“All models are wrong, some are useful”

Accuracy Reproducibility



Five river channel characteristics

«  Amplitude and Wavelength
« Average Width

« Meander Belt

«  Meander Migration

« Sinuosity

Table
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MinimumReachSinuosity2020

| Shape_Leng | LengthFt DnValDist | Sinuosity ] A

» 8646.94535 8646.94535 4641.161635
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MinimumReachSinuosity2020

30137.899718| 19166.900723| 11420299181 |
37166.605234| 37166.605234| 12858.790861
34603.185178| 27935312141 15035301687
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Table
H- B

AvgWidth_2020

| Areasqft | LengthFt | River | GsR | Avgwidth

»| 807230518309 854694535 | Buffalo River GSR-BU-A| 93.354414
9396788.88650| 56542085094 |Red River |GSR-RE-B| 166.191048
15297850.5895| 109065.605132 |Red River |GSR-RE-C| 140.262831
7161971.36535|  48133.062389 |Red River |GSR-RE-D| 148795257
9891081.79269|  66406.962675 | Red River |GSR-REE | 148.946457
2688762.86698|  21703.482618 |Red River |GSR-RE-F|  123.88624
3602965.3792|  29307.83892|Red River |GSR-RE-H| 122.935212

1T m E]% (0 out of 37 Selected)
AvgWidth_2020




Amplitude and Woveleng’rh descnbmg river bends
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Figure 6-1. Definitions of amplitude and frequency (from
Leopold et al., 1964)




Amplitude and Wavelength: describing river bends
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L =Meander length (wave length)
A= Amplitude
™~ Mean radius of curvature

Figure 6-1. Definitions of amplitude and frequency (from
Leopold et al., 1964)
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Amplitude and Wavelength: describing river bends
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Figure 6-1. Definitions of amplitude and frequency (from
Leopold et al., 1964)




Meander Belt: measure the
maximum™* river meandering

Figure 6-5. Example of meander belt width for a specific river reach (from Parish
Geomorphic, 2004)

*On a human time scale...

GMS SH-07

Straight lines drawn connecting
extreme meanders

Calculated centerline between
drawn lines

Distance between centerline and
farthest extreme meander within
a single GSR

Calculated meander belt for each
GSR. Note that the belt width for
each GSR is slighly different.




Meander Migration: how and how much do the river bends move?

Across Valley

Channel Centerline

Down Valley

Upstream Downstream

End (crossing)

Flow

Initial Bendway

Extension (Across-Valley Migration) Translation (Down-Valley Migration)

Expansion (Increasing Radius) Rotation

All Four Modes of Movement

Figure 6-3. Types of meander migration (from NCHRP, 2004)

For the first iteration of this study in 2010, meander migration rates
were calculated using a methodology similar to the guidance found in
National Cooperative Highway Reach Program Report 533 (NCHRP,
2004). Circles were inscribed along the channel line at each meander
bend.

Legend

O Meander Circles 2010
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Based on this fact, least squares estimation for
determination of the bend centroid and bend radius
of a meander i ied 1 i as a solution

oiding or at least limiting the random meas

t errors. This approach was used to ex

Least squares estimation was used to find the
center location (centroid) and radius of an imaginary
circle best fit to the data points representing the bend
line. The equation for this circle with the center—the
bend centroid—at (@, b) and radius R is given by:

(x —a)*+(y — b)*= R%. (1)

Let (x;, y;), i=1, 2, ...n be a set of data points in the xy
plane. To determine the values of a, b, and R that
provide a least squares estimation of a circle accord-
ing to the data points, the following equation was
minimized:

2

F(a,b,R) = Z [(x,- — a)*+ (i — b)z—Rz] (2)
i=1
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Least-Squares Circle Fit
Randy Bullock
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Given a finite set of points in R?, say { (;,5:)| 0 < i < N}, we want to find the circle that “best”

(in a least-squares sense) fits the points. Define

T = % Z;l?.i and Yy = % Zm

andletu; = =; — %, v; = y; — 7 for0 < i < N. We solve the problem first in (u,v) coordinates,

and then transform back to (z,y).

AD AE AF

AG AH Al

Sheyenne River - 8i 2020

Sheyenne River - 8i_2020 Centroid

Calculate Determinant

- J K AA AB
/ ~
7 \\
. N sh River - 8i_2020
Note: this method et e
. Xi used Yi_used Summary Inputs
only works in @ T Zsewsise  sswonar NG
1 2861865.22 381631.01 2862045.34
projected x.,y :
. 3| 2862280.57 381466.46 Yav 381560.05
coordinate Sysfe m 1 286231831 381377.51 S, 23381263
. 3| 2861960.31 381650.18 Suw -105161.80
| | ke S TO Te P | O n e 3] 2862055.63 381621.78 S,, 61892.96
#N/A #N/A] Suuw 10638083.84
#N/A #N/A] Syw -5426140.49
#N/A #N/AJ S.w 8877895.85
#N/A #N/AJ S.uu -12398588.35

D= 0.00000000029305317

Dot Product

u 1.81379E-05 3.0818E-05 9757989.848
Ve ~ 3.0818E-05 6.85195E-05 -8912364.422
Solve for u. and v, Solve for x, and y, (Centroid)
u. = -97.672 X, = 2861947.665
v, = -309.949 y. = 381250.103
Solve for a Solve for R
a = 154892.5629 R = 393.564
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Our Solution

Migration Distance
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Summary

Aerial imagery + hillshade
LIDAR to delineate banklines

Used banklines to create
centerlines and both as a basis
for calculating change in
geomorphological
characteristfics

Developed reproducible
methodologies for calculations

Looked at change over 12
years as a baseline prior to
construction

The same methodologies will
be used post-construction to
determine project impacts on
river migration
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