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Story of going  down the river with the corps and the comment about bank protection.
Given the times, and the circumstances, and the training, that may be understandable. But. that is a point of view that has changed. 
We are realizing that Many ecological processes depend on the geomorphic functioning of the channel. 




Meander migration –
basis for 
ecosystem 
functions

1. Vegetation 
establishment

2. Floodplain creation
3. Habitat creation 

(bank swallow 
habitat)

4. Off channel water 
habitats (through 
cut-off)

5. Aquatic habitats
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As this picture of the historic floodplain creation of the Sacramento River illustrates, the Sacramento has a tendency to migrate laterally over time. This meander migration is a key process for many important ecosystem functions on the Sacramento.  Examples include 1) vegetative establishment for the riparian forest, 2) floodplain creation through progressive meander migration, 3) habitat creation (i.e., bank erosion for swallow habitat), and 4) the creation of off-channel habitats (e.g., oxbow lakes, side channels, and sloughs) by progressive migration and cutoff processes. 

Because the processes of meander migration are so important, it has been very useful for us to be study and quantify them. 
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How do you quantify this dynamism?

I start with the channel centerline
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A suite of geometric attributes were measured on each of the channel centerlines in our study. A mathematical algorithm was used to calculate curvature values every 0.25 channel widths (approximately every 60 meters) along centerlines for each year. An ArcView script was used to analyze the curvature for identifying inflection points (where curvature changes sign). 
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Initially, the entire length of a centerline was broken into “segments” strictly defined as a section between two mathematically identified inflection points. Second, small segments (less than 2 channel widths) were manually merged with their neighbors to form channel segments were greater than 2 channel widths. In this way, the entire river length was composed of the sum of the segments. 
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Once the segments were identified, attributes were measured using the ArcView script. Half wavelength (λ/2) is defined as the straight-line distance between the two inflection points of a bend, 
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M” is the distance along the curved arc of the channel bend, measured from inflection point to inflection point. “L” is the straight line distance between inflection points.  This measure of sinuosity stresses bend curvature and ignores valley curvature. 

Bend-by-bend sinuosity is the sum of each of the individual bend’s arc length divided by the sum of the individual bend’s half wavelength (distance between inflection points for each of the single bends). Conversely, whole river sinuosity is measured as the entire reach’s channel length divided by the straight-line distance from the top of the reach to the bottom. We believe bend-by-bend sinuosity to be more reflective of the hydraulic and hydrologic processes governing meander dynamics, and is particularly critical when looking at the hydrodynamics of single bends, whereas when evaluating a large reach or an entire river, whole river sinuosity may be more reflective of the more large-scale processes affecting the planform shape, such as geology and basin land use. 
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The entrance angle (θ) was defined as the angle between the line connecting inflection points of a segment and a tangent to the channel at the upstream inflection point (Figure 3). The mean radius of curvature was defined to be the mean of the sum of curvature values at every node (every 0.25 channel widths) between the two inflection points defining a segment.  Segments that had sinuosity equal to or less than 1.1 were designated as straight channel sections (Wolman and Leopold 1957) and not included in the analysis of individual “bends.” 
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All years numbers



BEND_ID START_S ARC_LENGTH LINE_DIST SINUOSITY AVG_RADIUS AVG_CURVE MAX_CURVE MAXCURVE_S AVG_U_D MAX_U_D MAXUD_S AVG_ETA MAX_ETA MAXETA_S ENTR_ANGLE EXIT_ANGLE
1 0 300 298 1.01 -1080 -0.00093 -0.00154 0.44 0.08 0.20 0.44 1.21 2.00 0.44 0.15 0.16
2 300 203 203 1.00 4122 0.00024 0.00044 0.50 -0.18 -0.22 0.50 -0.34 -0.60 0.50 0.02 0.03
3 503 343 341 1.01 -1077 -0.00093 -0.00147 0.50 0.02 -0.17 0.90 1.20 1.94 0.50 0.16 0.16
4 846 268 267 1.00 1588 0.00063 0.00101 0.38 -0.19 -0.29 0.38 -0.80 -1.25 0.38 0.09 0.08
5 1114 137 137 1.00 -2535 -0.00039 -0.00040 0.75 0.05 0.06 0.24 0.49 0.51 0.75 0.03 0.03
6 1251 1229 1160 1.06 1128 0.00089 0.00276 0.19 0.06 0.34 0.42 -1.14 -3.50 0.19 0.71 0.38
7 2480 1498 1382 1.08 -1133 -0.00088 -0.00158 0.84 -0.01 -0.37 0.98 1.13 2.20 0.84 0.59 0.73
8 3978 751 705 1.07 678 0.00147 0.00238 0.23 -0.08 -0.49 0.14 -1.89 -2.87 0.23 0.63 0.48
9 4729 206 206 1.00 -1478 -0.00068 -0.00089 0.51 0.31 0.38 0.17 0.82 1.07 0.51 0.07 0.07

10 4935 819 790 1.04 1010 0.00099 0.00144 0.21 0.04 0.30 0.96 -1.27 -1.92 0.29 0.42 0.40
11 5753 272 271 1.00 -979 -0.00102 -0.00131 0.62 0.27 0.38 0.12 1.32 1.67 0.37 0.14 0.14
12 6026 545 537 1.02 1176 0.00085 0.00158 0.44 -0.05 -0.25 0.31 -1.09 -2.02 0.44 0.25 0.21
13 6571 1152 1141 1.01 -2354 -0.00042 -0.00120 0.85 0.05 0.21 0.03 0.55 1.55 0.85 0.17 0.32
14 7723 273 272 1.00 1341 0.00075 0.00111 0.38 -0.18 -0.28 0.38 -0.93 -1.39 0.38 0.11 0.10
15 7996 205 205 1.00 -1365 -0.00073 -0.00103 0.50 0.10 0.15 0.50 0.90 1.26 0.50 0.08 0.07
16 8201 823 763 1.08 660 0.00151 0.00278 0.21 0.00 -0.37 0.21 -1.95 -3.49 0.21 0.68 0.56
17 9024 1096 900 1.22 -616 -0.00162 -0.00320 0.53 0.04 0.44 0.09 2.08 3.70 0.53 0.84 0.94
18 10121 818 778 1.05 876 0.00114 0.00252 0.71 -0.18 -0.43 0.04 -1.47 -3.10 0.71 0.37 0.56
19 10939 1358 1293 1.05 -1413 -0.00071 -0.00154 0.82 0.06 0.38 0.03 0.92 1.98 0.82 0.37 0.59
20 12296 202 202 1.00 4041 0.00025 0.00039 0.50 -0.22 -0.30 0.17 -0.30 -0.46 0.50 0.03 0.02
21 12498 206 205 1.00 -2460 -0.00041 -0.00061 0.50 -0.06 -0.11 0.83 0.49 0.74 0.50 0.05 0.03
22 12704 1015 795 1.28 458 0.00219 0.00369 0.77 0.05 0.63 0.97 -2.80 -4.85 0.23 1.16 1.05
23 13719 1559 1096 1.42 -615 -0.00163 -0.00278 0.28 0.03 0.65 0.02 2.10 3.33 0.63 1.13 1.40
24 15278 752 701 1.07 585 0.00171 0.00390 0.77 -0.26 -0.63 0.05 -2.24 -5.04 0.77 0.46 0.83
25 16031 272 268 1.02 -571 -0.00175 -0.00293 0.63 0.59 0.80 0.38 2.21 3.43 0.63 0.19 0.28
26 16302 744 725 1.03 998 0.00100 0.00269 0.23 -0.01 -0.38 0.14 -1.26 -3.26 0.23 0.46 0.29
27 17046 136 136 1.00 -1842 -0.00054 -0.00056 0.25 0.21 0.25 0.25 0.58 0.58 0.75 0.04 0.04
28 17182 342 336 1.02 668 0.00150 0.00233 0.49 -0.08 -0.22 0.49 -1.89 -2.88 0.49 0.23 0.28
29 17524 674 656 1.03 -969 -0.00103 -0.00189 0.76 0.16 0.42 0.15 1.32 2.16 0.76 0.32 0.38
30 18198 408 402 1.02 792 0.00126 0.00210 0.41 -0.19 -0.47 0.25 -1.63 -2.81 0.41 0.32 0.20
31 18607 205 205 1.00 -3655 -0.00027 -0.00035 0.50 0.17 0.25 0.17 0.46 0.61 0.17 0.03 0.02
32 18811 272 272 1.00 5821 0.00017 0.00029 0.38 0.02 0.09 0.88 -0.26 -0.54 0.38 0.03 0.02
33 19083 340 339 1.00 -1720 -0.00058 -0.00091 0.50 0.06 0.14 0.10 0.71 1.06 0.30 0.11 0.09
34 19423 137 137 1.00 6820 0.00015 0.00018 0.25 -0.07 -0.09 0.25 -0.01 -0.07 0.25 0.01 0.01
35 19560 545 542 1.00 -1979 -0.00051 -0.00099 0.31 -0.03 -0.16 0.94 0.64 1.05 0.31 0.17 0.11
36 20105 271 271 1.00 1437 0.00070 0.00103 0.62 -0.13 -0.20 0.13 -0.88 -1.17 0.62 0.09 0.10
37 20376 341 338 1.01 -954 -0.00105 -0.00178 0.50 0.12 0.25 0.30 1.30 2.11 0.50 0.18 0.18
38 20717 203 202 1.00 1300 0.00077 0.00104 0.50 -0.22 -0.26 0.50 -0.90 -1.20 0.50 0.08 0.08
39 20920 961 941 1.02 -1435 -0.00070 -0.00147 0.18 -0.02 -0.21 0.96 0.89 1.95 0.25 0.38 0.29
40 21881 206 206 1.00 2636 0.00038 0.00055 0.50 -0.14 -0.23 0.17 -0.48 -0.70 0.50 0.05 0.03
41 22087 275 274 1.00 -1131 -0.00088 -0.00118 0.37 0.05 0.13 0.37 1.13 1.56 0.37 0.12 0.12
42 22362 747 695 1.07 630 0.00159 0.00473 0.78 -0.15 -0.46 0.69 -2.02 -5.43 0.78 0.33 0.84
43 23109 203 203 1.00 -1993 -0.00050 -0.00097 0.50 0.50 0.58 0.17 0.43 0.97 0.50 0.05 0.05
44 23312 272 269 1.01 647 0.00154 0.00227 0.37 0.07 0.24 0.87 -1.88 -2.60 0.37 0.23 0.19
45 23584 1353 1065 1.27 -649 -0.00154 -0.00360 0.72 0.03 -0.64 0.98 1.97 4.73 0.77 0.79 1.30
46 24938 204 204 1.00 1645 0.00061 0.00081 0.49 -0.47 -0.61 0.16 -0.64 -0.84 0.49 0.07 0.06
47 25142 266 266 1.00 -1217 -0.00082 -0.00126 0.64 -0.07 -0.13 0.13 0.94 1.32 0.64 0.09 0.12
48 25408 1345 1161 1.16 703 0.00142 0.00356 0.28 0.03 -0.50 0.12 -1.79 -4.69 0.23 1.11 0.81
49 26754 281 277 1.02 -556 -0.00180 -0.00285 0.36 0.38 0.60 0.12 2.08 2.97 0.36 0.30 0.20
50 27035 561 558 1.01 1475 0.00068 0.00127 0.19 -0.07 -0.24 0.19 -0.80 -1.30 0.19 0.21 0.17



BEND_ID ARC_LENGTH LINE_DIST SINUOSITY AVG_RADIUS AVG_CURVE MAX_CURVE MAXCURVE_S ENTR_ANGLE EXIT_ANGLE
155 203 203 1.00 -1069 -0.00094 -0.00145 0.50 0.11 0.08
156 952 842 1.13 570 0.00175 0.00429 0.18 1.04 0.63
157 1501 1102 1.36 -629 -0.00159 -0.00319 0.25 1.10 1.29
158 1225 777 1.58 451 0.00222 0.00442 0.58 1.16 1.56
159 606 583 1.04 -643 -0.00156 -0.00220 0.28 0.48 0.46
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For a comparison of channel length and WHOLE RIVER sinuosity in different years, a “clipped” channel length was established. This was done because channel centerlines in each of the 8 years for the complete study did not begin and end at exactly the same location. The channel lengths were measured from “clipped segments” that began and ended at the same locations.







Scorecard Indicators
1. Total river length
2. Total river sinuosity
3. Entrance angle
4. Line distance between inflection 

points (half wave length)
5. Bend migration rate
6. Area of floodplain reworked
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Channel bend meander migration, also known as lateral migration, is qunatified by mapping sequential channel centerlines and by quantifying the change in location of a channel centerline over time using the eroded-area polygon. An eroded-area polygon is created by intersecting two channel centerlines mapped at two different points in time. ArcInfo calculates the area and perimeter of the eroded polygon, from which the average distance migrated perpendicular to the channel centerline is calculated. The lateral migration distance is equal to the polygon area divided by the average stream length for the polygon (with average stream length equal to one-half of the polygon perimeter). Finally the rate is normalized by the number of years of migration so that the final metric is m/yr.






All segments Bends only





Rationale for these being 
meaningful indicators

• Characterize river’s ability to create new 
floodplains. 

• Dynamic river processes (e.g., erosion, sediment 
deposition) revitalize riverine habitats and are 
beneficial to native flora and fauna. 

• Cottonwood and willow forests naturally 
regenerate on freshly deposited floodplain 
surfaces, and salmon and other aquatic species 
benefit from fresh gravel inputs.   
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