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Introduction Results Toe Elevation Correlations
: . the effects of shorels In the foreshore, average width and slope were similar between armored and unarmored sections. In the Our data suggests that beach width is related to bluff or armor toe
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., 000 . bench . backshore, average width was lower in armored sections than natural sections by all measures, and slope was elevation, shown on the plots below. In accretionary reaches and transition
armoring on beach morphology, we . : . . . : : : . : ,
NN gd Hvsical b FI: &Y, slightly higher in armored sections. Toe elevation was lower by all measures in armored sections compared to zones, there is a strong positive correlation between backshore width and toe
W QY ﬁ ~ Bellingham clcq)mpa:e _ ': YSI(]:cab tehatch backeh natural sections. The plots below display the ranges of beach parameters. elevation, where backshore width increases as toe elevation increases.
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OIympla*} reaches | | region, which can aid in optimizing Wil Slefpe Gl Slope Toe Elevation Foreshore width and toe elevation are not correlated across all shore
armor removal restoration efforts. types, however there is a correlation between toe elevation and foreshore

Ranges varied by shore type. Backshore width was lower in armored sections of bluff-backed reaches and
accretionary reaches. Backshore width was less variable and toe elevations more variable in armored sections of
transition zones, however this pattern may be due to the small number of transition zone reaches included. Toe
elevation of armored sections was slightly lower on accretionary beaches and significantly lower on bluff-backed
beaches. Ranges of backshore width and toe elevation by shore type are shown in the plots below.

width in transition zones when toe elevation is below MHW (r = 0.850). 24%
percent of toe elevations from profiles on armored beaches were below
MHW, whereas only 4% of toe elevations from profiles on natural beaches, all
of which were bluff-backed, and possibly composed of erosion-resistant

Methods

Eighteen reaches were identified, each a minimum of 500 meters in length
and represented one of three shore types: bluff-backed, accretionary, or

transition zone, with approximately equal parts armored and natural Range of Beach Measurements By Shore Type substrate, had toe elevations below MHW.
shoreline. The table below summarizes conditions for the reaches included. B Armored Sections [l Natural Sections o .
Note, due to the small sample size and high variability, transition zone reaches Backshore Width Toe Elevation Prel iImina ry COnCI usions
were excluded from some analyses. 75 4 o , , ,
T e Bluff-backed reaches had strong significant differences in toe elevations
Bluff-Backed | Accretionary |Transition Zone TOTAL _ 20 T c = ; T T and backshore width between armored (lower and narrower) and natural
Armor updrift 7 1 2 10 % 15 _ T - B % , | =B sections (higher and wider), but there was no significance in accretionary
Natural updrift 4 3 1 3 = T I 2 ‘023 0 T . < J reaches. Armor removal restoration efforts may be most effective along
TOTAL 11 4 3 18 = : x § % -1 + bluff-backed shorelines where the armor toe is lower than the adjacent
- x < 22 bluff toe.
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The diagram to the right shows the general EIZvation Mo§els Accretionary Bluff-Backed Transition Zone Accretionary Bluff-Backed Transition Zone * Foreshore beach slope was not significantly different in armored and

workflow used in this study. Data
collection and processing was
completed using ArcGIS Pro and Excel,

natural sections, and therefore beach slope may not be a good measure of
restoration success.

(DEM)1, Coastal
Landforms?, Tidal
Datums from NOAA

Comparison of Armored and Unarmored Beach Metrics

and analysis was largely completed vDatum / aited ttests of the averace beach width and slope in * Toe elevation and backshore width are correlated in accretionary reaches
in R. All beach parameters l : L 5 P and transition zones. In these shore types, armor removal should focus on
' P : I ST O e TRGE hEels | Imsiste |- Puielnz armored and natural sections of each reach were run to . ¢ i i
were measured in both Extract Parameters from locations where the armor toe is significantly lower on the beach than
the foreshore and Cross-Shore Profiles o, Width -0.402 0347 | determineifsignificant differences were present. The adjacent natural shorelines.
backshore zones as (1563 profiles total): L renesiose Slape .0.304 0.383 results for the paired t-tests are summarized in the table to
Beach width, slope, toe ©) ' ' . . . .
: : o < : _ the right. At a 95% confidence interval, backshore width e e
Elevation defined in the e | Backshore  odth | 2207 pROOE S S, ) Discussion and Next Steps
(NAVD 88) figure below. - Slope 1.696 0.114 and toe elevation were significantly lower in armore
B 60 meters l < Toe Elevation 2673 0.018 sections compared to their adjacent natural sections. When Beach parameters varied significantly between individual reaches. This is
Analysis: Paired t-tests, A i Width 0548 0.298 tested within shore types, backshore width and toe likely due to external factors not accounted for in this research such as wave
Pearson correlation L Foreshore : . : : : : : :
corrected for spatial 5 Slope -1.369 0.100 | elevation were significant at a 99% confidence interval, exposure and sediment size. The high number of transects included here
-0.5 meters autocorrelation? s Backeh Width -3.252 0.004 however there was no significance in either measure along allows for further testing on a site-specific scale that may result in additional
LL ackshore . .. o : :
"3" Slope 1.546 0.078 accretionary reaches. criteria for prioritizing and monitoring armor removal efforts in the Salish Sea.
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