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only the 1983 and 1997 event. All three events were associated with elevated water levels a 3
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April 2016 are used to identify beaches that actually experienced scarping during the 2014-
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the LIDAR data. An “erosion risk analysis” was then conducted using site specific mid-beach

slopes extracted from the 2016 LIDAR data for every 100 meters along the open ocean coast.
Results - Prevailing Wind  sumjiiee— Smmmlie- Prevailing Wind mmmjiee- S~ Prevailing Wind - -
Run-up models based on Regional average parameters provide a first order estimate of ' - A
. . : ; Stoss Side eewar ide )
risk, but under predicted the actual number of transects that were subject to erosion from o -
.~ . . . . . Sand moves up windward side DT ey Ca
the 2015-2016 El Nino. The under prediction was primarily due to: (1) the use of a mean mid- Sard ek =N 3 A \ O
H e 5rd H verage Hi ater Line rosion Reference Feature /J A\ B \ 3 e anc'es A t ifp“”’ HighiRiek Hreas O : | High Risk A —
beach slope of 3% vs. the generally lower site specific slopes derived from the LIDAR data, (2) e Ry onietrenenfernre 65 | (| down ipface A aveel \ o ¢ B 5
i frd W L 47 1 to 95 meters
. . . . . F ® ; V\.ﬁ; Moderate Risk ( 47 to 25 meters )
not including a measured +0.093 m tide anomaly in the run-up calculations, and (3) an {} QERY et B e e ’g = 7l — o
. . . . . Foreshore | Backshore N 18N Tl B Z:::: sl - S ‘ i 78| —— 2014 Shoreline (OR) 5'
improved estimate off the deepwater significant wave height of 2.07 vs. 1.97 m. The new B e T == Kilome 2o Shorelne (OF) [} st a e  armatare. 1| — rssnasne =
ey Wl o VR S W e 4 T BT o A i “Copyiiaht ©2013 NalionahGeographic Soaely e ibed: g & i / T ; T T i s
. . . . . T T AT T T . o 3 - ' T e e s Bai” i e UV e =
analysis obtained run-ups that were 10 to 30 m higher on transects with mid-beach slopes < DER S _——s o =
5 : . @) =
3% and run-ups that were lower than originally predicted when mid-beach slopes were > 3%. = [ —
P gihatly P Open Water Beach Toe of Dune Scarp Location Swale | L = =
i ’,j = =i 7 ) k(mrﬁzuq i @< C xma(;;ﬂ‘ « Nﬁ:ﬁﬂﬁi o
Run-Up Model Selection ® g 3
e . i — — — — — — — % ; : ! V4 T u 1 s a o
Most empirically derived wave run-up models developed over the past 50 years require beach slope (B), B [— :I|: | —— | o
i ifi i i i H | SRR E RS o ) ®  High Risk (<= 25 meters —
deepwater significant wave height (Hs), and deepwater wave period (Lo) or wave Period (T) (Shand et al. Beach Width | Dlodmeters o —— .
2011). Four commonly used run-up equations were compared in this study: Holman (1986), Hedges and Mase . : , : X B | ——>Smetens Fa L0t o LowRis(>47 meters)
) _ [ e P , Y ( _ ) 5 Beach widths were derived from National Agriculture Imagery Program (NAIP) orthophotography flown on August 16, e Wilome 1| e soenerw (SRS 2 7 I | —— 2015 shoreine (wa) =
(2004), Ruggiero et al. (2001), and Stockdon et al. (2006). The horizontal run-up calculations from these : . : . i ~» n Kilometers _ s TV oQ
, , 2015 for Washington and June 22, 2014 for Oregon. The average high water line (AHWL) and erosion reference feature = g Y
models were corrected based on a factor (K) derived by Shand et al. (2011). The K factor applies when the - . Y ) > -
i - , _ (ERF), represented by the transition zone where vegetation no longer covers more than 50% of the ground (in areas =~ ” =5 — = ‘ =
upper beach slope of the backshore” is used for B, or as defined here, the mid-beach slope. e o : \ o pe———_ ) e o et o o o ~
where the vegetation line is not visible the ERF will be the top edge of the cliff, bluff/scarp, or top center of the seaward z e e e Q Ly | TR e e x
Model | Equation Correction | Adjustment most dune), were digitized and used to create an envelope or polygon. This envelope was used to clip the transects Il i N i f\ | m 3
a ’ ; ) . Ry i o (= 1
'(::';;f' '(::'23;‘" created in DSAS. The length attribute for each of the resulting transects was now the approximate width of the N i s \1 § hart X | 7
. : : : . SRS R e i —= Ul ‘ ' =
Shand et | this Study backshore —that portion of the beach only affected by waves during exceptional high tides or severe storms. c >§ = i High Risk Areas T High Risk Areas B
al. (2011] W] Ay : ‘Ef ; ¢ | 0to 47 meters ) ®  High Risk (<= 25 meters ) =
Predicted Run-Up (Vertical) for 0.3 to 9.8 Degree Slopes for : e ] / TS s FHIT S ot 47 1 to 95 meters - Moderate Risk (47 to 25 meters
Holman R — 5 2taI] + O 2 H 131 +0.29m Hs 2.07 meters, T of 7.40 seconds fig (s ot [ = i L i ' > 95 meters b ) : : ® LowRisk(>47(m9*erS) | ({1
B B L G- p+02) = - - Mid-Beach Slopes and Scarps e e | o Klomiothrs | S el bt Kiorhetefs || — 2°Sse w >
uggiero — N : +U.39m — Hedge and Mase 2 = ) it ! LA - § (57§l Conyriont© 203 National Geographic Societyji-cubed e , : X A ‘ S0 _TE Conynoht© 2013 National Geographic Socliji cubed
car | Ry, =0.27(tan fH L) 4 Ruggeroctal, GO0T) The 1 x 1 meter bare earth LIDAR DEM’s used for this study was obtained from by NOAA’s Coastal Zone Mapping and ‘ o > | e J s =
Holman (1986) i ] . 1 _ i 7 = _ ’ ‘ —s 4
(2001) Corrected Ruggieo et a. (2001 Imaging Lidar (CZMIL) system. Horizontal accuracy is 1 m and vertical accuracy is 0.196 m or +/- 0.098 m at the 95% e ; MRS N e e P Tam s S T o= m
Hedges R _ 0 34 1 49 H 0.95 — = = Corrected Holman (1986) - ” : & : : == L~ 3 . : af)""\) . ,ﬁ‘// [®) — 1 7 —
and 2% ( Dat+l 980) S tan B e T Stockdonetal (2000 confidence level. LIDAR data for 2014 was collected between July 30-August 13, 2014 and data for 2016 was collected , = = — ‘ * AR oy ’/V ¥ p
0= . . ' ; V ; ‘ ; ey L laps : BN 1 =
(2004 VR g between April 28-May 28, 2016. ~ | S o e—— & | P =
: ' . ; : : CE ey T = et _,
Stockdon _ 0.5 < 1.47 +0.43 m = T 1 ‘ - =g il Ay = TR « (LT S -
etal. Ry, =0.043(HL,)"" for §&<03 5 25 , ; : : : e i . . e L3 =il i o oo g OSSR L =
(2006) ; 0 E | derived scarp locations for 2014 and 2016 from the LIDAR DEM’s. Maximum Slope expressed in degrees was o Fr e s e i n ol Rl T e U . sl g
Ry, =1.1(0.35tan ﬁf(HOLo) g 2 calculated for each cell as follows: the Range of Slope values was determined within a roving 3 x 3-cell window (i.e., 3 x \ N ; 47.110.95 meters o ol | _'\\ goi T e \ // - Mocarate sk (47 0 25 meters ) —
> S > 95 meters FoF LN g 2 ®  LowRisk (> 47 meters )
2 5 - - : ithi : BRI B R 129 45 )] | | i 0 ! A gyl Y0 1R |
[H,L,(0.563 tan f3; + 0.004)]° . 3 m). The Range was then divided by 3 meters to obtain the maximum slope found within each 3 x 3 m neighborhood. \ ‘i i i 16K1l6m’etera —— 2015 Shorelne (WA) Q =3 i i e R
2 ) 7 To determine if a specific cell represented the located at a scarp | used the concept of the lower Angel of Repose (AoR) ) e At T g o Aot Sl
for £, 2 0.3 " 52 Ctean Beach Siope 1.8% and foredune formation. In the beach environment the seaward side of the foredune will be flattened by on-shore Run-Up Calculation Models and Scarp Identification Tool Box
or 0= U. Standard Deviation 3.1% . . . 1 . - . .
i Tor = beach Soms of 197 with mean sedirent diameter of 016 05 for tudy Area wmds-formmg a ramp WIth an angle of gbout % the AofR (17 Degrees) for 0.2 mm sand (average sand size for the study Accuracy Assessment: Risk vs. Scarp Locations
K2 is for a beach slope of 1.8% with a mean sediment size of 0.2 mm. G area) in the dry condition. Based on this | have taken the presence of ocean facing slopes >= 20 Degrees that are B Ve S o Rt o Erguey B I 2= 1. creteSca st supporting Mo o
Ho and H; is deepwater significant wave height; L, is the deepwater waver period; %is the deepwater 03 08 13 18 23 28 33 38 43 48 53 58 €3 68 73 78 83 88 93 98 : : HP L “ » € Run-Up Lalculation 10010OX Is ImMplementea | Jg s st T | RtSee Ractr t | [ Croute Scarp Raster (Supporting Model) 2 . : . S L Dicl :
o L tan B s the bosch shone s present in 2016, but not in 2014, to indicate the presence of a “New” Scarp. in ArcGIS Desktop 10.5.1. The toolbox (St i s3] 8 S PP —— Conclusions New Analysis [High Risk \leyel =i mi=le |Low Risk
&9 Conversion Toals | 20 | . . . . . Number Of
automates: @Data Interoperability Tools Output Raster Dataset Input Slope Raster This analyS|S found that emplrlcal T t 398 287 694
Correlation analysis of the Hedges and Mase (2004) equation with three other popular models obtained a R2 An area search was then run that compared the “New Scarp” locations with the clipped transects (note - the transects - Jolic it ot prere e st sbers 515 ] 8] outamer v depes n deres Slops derved o run-up models such as Hedges Nrj:s:rlith
. . . . . . @ a. Create Maximum Slope/Scarp Rasters from approximatly +/- 0.8 degrees. -
of 0.91 or better for beaches with slopes of 0.3% to 9.8%. This indicates that with a appropriate site-specific were clipped by the average high water line and erosion reference feature in 2015, so the transact length approximated 1. four commonly used Wave Run-Up Models, ;h.ireate“s’lamRastir'éupim?’niMod!n e N and Mase (2004) can be used to Scarps 253 94 113
o Te. Create Scarp Raster from DEM (alternate)
correction factor (e.g., K2 for this study area) these models will produce similar results. Shand et al. (2011) the width of the backshore); the search distance used was 49 m or about 1/2 the transect spacing. If a “New” scarp is § fge Ct"f‘fI_CUI?t'On ]?f beaclh Sli,pes’ : {1 oS St e horsface of orednesare SpPmaty 10 degrees o 12 predict the site of ‘future’ erosion os/oc::stranseCts e 64% 33% 16%
. . . o o o /20 o o ba 3, Is Scarp Mear Transect If the slope is greater than this we assume a scarp. or 0 o] 0
found Hedges and Mase (2004) to be the most accurate model overall for low slope beaches; because of this located within 49 m of a transect it can be said that significant scarping and foredune erosion occurred near the % Then ' Lca It('m 2 :ca.ré) boca r']orls' gt f £ e s B ot o o o T when appropriate site specific ~ooto
. . . . . . . e extraction or mia-peac S Opes or - Ot >ope ot eints . degrees is suggested. Danie S 2016
' in thi ion ri ' transect in the period between Summer 2014 and Spring 2016 (i.e., large enough that it was not repaired by onshore : - : :
the Hedges and Mase (2004) equation was selected for use in this erosion risk analysis. - p : . pring ( , 1arg g p y i S SRR TL L S e Cach g i Output Raster Dataset values are available and that these |Analysis High Risk Vioderate Riek. | LT
sediment transport between the end-of-winter in 2015 and spring 2016). s Cletun Uy Chp cnatg by A D ee combarable R
Tides and Water Levels from LIDAR data. e Gttt results VF\:hen correctign factors =~ et 134 462 797
Number with
Hourly Tide elevation data from NOAAs National Ocean Services Station 9440910 Toke Point, WA were Facing North Facing South are used. In the United States Scarps 107 312 476
analyzed for the period 1981 to 2018. This station was selected because of its long period of continues record Features Collected from Orthophotography Backshore-Beach Width in 2015 i by s tady e gt LIDAR derived 1 x 1 m DEMs are | % of Transects with 50% o8 c0%
. 5 et . q 3 =7 ; . carps (o] (o) (0]
and its located at the approximate center of the study area. Missing data points in the stations record were North Jetty (PP — / Crcend =F now available for most of our
. g c g o 0 . o ‘ A | ——y e P ey =2 L d . .
estimated based on linear correlation equations derived with two adjacent gauges (9439040 Astoria, OR and > T cuanyosas | ., e SN R lnew 2016 scaree Nations open coast. As such the use of “Regional Average” beach slopes should be
—— Average High Water Line (2015) ‘ . | . Average High Water Line (2015) ; f 3 R b . . .
9439011 Hammond, OR). Eroion Retrence Featire 2015 | I ANRE NG Erosion Reference Feature (2015 * s e e e eiTipa discouraged and actual slope measurements derived from LIDAR used. This enhancement
NAIP 2015 Imagery : . NAIP 2015 Imagery ; o gl Rk (R % 28 1) . . . . . . .
Anomaly: Fall-Winter Tide > Predicted RGE AN RGB & i resulted in significantly improved erosion risk mapping for our study area (e.g., only 16% of
460000 I Red:  Band_t : { c & o | Red: Band_1 7S e L B OB . . . ; o p o . .
¥ Green: Band_2 . > = Green: Band_2 § T3 = i
Fall-Winter: Tide Mean Difference from Predicted (m) = S 7 el St the transects identified as being at ‘Low Risk’ in the new analysis showed evidence of
l\ e ' 1 ._—-as'“' - 8 ms I > BRE | [Meimum slope 2018 scarping, down from 60% for the ‘Low Risk’ category in the previous analysis).
A 00000 . A : 0 % e o g T 1 e N —_ High : 83.9044
/\ A L o2 | |
"\ \/ e _ . - SN N = W . : 2% Results
.......... e — ———|-—000 g a s 3 e e 8 o ) b ot . e | . ‘ R : 4 i. i g
SECLELLH CHEEHEE LEeHH CLECEE EEE I A | weal[glitseovelf R Ve Wl SLTR G B, e CHslisre Lle AU (IR IT @z gt 26, B B G\ R ST . A PR 4 5 o The vulnerability of the northwest Oregon and southwest Washington ocean coast to
’ v . (Photo location 1 mile north of Grays Harbor North Jetty; scarps 1.8 to 2 m high) AR b S0 Ul Famga T ) coastal erosion was calculated for 1,420 shore perpendicular transects located 100 m apart
ﬂﬂﬂﬂﬂ 0.05 : " Ll $o _ i 4 o 05m  §o4v
Mean = 473 Hours ' ' | Derive Scarps from LiDAR Raster's for the 2015-2016 Nifio event. The transects were created using the USGS Digital Shoreline
0 P : . P = . : . Analysis System (Thieler et al. 2009). In this region major El Nifio events are associated with
Anomaly: Fall-Winter Tide > MHW e 005 I C'fllculated the Maximum degree slope for each cell using a Majority Filter within a 3 x 3 window using the RANFSE option. region-wide beach recession, dune scarping, and episodic coastal flooding during the
| o | This aIIowgd me to calculate a MAXIMUM Slope for each cell. The cells were then resampleq to3x3 met.ers. This despecaled weeks leading up to and after the Winter Solstice.
A oo the resulting Scarp Raster, remove scarps less then 3 cells long, and reduced the cell resolution to approximate .. -
-0.15 . g 9 . &7 631 |
/ A il § 3 %5 23 % 8 % £ 8 8 8§ 3 8 82 338 @ that of the Horizontal accuracy of the underlying LiDAR data (i.e., +/- 1 meter). The Scarp Raster was then modified by A |5 _ ‘ 239 : .\n « During Fall-Winter of the 2015-2016 El Nifio the number of hours were the observed
S A S S G B L L L S i i - i ion' (i i 3 TR - il . . . .
/ \ /V \ AN /\ [X 22 2 % 2 2 2 2582282528322 238 removing scarps that are facing the 'wrong direction' (i.e., not facing toward the coast) and whose angle was less than the o\ B et #2 el ucte_F igi‘ L tide exceeded the predicted tide and mean high water was 197 hours (276 hours 1982-
RN A . W SN R . i W S = Al A — — — — — — — o~ (3] o~ ] o~ o~ o o~ o~ 1Fi 1 1 1 1 - - { 0 875 175 350 Meters |8 8 : 875 175 350 Meters || . Vi ,{'.30 875 175 350 Meters - . x
SE A ST UER R PR TR —Tide Mean Difference from predicted (m) JA Significant €l Nino Event specified angle of repose (20 Degrees in this case). The result is a binary raster (1=scarp, 0= no scarp). The 2016 il e VB B 1983;387 hours 1996-1997); the mean tide elevation was +0.093 m above predicted.
\/ VoV o result was subtracted from the 2014 result to obtain the binary El Nino “New” scarp dataset.
Mean = 1041 Hours N 77 Ta. Create Madmum Slope/Scarp Rasters from LIDAR DEM - box * Analysis of Wave Height and Period data for 2009-2017 from the Grays Harbor, WA and
Model Edit Inset View Windows Help - LIDAR Slope Difference - 2014 to 2016 LIDAR Derived Scarps - New in 2016 LIDAR Derived Mid-Beach Slope for each Transect Astorla’ OR CDIP Buoy Obtalned a Slgnlflca nt Wave Helght (Hs) Of 207 m and Deep
Based on an analysis of hourly tide gage data NOAA’s Toke Point, WA | found that during the 2015-2016 winter SR IEL R IR A R H RS R _ - : P ; :
: ) ; . 5 5 ; = — eqiid Water period of 7.40 sec. This is higher than the previously accepted Regional average
season (October 1 to March 31) the measured tide heights averaged +0.093 m above predicted; resulting in T T AR B «—» Transect it Besch Widh 2015 of 1.97 m and 7.44 sec. (Daniels 2016)
the beach being impact by an additional 1,239 hours (51 days) with water levels above predicted levels. Prior Input DEM 1d. Remove Scarp S Ry i S T ' ' : '
raster SCEFPS Canidates Average High Water Line (2015) - New Scarp in 2016 Legend
to calculating the horizontal run-up for each transect the El Nino induced elevation anomaly was added to the p (Output) Slope Difference = 2016 - 2014 NAIP 2015 Imagery ® Calulsted Middle of Transec .
o Ml S RO G e A = Transect Wi * The mean beach slope for the study area, derived from the 2016 LIDAR slope raster, was
Ver = . - R - Red: Band_1 verage Hi ater Line 0 0 0 0 0 0 0
P Y Block Statistics Rooss __ e ~— i B szttt 1.8% with a standard deviation of 3.12%. This is lower than the previously used Regional
I Blue: Band_3 Maximum Slope 2016 o
P average of 3%.
References YA o 85 5004
Carrigy, M.A. 1973. Experiments on the angles of repose of granular materials. Sedimentology (14) 4:147-158. 3 - Low -0
Cheng, N.S. and K. Zhao. 2017. Difference between static and dynamic angle of repose of uniform sediment grains. International Journal of Sediment Research (32) 2:149-154. Gug:tsi“‘:rarp N AnalySIS Of the 2014 and 2016 LIDAR data derlved d |Ocat|0n dataset Of ”NEW Scarps",
Divide «“ ” . .
Daniels, R.C. 2016. Impacts of the 2015-2016 El Nifio on Coastal Oregon and Washington. Annual Meeting of the Association of American Geographers. San Francisco, California. (Output) Where NeW means a Scarp was present N 2016 bUt not In 2014 Of the 1420 transects
] ) - ) e .
Fiedler, JW., Smit, P.B., Brodie, K.L., McNich, J. and R.T. Guza. 2018. Numerical modeling of wave runup on steep and mildly sloping natural beaches. Coastal Engineering (131) 1:106-113. N the StUdy area 905 (64%) had Identlflable NEW Scarplng-
Hedges, T.S. and H. Mase. 2004. Modified Hunt’s equation incorporating wave set-up. Journal of Waterways, Port, Coastal and Ocean Engineering (130) 3:109-113. x E””
Holman, R.A. 1986. Extreme value statistics for wave run-up on a natural beach. Coastal Engineering (9) 6:527-544. Output rast AT Ftsaldians 1b. Create USIﬂg LIDER dEFIVEd site SpECIfIC Informatlon resulted N Improved run_up Ca|CU|at|0nS. On
utput raster an ope Scarp Raster c . c o .
Ruggiero, P., Komar, P.D., McDougal, W.G., Marra, J.J. and R.A. Beach. 2001. Wave run-up, extreme water levels and the erosion of properties backing beaches. Journal of Coastal Research Raster average, thlS reSUIted In horlzontal run_up’s that were hlgher than were predICted (When
g2 SUARL the Regional average slope was used). Transects with mid-beach slopes < 3% had run-ups
Shand, R.D., Shand, T.D., McComb, P.J. and D.L. Johnson. 2011. Evaluation of empirical predictors of extreme run-up using field data. In 20th Australasian Coastal and Ocean Engineering 10_20 m hlgher than preViOUSIV predicted Whlle transects Wlth mid-beaCh SIOpeS > 3% had
Conference. Perth Australia. Degree .
’ » 5 Slope i e run-ups ~10 m lower than predicted.
Stockdon, H.F., Holman, R.A., Howard, P.A. and A.H. Sallenger Jr. 2006. Empirical parameterization of setup, swash, and runup. Coastal Engineering (53) 7:573-588. Raster &) | o g ; U g Lo s
Thieler, E.R., Himmelstoss, E.A., Zichichi, J.L., and Ergul, Ayhan. 2009 Digital Shoreline Analysis System (DSAS) version 4.0 — An ArcGlIS extension for calculating shoreline change: U.S. | M R o ) 1 '.. ™ — i 1.86% \‘\]‘ ihkh L L) f‘“‘-- A
Geological Survey Open-File Report 2008-1278. *updated for version 4.3. v : Lol _ers s ssowees)) e W "‘:?“ il dik Bl D SA_S o o B "’ G I s @ ws DOT
£ > . ' — DIGITAL SHORELINE ANALYSIS SYSTEM




