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{ Data ] [ Limited data J

grm———. e Many small island states
----- i Restriction? §---»lin the Caribbean and
KOO, ; elsewhere.

Coastal numerical
models (CNMs)

Too little data can under-represent
the coastal environment and affect
the accuracy and precision of
shoreline change predictions.

Predictions of shoreline change:
1. At different scales
2. In response to diverse drivers

1 1

Aim: To determine the minimal data

Useful for coastal management needed to effectively represent

coastal processes in modelling
shoreline change.

_.[

Good representation of key ]_ 1
coastal processes Purpose: refining CNMs to improve

their applicability to support coastal
management in data-poor countries.
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Spatial extent of study site: ~16 km
. Location of bed level transects S

We obtain coastal relief and processes data (i.e. currents, tides, waves, and wind) from the National Oceanic and Atmospheric Administration

(NOAA) online data repositories.

Model DEM Shoreline

Currents

Tides

Wave climate

Wind

Source: NOAA NCEl MHW
Resolution: 3 m

Horizontal Accuracy: 0.61m
Vertical Accuracy: 0.02 m

Datum: MHW

Source: NOAA
Station ID: n03020
Resolution: 6-minute

Source: NOAA
Station ID: 8531680
Resolution: 6-min
Datum: MHW

Source: NOAA NDBC
Station IDs: 44065,
44066, 44097
Resolution: 1-hour

Source: NOAA

Station ID: 8516945

and 8519532
Resolution: 6-min
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Model description: MIKE 21 Coupled Model FM

2D mesh with bathymetry

e ! !
~ * Spectral wave module = =rrreaqeeeee »  Hydrodynamic module

MIK@ -

Powered by DHI

Sediment transport module

1

One line shoreline model
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Methodology

Analysis
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Mesh Independence

Calibration

610000

Model development

* We develop a 2D coupled
wave, flow, and sediment
transport model, relative
to mean high water.
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We focus on large-scale coastal evolution modelling (i.e. engineering time-scales).

o Timescales of interest: decadal
: ) - Most relevant to coastal management
[o Spatial scales of interest: 2 10 km } 2

Length scale of key coastal processes of relevance (currents, tides, and waves): 100 m to > 10 km.

TIME SCALE
Scales relevant to coastal managers
MICRO MESO ’ MACRO ‘ DE"CEAGD‘I\E TR
SEC-MIN | HR - DAY |MON - YR ¢ cent o
O CENTURY ntury —
TURBULENCE, WIND decade scale' v
MICRO INDIVIDUAL WAVES annual Behavior
MM - CM INDIVIDUAL GRAINS
P month
—l SCOUR @
§ week
li'.l MESO BEACH PROFILE CHANGE g
=4 M - KM DREDGING day
(&) CHANNEL INFILLING §
1) & hour
tu) “Disomem PATHS 100 sec
< MACRO 10 sec
o SHORELINE CHANGE
75 KM - 10 KM
WEATHER PATTERNS 1sec
COASTAL CURRENTS
MEGA COLLECTIVE SEDIMENT <1sec
MOVEMENT 10
SUB-REGIONAL m— " _1°° m 1km 10km 100 km
REGIONAL MORPHOLOGY CHANGE Spatial Scales

Gallop et al. (2015) modified from Larson and Kraus (1995) United States Geological Survey n
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Open boundary

1 Land boundary
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Open boundary Sea boundary

Key specifications:

Zone 1 (Nearshore): Extending from the land boundary to closure depth (Resolution: 25 m).

Zone 2 (Offshore): Extending from the closure depth to the seaward boundary (Resolution: 70 m).
Seaward boundary: Tides and wave conditions entered here.

Horizontal datum: WGS 84 in metres

Vertical datum: MHW in metres

Depth of closure: 5.84 m below MHW

O O O O O O
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Methodology: Model domain and set up (2)

< We adopt a sub-grid modelling approach.

< We keep important small-scale features, with a horizontal dimension smaller than the element sizes used in the computational mesh, at a
fine resolution.

606000 607000 608000 609000 610000 611000 612000 613000 614000 615000 616000 617000 618000
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Methodology

Analysis
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Mesh Independence

* We perform a mesh
independence study to
; Calibration find a suitable grid size to

_— model shoreline change.

» We calibrate the model
using bed resistance,

Model development eddy viscosity, and ripples

against observations of

* We develop a 2D coupled shoreline position, current
wave, flow, and sediment speed, and bed levels.

transport model, relative
to mean high water.
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Methodology: Calibration and mesh independence study

< Main parameters normally used in the calibration of a shoreline model:

o Bed resistance

o Eddy viscosity ‘ [ Parameters used ]

o Ripples

o Coastal profile

o Wind friction

Standard rule applied: we tune all parameters during the calibration, but one at a time.
We use a 2-year period for the calibration.

We assess model calibration against observations of shoreline position, current speed, and bed levels.

¢ & & 9

Following calibration, we simulate the coastal environment at the study site for a 2-year period (2014-2016) with varying nearshore resolution (range:
25 m to 65 m) to optimise the model.

Selected grid size:
40 m (nearshore) x 70 m (offshore)




Methodology
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Model development

* We develop a 2D coupled
wave, flow, and sediment
transport model, relative
to mean high water.

Calibration
* We calibrate the model
using bed resistance,

eddy viscosity, and ripples
against observations of
shoreline position, current
speed, and bed levels.

Mesh Independence

* We perform a mesh
independence study to
find a suitable grid size to
model shoreline change.

Simulations

* We simulate the coast at
the study site for a 2-year
period with the data
resolution of tides, wind,
and waves tuned one at a
time following a stepwise
calibration approach.
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Analysis




Methodology: Stepwise calibration approach outline
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We tune the resolution of each coastal variable (i.e. tides, wind, and waves) one at a time. For example, the lowest tide data resolution, which
produces acceptable model predictions, is used in simulations with varying wind data resolution and so on.

Variable Tides Wind Waves
TS001/6-min TS001-7/6-min TS001-13/1-hr
TS002/1-hr TS008/1-hr TS014/12-hr
TS003/12-hr TS009/12-hr TS015/24-hr

'\R/'gsdcf’l'u‘i% dne/ TS004/24-hr TS010/24-hr TS016/Weekly
TS005/Weekly TS011/Weekly TS017/Constant
TS006/Constant TS012/Constant TS018/No waves
TS007/No tides TS013/No wind
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Model development

* We develop a 2D coupled
wave, flow, and sediment
transport model, relative
to mean high water.

Calibration

* We calibrate the model
using bed resistance,
eddy viscosity, and ripples
against observations of
shoreline position, current
speed, and bed levels.

Mesh Independence

* We perform a mesh
independence study to
find a suitable grid size to
model shoreline change.

Simulations

* We simulate the coast at
the study site for a 2-year
period with the data
resolution of tides, wind,
and waves tuned one at a
time following a stepwise
calibration approach.
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Analysis

« We quantify the impact of
coastal processes time-
series data resolution on
shoreline position, bed

level, and sediment
transport predictions.
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g 494200 "k}ﬁ'sk};|'\'/\'/éi|]§{és'{]ﬁ&]ééiéé'é[giﬁ[ﬁééhi'&[fEéEéhl{éé P < 0.001. Mean Absolute Error (MAE) ranges from ~1.1 m (finest | ”if“ TS001 Key observations:
§ 4494000 i resolution) to ~5.7 m. The exclusion of tide data also gives a MAE of ~1.1 m. : = TS002
o 4493800 i lea
8 i 18 ——Ts003 . .-
4493600 § I 4 Shoreline and bed level prediction
4493400 | 005 worsens with tide data resolution > 6-
4493200 Low e TS006 . .
4493000 Ko Data ——TS007 minute intervals.
4492800
604000 606000 608000 610000 612000 614000 616000 618000 620000 ) . .
Coastline x 4 The exclusion of tide data gives good
A: Shoreline prediction relative to tidal data resolution. results.
T1 2 T2 2 T3 2 . . .
P _. : 1 ¢ Kolmogorov-Smirnov test indicate no
High . e . .
L E— g0 g0 LT significant difference in water surface
£, £ T~ £, o o levels generated from tide and wind
3 i3 £ 1 b data (p = 1.0).
_: ‘ 4 -4 [REVTR— TS006
- 5 _ o Data . . . . .
0 117 234 351 468 585 702 0 117 234 351 468 585 702 ® 0 117 234 351 468 585 702 UM TSI < Net littoral drift prediction varies with
Distance (MHW-MLW) Distance (MHW-MLW) Distance (MHW-MLW) tide data resolution.
B: Bed level prediction relative to tidal data resolution. TS001 and TS007 gives the lowest MAE (i.e. ~0.5 m).
< Overall, the model is sensitive to tide
g 1o0000 | Kruskal Wallis test indicates significant differences: p < 0.001. | data resolution, with the finest
(007000 Lo T . .o
s resolution giving the best results.
: @ O
-500000 [f J
! Groups based on Dunn’s multiple pairwise comparison test
-1000000 D Ij (i B,AC (f |13 II\
|
-1500000 [——1s001 | [ Tsoo2! | —Tsoqs__\___(_ ~_»~_v:~TSOO4\ [—71s005 | [-Ts006! [ —Ts007'
High i » Low No Data

C: Sediment transport prediction relative to tidal data resolution.



Results: Impact of wind data resolution on modelling shoreline change

23 4493800 |- =7 m = o o oo,
2 Kruskal Wallis test indicates no significant difference: p = 0.384. MAE in all cases are ~1.1 m. High
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A: Shoreline prediction relative to wind data resolution.
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w

: Bed level prediction relative to wind data resolution (Kruskal Wallis test indicate no significant change: p = 1.0).

Net littoral drift (m?)

I I

Ts008 ! [—Ts009 TSO1 0l

[ Ts001

High

Groups based on Dunn’s multiple pairwise comparison test

| )

[—Tso11l [ Ts012]

TS013 |
No Data

C: Sediment transport prediction relative to wind data resolution.
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Key observations:

< Wind data resolution has a greater
impact on net littoral drift predictions.

l

Can affect shoreline and bed level
outputs over longer simulations.

< Wind data < 1-hour intervals has no
significant impact on model estimates of
net littoral drift.
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B: Bed level prediction relative to wave data resolution (Kruskal Wallis test indicates no significant change: p = 1.0).
& 20000 == o
£ | Kruskal Wallis test indicates no significant difference: p = 0.206. |
% 10000
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C: Sediment transport prediction relative to wave data resolution.
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To effectively simulate shoreline change:

\

1. High tide data resolution is needed (e.g. 6-min intervals). In the absence of tide 4 _ N\
data, wind data is sufficient for producing acceptable water surface levels. Model comparison

> » Exact trends are found with

model application to Santa
Monica, Southern California.
3. Data on average wave conditions is acceptable. Y, \ /

— e
~

4

4 N

Wider implications
Countries devoid of high-resolution tide and wave data
(e.g. Caribbean island states), can use CNMs to
inform coastal management, if hourly wind records
and data on general wave conditions are available.

- /

2. Wind data < 1-hr intervals is sufficient.
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Thank you...

Questions or comments?

Contact information:

Avidesh Seenath
Department of Geography,
Science Laboratories,
Durham University,

South Road, Durham DH1 3LE, UK
[=7]: avidesh.seenath@durham.ac.uk

YW @SeenathAvidesh
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