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Field site : Tairua Beach

North Island of New Zealand in the southwestern Pacific. North Island of New Zealand.

Inset : Coromandel Peninsula.
(GIS data from LINZ).
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Field site : Tairua Beach

500 1000 m

Tairua Beach area,
(Waikato Regional Aerial Photography
Service, LINZ)

B

North Island of New Zealand.
Inset : Coromandel Peninsula.
(GIS data from LINZ).
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Field site : Tairua Beach

0 500 1000 m

Tairua Beach area,
(Waikato Regional Aerial Photography
Service, LINZ)

Aerial view of Tairua Beach
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Acquisition of video images

Tairua Beach area

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:1%

15 minutes averaged camera image
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Acquisition of video images

Camera location on Paku Hill, Tairua Beach

Tairua Beach area
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Constituting the barline dataset

Collection of 7 years of barline position data (Lageweg et al., 2013)
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Constituting the barline dataset

Collection of 7 years of barline position data (Lageweg et al., 2013)
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Nearshore sandbar migration

Chris Daly collecting bathymetric data,
Tairua Beach.
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Nearshore sandbar migration
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Nearshore sandbar migration

Offshore position due to
high waves
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Nearshore sandbar migration

Onshore position after Offshore position due to
calm weather high waves
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Nearshore sandbar migration

Seaward

300

]
L
=

2

[
(=1
Cross—shore location y (m)

X (distance)

100

Landward

-

Retreat Retreat Retreat

INTERCOAST.
- morphodynamics: migration and rotation “z;



Nearshore sandbar migration

Sedimentation
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Nearshore sandbar migration
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Nearshore sandbar rotation
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Nearshore sandbar rotation
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Nearshore sandbar rotation
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Nearshore sandbar migration
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rotation rotation
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Nearshore sandbar rotation

Clockwise Clockwise
rotation rotation
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Nearshore sandbar rotation
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Quantified barline migration and rotation

Migration:
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Research question

What hydrodynamic conditions are controlling the migration and rotation
of the nearshore sandbar of a single-barred embayed sandy beach ?
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Research question

What hydrodynamic conditions are controlling the migration and rotation
of the nearshore sandbar of a single-barred embayed sandy beach ?

Hydrodynamic conditions — Waves (micro-tidal environment)

Migration:
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Wave modelling

Hydrodynamic conditions — Waves (micro-tidal environment)

Shoe Island

PaTae N
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Wave modelling

Hydrodynamic conditions — Waves (micro-tidal environment)

Global wave hindcasts NOAA
— Green = used in the model

Shoe Island

2
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Wave modelling

Hydrodynamic conditions — Waves (micro-tidal environment)

Global wave hindcasts NOAA
— Green = used in the model

Shoe Island

2

Three nested grids
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Wave modelling

Hydrodynamic conditions — Waves (micro-tidal environment)

Global wave hindcasts NOAA
— Green = used in the model

Shoe Island

2

Three nested grids Measurements

A
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Wave modelling: deep water

Comparison of significant wave height 13 km
offshore Pukehina Beach (Data from Bay of *

Plenty Regional Council).
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shallow water

Wave modelling
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Equilibrium wave energy

Concept of equilibrium energy validated for shoreline.

-' Equilibrium energy E_
IfE = Eeq, stable barline position

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Equilibrium wave energy

Concept of equilibrium energy validated for shoreline.

-' Equilibrium energy Eeq
If E = Eeq, stable barline position

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Equilibrium wave energy

Concept of equilibrium energy validated for shoreline.

-' Equilibrium energy Eeq
If E = Eeq, stable barline position

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Equilibrium wave energy

Concept of equilibrium energy validated for shoreline.

N Equilibrium energy Eeq
If E = Eeq, stable barline position

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19

In case of the barline, morphodynamic factor required
— Activation of the barline when waves break over its crest

TN
. Modelling the sandbar behaviour INTERCO AEST59



Sandbar migration modelling

Model:

Equilibrium energy = A x barline cross-shore position + B

eq—Ayb_l_B
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Sandbar migration modelling

Model:
Equilibrium energy = A x barline cross-shore position + B

Bar migration rate = C x (distance to equilibrium) x morphodynamic factor

g eq—Ayb+B
N 9
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_ ot
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Sandbar migration modelling

Model:

Equilibrium energy = A x barline cross-shore position + B

Bar migration rate = C x (distance to equilibrium) xjmorphodynamic factor

- Eeq — ayp I b Bar activation
= Ay
E — C (E — Eeq) \/E fb(HSpr)
N—

- f1,(H, Hy) = min ({%j ,1)
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Sandbar migration modelling

Model:
Equilibrium energy = A x barline cross-shore position + B

Bar migration rate = C x (distance to equilibrium) x morphodynamic factor

* Calibration using the full dataset

I@DAST
ll. Modelling the sandbar behaviour \Q



Sandbar migration modelling

Model:
Equilibrium energy = A x barline cross-shore position + B

Bar migration rate = C x (distance to equilibrium) x morphodynamic factor

* Calibration using the full dataset
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Sandbar rotation modelling

How to model the barline rotation ? How to find the involved drivers ?
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Sandbar rotation modelling

How to model the barline rotation ? How to find the involved drivers ?

1: Separate the beach in
sections and apply the
migration model

National Institute of Water & Atmosphere, Tairua, NZST 181212000 18:00:18
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Sandbar rotation modelling

How to model the barline rotation ? How to find the involved drivers ?

1: Separate the beach in
sections and apply the
migration model

OR

2: Evaluate the difference in
migration when traveling
~ alongshore

National Institute of Water & Atmosphere, Tairua, NZST 181212000 18:00:18
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Sandbar rotation modelling

How to model the barline rotation ? How to find the involved drivers ?

1: Separate the beach in
sections and apply the
migration model

OR

2: Evaluate the difference in
migration when traveling
~ alongshore

— Does the migration rate
National Institute of Water & Atmosphere, Tairua, NZST 18/12{2000 18:00:19 increase or decrease While
moving along the shore ?
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Sandbar rotation modelling

How to model the barline rotation ? How to find the involved drivers ?

1: Separate the beach in
sections and apply the
migration model

OR

2: Evaluate the difference in
. migration when traveling
~ alongshore

— Does the migration rate
National Institute of Water & Atmosphere, Tairua, NZST 18/12{2000 18:00:19 increase Or decrease While
moving along the shore ?

Mathematically: differentiation along the alongshore dimension.
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A' x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B'

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor

Lower wave

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B'

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor

Lower wave

Higher wave

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B'

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor

Lower wave

Positive
gradient

Higher wave

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B'

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor

Lower wave

Positive
gradient

Higher wave

Counter-clockwise
rotation

National Institute of Water & Atmosphere, Tairua, NZST 18/12/2000 18:00:19
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Sandbar rotation modelling

Model:
<{Equilibrium energy gradient = A' x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
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Sandbar rotation modelling

Model:
<{Equilibrium energy gradient = A' x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
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Sandbar rotation modelling

Model:

Equilibrium energy gradient = A’ x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
~ . 10E
Hbeq =0T 54 B
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dow _ O’ {\/E (g—f — 0 A(ay — oeo))

1 0F
2VE Oz
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Sandbar rotation modelling

Model:

<{Equilibrium energy gradient = A' x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
1 OF OF

@ — |

Apeqg = O A 90 . 3 = 0 A(ap — ag)
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d OF

&% _ o {\/E (— — 0A(ayp — ()40))
_dt Ox
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Sandbar rotation modelling

Model:
<{Equilibrium energy gradient = A' x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor

—
E
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Sandbar rotation modelling

Model:

Equilibrium energy gradient = A’ x barline orientation + B'

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
—
OF
8_ — A,Oib -+ B,
< e
dab OF OF
—=C"( o= — | | VE fi(Hs, Hp)
\dt dr  Ox |, ¢
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Sandbar rotation modelling

Model:

Equilibrium energy gradient = A’ x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
—
OF
8_ — A,Ckb -+ B,
< O e
d()ﬂb OF OF
— =" — - — VE fy(Hs, Hp)
\dt dr Oz |, .
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B’

Bar rotation rate = C' x (distance to equilibrium) x morphodynamic factor
* Calibration using the full dataset

I@DAST
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Sandbar rotation modelling

Model:
Equilibrium energy gradient = A’ x barline orientation + B’

= C' x (distance to equilibrium) x morphodynamic factor
* Calibration using the full dataset

Bar rotation rate
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Research questions

What hydrodynamic conditions are controlling the migration and
rotation of the nearshore sandbar of a single-barred embayed
sandy beach ?

Migration <« Incident wave energy

Rotation <« Alongshore wave energy gradient
Morphodynamic factor necessary
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Research questions

What hydrodynamic conditions are controlling the migration and
rotation of the nearshore sandbar of a single-barred embayed
sandy beach ?

Migration <« Incident wave energy
Rotation <« Alongshore wave energy gradient
Morphodynamic factor necessary

Models also allow to study nearshore sandbars response
time:
— Blossier, B., K. Bryan, C. Daly, and C. Winter (2016), Nearshore sandbar

rotation at single-barred embayed beaches, Journal of Geophysical Research:
Oceans, in press, doi:10.1002/2015JC011031.
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Outlook: Sylt case
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Outlook: Sylt case

Sediment loss:
~1.2x10°m® yr’

Retreat:
~ 1.5 m yr" over the last
7000 years

(From Ahrendt, 2001)
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Outlook: Sylt case

(b)
Sylt
North Sea
Kampen
Wadden Sea
®
» Westérland
Morsum
s/Rantum
L Camera
0 5 10 km \™ Hornum
I 0 ]
lll. Outlook: Sylt
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Outlook: Sylt case

- Extraction of the upper shoreline (HAT water level)
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Outlook: Sylt case

- Extraction of the upper shoreline (HAT water level)
- Evaluation of temporal and spatial scales (coming soon!)
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