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Background
•Transitional zone on 
passive margins
•Morphodynamic evolution 
not well understood
• Lack of sediment data
• Long timescales (101-103

yrs)
•Steady-state assumptions

(Anthony & Aagard, 2020)

(Anthony & Aagard, 2020)
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Energetics Transport Equation

𝑄! = 𝐾
𝑢"#

𝑊!
[−5𝑢$ − 3𝑢% +

𝛽 𝑥
𝑊!

𝑢"%]

(Ortiz & Ashton 2016; Derived from Bagnold 1963, Bowen 1980, Stive & deVriend 1995)
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Wave 
Period

Settling 
Velocity

As T ↑, 
profile 

steepens

As Ws ↑, 
profile 

steepens

Modified from Ortiz & Ashton 2016

Ws = 0.016 m/s (fine-grained)

T = 10 s

Equilibrium Profiles
I. Model Framework 4



Outline

I. Shoreface Disequilibrium Modeling

II. Disequilibrium Conditions

III. Time Series & Profile Change
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T = 10 s
Ws = 0.033 m/s 
(medium-grained)

T = 10 s
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Disequilibrium Sediment Transport

𝑄" = 𝐾
𝑢#&

𝑊"
[−5𝑢% − 3𝑢$ +

𝛽!(𝑥)
𝑊"

𝑢#$]

𝛽!(𝑧(𝑥)) =
𝑊"!
𝑢#$

[5𝑢% + 3𝑢$]𝑇! = 10 𝑠
𝑊"! = 0.033 𝑚/𝑠
(medium-grained)

𝑇 = 6 𝑠
𝑊! = 0.016 𝑚/𝑠 (fine-grained)

T = 6 s

???

(Ortiz & Ashton 2016; Derived from Bagnold 1963, Bowen 1980, Stive & deVriend 1995)
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Qs is more sensitive to Ws than T

II. Disequilibrium Conditions

T ↓, sediment →

T ↑, sediment ←

Ws ↓, sediment →

Ws ↑, sediment ←
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Sea-level Rise (SLR)

II. Disequilibrium Conditions 9



SLR Transport & Timescales
(Ortiz & Ashton 2016; Derived from Bagnold 1963 & Bowen 1980)

𝑄! 𝑧 + 1 = 𝐾
𝑢"#

𝑊!
[−5𝑢$ − 3𝑢% +

𝛽&(𝑥(𝑧'))
𝑊!

𝑢"%]
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SLR Timescale

𝜕𝑧
𝜕𝑡
=
1
𝜀
𝜕𝑄"
𝜕𝑥

Heff: 4.1 m
(Fire Island, NY est.; 
Ortiz & Ashton 2016) 
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III. Time Series and Profile Change

Rockaway Peninsula, NY

WIS Buoy Transport and Profiles

𝑄! = 𝐾
𝑢"#

𝑊!
[−5𝑢$ − 3𝑢% +

𝛽 𝑥
𝑊!

𝑢"%]

Average
Tm, Hs

𝛽"(𝑧(𝑥)) =
𝑊#!
𝑢$%

[5𝑢& + 3𝑢%]

(Ortiz & Ashton 2016; Derived from Bagnold 1963, Bowen 1980, Stive & deVriend 1995)
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WIS Buoy Transport and Profiles

𝑄! = 𝐾
𝑢"#

𝑊!
[−5𝑢$ − 3𝑢% +

𝛽 𝑥
𝑊!

𝑢"%]

𝑄!! 𝑇&! , 𝐻!! @	time	i

𝑄"! =
∑'(%) 𝑄" ∗ ∆𝑡

𝐷

(Ortiz & Ashton 2016; Derived from Bagnold 1963, Bowen 1980, Stive & deVriend 1995)
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∑Qs Transport 
over Avg. Profile
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III. Time Series and Profile Change
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𝚺𝜷 𝒙 = 𝑾𝒔(
𝟓∑𝒖𝟏 + 𝟑∑𝒖𝟐

∑𝒖𝟎𝟐
)

𝜷 𝒙 = 𝑾𝒔(
𝟓𝒖𝟏 + 𝟑𝒖𝟐

𝒖𝟎𝟐
)

III. Time Series and Profile Change

SteeperShallower

⁄𝜮𝜷(𝒙) 𝜷(𝒙)
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Summary
• Shoreface sediment transport is sensitive to 

variations in wave climate and geology

• Energetics approach can model shoreface 
change in response to SLR

• Different averaging techniques yield 
different profiles for WIS time series data
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This research was conducted on ancestral Wampanoag and Massachusett lands. 
AGU is being held on ancestral Chitimacha land. The indigenous peoples from these 
tribes have and continue to suffer countless losses, exploitation, forced removal from 
imperialist and native erasure efforts by white settlers. All co-authors acknowledge the 

horrific violence these communities have endured and will continue to experience. 
Land where work has been conducted and information is being disseminated has 

been, is, and will ALWAYS be ancestral indigenous land.
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mgillen@mit.edu


