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Coastline modelling and forecasting: 

The ability to quantify and model contemporary and future coastline variability and change 

offers the very real potential to inform and guide emergency preparedness and longer-

term coastal planning/management decisions at all levels of government. 

 

 

A range of time-scales are required: 

 

• now-casting (Coastal Hazard Early Warning Systems),  

• extreme storm erosion (Coastal Erosion Risk Assessment), and  

• medium-range shoreline variability/evolution (Forecasting Impacts of Climate Change) 

 

.  



current status: 

• The present consensus is that, at least for the coming several decades, it is subtle 

shifts in regional wave climates (wave and storm magnitude, frequency, direction) 

rather than progressive sea level rise that has the potential to be the primary driver of 

coastline changes. 

• The challenge of developing new, quantitative, medium-range forecasting tools to 

predict the response of coastlines to changing/varying wave and sea-level conditions 

spanning seasons to years to several decades is in its relative infancy both in Australia 

and Internationally. 

• Given the stochastic nature of the forcing and response, fully physics-based (process) 

models are unlikely to produce reliable predictions of morphological change and 

alternative approaches are required.  



ShoreFor – an equilibrium-based shoreline model:  

Equilibrium concept: There is a restoring 

force that drives the direction of change The shoreline (‘indicator’) 



• Case 1: accreted beach + small waves = little 

change 

 

• Case 2: accreted beach + high waves = rapid erosion 

 

• Case 3: eroded beach + high waves = slowed erosion 

 

• Case 4: eroded beach + small waves = slowed recovery 
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• Case 1: accreted beach + small waves = little change 

 

• Case 2: accreted beach + high waves = 

rapid erosion 
 

• Case 3: eroded beach + high waves = slowed erosion 

 

• Case 4: eroded beach + small waves = slowed recovery 
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• Case 1: accreted beach + small waves = little change 

 

• Case 2: accreted beach + high waves = rapid erosion 

 

• Case 3: eroded beach + high waves = slowed 

erosion 

 

• Case 4: eroded beach + small waves = slowed recovery 

 

 

 

equilibrium concept: 



Jun 6 

Jun 21 

Jun 10 

Jun 18 

• Case 1: accreted beach + small waves = little change 

 

• Case 2: accreted beach + high waves = rapid erosion 

 

• Case 3: eroded beach + high waves = slowed erosion 

 

• Case 4: eroded beach + small waves = slowed 

recovery 

 

 

 

equilibrium concept: 



𝑑𝑥

𝑑𝑡
= 𝑏 + 𝑐 𝛺𝑒𝑞 − 𝛺  𝑃0.5 

Rate of 

change in 

shoreline 

position (𝑥) 

with time 

 Davidson, M.A., Splinter, K.D., Turner, I.L. 2013. A simple equilibrium model  
for predicting shoreline change. Coastal Engineering, 73, 191-202. 

 

 

 

Rate of change = response rate X disequilibrium X available power (+processes not yet included)  

ShoreFor Model (Shoreline Forecasting): 



𝑑𝑥

𝑑𝑡
= 𝑏 + 𝑐 𝛺𝑒𝑞 − 𝛺  𝑃0.5 

Accretion (c+) 

and erosion (c-) 

response rates 

ShoreFor Model (Shoreline Forecasting): 
 

Rate of change = response rate X disequilibrium X available power (+processes not yet included)  



𝑑𝑥

𝑑𝑡
= 𝑏 + 𝑐 𝛺𝑒𝑞 − 𝛺  𝑃0.5 

Time-evolving 

equilibrium (low 

pass filtered) 

Instantaneous (hourly) 

beach state 

[dimensionless fall 

velocity] 

𝛺 =  
𝐻𝑠

𝑤𝑠𝑇𝑝
 

Sediment fall 

velocity  

(i.e., ‘beach state’) 

ShoreFor Model (Shoreline Forecasting): 
 

Rate of change = response rate X disequilibrium X available power (+processes not yet included)  



𝑑𝑥

𝑑𝑡
= 𝑏 + 𝑐 𝛺𝑒𝑞 − 𝛺  𝑃0.5 

Forcing - wave power  

𝑃 ∝ 𝐻𝑠
2𝑇𝑝 

ShoreFor Model (Shoreline Forecasting): 
 

Rate of change = response rate X disequilibrium X available power (+processes not yet included)  



Multi-site model evaluation (12 shoreline datasets): 

• Seasonally-dominated Beaches 
– Strong seasonal signal in the shoreline 

– Seasonal variation in the wave climate 

 

• Storm-dominated Beaches 
– Rapid response to changes in wave 

conditions 

– Storms occur throughout the year 

 

 
7 coasts, 12 shoreline datasets in USA, Europe and Australia 

 Splinter, K.D., Turner, I.L., Davidson, M.A., Barnard, P., Castelle, B., Oltman-Shay, 
J., 2014. A generalized equilibrium model for predicting daily to interannual 
shoreline response. Journal of Geophysical Research. 10.1002/2014/F003106 

 

 



North Head, WA 

(high energy, seasonally dominated) 



Collaroy-Narrrabeen, NSW 

(moderate energy, storm-dominated) 



Application to Shoreline Forecasting: 

• Question #1: based on (simple) 

‘what if’ future trends in regional 

wave climates, how do we 

anticipate sandy coastlines to 

respond? 

• Question #2: are certain types of 

beaches more susceptible to 

change? 

 



Moderate energy,  

storm-dominated site: 

↑ 0.25% p.a. Hmean 

↑ 0.25% p.a. Hstorm5% 

~30 m recession 



Moderate energy,  

storm-dominated site: 

↑ 1% p.a. Hmean 

↑ 1% p.a. Hstorm5% 

~150+ m recession  

(tipping point?) 



High energy,  

seasonally-dominated: 

↑ 0.25% p.a. Hmean 

↑ 0.25% p.a. Hstorm5% 

slight accretion… 



High energy,  

seasonally-dominated: 

↑ 1% p.a. Hmean 

↑ 1% p.a. Hstorm 



What are the 

characteristics of my site? 

Q1: How long do I 

need to sample? 

Q2: How often do I 

need to sample? 

Observational data requirements for model 

development/calibration: 



Analysis of (minimum) data requirements: 

Dataset Guidelines 

Storm-dominated Seasonally-dominated 

Initial Calibration Unknown beach type: dt ≤ 30 days, N ≥ 2 years 

Short-term hindcasting  

(1 – 5 years) 

 

dt ≤ 30 days,  

N ≥ 2 years 

dt ≤ 90 days,  

N ≥ 2 years 

 

medium-range hindcasting  

(5 -10 years) 

dt ≤ 30 days,  

N ≥ 50% 

dt ≤ 90 days,  

N ≥ 5 years 

 Splinter, K.D., Turner, I.L., Davidson, M.A., 2013. How much data is enough? The 
importance of morphological sampling interval and duration for calibration of 
empirical shoreline models. Coastal Engineering, 77, 14-27. 

 

 



The challenge:  

at the present time there is a paucity of sustained coastline observations 

world-wide to further develop and refine this area of coastline modelling 

(hence ‘just’ 7 sites, 12 shoreline datasets included in our recent work...) 

 

 
The solution:  

prioritising the establishment of a nationally-coordinated 

 and sustained coastline observation program (MN2025) 
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at the present time there is a paucity of sustained coastline observations 

world-wide to further develop and refine this area of coastal modelling 

(hence ‘just’ 7 sites, 12 shoreline datasets  included in our recent work..) 

 

 
The solution:  

prioritising the establishment of a nationally-coordinated 

 and sustained coastline observation program (MN2025)  

 

But in the mean time….  

Can generalized model coefficients be estimated from site-specific 

conditions that are presently more readily available? 

 



NEW WORK: Based on the 12 shoreline datasets that are available,  

it is found that across all sites model coefficients depend in a reasonably 

predictable manner on dimensionless fall velocity Ω (i.e., waves and sand size): 

 

• response factor  - “memory” of a beach to its antecedent conditions 

• rate parameter - efficiency with which sand is transported between 

                             beachface and sand dune 

                             

 



Blind test (no calibration): 

 Splinter, K.D., Turner, I.L., Davidson, M.A., Barnard, P., Castelle, B., Oltman-Shay, 
J., 2014. A generalized equilibrium model for predicting daily to interannual 
shoreline response. Journal of Geophysical Research. 10.1002/2014/F003106 

 

 



A challenge to members of this audience: 

• To take this work the next step  

 

- from ‘what if?’ scenario testing to 

explore future shoreline variability 

and trends (.e.g 2070, 2100) –  

 

presently awaiting guidance on 

‘realistic’ future time-series (H,T,dir)  

to force shoreline forecast simulations 

 



And at the other end of the temporal spectrum…… 

 3-day now-casting of the coastal erosion hazard 



And at the other end of the temporal spectrum…… 

 3-day now-casting of the coastal erosion hazard 



• A present unknown: how much detail is required of the 

pre-existing beach state conditions?  

And at the other end of the temporal spectrum…… 

 3-day now-casting of the coastal erosion hazard 



Airborne 

Lidar & 

UAV 

ATV 

Fixed Lidar & 

Cameras 

now-casting test-bed: 

cBathy (video-based bathymetry) 

surveyed calculated 



Airborne 

Lidar & 

UAV 

ATV 

Fixed Lidar & 

Cameras 

now-casting test-bed: 

Fixed Lidar (subaerial beach and dunes) 



3.5cm horizontal resolution 

~5cm vertical accuracy 

 several million (x,y,z)  

     coordinates 

UAV 



Thanks… 


