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Preface 
ChannelForm is a MatlabTM App that provides a framework for studying estuary and inlet 

morphological landforms in the context of the surrounding landscape (valley and flood plain). A set of 

tools allow digital terrain models (DTMs) to be created from models or imported. The models/data can 

define the channel form and the surrounding or antecedent landscape. A set of grid manipulation tools 

allow the grids to be manipulated and combined to generate composite DTMs of the channel in the 

landscape. Several idealised models are provided that use some combination of the plan form and 

cross-section to generate a 3D form, or generate the form using parameters that are not a function of 

the estuary itself (i.e. they are exogenous). In both cases, the water level surface can be defined using 

plane surfaces, or derived from a quasi-analytical hydrodynamic model that accounts for tides and 

river flows. Using channel and valley forms, marine transgression as a function of sea level rise can 

also be examined. This identifies the horizontal transgression of the initial form to achieve a net mass 

balance when any exchange with the external environment is accounted for. The output includes the 

gross properties of the channel, various well-known parameter relationships, and a time series of 

DTMs. 

Requirements 
The model is written in MatlabTM and provided as Open Source code (issued under a GNU General 

Public License) and runs under v2016b or later. ChannelForm uses the muitoolbox and dstoolbox. To 

include hydrodynamic water surfaces, the CSTmodel App also needs to be installed. 

 

Resources 
The ChannelForm App, CSTmodel App and the two toolboxes (muitoolbox and dstoolbox) can be 

downloaded from www.coastalsea.uk.  

Cite as: 

Townend, I.H., 2021, ChannelForm  manual, CoastalSEA, UK, pp77, www.coastalsea.uk. 
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1 Introduction 
ChannelForm App provides a simplified form model that uses an idealized 3D description of the 

channel and intertidal flats based on the following components, all of which derive from ‘energy flux 

equilibrium’ arguments of one sort or another: 

(i) a longitudinal form described by exponentially converging cross-sectional area 

(ii) a low water channel described by a parabolic variation in depth, based on the most probable 

distribution of transverse slope 

(iii) an intertidal profile that has uniform bottom shear stress across the profile as the tide varies. 

By combining the exponential along estuary variation of width, with the descriptions of the channel 

and intertidal, a 3D description of the estuary is obtained. The detailed formulation is given in 

Townend (2010) and the application to UK estuaries in Townend (2012).  

Channel Form includes tools to combine the estuary form within an idealised valley, or valley DTM 

(if relatively straight). Various tools to examine the dimensions of a regime river channel and the 

magnitude of the sediment flux with the outside environment are incorporated into the App. These 

various inputs are used in the Transgression model to examine the concept of estuary migration 

landwards under sea level rise as proposed by Allen (1990) and presented in Townend et al. (2020). 

 

2 Getting started 
2.1 Configuration 
ChannelForm is installed as an App and requires muitoolbox and dstoolbox to be installed. The 

download for each of these includes the code, documentation and example files. The files required are:  

dstoolbox: dstoolbox.mltbx 

muitoolbox: muitoolbox.mltbx 

The App file: ChannelForm.mlappinstall 

2.1.1 Installing the toolboxes 
The two toolboxes can be installed using the Add-Ons>Manage Add-Ons option on the Home tab of 

MatlabTM. Alternatively, right-click the mouse on the ‘mltbx’ files and select install. All the folder 

paths are initialised upon installation and the location of the code is also handled by Matlab™. The 

location of the code can be accessed using the options in the Manage Add-Ons UI. 

2.1.2 Installing the App 
The App is installed using the Install Apps button on the APPS tab in Matlab™. Alternatively, right-

click the mouse on the ‘mlappinstall’ file and select install. Again all the folder paths are initialised 

upon installation and the location of the code is handled by Matlab™. 

Once installed, the App can be run from the APPS tab. This sets the App environment paths, after 

which the App can be run from the Command Window using: 

>> ChannelForm; 

The App environment paths can be saved using the Set Path option on the Matlab™ Home tab. 

Documentation can be viewed the Help menu option in the App, or from the Supplemental Software in 

the Matlab™ documentation. The location of the code can be accessed by hovering over the App icon 

and then finding the link in the pop-up window. 
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2.2 Model Set-up 
The main steps in a typical workflow are outlined below. Further details about the input menus can be 

found in Section 3 and the background to the model and supporting information about model 

configuration are provided in Sections 4 and 5. 

File>New to create a new project space. 

To create a basic channel morphology the following parameters need to be defined: 

Setup>Form Parameters>Exp Form Parameters: channel and intertidal form 

Or Setup>Form Parameters>Power Form Parameters: channel and intertidal form 

And 

Setup>System Parameters>Hydraulic Parameters > Tidal Forcing: water levels at boundary 

Setup>System Parameters>Sediment Parameters: sediment parameters for estuary and river 

Setup>Run Parameters>Grid Parameters: model grid definition 

To add a water surface variation along the channel requires: 

Setup>System Parameters>Hydraulic Parameters > Hydraulic Model: tidal propagation 

To create a valley form requires: 

Setup>Form Parameters>Power Form Parameters: dimensions of valley 

And Sediment Parameters, Grid Parameters, Hydraulic Model as above 

The transgression model requires a Channel Model and a Valley model to have been created (or a grid 

model loaded for the valley) and in addition:  

Setup>System Parameters>Transgression Parameters: settings for the transgression model. 

Setup>Run Parameters>Run Time Parameters: model time step parameters 

In addition, fixed adjustments to the idealised model form can be imposed using the parameters 

defined from Setup>System Parameters>Morphological Modifications. 
 

Create a Channel Form or a Valley Form: 

Run>Exponential form model - run the exponential model,  

OR Run>Power form model -  run the power model, 

OR Run>CKFA form model -  run the CKFA model.  

Run>Valley form model - run the Valley model. 

Once a Channel and Valley Form have been created they can be combined using Utilities>Add Form 

to Valley. Other utilities allow the influence of the various parameter settings to be examined (such as 

valley slope, morphological time scale, flood plain area, etc). 
 

Marine transgression is then examined using: 

Run>Transgression model - run the transgression model. Prompts to select source channel and valley 

models to use. 

Note: changing the Input parameters that determine the initial channel and valley forms (using the 

Setup UIs) has no effect when running the transgression model. To change the settings, new intial 

forms need to be created as inputs to the transgression model. However, some Input parameters 

settings do not inflluence the initial form and these can be modified, when prompted,  at run time.  

These include, sea level rise, tidal range cycles, and the coefficients used in the sediment flux 

calculations. 
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The run is listed on the Cases tab, the resultant DTM can be viewed on the Q-Plot tab and a range of 

summary parameters and plots can be viewed on the Form-Props tab. 

Plot>Plot menu 

The results from a run can be selected and plotted. By using the Add button additional model runs can 

be included on the plot, allowing different Cases to be compared.  

The meta-data associated with a particular case can be viewed by clicking the mouse on the Case ID of 

interest on the Cases tab. This displays a summary of output variables, with buttons to access the data 

source(s) and data set properties (DSproperties), and copy the tabulated data to the clipboard. 

          

 Default User Interface 

Left click mouse on a 

Case ID to see the associated 

meta-data (as shown on the 

right) 
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3 Application Menus 
The UI comprises a series of drop-down menus that provide access to a number of commonly used 

functions such as file handling, management of run scenarios, model setup, running and plotting of the 

results. In addition, Tabs are used to display set-up information of the Cases that have been run. In this 

manual text in Red italic refers to drop down menus and text in Green italic refers to Tab titles. 

 

3.1 File 
File>New: clears any existing model (prompting to save if not already saved) and a popup dialog box 

prompts for Project name and Date (default is current date).  

File>Open: existing models are saved as *.mat files. User selects a model from dialog box. 

File>Save: save a file that has already been saved. 

File>Save as: save a file with a new or different name. 

File>Exit: exit the program. The close window button has the same effect. 

 

3.2 Tools 
Tools>Refresh: updates Cases tab. 

Tools>Clear all>Project: deletes the current project, including setup parameters and all Cases. 

Tools>Clear all>Figures: deletes all results plot figures (useful if a large number of plots have been 

produced). 

Tools>Clear all>Cases: deletes all cases listed on the Cases tab but does not affect the model setup. 

 

3.3 Project 
Project>Project Info: edit the Project name and Date. 

Project>Cases>Edit Description: select a scenario description to edit. 

Project>Cases>Edit Data Set: edit a data set. Initialises a data selection UI to define the record to be 

edited and then lists the variable in a table so that values can be edited. The user can also limit the data 

set retrieved based on the variable range and the independent variable (X) or time. This can be useful 

in making specific edits (eg all values over a threshold or values within a date range). Using the Copy 

to Clipboard button also provides a quick way of exporting selected data. 

Project>Cases>Save: select the Case to be saved from the list of Cases, select whether to save the 

Case as a dstable or a table and name the file. The dataset dstable or table are saved to a mat file.  

Project>Cases>Delete: select the Case(s) to be deleted from the list of Cases and these are deleted 

(model setup is not changed). 

Project>Cases>Reload: select a previous model run and reload the input values as the current input 

settings. 

Project>Cases>View settings: display a table of the model input parameters used for a selected Case. 

Project> Import/Export>Import: load a Case class instance from a Matlab binary ‘mat’ file. Only 

works for data sets saved using Export.  

Project>Import/Export>Export: save a Case class instance to a Matlab binary ‘mat’ file. 

These last two functions can be used to move Cases between projects or models. 
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NB: to export the data from a Case for use in another application (eg text file, Excel, etc), use the 

Project>Cases>Edit Data Set option to make a selection and then use the ‘Copy to Clipboard’ button 

to paste the selection to the clipboard. 

 

3.4 Setup 
The setup menu provides a series of menus to enable different components of the model to be defined.  

3.4.1 Form Parameters 
Setup> Form Parameters: enter and edit the specified model parameters. 

Note: the CKFA model input parameters are derived from the water level, hydrodynamic and sediment 

parameter settings. 

Setup>Form Parameters>Exp Form Parameters: UI to input the parameters needed for the 

exponential form model are as follows: 

 

 

Widths for high and low water at the mouth 

 

A shape parameter for the channel cross-section. A value of 2 is a 

parabola (>0, 1→linear, >5 →rectangular) 

 

Exponential plan form convergence lengths at high and low water 

 

 

Power law plan exponents at high and low water* 

 

 

Depth of bed in centre of channel at the mouth measured from 

mean tide level. 

Intertidal shape parameter (for L&M intertidal profile) 

 

 

[*this only applies to the plan form as an alternative to the exponential plan form (set to 0 if not 

required). The Power Form model uses both width and along channel depth exponents]. 

Note: some additional parameters need to be defined for the model to run. These include the distance 

to tidal limit, which is set using Setup>System Parameters>Hydraulic Parameters>Hydraulic Model, 

and tidal amplitude and mean sea level, which are set using Setup>System Parameters>Hydraulic 

Parameters>Tidal Forcing. A grid must be defined using Setup>Run Parameters>Grid Parameters. 

If a marsh is to be included the marsh parameters need to be defined using Setup>System 

Parameters>Sediment Parameters. Similarly, if a river channel is to be included, the river discharge is 

defined using Setup>System Parameters>Hydraulic Parameters>Hydraulic Model, and the river bed 

properties (grain size and critical shear stress) using Setup>System Parameters>Sediment Parameters. 
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Setup>Form Parameters>Power Form Parameters: UI to input the parameters needed for the power 

form model.  

Widths for high and low water at the mouth 

 

 

Power law width exponents at high and low water 

 

 

Power law depth exponents at high and low water 

 

 

 

Depth of bed in centre of channel at the mouth measured from mean 

tide level. 

 

 

 

Note: some additional parameters needed to be defined for the model to run. These include the 

distance to estuary/river switch and distance to tidal limit which are set using Setup>System 

Parameters>Hydraulic Parameters > Hydraulic Model, and tidal amplitude and mean sea level, 

which are set using Setup>System Parameters>Hydraulic Parameters > Tidal Forcing. A grid must 

be defined using Setup>Run Parameters>Grid Parameters. If a marsh is to be included the marsh 

parameters need to be defined using Setup>System Parameters>Sediment Parameters. Similarly, if a 

river channel is to be included the river discharge is defined using Setup>System 

Parameters>Hydraulic Parameters>Hydraulic Model, and the river bed properties (grain size and 

critical shear stress) using Setup>System Parameters>Sediment Parameters. 

 

Setup>Form Parameters>Valley Parameters: UI to input the 

parameters needed for the valley form model.  

Width of the valley at the mouth 

Maximum depth of the valley at the mouth 

Elevation of the water level at the tidal limit 

The total length of the valley 

The elevation at the head of the valley 

Maximum elevation to be displayed 
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Setup>Form Parameters>Shore Parameters: UI to input the 

parameters needed for the shore profile form model. 

shore normal width to depth of closure (m)  

closure depth of profile from mtl (m)  

offshore bed slope - defines bed alope of channel 

upper beach slope - defines slope above 0mAD 

 

 

 

 

3.4.2 System Parameters 
Setup>System Parameters>Hydraulic Parameters > Tidal Forcing:  

UI to input water level parameters including sea level rise and any 

cyclic variations in tidal range.  

Tidal range and period are defined at the entrance to estuary, or inlet. 

The LW/HW amplitude ratio accounts for any difference in the 

amplitude to low water and high water relative to the define mean sea 

level1. Used to adjust influence of changes in tidal range. 

The mean sea level at the start of the model run (allows for offsets 

from zero datum). 

Rate of sea level rise as a linear rate (positive or negative). This can 

also be used to define an exponential rate of slr or to call a user 

function. See Section 5.2.2 for the details of how to use these options. 

Number of cycles to be included that vary the tidal range as a function 

of time. The number of entries for amplitude, period and phase have to 

agree with the number of cycles specified.  The phase defines a shift in 

the cycle to align with the Julian calendar. This is only or relevance if 

the model is being used to hindcast change and compare volume 

changes with observed changes (e.g. Townend et al., 2007). 

Note: the Water Level UI has a second page for entering certain tidal 

constituents but these are not used in the current version of 

ChannelForm. 

 

1 Option included because of observed bias (eg on Humber nodal tidal cycle has an amplitude of 0.23m with a 

high-water amplitude of ~0.14 and low water amplitude of ~0.08; i.e. ratio = 0.08/0.14 =0.57).  The default value 

is 1. 
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Setup>System Parameters>Hydraulic Parameters > Hydraulic 

Model: UI to input parameters needed for the CST hydraulic model. 

River discharge 

Wind speed at a 10m elevation above mean sea level (to include 

wave effects in CKFA profile) 

Distance from mouth to points at which the properties below are 

adjusted. These are supplemented by the mouth and head distances 

so the number of the following properties should be number of 

distances+2. 

Manning friction coefficient as a set of linear along channel 

variations 

The storage width ratio is the ratio of the width at high and low water 

and is also taken to vary linearly based on the defined values at the 

switch points. 

The x-axis interval used in the CSTmodel. Reducing the value 

increases computation time and can make the model convergence 

over sensitive. Some trials may be needed depending on the size of 

the system being modelled in ChannelForm and the grid resolution being used. 

The river discharge range is used to run the CSTmodel for each value to create a look-up table which 

is then used to display the hydraulics for any discharge value within the range on the Hydro-
Props>Hydraulics tab. 

 

Setup>System Parameters>Sediment Parameters: UI to input 

parameters needed to determine external sediment exchange. 

Characteristic grains size in the estuary channel2 

Critical bed shear stress in the estuary channel 

Mass erosion rate constant 

Sediment density that determines the equilibrium condition in the 

sediment flux model 

The wet or bulk density of the estuary channel bed 

The transport coefficient used in the sediment flux model3  

The shape, , and scale, , coefficients define the equilibrium 

volume in the flux model, as a function of the tidal prism (.P) 

Average depth of marsh is used to add the marsh platform and the 

maximum depth determines the seaward extent across the intertidal 

profile. No marsh is added if the maximum depth is zero. 

Concentration density of the rivers sediment load. 

Characteristic grains size in the river channel4 

Critical bed shear stress in the estuary channel. 

 

2 Size, shear stress and erosion rates are used in CKFA model to estimate erosion/deposition balance. 
3 When suspended load transport dominates a value of 3 is representative, whereas a value of 5 is more 

representative when bed load transport dominates sediment exchanges.   
4 Size and shear stress are used in estimation of regime river channel dimensions. 
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Setup>System Parameters>Transgression Parameters: UI to set inclusion/exclusion of various 

constraints, computation parameters and open coast erosion settings. 

Flag to include the flood plain in the mass balance calculation 

to estimate the transgression distance. 

Flag to exclude the flood plain and prevent any erosion of the 

plan form at high water. 

Flag to include geological constraints to prevent erosion over 

selected lengths of the channel (accretion is still possible). 

Start distance from mouth for any bed constraints (can be 

multiple) 

End distance from mouth for any bed constraints (must be 

same number as Start constraints) 

Distance measured from mouth to calculate sediment mass 

balance. Uses tidal limit if distance is zero. 

The ratio of the distance from the shoreline to the closure 

depth, L, to the closure depth, h. When multiplied by the rate 

of sea level rise this give a rate of shoreline retreat. 

Option to exclude (NaN) or include a meander, if defined, 

allow the meander to translate (1) or be stationary (0), see 

Section 4.8 for more details. 

Option to impose a constant sediment flux*. If 0, sediment 

settings used to calculate flux at each time step. If >0 constant 

value is used. If NaN the kinematic model is used (see Section 

5.6.4). 

* can be modified at run time.  

 

Setup>System Parameters>Morphological Modifications: UI to input the x,y,z definitions of 

the, one or more, boxout forms that can be imposed on model forms. To include these modifications in 

a Channel Form use Utilities>Add Modifications.  

 

The start distance(s) for the morphological modification(s) 

The end distance(s) for the morphological modification(s) 

The distance(s) measured from the centre-line (0) to the right and 

left sides of the modification (checks that left distance is greater 

than right). This allows the modification to be offset to one side. 

The elevation of the modification(s). 

Notes:  

1. This form of modification is ONLY included in the Transgression Model if it has already been 

added to the Channel Form that is used to define the initial channel using the Utilities>Add 

Modifications option. 

2. Defines modifications that are spatially fixed. i.e. they are not subject to transgression. 
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3.4.3 Run Parameters 
Setup>Run Parameters>Grid Parameters: The grid is defined by x 

and y ranges and intervals for both axes. 

Upper and lower limits for the x co-ordinates 

Grid spacing along the x-axis 

Upper and lower limits for the y co-ordinates 

Grid spacing along the y-axis 

The vertical interval to be used when computing the channel 

hypsometry. 

Setup>Run Parameters>Run Time Parameters: The time step 

parameters comprise the time step (years or parts of a year) and the 

number of time steps. The product of time step and number of steps 

gives the run duration. The Start Year is relevant where and time 

dependent components are included that have used Years defined in 

the Julian calendar.  

Note: The ‘Output Interval’ variable is not used in the ChannelForm 

model. 

Note: the Start Year and format for the time in ChannelForm uses 

calendar years from 0 AD. To use the model for periods prior to this 

date requires the date format used in the code to be edited. 

 

3.4.4 Import Data 
Setup>Import Data: dialog with sub-menu options to Load, Add, Delete, Quality Control.  

When the data has been loaded, the user is prompted to provide a description of the data set (Case) and 

this is listed on the Cases tab. The source file(s) can be checked by selecting the first column of a Case 

on the Cases tab and then the ‘Source’ button on the Meta-data table, to display a listing of the input 

files used.  

Setup>Import data> Load data: Select one or more files to load. The first prompt is for the date-stamp 

of the file(s) being loaded. For a single file the default of 0 years can be 

used. For multiple files the default vector is 0 1 2 …N and should be 

edited to define the time sequence of 

the grids (assumed to be in years). The 

next prompt presents the maximum and 

minimum Z values in the grid and the 

option to limit the range of data to be loaded (values outside the 

range are set to NaN). The grid is then plotted on a figure with 

multiple options to rotate or flip the grid, and invert the direction of 

the X and Y axes. This is illustrated below for the case of the Oka 

estuary in northern Spain. In (b) the orientation of the grid and axes 
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are geographically correct, whereas in (c) the estuary channel has been aligned with the X-axis, whilst 

keeping the grid coordinates correct relative to the channel (X-axis is descending). This is required if 

the Inlet Property tools for hypsometry and gross properties are to be used as these assume the channel 

is aligned to the X-axis. 

 

(a) raw data loaded from file 

 

 

(b) grid flipped UD and Y-axis inverted to give 

correct geographical orientation 

 

(c) grid flipped UD and rotated -90 to align 

estuary channel with x-axis (note X-axis is 

descending but correct geographically) 

 

Button options: 

Accept – uses the current settings to load grid 

FlipLR – flips the grid left to right (horizontally) 

FlipUD – flips the grid up-down (vertically) 

+90 – rotates grid clockwise 

-90 – rotates grid anti-clockwise 

invX – reverses the direction of the X-axis 

invY – reverses the direction of the Y-axis 

Reset – restores the settings as loaded from file 

 

Setup> Import data> Gridded Data > Add: prompts for file to be added (only one file at a time can be 

added) and the Case to use (if more than one Case). The user assigns timestep, range and adjust 

orientation as explained for loading grids above, Only files with the format used to create the data set 

can be used to Add data to a data record. 

Setup>Import data > Delete data: prompts for Case from which some part of the data is to be deleted. 

Setup>Import data > Data QC: runs a series of checks on the data. This is only available if defined 

for the specific data format. 

3.4.5 Grid Tools 
Setup > Grid Tools 

A range of tools to manipulate cartesian grids. 

Setup>Grid Tools>Translate Grid: interactively translate grid x-y coordinates. 
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Setup>Grid Tools>Rotate Grid: interactively flip or rotate grid.5 

Setup>Grid Tools>Re-Grid: re-grid a gridded dataset to match another grid or to user specified 

dimensions. 

Setup>Grid Tools>Sub-Grid: interactively define a sub-grid and save grid as a new Case.                

Setup>Grid Tools>Combine Grids: superimpose one grid on another based on maximum 

or minimum set of values. 

Setup>Grid Tools>Add Surface: add horizontal surface to an existing grid. 

Setup>Grid Tools>To curvilinear: map grid from cartesian to curvilinear coordinates.  

Setup>Grid Tools>From curvilinear: map grid from curvilinear to cartesian coordinates. 

Setup>Grid Tools>Display Dimensions: display a table with the dimensions of a selected grid. 

Setup>Grid Tools>Difference Plot: generate a plot of the difference between two grids. 

Setup>Grid Tools>Plot Sections: interactively define section on a grid and plot as sections. 

Setup>Grid Tools>Digitise Line: interactively digitise a line (with option to add elevations) using 

selected grid as base map. 

Setup>Grid Tools>Export xyz Grid: select a Case and export grid as xyz tuples. 

 

3.4.6 Form Properties and Model Constants 
Setup>Add Properties: add form properties to a gridded data set. The user is prompted to input levels 

for HW, MTL and LW, or provide a file6 to define along channel water levels. If there are multiple 

grids loaded for the selected Case, there is the option to use the same water levels for all grids, or 

specify for each grid. Note: the grid must have the channel oriented along the x-axis and sections are 

taken normal to the x-axis. This can produce strange results for the section properties, such as width 

and cross-sectional area, if the channel meanders. 

Setup>Delete Properties: delete ALL property tables associated with a  selected gridded data set. 

Setup> Edit Inlet Definition: provides access to the definition of the position of the head of the inlet, 

distance from the x-axis origin to the mouth and any definition of the channel centre-line (if used). 

Setup>Input Data>Model Constants: various constants are defined for use in models, such as the 

acceleration due to gravity, viscosity and density of sea water, and density of sediment. Generally, the 

default values are appropriate (9.81, 1.36e-6, 1025 , 2650 respectively) but these can be adjusted and 

saved with the project if required. 

 

3.5 Utilities 
Utilities>Hydraulic Model -  runs the CSTmodel (if CSTmodel App is installed) for the range of 

inputs specified in Setup> 

Utilities>Add Form to Valley -  combines channel and valley grids (see Section 4.6). 

Utilities>Add Meander -  adds a user defined meander to an idealised channel form model. After 

selecting a model, the user is prompted to load a text file containing the x-y co-ordinates of the 

channel centreline. These are used to map the straight channel into curvilinear co-ordinates that follow 

 

5 Rotation re-orients the z grid and swaps x and y axes when rotating +/-90o. However, it does not change the 

order of the x and y axes. Consequently, rotating +90 o or flipping left-right reverses the co-ordinate values on 

the x-axis and rotating -90 o or flipping up-down reverses the co-ordinate values on the y-axis. 
6 File format is: single header line followed by 4 columns of numerical values for distance, high water level, 

mean tide level and low water level. The distance must cover the extent of the grid being used. 
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the centreline and then interpolate the results onto the cartesian model grid. Subsequent prompts are to 

include an offset distance from the mouth to the start of the meander centreline definition (see Section 

4.8 for further details).  

A prompt for the  convergence parameters used in the mapping 

transformation, requires: 

The number of iterations to be used in trying to fit the grid to the specified 

centre-line. 

The distance tolerance to be used to test for solution convergence 

Utilities>Add Shoreline>Model Shore -  add a shoreline strip to a channel 

or valley model. This extends the grid seawards by the distance to the closure depth specified in 

Setup>Form Parameters>Shore Parameters. This comprises a beach profile using Dean’s equilibrium 

model on the open coast and the defined offshore bed slope across the mouth of the channel (see 

Section 4.7 for further details). 

Utilities>Add Shoreline>Extrapolate Shore -  add a shoreline strip to a grid (imported or model). The 

user is prompted to define the width of the extension, the seaward or offshore depth and an exponent. 

An exponent of 1, gives linear extrapolation between the grid shore values and the defined offshore 

value, a value greater than one gives a shore that is concave down and a value less than one gives a 

shore that is convex up. 

Utilities>Add Modifications -  adds defined modifications to a grid. 

Utilities>Add Thalweg to Valley -  uses an xyz definition of a channel thalweg, to create a valley base 

in an existing model or imported grid. This is used to modify an existing valley grid, to extend the 

valley form down to the pre-Holocene surface (i.e. below the existing channel bed) using the defined 

the thalweg data. User is prompted for a thalweg file. This has a header of %f %f %f, followed by 

rows of x, y, z values that define the pre-Holocene valley bed. The upper cut-off, offshore mask width 

and valley base width must then be defined.  The upper cut-off is used to mask out the channel in the 

valley grid in order to introduce the new channel base (thalweg). Typically values just above high 

water and below the deepest depth in the valley grid channel should suffice. The offshore mask width 

defines the width either side of the channel centreline to be adjusted to seaward of the existing estuary 

channel mouth. The valley base width replicates the thalweg depths for the defined width about the 

thalweg (i.e. +/- width/2). 

Utilities>River Dimensions -  calculates the river dimensions based on the current input parameters. 

Utilities>Valley Thalweg -  plots the valley centre-line along the x-axis. 

Utilities>Area of Flood Plain -  calculates the area of the flood plain. 

Utilities>CKFA Channel Dimensions -  calculates the governing dimensions that would be used in the 

CKFA model based on the current input parameters. 

Utilities>Morphological Timescale -  calculate the morphological timescale using the ASMITA model 

parameterisation and the current input parameters. 

Utilities>Channel-Valley Sub-Plot -  create a plot showing the channel, valley and combined form as 3 

sub-plots. 

 

3.5.1 Multi-feature composition 
The options to combine any of the channel forms with a valley, meander, shoreline and modification 

can be used in any combination. However the order in which they are added can affect the outcome. 

For example, if a shoreline is added to a channel and then a valley is added, the valley extends to the 
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most seaward point of the shore. Whereas, if the channel and valley are combined and then the shore is 

added, the shoreline extends seaward of the whole model domain.  

When a meander is being added to a channel with a shoreline, the location of the mouth relative to the 

x-axis grid origin forms part of the grid definition. Any offset to the meander centreline definition is 

added from the mouth and not the grid origin. Hence, there may not be a need to include an offset to 

the meander centreline unless the initial curvature is particularly severe.  

 

3.6 Run 
When model run has completed all models prompt for a Case description, which is added to the listing 

on the Cases tab.  

Run>Exponential form model - run the exponential model. Prompts to select type of water surface (see 

below) and additional form selection properties to use. 

The Form Selection properties available are: 

Plan Form: Exponential or Power Law; 

Channel Form: Parabolic or Rectangular; 

Intertidal Form: Linear, Rectangular, Stepped, Uniform shear, and L&M muddy shore, where 

Uniform shear is based Friedrichs (1996) and L&M refers to the Lee and Mehta (1994; 1997). 

See Setup>Form Parameters>Exp Form Parameters in Section 3.4.23.4.1, for details of input 

requirements. 

Run>Power form model -  run the power model. Prompts to select type of water surface to use (see 

below). See Setup>Form Parameters>Power Form Parameters in Section 3.4.23.4.1, for details of 

input requirements. 

Run>CKFA form model -  run the CKFA model. Prompts to select type of water surface to use (see 

below). This model requires: 

− the tidal amplitude, tidal period and mean sea level to be defined using Setup>System 

Parameters>Hydraulic Parameters>Tidal Forcing; 

− the distance to tidal limit which is set using Setup>System Parameters>Hydraulic 

Parameters>Hydraulic Model; 

− the sediment grain size and critical bed shear stress must be set using Setup>System 

Parameters>Sediment Parameters; 

− a grid must be defined using Setup>Run Parameters>Grid Parameters; 

− if a marsh is to be included the marsh parameters need to be defined using Setup>System 

Parameters>Sediment Parameters; 

− if a river channel is to be included the river discharge is defined using Setup>System 

Parameters>Hydraulic Parameters>Hydraulic Model, and the river-bed properties (grain size and 

critical shear stress) using Setup>System Parameters>Sediment Parameters. 

Water surface options are as follows: 

(i) the CSTmodel to define a kinematic water surface that takes account of tidal propagation 

and river flow;  

(ii) constant HW and a linear increasing LW (ie to meet HW at the tidal limit); and  

(iii) constant HW and LW. 

Run>Valley form model - run the Valley model. 

Run>Transgression model - run the transgression model. Prompts to select source channel and valley 

models to use. The transgression model is initialised with a selected channel and valley model and 
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copies the run parameters used to created the selected forms. A sub-set of these run parameters can be 

modified at run time, as follows: 

 

 

Rates of sea level rise following one of the various options 

available as explained in Section 5.2.2. 

The amplitude of any cycles to be included (Section 3.4.2, 

Tidal Forcing). 

Sediment density that determines the equilibrium condition 

in the sediment flux model (see Section 3.4.2, Sediment 

Parameters). 

Sediment contribution from the rivers (see Section 3.4.2, 

Sediment Parameters). 

Transport coefficient: ~3 for coarse sediments and ~5 for 

fine sediments (see Section 3.4.2, Sediment Parameters). 

The scale, a, and shape, b, coefficients define the 

equilibrium volume in the flux model, as a function of tidal 

prism (a.Pb). If thes cale coefficient = 0, the equilbirum 

volume is determined from the initial values of volume and 

prism, with a shape coefficient of 1. 

Option to impose a constant sediment flux*.  

*If set to 0, the sediment parameter settings are used to 

calculate the sediment flux at each time step to reflect the 

changing morphology and hydrodynamics. If >0 a 

constant value is used. If set to NaN a kinematic version of 

the model is run. This uses a single time step based on the step duration x number of time steps (see 

Section 3.4.3 for Run Parameters settings and section 5.6.4 for an explanation of the difference 

between the kinematic and quasi-dynamic models). 

Run> Derive Output: data that has been added (either as data or modelled values) can be used to 

derive new variables. The UI allows the user to select data and use a chosen selection of 

data/variable/range to define either a Variable, XYZ dimension, or Time. Each data set is sampled for 

the defined data range. If the data set being 

sampled includes NaNs the default is for these 

to be included (button to right of Var-limits is 

set to ‘+N’). To exclude NaNs press the button 

so that it displays ‘-N’.  

The selection is assigned by clicking one of the 

X, Y or Z buttons. The user is prompted to 

assign a Variable, XYZ dimension, or Time 

(the options available varies with the type of 

variable selected) – see Section 3.10 for details 

of how this works. An equation is then defined 

in the text box below using the x, y, z or t 
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variables7. Based on the user selection the routine applies the defined variable ranges to derive a new 

variable. In addition text inputs required by the call and the model object (mobj) can also be passed. 

Comments can be used to pass additional instructions, such as the inclusion of the RowNames in the 

output to be saved as a new dataset, using either %time or %rows. 

For example, any of the following could be entered into the equation box: 

x.^2+y   %time 

myfunction1(x,y,t,'usertext')  

myfunction2(x,mobj) 

The output from function calls can be figures or tables, a single numeric value, or a dataset to be saved 

(character vector or array). External functions must return output as a cell array with the new variable 

in the first cell and data to be used to define RowNames in the second cell. If the %time or %rows 

instruction is included in the call, row data are added providing that the length of the input dataset 

matches the output dataset. If there is no output to be passed back the function should return a cell 

array containing the string 'no output' to suppress the message box, which is used for single value 

outputs. For expressions that return a result that is the same length as one, or more, of the variables 

used in the call, there is also the option to add the variable to one of the input datasets as a new 

variable. In all there are three ways in which results can be saved: 

1. Expression or function returns a result that is the same number of rows as one or more of the input 

datasets. Option to (a) add as a new variable to an existing data set, or (b) create a new dataset 

with no assignement to the RowNames property. 

2. As (1) with the comment of %time or %rows in the call. Attempts to use the RowNames property 

of one of the inputs to define RowNames in a new dataset. Requires the input variables to have 

same number of rows. (Plan to add interpolation so this may change). 

3. Expression or function returns a result with a new variable and time time in a 2-element cell array. 

The variable is saved as a new dataset. 

An alternative when calling external functions is to pass the selected variables as dstables, thereby also 

passing all the associated metadata and RowNames for each dataset selected. For this option up to 3 

variables can be selected but they are defined in the call using dst, for example: 

myfunction3(dst,'usertext',mobj) 

This passes the selected variables as a struct array of dstables to the function. Using this syntax the 

function can return a dstable, or struct of dstables, or a cell array containing one or more data sets. The 

options for saving the data are the same, with the additional option that when a dstable, or struct of 

dstables, is returned, these are saved directly and it is assumed that the dsproperties have been defined 

in the function called. 

Some further details on using this option and the ‘Function’ library available are provided in Section 

6.1. 

 

3.7 Analysis 
Plotting and Statistical Analysis both use the standard Data selection UI. These both require Case, 

Dataset and Variables to be selected from drop-down lists and assigned to a button. Further details of 

how this works are given in Section 3.10. 

 

7 Various pre-defined function templates can be accessed using the ‘Function’ button. Alternatively, text can be 

pasted into the equation box from the clipboard by right clicking in the text box with the mouse. 
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3.7.1 Plotting 
Analysis>Plot menu: initialises the Plot UI to select variables and produce several types of plot. The 

user selects the Case, Dataset, and Variable to be used and the plot Type from a series of drop-down 

lists. There are then buttons to create a New figure, or Add, or Delete variables from an existing figure 

for 2D plots, or simply a Select button for 3D and 4D plots. The following figures illustrate the options 

available. 

 

2D plot 

For each selection choose the  Case, Dataset and 

Variable to be used. 

> Assign a variable, or a dimension, to the Var and X 

buttons to set the Y and X axes, respectively 

Each selection can be scaled (log, normalised, etc) 

and the range to be plotted can be adjusted when 

assigning the selection to a button. 

> Select plot type (line, bar, scatter, stem, etc) 

Control Buttons: 

→ : updates the list of Cases  

XY :  swaps the X and Y axes 

+ : switches between cartesian and polar plot type 

If polar selected then Ind assumed to be in degrees. 

 

3D plot 

For each selection choose the  Case, Dataset and 

Variable to be used. 

> Assign selections to the Var, X and Y buttons 

Take care to ensure that the assignments to X and Y 

correctly match the dimensions selected for the 

variable (including any adjustment of the dimension 

ranges to be used). 

> Select plot type. 

 

Control Buttons: see 2D plot above. 

 

For all plot types, when the data has more dimensions than the plot or animation the user is prompted 

to sub-select from the data (by selecting sampling values for the dimensions that are not being used). 

 

Animations follow a similar workflow. There are buttons at the bottom of each tab to:  

Run the selection and create an animation,  

Save the animation to a file (the animation needs to have been run first) . There is also an option to 

save on the bottom left of the animation figure. 

Clear the current selection. 
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2DT animation 

For each selection choose the  Case, Dataset and 

Variable to be used. 

> Assign a variable, or a dimension, to the Var, Time 

and X buttons. 

Each selection can be scaled (log, normalised, etc) and 

the range to be plotted can be adjusted when assigning 

the selection to a button. 

> Select plot type (line, bar, scatter, stem, etc) 

Control Buttons: 

→ : updates the list of Cases  

+ : switches between cartesian and polar plot type 

If polar selected, then X assumed to be in degrees and 

when prompted select Polar and NOT Rose. 

 

3DT animation 

For each selection choose the  Case, Dataset and 

Variable to be used. 

> Assign selections to the Var, Time, X and Y buttons 

Take care to ensure that the assignments to Time, X 

and Y correctly match the dimensions selected for the 

variable (including any adjustment of the dimension 

ranges to be used). 

> Select plot type. 

 

Control Buttons: see 2DT plot above. 

 

Selection of User plot type 

Calls the user_plot.m function, where the user can define a workflow, accessing data and functions 

already provided by the particular App or the muitoolbox. The sample code can be found in the 

psfunctions folder  and illustrates the workflow to a simple line plot using x-y data from the 2D tab 

and a surface plot using x-y-z data from the 3D tab. 

 

3.7.2 Statistics 
Analysis> Statistics: several statistical analysis options have been included within the Statistical 

Analysis GUI. The tabs are for General statistics, Timeseries statistics, model comparisons using a 

Taylor Plot, and the generation of a new record based on the statistics over the Intervals defined by 

another timeseries. 

General tab 
The General tab allows the user to apply the following statistics to data loaded in ModelUI:  
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1) Descriptive for X: general statistics of a variable (mean, standard deviation, minimum, maximum, 

sum and linear regression fit parameters). Only X 

needs to be defined. The range of the variable can be 

adjusted when it is assigned to the X button (see 

Section 3.10). If the variable being used is a multi-

dimensional matrix (>2D), the user is prompted to 

define the range or each additional dimension, or 

select a value at which to sample. The function can 

return statistics for a vector or a 2D array. 

 

The results are tabulated on the Stats>General tab and 

can be copied to the clipboard for use in other 

applications. 

 

2) Regression: generates a regresion plot of the dependent variable, Y, 

against the independed variable, X. For time series data, the default data 

range is the maximum period of overlap of the two records. For other data 

types the two variables must have the same number of data points. After 

pressing the Select button, the user is prompted to select the type of model 

to be used for the regression. The results are output as a plot with details of 

the regression fit in the plot title. 

 

 

 

3) Cross-correlation: generates a cross-corrleation plot of 

the reference variable, X, and the lagged variable, X (uses 

the Matlab ‘xcorr’ function). For time series data, the 

default data range is the maximum period of overlap of 

the two records. For other data types the two variables 

must have the same number of data points. This produces 

a plot of the cross-correlation as a function of the lag in 

units selected by the user. 

 

4) User: calls the function user_stats.m, in which the user can implement their own analysis methods 

and display results in the UI or add output to the project Catalogue. Currently implements an 

analysis of clusters as detailed for Timeseries data below. 

 
Timeseries tab 
The Timeseries tab allows the user to select a single Timeseries variable and apply any of the 

following statistics:  

1) Descriptive: general statistics of a variable (mean, standard deviation, minimum, maximum, 

sum and linear regression fit parameters). The results are tabulated in a new window and can 

be copied to the clipboard for use in other applications. 
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Various ‘seasonal’ sub-divisions can be defined. The required 

option is selected from the table in the UI, by selecting a Syntax 

cell and then closing the UI.  

The next UI prompts for a threshold for calms (values below threshold 

are deemed to be “calm” conditions) and allows the selected ‘seasonal 

‘divisions to be changed (if the desired option is not in the default list), 

or edited. The divisions can be expressed in several ways, as detailed 

below: 

Script Result 

1 Descriptive statistics for the full-time series 

[1:1:12].’ Descriptive statistics for the full-time series and monthly 

values (the .’ creates a column vector). 

[12,1,2; 3,4,5; 6,7,8; 9,10,11] 

 

Descriptive statistics for the full-time series and seasons based 

on groupings – Dec-Feb, Mar-May, Jun-Aug, Sep-Nov shown. 
 

When seasonal statistics are produced with more than 2 seasons a plot is generated. This can be a 

cartesian or polar plot of the mean values with error bars used to depict +/- one standard deviation. 

The polar plot maps the year as one revolution.  

 

2) Peaks: generates a new timeseries of peaks over a defined threshold. There are three methods 

that can be selected: 

1 = all peaks above the threshold; 

2 = the peak value within each up-down crossing of threshold; and 

3 = peaks that have a separation of at least ‘tint’ hours. 

For option 3, the separation between peaks (‘tint’) is also be defined in the pop-up gui. This 

can be used to try and ensure that peaks are independent. The peaks are marked on a plot with 

the defined threshold. If rejected, new values can be defined. If accepted a new timeseries is 

added. This has the class of the Data Type that was used as the source timeseries but is not 

appended to that timeseries because the date/times are a subset of the source. 

3) Clusters: The selection process is similar to peaks, where the user defines a threshold, 

selection method and time between peaks (for method 3). In addition, the cluster interval is 

defined in days. This is the period of time separating two peaks for them to be no longer 

considered part of a cluster (e.g. if a sequence of storms occurs every few days they will form 

a cluster. If there is then a gap of, say, 31 days to the next storm, with a cluster time interval of 

30 days this would be considered as part of the next cluster). Once a selection has been made, 

a plot is generated that shows the peaks for each cluster with a different symbol. The user can 

either choose a different definition, or accept the definition. Once accepted, the results are 

added as a new timeseries, with the class of the Data Type that was used as the source 

timeseries. Two values are stored at the time of each peak in the clusters: the magnitude of the 

peak; and the number of the cluster to which it belongs (numbered sequentially from the start). 

This allows the data for individual clusters to be retrieved, if required. 

4) Extremes: The selection process is similar to peaks, where the user defines a threshold, 

selection method and time between peaks (for method 3). A figure is generated with two plots. 

The left-hand plot shows the peaks for the defined threshold and the right hand plots shows 

the mean excess above the threshold (circles), the 95% confidence interval (dotted red lines) 

and the number of peaks (vertical bars + right hand axis) as a function of threshold. This plot 

can be used to help identify a suitable threshold for the peak-over-threshold extremes analysis 

method. The user can either choose a different definition, or accept the definition. Once 
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accepted, the user is prompted to select a plot type. Options are: None; Type 1 – a single 

return period plot; Type 2 – a composite plot showing the probability, quantile, return period 

and density plots. See Coles (2001) for further details of the method used and the background 

to these plots. The results are tabulated on the Stats/Extremes tab and can be copied to the 

clipboard for use in other applications. 

5) Poisson Stats: user is prompted to select a threshold, method and peak separation (see Peaks 

above) and the function generates a plot of the peak magnitude, time between peaks 

(interarrival time) and the duration above the threshold for each peak. The plot shows a 

histogram of each variable and the exponential pdf derived from the data, along with the 

 value for the fit. 

6) User: calls user_stats.m function, where the user can define a workflow, accessing data and 

functions already provided by the particular App, or the muitoolbox. The sample code can be 

found in the psfunctions folder  and illustrates the workflow to produce a clusters plot. Some 

code in the header (commented out) shows how to get a time series using the handles passed 

to the function (obj and mobj). This code would get the same timeseries as the one passed to 

the function. However, by modifying the ‘options’ variable it is possible to access other 

timeseries variables. 

 

Taylor tab 
The Taylor tab allows the user to create a Taylor Plot using 1D or 2D data (e.g timeseries or grids): 

A Reference dataset and a Test dataset are selected. Datasets need to be the same length if 1D, or same 

size if 2D. If the data are timeseries they are clipped to a time-period that is common to both, or any 

user defined interval that lies within this clipped period. The statistics (mean, standard deviation, 

correlation coefficient and centred root mean square error) are computed, normalized using the 

reference standard deviation and plotted on a polar Taylor diagram (Taylor, 2001).  

[The ModelSkill App provides additional tools to test data and the ModelSkill App manual provides 

further details of the methods used.] 

Selecting New generates a new Taylor Plot. Selecting the Add button adds the current selection to an 

existing plot and the Delete button deletes the current selection. The Clear button resets the UI to a 

blank selection.  

Once New or Add are selected, the user is asked 

whether they want to plot the skill score (Yes/No). If 

Yes, then the user is prompted to set the skill score 

parameters.  As further points are added to the plot, 

this selection remains unchanged (i.e. the skill score 

is or is not included). To reset the option it is 

necessary to close and reopen the Statistics UI.  

If the number of points in the Reference and Test 

datasets are not the same the user is prompted to 

select which of the two to use for interpolation.     
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This is the maximum achievable correlation (see Taylor (2001) for 

discussion of how this is used). 

Exponent used in computing the skill score (see ModelSkill manual for 

details). 

Number of points (+/-W) used to define a local window around the ith 

point. If W=0 (default) the local skill score is not computed. 

Local skill score is computed for window around every grid cell (=1), 

or computes score for all non-overlapping windows (=0) 

Window definition to sub-sample grid for the computation of the 

average local skill score. Format is [xMin, xMax, yMin, yMax]. 

 

(a) time series skill score plot 

 

(b) grid skill score plot 

 

 

The Taylor Plot shows the Reference point as a green cross and the Test points as coloured circles. 

The legend details the summary statistics and the Case List button generate a table figure listing all the 

results. These can be copied to the clipboard. 

 Taylor diagram legend includes: B – bias; E’’ – 

normalised RMS difference 

The normalised standard deviation and correlation 

coefficient are also given in the Case List table, 
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along with the global skill score, Sg, and the average local skill score, Sl. 

3.7.3 Transgression Plots 
Several standard output plots are available for the Transgression model, together with an option to 

export the GrossProps and Transgression Tables to a text or spreadsheet file. Details of the output 

table content are given in Section 3.11. 

Analysis>Transgression Plots>Grid Plot - plot initial grid, new grid and difference. 

Analysis>Transgression Plots>Change Plot - plot volume difference over the model run and the 

variation of sediment exchange with transgression distance. 

Analysis>Transgression Plots>Section Plot - plot a set of along-channel cross-sections and the 

channel centre-line (thalweg) for the initial and final grid. 

Analysis>Transgression Plots>Transgression Plot - composite set of plots to show results form 

Transgression table. 

Analysis>Transgression Plots>Export Table - write GrossProps and Transgression output tables from 

the Transgression model to a file. 

 

3.8 Help 
The help menu initialises the App documentation in the MatlabTM Supplemental Software 

documentation. 

3.9 Tabs 
To examine what has been set-up the Tabs provide a summary of what is currently defined. Note: the 

tabs update when clicked on using a mouse but values displayed cannot be edited from the Tabs. 

Cases: lists the cases that have been run with a case id and description. Clicking on the first column of 

a row generates a table figure with details of the variables for the case and any associated metadata. 

Buttons on the figure provide access the class definition metadata and any source information (files 

input or models used).  

Form: summary of the properties that have been defined 

• Exponential - tabulates the parameters required for the exponential form model. 

• Power - tabulates the parameters required for the power law form model. 

• Valley - tabulates the parameters required for the valley form model. 

• Shore - tabulates the parameters required for the shore profile form model. 

Settings: tabulates the current model settings (display only).  

• Forcing - tabulates the water level and hydrodynamic parameters. 

• Sediments - tabulates the sediment parameters. 

• Transgression - tabulates the additional parameters needed for the transgression model. 

• Modifications - tabulates constant modifications to the channel form. 

• Run Parameters - tabulates the key run parameters, conditions and equilibrium coefficients). 

Hydro-Props 

• Water Levels - plots the water levels as a function of time. 

• Hydraulics - plots the along channel variation of water levels. 

Form-Props: tabulates the gross properties together with a range of property plot. 

Q-Plot: displays a quick-plot defined for the class of the selected case (display only). 

Stats: displays a table of results for any analyses that have been run (can be copied to clip board). 
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3.10 UI Data Selection 
Functions such as Derive Output (3.6), Plotting (3.7.1) and Statistics (3.7.2) use a standardised UI for 

data selection. The Case, Dataset and Variable inputs allow a specific dataset to be selected from drop 

down lists. One each of these has been set to the desired selection the choice is assigned to a button. 

The button varies with application and may be X, Y, Z, or Dependent and Independent, or Reference 

and Sample, etc. Assigning to the button enables further sub-sampling to be defined if required. Where 

an application requires a specific number of dimensions (eg a 2D plot), then selections that are not 

already vectors will need to be subsampled. At the same time, the range of a selected variable can be 

adjusted so that a contiguous window within the full record can be extracted. In most applications, any 

scaling that can be applied to the variable (e.g. linear, log, relative, scaled, normalised) is also selected 

on this UI. The selection is defined in two steps: 

 

Step 1.  

Select the attribute to use. This can be the variable 

or any of its associated dimensions, which are 

listed in the drop-down list. 

The range for the selection can be adjusted by 

editing the text box or using the Edit (Ed) button. 

Any scaling to be applied is selected from the 

drop-down list. 

Press Select to go to the next step or Close to quit. 

 

The number of variables listed on the UI depends on the dimensions of the selected variable. For each 

one Select the attribute to use and the range to be applied.  

Step 2 - Variable only has 

dimension of time. 

 

No selection to be made. 

Edit range if required. 
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Step 2 - Variable has 3 dimensions but only 

2 are needed for the intended use. 

 

Select the 1st variable  to use as a dimension 

Edit range if required. 

 

Select the 2nd variable  to use as a dimension 

Edit range if required. 

Use the slider or the Edit (Ed) button to set 

the value of the dimension to use. (A value of 

t=500 is selected in the example shown). 

Press Select to accept the selection made. 

[NB: Only unused dimensions can be selected from the Select drop-down lists. To adjust from the 

default list this can sometimes require that the second Select list-box is set first to allow the first Select 

list-box to be set to the desired value.] 

The resulting selection is then detailed in full (including the ranges or values to be applied to all 

dimensions) in the text box alongside the button being defined. 

Note where a variable is being selected as one property and a dimension as a second property, any 

sub-selection of range must be consistent in the two selections. This is done to allow variables and 

dimensions to be used as flexibly as possible.  

 

3.11 Form and Transgression Model Output Table Content 
The following tables are generated when a Form model is created or the Transgression model is run. 

 

3.11.1 Form Table 
Elevations of grid along with the x and y dimensions, with the following variables: 

• Z - Elevation (mAD) 

Dimensions of time (table rows), X and Y. 

UserData.ishead - orientation of x-axis relative to mouth (true if minimum x is at the head of the 

estuary/inlet, default is false). 

UserData.xM - distance from grid origin to mouth of estuary/inlet (default is 0). 

UserData.cline – struct for x and y coordinates of meander centre-line. 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 

 

3.11.2 Hypsometry Table 
Variation of surface area and volume as a function of elevation, with the following variables: 

• Volume - Volume (m^3) 

• SurfaceArea - Surface area (m^2) 

• SAfreq - Surface area frequency 
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Dimensions of time (table rows), and Z. 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 

 

3.11.3 SectionProps Table 
Variation of the width and cross-sectional area along the x-axis derived from the gridded data, with the 

following variables: 

• Whw - High Water Width (m) 

• Wmt - Mean Tide Width (m) 

• Wlw - Low Water Width (m) 

• CSAhw - High Water Cross-sectional Area (m^2) 

• CSAmt - Mean Tide Cross-sectional Area (m^2) 

• CSAlw - Low Water Cross-sectional Area (m^2) 

• Dhw – High Water depth (m) 

• Dmt –Mean Tide depth (m) 

• Dlw - Low Water depth (m) 

• PrA - Tidal Prism (using CSA) (m^3) 

• Shw – High Water surface area (m^2) 

• Smt – Mean Tide surface area (m^2) 

• Slw – Low Watere surface area (m^2) 

• Vhw – High Water volume (m^3) 

• Vmt – Mean Tide volume (m^3) 

• Vlw – Low Water volume (m^3) 

• PrV - Tidal Prism (using hypsometry) (m^3) 

• Gamma - Dronkers' Gamma (-) 

• Vs - Storage Volume (m^3) 

• Vc - Channel Volume (m^3)  

• amp - Tidal amplitude at mouth (m) 

• hyd - Hydraulic depth of channel (m) 

Dimensions of time (table rows), and X. 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 

 

3.11.4 Plan Table 
Widths along the x-axis, specified in the model, or based on an exponential fit to the gridded data, 

with the following variables: 

• Whw - High Water Width (m) 

• Wmt - Mean Tide Width (m) 

• Wlw - Low Water Width (m) 

Dimensions of time (table rows), and X. 

Description – user assigned Case description. 
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Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 

 

3.11.5  GrossProps Table 
Various summary properties of the form related to length, area, volume, rate of convergence, etc, with 

the following variables: 

• Shw - High Water Surface Area (m^2) 

• Slw - Low Water Surface Area (m^2) 

• Vhw - High Water Volume (m^3) 

• Vlw - Low Water Volume (m^3) 

• PrA - Tidal Prism using cross-sectional areas (m^3) 

• PrV - Tidal Prism using hypsometry volumes (m^3) 

• Gamma - Dronkers' Gamma (-) 

• Vs - Storage Volume (m^3) 

• Vc - Channel Volume (m^3)  

• Wm - Mean Tide Width  at mouth (m) 

• Am - Mean Tide Cross-sectional Area at mouth (m^2) 

• Dm – Depth at mouth to MTL (m) 

• amp - Tidal amplitude at mouth (m) 

• hyd - Hydraulic depth of channel (m) 

• aoh - Amplitude to Depth ratio (-) 

• VsoVc - Storage to Channel Volume ratio (-) 

• PrvAm - Prism to Cross-sectional Area ratio at mouth (m) 

• SflShw - Intertidal to Basin Area ratio 

• Lw - Width convergence length 

• La - Cross-sectional Area convergence length 

Dimensions of time (table rows). 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 

 

3.11.6 WaterLevels Table 
Variation in water levels at high water, mean tide and low water along the x-axis, with the following 

variables: 

• zhw - High Water level (mAD), where mAD = metres above Datum 

• zmt - Mean Tide level (mAD) 

• zlw - Low Water level (mAD) 

Dimensions of time (table rows), and X. 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 
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3.11.7 Transgression Table 
When the Transgression model is run as additional table is included in the model output tables 

containing a set of output properties that summarise the changes of form over time, with the following 

variables: 

• delX - Unadjusted transgression distance (m) 

• estdX - Adjusted transgression distance (m) 

• cstdX - Open coast transgression distance (m) 

• dSLR - Cumulative sea level rise (m) 

• Lt - Distance to tidal limit (m) 

• FPA - Flood plain area (m) 

• waterVol - Water volume change due to changes in HW (m3) 

• sedVol - Cumulative sediment flux (+ve = sediment import) (m3) 

• diffv - Volume change for [0, estdX, delX]  (m3) 

Dimensions of time (table rows). 

Description – user assigned Case description. 

Source - source file or model class. 

MetaData - details any manipulation eg type of model or grid rotation. 
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4 Background to Form Models 
Many channels and tidal creeks are observed to have a relatively simple compound form. See for 

example the sections on the left-hand side of Figure 1, where two creeks in the Solent on the south 

coast of the UK are illustrated. Both creeks are above low water at their lowest point.  Although subtly 

different, both creeks comprise an upper concave-up slope and a lower convex-up slope. Estuary 

channels are invariably more complex because of the presence of ebb and flood channels and shoals, 

the presence of geological controls and sea walls. Nonetheless they can be represented in cross-section 

by a simple parametric relationship for the channel and intertidal. Large channels, particularly those 

with a significant river influence, would appear to have additional points of inflection, most likely due 

to the influence of waves on the intertidal area and the combined influence of tidal and fluvial flows in 

widening the base of the channel.  

A 3D form can be obtained by specifying the variation in any two planes (i.e. x-y and x-z, or y-z and 

y-x, etc).  One can therefore define the variation in width and depth as functions of distance along the 

estuary, or alternatively specify the variation of the cross-section together with the along-estuary 

variation in either width or depth. Thus by specifying an upstream exponential decay in width and, say 

a parabolic cross-sectional form (Cao & Knight, 1997), a simple 3D form can be generated.  To more 

closely represent a tidal channel, the cross-sectional description can be extended to include the 

intertidal by, for example, combining the parabolic form of the channel with a trigonometric 

relationship for the intertidal (the latter having been suggested by Friedrichs & Aubrey, 1996) 

By specifying several key estuary dimensions, a 3D form can be generated and a range of estuary 

“geometric properties” can be derived from the form. This is the basis of the so called “Form” model. 

An alternative is to define the controls/constraints on the system and the forcing (or exogenous) 

conditions, as explored in Townend, 2010. This is the basis of the so called “CKFA” model. The 

following sections explain the formulation of these two models in greater detail. 

 

Figure 1- Selected cross-sections for (a) Forton Lake and (b) Causeway Lake.  Left plots show original data with profiles 

offset vertically in 0.5 m intervals for clarity.  Right plots show smoothed measured profiles compared with model sections 

denoted by the symbols

. 
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4.1 Basis of the Exponential Form model 
The Form model is a geometric construction comprising a channel cross-section an intertidal cross-

section and a plan form that defines the along channel variation in width at high and low water. 

Several options are provided for each of these components. 

4.1.1 Longitudinal plan form 
Exponential convergence 

An idealised estuary has been shown to have a width convergence that is exponential (Pillsbury, 

1956). The variation in width is therefore prescribed as exponential along the length of the estuary. 

           𝑊𝑚(𝑥) = 𝑊𝑚0𝑒𝑥𝑝 (
−𝑥

𝐿𝑊
)                      (4.1.1) 

where Wm0 is the width at mean tide level and at the mouth, LW is the rate of width convergence and 

the subscript m refers to some reference elevation (e.g. mtl). For many systems this describes the outer 

part of the system well but the tidal-river has a more prismatic section. For this reason, a slightly 

modified form of exponential convergence is adopted: 

𝑊𝑚(𝑥) = 𝑊𝑚𝑟 + (𝑊𝑚0 −𝑊𝑚𝑟)𝑒𝑥𝑝 (
−𝑥

𝐿𝑊
)           (4.1.2) 

where Wmr is the cross-sectional width of the river reach. 

Power law 

The power law option defines the variation in plan form (ie W) as a power law defined by: 

( )( ) .

n

m mL r r

x
W x W W W

L

 
= − + 

 
     (4.1.3) 

where x is distance along the channel, Wm is the width along the channel, WmL is the width at the 

mouth, the length of the channel is L and the suffix m defines an elevation. The plan form is 

determined by defining the variations in width at high and low water. To allow for a river channel at 

the landward end of the model the offset width, Wr, is included and applied uniformly along the length 

of the channel. 

4.1.2 Low water channel 
Parabolic low water channel 

A close correspondence between the equilibrium form relationships for both estuaries and rivers 

suggests that “estuaries do not substantially differ from alluvial rivers in terms of morphology” 

(Savenije, 2012). The low water channel cross-section is therefore based on an approach originally 

derived for river channels (Cao & Knight, 1997).  This is illustrated in Figure 2, which also defines 

some of the key dimensions.  

Using entropy concepts Cao & Knight (1997) derive a parabolic equation for channel form: 

( ) 1
2

n

lw bk

bk lw

W n y
d y

n W

   
 = −  
   

     (4.1.4) 

Where d is the depth at a distance y from the centreline of a channel of width, Wlw.  The factor nbk has a 

value of 2 for a channel that is symmetric about the centreline and 1 if the width relates to a half 

channel.  The parameter  is the submerged static friction factor taken to be equal to tan where  is 

the angle of repose of the sediment.  The value of  largely determines the aspect ratio.  The parabolic 

form given by Cao & Knight is defined with an exponent of n=2. More generally, treating the 

exponent as a variable determines the shape of the channel, the larger the value the closer the form is 

to a rectangular channel (i.e. equivalent to the Rectangular low water channel as defined below). 
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Rectangular low water channel 

This channel section has a constant depth across the width of the low water channel. For the depth at 

the mouth to be comparable with the parabolic channel case, the hydraulic depth, hd, of the parabolic 

channel is used to define the depth at the mouth.  This is given by (Cao and Knight, 1997): 

hd = μWlw/2/(n+1), or hd = n.hc/(n+1), with μ = 4.n.hc/Wlw 

where the parameters are as defined for Equation 4.1.4.  

 

4.1.3 Intertidal flat profile 
Four different forms can be defined for the intertidal: linear plane slope, a rectangular section, section 

based on the flow only form that is consistent with uniform shear stress and a similar form proposed 

by Lee and Mehta (1997) for muddy shores.  

Linear 

The profile has a plane slope between the high and low water widths defined by the plan form. 

Rectangular 

The profile has a constant elevation at the mean tide level.  

Uniform shear 

The equilibrium form of the intertidal is based on the uniform dissipation of energy to describe the 

intertidal profile, based on the maximum depth averaged velocity as a proxy for the maximum bottom 

shear stress.  Friedrich & Aubrey (1996) use a kinematic approach to determine the magnitude of the 

tidal velocity over the tidal flat.  They show that a uniform distribution of tidal velocity is obtained 

over a linear slope below mean tide level but the profile needs to be non-linear above mean tide level 

and is suitably represented by a trigonometric function.   

Figure 2 - Definition sketch for equilibrium form of channel and intertidal (a) cross-section; (b) plan 

view 
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With reference to the definitions in Figure 2, the intertidal profile on the basis of uniform distribution 

of tidal velocity is described by (Friedrichs & Aubrey, 1996, eq.(11) and (15)): 

'
1 for ' *

*

'
sin 1 for ' *

*

y
z a y L

L

y
z a y L

L

 
=  −  

 

 
=  −  

 

    (4.1.5) 

where y’ = y - Lc. If we assume a symmetric channel it follows that W’ = W – Wlw and L* = (Wo – 

Wlw)/2.  Whence: 
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             (4.1.6) 

L&M muddy shore 

Lee and Mehta (1994; 1997) description of a muddy intertidal profile is derived by considering the 

wave energy dissipation across the shore. They introduce a wave attenuation coefficient averaged over 

the profile length, ki, which can be related to the properties of the bed. Equation 9 from their paper 

defines the depth in terms of the intertidal width, yo, and the depth at the seaward end of the profile, ho, 

as follows: 

ℎ = ℎ𝑜 exp(4𝑘𝑖𝑦) [1 −
𝑦

𝑦𝑜
]
2
     (4.1.7) 

One problem with this formulation is that it cannot handle very large intertidal widths as the 

exponential term grows too quickly unless the value of ki is adjusted spatially along the length of the 

estuary. For simplicity, I have therefore made the exponential factor non-dimensional by dividing it by 

the intertidal width and adjusting the value of ki to suit.  If we now re-pose the equation in this non-

dimensional form, and in terms of width and elevation, as used for the other models, the intertidal 

width is Li = (Whw - Wlw)/2; the y co-ordinate for the intertidal is transformed as yi = y – Wlw/2 for 

y>Wlw/2 and the depth of the profile at the seaward end of the intertidal is twice the tidal amplitude, 

2a. The elevation z about the mean tide level is then given by: 

𝑧 = 𝑎 {1 − 2 ∙ exp (4 ∙ �̂�𝑖
𝑦𝑖

𝐿𝑖
) ∙ [1 −

𝑦𝑖

𝐿𝑖
]
2
}    (4.1.8) 

Where �̂�𝑖 is a modified version of ki that is about 102 larger and dimensionless. For this application it 

is simply treated as a shape coefficient in much the same way as n and m are in the first model and 

values used are in the range 0.01 to 0.5. Low values result in a convex-up profile, similar to the F&A 

intertidal profile, whereas higher values produce an intertidal profile that is concave-up. The former is 

compatible with a tidally dominated profile and the latter with a wave dominated profile. 

 

4.2 Basis of the Power Law model 
This model uses power law descriptions for both the plan and cross-sectional variations in form. This 

has the advantage that it can represent a wide range of different possible forms and is able to 

reproduce funnel and bell-shaped plan forms, in conjunction with two-stage concave or convex cross-

shore forms. By using power laws, it is possible to readily derive relationships for various gross 

properties, such as tidal prism, plan area and volume and to also relate the form to the hydraulics using 

the analytical solutions suggested by Evangelisti (1955), 1955 and Prandle & Rahman (1980). 
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In its simplest form, this relationship can be considered as a rectangular section with varying width 

and depth, where the depth is equivalent to the hydraulic depth.  This estuary form can then be used to 

derive an analytical solution for tidal wave propagation in estuaries (Evangelisti, 1955; Prandle & 

Rahman, 1980).  The width at mean tide level and the hydraulic depth at any given section is described 

as follows:  

. and .

n m

L L

x x
W W H H

L L

   
= =   

   
           (4.2.1) 

Where W is the width, H is the hydraulic depth and L is the length over which the variation occurs.  WL 

and HL are the width and depth at x=L.  The values of the shape parameters, n and m, determine 

whether the form is a funnel (>1 = convex to centre-line) or bell shaped (<1 = concave to centre-line).   

There is, however, no requirement for the cross-section to be rectangular; the solution simply requires 

that the hydraulic depth varies as specified in equation (4.2.1).  

A slightly more complex form, capable of reproducing the key characteristics seen in creeks and 

estuaries, can be obtained by mirroring the form defined by equation (1) about some horizontal datum.  

The model is based on a longitudinal thalweg (total depth and not hydraulic depth) defined about a 

zero datum in x and z (which will later be referred to as the ‘shoulder’).  As x becomes negative so the 

profile inverts, to give the longitudinal section shown in Figure 3.  To define the plan form, the origin 

at any given level, z, is moved to be coincident with the position (x-chainage) of the thalweg at that 

level.  The plan form is only calculated for positive x values, relative to the transformed origin.  

Depths can then be calculated from the following relationship: 

1/

( , ) .

m
n

L

L

x y
z x y d

L b

  
 = −  
   

     (4.2.2) 

where dL and bL are the depth and half-width at length L respectively.   

Figure 3 - Definition sketch of channel shape 
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The inversion about the shoulder means that this produces a complex form but is rather inflexible 

because the same values are being used to define the form above and below the zero datum in the 

vertical. A more flexible form can be obtained by allowing the depth, width and shape parameters m 

and n to vary above and below this plane. The relevant parameters are defined in Figure 3. Also 

shown denoted on the longitudinal section are the four domains of positive/negative x and z. Domain 1 

does not need to be considered because there is no form in this domain. Domain 3 is a horizontal 

extension of domain 2. The solutions for domains 2 and 4 can then be obtained by simple 

manipulation of equations (1) and the origin of solution for each elevation to give: 

Domains 2 and 3:    

 

1/

0( , ) . 1 where

u
u

m
n

t
u t u l

u t u

L x y
z x y d zs L L L

L L b

    
   = − − + = + 

       

    (4.2.3) 

Domain 4: 

               

1/

0

0
( , ) . where 0

l
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m
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l u

l l

x y
z x y d zs x x L

L b

  
 = − + = − 
   

           (4.2.4) 

Simply varying the values of m and n alters the shape of both the plan and cross-sectional form as 

illustrated in Figure 4 - Plan and cross-sections for forms generated using different combination of n 

and m.  By altering the values that scale the form (the depth, width and length values) and control the 

shape (m and n) quite subtle variations in form can be achieved, although care must be taken to ensure 

there is no discontinuity at the zero datum. 

This was tested on two small tidal creeks that almost dry at low water and found to provide a good 

description of the form as illustrated in Figure 1. These results suggest that the formulation works well 

for creeks and other forms with a single inflection. The model has also been tested on larger estuaries, 

such as the Humber. Whilst a fit can be achieved, this requires considerable additional adjustment, 

presumably due to other influences, such as the river flow, waves on the intertidal and complex shoals 

and ebb-flood channels. 
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Figure 4 - Plan and cross-sections for forms generated using different combination of n and m 

 

4.3 Basis of the ‘CKFA’ model 
The CKFA model is so called because it derives the channel cross section from the river channel form 

suggested by Cao and Knight (1997) and an intertidal form based on the tidal flow only form 

suggested by Friedrichs and Aubrey (1996). Hence CKFA. The plan form used is exponential. 

 

The form model is constructed from the following components: 

(i) A plan form described by exponentially converging width and cross-sectional area; 

(ii) A low water channel that is parabolic in shape, based on the most probable distribution of 

transverse slope; and 

(iii) An intertidal flat profile that has uniform bottom shear stress across the profile as the tide varies. 
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The model is detailed in Townend (2010; 2012) and the components are explained in more detail 

below. 

4.3.1 Longitudinal Plan form 
The along estuary variation in cross-sectional area, A, at mean tide level (mtl) is assumed to be 

exponentially convergent (Savenije, 2012): 

( ) expm

A

x
A x A

L

 −
=   

 
        (4.3.1) 

Where Am is the area at the mouth of the estuary, x, is the distance along the estuary from the mouth 

and LA is the e-folding length8 for cross-sectional area, as distinct from the length of the estuary, Le.  

Similarly, the width and associated average depth at mean tide level, hs, can be expressed as: 

( ) exp and ( ) expm s sm

W h

x x
W x W h x h

L L

   − −
=  =    

   
   (4.3.2) 

Where Wm and hsm are the width and depth at the mouth, and LW = LA if hs is constant along the length 

of the estuary to the tidal limit.  Otherwise, since A = W.hs the e-folding lengths are related as follows: 

1 1 1

A W hL L L− − −= +       (4.3.3) 

4.3.2 Low water channel 
A close correspondence between the equilibrium form relationships for both estuaries and rivers 

suggests that “estuaries do not substantially differ from alluvial rivers in terms of morphology” 

(Savenije, 2012).  Given that the focus in this paper is on gross properties, without regard for detailed 

features such as flood and ebb channels, a simple description should suffice.  The form of the low 

water channel cross-section is therefore based on an approach originally derived for river channels 

Cao & Knight (1997).  This is illustrated in Figure 2(a), which also defines some of the key 

dimensions. 

Using entropy concepts Cao & Knight (1997) derive a parabolic equation for channel form: 

2

( ) 1
2

lw bk

bk lw

W n y
d y

n W

   
 = −  
   

     (4.3.4) 

Where d is the depth at a distance y from the centreline of a channel of width, Wlw.  The factor nbk 

(number of banks) has a value of 2 for a channel that is symmetric about the centreline and 1 if the 

width relates to a half channel.  The parameter  is the submerged static friction factor taken to be 

equal to tan where  is the angle of repose of the sediment.  The value of  largely determines the 

aspect ratio.  More generally, one might consider the exponent of 2 to be a variable, n.  This 

determines the shape of the channel, the larger the value the closer the form is to a rectangular 

channel. 

4.3.3 Tidal flat profile 
The equilibrium form of the intertidal profile has been examined using arguments based on energetics 

in relation to wave activity (Dean, 1991; Lee and Mehta, 1994) and tidal propagation, or the 

combination of the two (Friedrichs and Aubrey, 1996).  Alternative approaches include the use of 

detailed process models  (Roberts et al., 2000; Woolnough et al., 1995), or consideration of the basin 

 

8 The e-folding length is a measure of the rate of convergence, being the length over which the variable (in this 

case area) changes by a multiple equal to the exponential function, ‘e’ (or its inverse when negative). 
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hypsometry, which has been used to examine the overall form of creeks and estuaries (Boon III and 

Byrne, 1981; Townend, 2008; Wang et al., 2002). 

Here use is again made of entropy arguments and the uniform dissipation of energy to describe the 

intertidal profile, based on the maximum depth averaged velocity as a proxy for the maximum bottom 

shear stress.  Friedrichs & Aubrey (1996) use a kinematic approach to determine the magnitude of the 

tidal velocity over the tidal flat.  They show that a uniform distribution of tidal velocity is obtained 

over a linear slope below mean tide level but the profile needs to be non-linear above mean tide level 

and is suitably represented by a sine relationship.  Although this assumes that the tidal flow is one 

dimensional, it does not require the currents to be perpendicular to the contours.  Only that the currents 

flow at a constant angle to the bathymetry (Friedrichs & Aubrey, 1996).  Within an idealised estuary, 

the flow is along the axis of the estuary and, because the banks of the system converge, the flow 

travels across the tidal flat at some small angle to the shore, , Figure 2(b).  Using this simplified 

description to derive the intertidal dimensions in the direction of the flow, the component normal to 

the shore contours, or normal to the channel centreline, can then be readily obtained using the relevant 

trigonometric relationship. 

For a channel that converges exponentially the shore is, strictly speaking, lobate in character.  The 

intertidal profile can still be determined for this case as set out by Friedrich & Aubrey.  However, for 

simplicity we assume that the estuary is sufficiently long that the curvature is small and that the shore 

can be treated as locally straight.  This assumption is likely to be weakest near the mouth of estuaries 

with rapid convergence, or locally in systems with large meanders.   

The width of the lower intertidal (from low water to mean tide level) in the along channel direction is 

given by L*ll = uT/, where  is the tidal frequency and uT is the tidal velocity.  Resolving this normal 

to the channel centre-line and hence to the width on one bank of an estuary cross-section, one obtains 

L*pp = L*ll
 tan()  where   is the angle with the shoreline. The variation in width along the channel is 

defined by equation (7.2) and the angle of the shore to the centre-line is given by: 

( ( ) / 2)
( ) and 1 exp

2

m e
av

e W

W Ld W x
x

dx L L
 

  −−
= = −   

  
  (4.3.5) 

Where θav is the average value for an estuary of length, Le. 

With reference to the definitions in Figure 1, and writing L*pp=L* , a description of the intertidal form 

has been proposed by Friedrichs & Aubrey (1996, eq(11) and (15)) on the basis of uniform 

distribution of tidal velocity (in the flow direction): 

'
1 for ' *

*

'
sin 1 for ' *

*

y
z a y L

L

y
z a y L
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=  −  

 

 
=  −  

 

     (4.3.6) 

where y’ = y - Lc.  If we assume a symmetric channel it follows that W’ = W – Wlw and  

L* = (Wo – Wlw)/2, or more generally L* = (Wo – Wlw)/nbk, where nbk is the number of banks and W0 is 

the width at z=0.  A description of the estuary cross-section is then obtained by combining the 

intertidal and low water channel descriptions over three elevation intervals, as illustrated in Figure 2: 
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                (4.3.7) 

4.3.4 Idealised 3D form 
The 3D form is obtained by combining equations (4.3.2) and (4.3.7) and results in a funnel shaped 

channel with a narrowing intertidal along the length of the estuary.  In order to obtain the dimensions 

of this 3D form, for a given system, it is necessary to know the amplitude, frequency, and velocity of 

the tide, as well as the rates of cross-sectional area and width convergence and the overall length of the 

estuary or inlet.  These can be obtained from the hydraulic and sediment balance relationships.  In 

addition, the width of the system needs to be dimensioned and this is obtained by noting that the 

channel converges to meet the river and the dimensions of the river provide an independent constraint 

on the system. 

4.3.5 Dimensions of a tidal system 
Equilibrium is defined by the state in which there is a balance of erosion and deposition over a suitable 

averaging period.  The state is conditioned by the hydraulic forcing.  This sort of balance has been 

extensively explored as the basis for defining the equilibrium cross-section (as noted above), in box 

models such as ASMITA and in “transport concentration” models (Di Silvio, 1999).  What is novel in 

the model presented here is that the sediment balance equation is related to a 3D form that is itself a 

function of the hydraulics.  In summary, there are three inter-related equations: 

1. A hydraulic equation that gives the velocity in terms of the depth and the rate of estuary 

convergence (a key form parameter);  

2. A sediment balance equation that defines a relationship between velocity and depth for given 

sedimentological conditions; and 

3. A relationship between the prism as given by the hydraulics and the “equilibrium” 3D form, which 

links the rate of convergence with the depth. 

Substituting the third equation into the second leaves two equations in terms of velocity and depth, 

which can be solved iteratively for the given boundary conditions. 

 

Channel hydraulics 

The one-dimensional hydraulic equations to describe tidal propagation in a channel have been 

extensively explored (Evangelisti, 1955; Friedrichs and Aubrey, 1994; Hunt, 1964; Jay, 1991; Lamb, 

1932; Pillsbury, 1956; Prandle and Rahman, 1980).  Useful summaries are provided of the various 

conditions that can be applied and the different solutions that result in the texts by Dronkers (2016) 

and Savenje (2012).  To obtain the tidal velocity amplitude the solution of the governing equations for 

strongly convergent estuaries is adopted, where frictional damping is balanced by the convergence of 

tidal energy as it propagates landwards.  An inherent property of such channels is that there is a 

progression in tidal phase along the channel, accompanied by a relative phase difference between 

elevation and velocity of up to 90o.  For the case of constant depth, h, the first-order solutions for 

elevation and velocity are given by: 
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( )

cos( )
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a t kx

u U t kx

 



=  −

= −  −
     (4.3.8) 

Where  is the tidal elevation, a is the amplitude of tidal elevation, ω is the tidal frequency, k is the 

tidal wave number, x is the distance along estuary from the mouth, u is the tidal velocity and U is the 

amplitude of the tidal velocity, which is given by (Friedrichs and Aubrey, 1994): 

A

s

a L
U

h

 
=       (4.3.9) 

In this schematisation hs is the average depth at mean tide level including the influence of the tidal 

flats, taken as a tidal average and LA is the e-folding length for the convergence of cross-sectional 

area9. 

 

Sediment balance 

A number of researchers have used the concept of critical shear stress to define the limiting size of the 

channel.  For example, Hughes makes use of an “equilibrium scour depth” for which the maximum 

discharge at equilibrium is related to the critical shear stress (Hughes, 2002).  Similarly, Friedrichs 

defines a “stability” shear stress that is just necessary to maintain a zero gradient in net along-channel 

sediment transport (Friedrichs, 1995).  Taking a different approach, Di Silvio argues that there is a 

characteristic depth for channels and shoals that reflects the combined influence of tidal flow and 

wave activity based on a “transport concentration” (Dal Monte and Di Silvio, 2004; Di Silvio, 1999). 

To reconcile these two approaches, it is noted that equilibrium exists when, over the long-term, there 

is no net change as a result of the combined influence of erosion and deposition.  The rate of erosion 

can be expressed as a function of an erosion constant, me, critical bed shear stress, cr, and the bed 

shear stress due to the flow, 0 and an exponent, ne (assumed here to be one); and the rate of 

deposition as a function of average concentration, cn, and a representative sediment fall velocity, ws, 

(Partheniades, 1965; Whitehouse et al., 2000), viz: 

( )0 0
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e cr cr
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dm
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w c
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   = − 

= − 

    (4.3.10) 

Making use of  =  cd u
2, the first equation of (4.3.10) can be used to obtain the average erosion rate, 

by integrating u, as given by equation (4.3.8),over the interval when the flow exceeds the critical 

threshold value, ie.: 
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2 1 1
where sin and
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−
 

= = = −   
  (4.3.11) 

The second equation of (4.3.10) is taken to be an average rate following the arguments of Winterwerp 

(2007) for continuous deposition, without the need to impose a threshold for deposition, with ws 

determined from a suitable relationship with grain size and sediment concentration (e.g. Whitehouse et 

al. 2000, eqn. 5.7). Equating the average rates of erosion and deposition leads to an implicit equation 

for the hydraulic depth as a function of tidal velocity amplitude, width e-folding length and the 

predefined parameters (cn, ws, cr, etc).  The magnitude of the drag coefficient, cd, is defined by the 

 

9 Whereas, h is the average depth within the channel 
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maximum of the respective values for smooth or rough turbulent flow conditions (Soulsby and Clarke, 

2005): 

( )

2

4 0.080.4
or 1.615 10 exp 6 Re where Re

ln 1
dr ds

o

U hc c
h z 

− −
 

 = =    =   − 

   (4.3.12) 

Here z0 is the bed roughness length and  is the kinematic viscosity of water.  Equating the average 

rates of erosion and deposition leads to an implicit equation for the hydraulic depth, h, as a function of 

tidal velocity amplitude, U, and the predefined parameters (cn, ws, cr, etc).   For UK estuaries, rough 

turbulent conditions are more likely to dominate in depositional systems, whereas smooth turbulent 

conditions generally occur in systems that have only partially infilled. 

 

Hydraulic and plan form tidal prism 

The third equation is obtained by considering the discharge through a section, Q = u.A and integrating 

over half a tidal cycle to derive an estimate of the tidal prism.  However, the lag between elevation and 

velocity in this type of system means that a better estimate of the tidal prism is obtained by 

considering the envelope between the surfaces at high water slack and low water slack (Savenije, 

2012; van Veen et al., 2005). Making use of equation (7.9) the tidal prism is given by: 

( )(0, ) 4 sin( )
2

HWS
m

h A
LWS

UA
P Q t dt  


= = −      (4.3.13) 

Where h = a/h and A = k.LA and HWS, LWS refer to high and low water springs.  If we now consider 

the form of the estuary, the tidal prism can be estimated from the width at the mouth and the width e-

folding length. Including corrections for the estuary length, Le and tidal range between slacks 

(Savenije, 2012), the tidal prism is given by: 
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  −
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    (4.3.14) 

This assumes that the shape of the intertidal has little influence and that the mean tide level surface 

area times the tidal range provides an acceptable estimate of the tidal prism.  This is substantiated by 

the data for 66 UK estuaries, which suggests the relationship between the prism, P, surface area at 

mean tide level, Smtl, and tidal range, 2a, takes the form: 0.93 2 mtlP a S=     (R2 = 0.996).  The scale 

factor of 0.93 being consistent with typical values of cos() for convergent systems.  In addition, it is 

noted that the phase lag between elevation and velocity is given by /2-A, so that the phase, , 

between HW and HWS is equal to A.  Equating the two estimates for the tidal prism, equations 

(4.3.13) and (4.3.14), with H = h /4, and L = (1-exp(-Le /LW)) one can obtain the implicit 

relationship: 
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   (4.3.15) 

For estuaries that are long relative to the e-folding length, Le > LW , L  ~ 1 and equation (4.3.15) 

simplifies to the explicit expression: 
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If the width of the intertidal is not significantly larger than the channel, h ~ hs and the wave number, k, 

in equations (4.3.15) and (4.3.16) can be approximated by 
sk gh= .  By assuming that the depth, 

hs, is constant, and that LA = LW, the e-folding length, LW, can be used with the sediment balance 

equation and the amplitude of the tidal velocity, equations (4.3.9), (4.3.10), and (4.3.16), to obtain U, 

hs and LW. 

To complete the dimensioning of the system it is necessary to know what the estuary is converging to.  

In this case the river channel at the tidal limit is used to define the width and cross-sectional area that 

the converging channel has to match at this point.  This is achieved by using the river discharge, Qr,  

and energy slope, sr, at the tidal limit in a suitable river regime equation (eg. Cao and Knight, 1996) to 

determine the width and hydraulic depth of the river channel, Wr, and hr.  For simplicity the river 

discharge is assumed given (or based on the surrounding catchment in some way) and the energy slope 

is taken as the known valley slope at the tidal limit or the ratio of the tidal range and the distance from 

the mouth to the tidal limit, Le, if this is not known. 

Once the width e-folding length and river width are known, equation (4.3.2) can be used to estimate 

the mouth width, Wm.  The mouth cross-sectional area is then simply the depth, hs x Wm.  Whilst 

equation (4.3.16) provides a good estimate of e-folding length for width, data from a number of UK 

estuaries suggests that this is overestimating the e-folding length for area; with the implication that the 

depth is not in fact constant along the length of the channel – see equation (4.3.3).  However, knowing 

the area at mouth and tidal limit, allows a revised estimate to be found by inverting equation (4.3.1) to 

obtain LA.  From a limited comparison, this approach would appear to provide a reasonable 

representation of the along estuary area, width and depth variation. 

 

4.3.6 Gross properties 
The resulting 3D form model allows several integral properties to be derived as measures of the 

overall size of the estuary.  For instance, simply integrating equations (4.3.1) and (4.3.2) provides the 

volume and surface area at mean tide level: 

  0 01 exp and 1 expe e
mtl A mtl W

A W

L L
V A L S W L

L L

     − −
=   − =   −     

      
      (4.3.17) 

Using equation (4.3.7), estimates can also be obtained for the volume and area of the low water 

channel and intertidal flats.  The slope of the lower intertidal, meq - see Figure 3, is defined as: 

* *
and we define the variable

pp pp e

eq eqS

L L L
m m

a a


= =          (4.3.18) 

Where, if θav is used from equation (4.3.5), these are average values for the estuary as a whole.  The 

relationships in equation (4.3.7) then provide a means of calculating the widths, or equivalently the 

surface areas, for the channel and intertidal.  By integrating equation (4.3.7) over the intervals to 

which they apply, cross-sectional areas are obtained.  This leads to the following simple expressions 

for surface areas, S, and volumes, V, of the channel and intertidal flats: 

                                                                                               

  (4.3.19) 
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4.3.7 Influence of waves 
The wave field itself is based on a wind speed, Uw, blowing over a fetch F, using some form of 

parametric model.  In this case the TMA spectrum (Bouws et al., 1985; Hughes, 1984) has been used 

because this includes the influence of depth limitation on the wave spectrum.  The largest fetch was 

assumed to occur at ~45o to the shore, which was estimated as a function of the width at any point as 

√2 x width.  Estimates of the significant wave height, Hs, and the mean zero crossing period, Tz, were 

obtained from the spectral moments, with the peak wave period, Tp, obtained using the empirical 

relationship proposed for wind-waves by Donelan et al. (1985).  

A similar argument to that used for tidal flows can be used to determine the critical depth for given 

wave conditions.  This is again based on a hydraulic equation and a sediment balance equation.  

Representing the wave using linear wave theory, the balance of erosion and deposition can be obtained 

by integrating over a wave cycle, using the maximum wave orbital velocity given by:  

1

2
W

e

g
u H

d
=       (4.3.20) 

Where H is the root mean square wave height (~Hs/√2), this being a more appropriate value for 

estimating the bed shear stress due to wave action (Whitehouse et al., 2000).  Making use of 

 =  cd uw
2 (where cd equates to the wave friction factor, fw/2) with the above expression for the wave 

orbital velocity, an iterative solution can be used to obtain an estimate of depth at which waves will 

begin to influence the profile for a given tidal stage, de.  The magnitude of the drag coefficient, cd, is 

defined by the maximum of the respective wave friction factors for smooth or rough turbulent flow 

conditions (Soulsby and Clarke, 2005), which making use of equation (21) can be expressed as: 
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   (4.3.21) 

The form of the wave generated profile is obtained by considering the conservation of energy across 

the profile (Dean, 1991; Friedrichs and Aubrey, 1996) to obtain a profile that has a uniform 

distribution of wave orbital velocity and is defined  by:  
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d d
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= − 

 
     (4.3.22) 

Given the depth for the initiation of wave influence on the channel profile, the length of the profile, L, 

is given by (Friedrichs and Aubrey, 1996): 

23
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e

d

d
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c H


=       (4.3.23) 

For the model presented here it is assumed that whilst waves will influence the profile at all stages of 

the tidal cycle, the predominant influence on the form will occur during the high and low water stands, 

when the extended time at a fixed elevation increases the probability that waves will be able to leave a 

signature that tends towards the equilibrium profile.  At high and low water estimates are made of the 

fetch based on the width of the estuary, and with the average depth of the estuary and the prevailing 

wind speed, the wave height and period are obtained using the TMA spectrum.  Modifying the 

concentration (specified at mean tide level) to take account of water depth changes, equation (4.3.9) is 

used with equations (4.3.20) and (4.3.21) to provide the wave profile depths at high and low water, 

from which the width of the two profiles follows from equation (4.3.23) and the elevations across the 

profile can be determined using equation (4.3.22).  As these two profiles can now be defined relative 

to known water levels (high and low water) and points on the flow-only-profile where the depth equals 
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the equilibrium depth for the wave profiles, the overall cross-section can be modified to include the 

wave profiles. 

  

4.4 Adding variations in along-channel water level surface 
When creating a channel form from one of the 3 options available the user is prompted to select a 

method to define the along-channel water level surfaces. These options use: 

(i) the CSTmodel to define a kinematic water surface that takes account of tidal propagation 

and river flow;  

(ii) constant HW and a linear increasing LW (i.e. rising to meet HW at the tidal limit); and  

(iii) constant HW and LW. 

The initial values of mean sea level and tidal amplitude defined in Setup>System 

Parameters>Hydraulic Parameters > Tidal Forcing are updated based on any changes in sea level or 

tidal amplitude (see Section 5.2.2).  

The first option is provided to capture the influence of tidal propagation in relatively long estuaries. In 

many instances the resulting water level surfaces are not horizontal. In addition, the river discharge 

can alter the mean tide elevation and the levels of high and low water about the mean tide level. These 

variations are neatly captured by the model of Cai et al (2016). This has the merit that it includes tidal 

amplitude and river discharge as forcing conditions but only requires some basic information about the 

dimension of the system: width and area at the mouth and at the head, rates of convergence, extent of 

the storage area and the bed friction.  

It should be noted that the addition of the water surfaces, to set the levels for the channel form 

surroundings (i.e. the flood plain) and redefine the level of key change points in cross-sections along 

the channel (i.e. HWL, MTL and LWL), is a simple geometric superposition of water level surfaces. 

There is no inference that the resultant sections are dynamically linked to the hydrodynamics, although 

the assumptions underpinning the idealised channel forms being used means that they should reflect 

the prevailing hydrodynamics.  

 

4.5 Valley Model 
This model generates an independent valley form, typically to represent the antecedent morphology 

prior to the advancement of a tidal channel into the fluvial valley due to marine transgression in 

response to sea level rise. The along valley and cross-valley profiles are presumed to vary 

exponentially (to be consistent with the uniform energy and minimum work arguments proposed by 

Leopold and Langbein (1962)). The longitudinal profile is defined by an exponential with the rate of 

convergence determined by the water level (high water) at the tidal limit, zr, the level at the head of the 

valley, zH,  and the level of the base of the Holocene at the mouth, z0,. This two-dimensional form (x-z) 

is made three-dimensional by defining a lateral profile (y-z). The same reasoning is applied to the 

lateral dimension - that elevations adjust (subject to any imposed constraints) to do minimum work - 

and an exponential form is adopted. The valley model therefore uses a longitudinal profile given by 

transforming elevations to Δzr=zr-z0 and ΔzH=zH-z0: 

  0 0 0( ) exp 1 +z  where  
exp( ) 1 exp( ) 1

H r
v m m

v H v r v

z zx
z x z z

L x L x L

    
= − = =    − −  

 (4.5.1) 

The total length from the estuary mouth to the tidal limit is Le. The bed elevation at the tidal limit is zTL 

and at the mouth is zm0. The lateral bed profile for one side of the valley is then given by: 
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  (4.5.2) 

where the half-width of the valley at the mouth is BmV, at the level of high water. Equation (4.5.2) 

generates a 3-D form that converges along the length of the river (see Figure 5), which is a 

simplification in the absence of more detailed knowledge of estuary valley forms. 

 

4.6 Combined channel and valley form 
By taking the maximum elevation at each grid point, the channel and valley forms can be combined to 

give the composite morphology as illustrated in Figure 5 (Utilities> Add Form to Valley: see Section 

3.5). Typically this results in grid points above high water being taken from the Valley model, whereas 

everything at or below high water is based on the Channel form model. 

Figure 5 - illustration of the combination of an estuary form (a) and a valley form (b) to give an estuary and surrounding 

flood plain embedded in a valley (c).

 

4.7 Shoreline form 
A shoreline strip can be added to Channel, Valley or Combined form models (Utilities>Add Shoreline: 

see Section 3.5). There are two options:  

(i) Utilities>Add Shoreline>Model Shore: generates a beach profile using Dean’s equilibrium model 

on the open coast and the defined offshore bed slope across the mouth of the channel. The resulting 

gird is extended seawards by the distance to the closure depth specified in Setup>Form 

Parameters>Shore Parameters.  

The idealised beach profile is based on a linear slope (upper beach slope) between the beach crest 

level and mean tide level (SWL=0mOD) and an equilibrium profile out to deep water. This uses the 

Dean equation (Dean, 1977): 

ℎ = 𝐴𝑦2/3 

In the Dean formulation, A is a function of sediment fall velocity. Here it is derived from the depth  

and distance of the closure depth specified (see deanbeachprofile.m for details). The resulting 

combined channel+valley+shore model is shown in Figure 6. 

(ii) Utilities>Add Shoreline>Extrapolate Shore: allows the user to define a shore width, offshore 

depth and an exponent. This fits a power law between the levels along the seaward boundary of the 

source grid and the specified offshore depth. An exponent of 1, gives linear extrapolation between the 

grid shore values and the defined offshore value, a value greater than one gives a shore that is concave 

down and a value less than one gives a shore that is convex up. 
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Figure 6 – Illustration of a form comprising channel, valley and shoreface components. 

 

4.8 Meanders 
The idealised channel form generated by the model uses a straight convergent channel. A meander can 

be imposed on this form by defining the required centreline (Utilities>Add Meander: see Section 3.5). 

This is loaded as an ascii text file with a one-line header that defines the data format, usually ‘%f %f’, 

followed by two columns of data that define the x- and y-co-ordinates of the thalweg or centreline of 

the channel. The x-y co-ordinates have a zero at the central point of the mouth (thalweg) with x in the 

mean direction of the channel and y defined as +/- distances either side of the mean transect. Once 

added the centreline is saved along with the grid and can be used in the transgression model.  

It is sometimes necessary to introduce an offset at the mouth to avoid slithers being created when the 

grid is transformed to curvilinear and interpolated back to cartesian co-ordinates. When adding a 

meander to a channel form the user is prompted to define an offset. This should be a distance equal to 

a number of grid cells (typically 5-8 seems to suffice for the cases tested so far). When a meander is 

being added to a channel with a shoreline, any offset is added from the mouth and consequently an 

offset may not be required unless the initial curvature is particularly severe.  

The transgression model only includes a meander if the source channel has a meander and the option 

in Setup>System Parameters>Transgression Parameters has been set to 1 or 0. A value of NaN 

excludes the meander when the channel is updated. A value of 1 migrates the meander coordinates 

landward at the rate of the open coast (i.e. the open coast erosion rate, whereas a value of 0 keeps the 

meander coordinates fixed in their initial position within the model domain.   

Figure 7 – Illustration of a form comprising channel with meander, valley and shoreface components.
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5 Background to Transgression Model 
The concept examined with the Transgression Model is that, for a defined amount of sea level rise, the 

system can adjust by moving landward and requires zero sediment exchange to do so (i.e. no sediment 

import or export). This is achieved by the form moving upwards and landwards to maintain its form 

relative to the mean tide level. The computation considers a Lagrangian estuary form and seeks the 

distance that the form needs to move for there to be no net volume change (R in Figure 8). This is 

measured over the area of the translated form, which means there is a volume to seaward that is not 

considered (see Figure 8). What happens to this volume will be a function of how the open coast 

adjacent to the estuary responds to sea level rise.  

Figure 8 – Illustration of marine transgression 

 

With a surrounding flood plain at, or around, high water level, raising the system (estuary channel and 

water level) implies that the system rises above the surrounding land. Were this to happen, the 

likelihood of flooding on extreme events increases and sediment laden water would be transported 

onto the flood plain giving rise to accretion and the progressive increase in the elevation of the flood 

plain. One can therefore consider two limiting cases:  

(i) where a mass balance only needs to be achieved within the channel (i.e. below high water); 

(ii) where the adjustment takes account of the additional sediment demand of the flood plain.   

The transgression distance and pattern of change using option (i) are consistent with those reported by 

Townend & Pethick (2002). 

 

5.1 Model Formulation 
The main components of the model are: 

(i) an idealised form model to define a channel morphology,  

(ii) a model, or imported, DTM to define the antecedent valley (i.e. the morphology prior to the 

Holocene transgression). 

(iii) the variation of water levels at the mouth of the estuary.  

(iv) a hydraulic model to compute the high and low water surfaces along the length of the channel. In 

the current version of the model a constant river discharge is assumed. 

(v) a function to find the transgression distance as a function of sediment import/export. 

(vi) a simple representation of open coast shoreline retreat based on the Bruun relationship. 

R 
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The computation procedure is illustrated in Figure 9. Once a combined form is created from the 

estuary form model, with a high water surface defined using the hydraulic model and the form of the 

valley superimposed, an estimate of the landward transgression for zero sediment import/export can be 

made, based on a defined change in sea level (the static case).  By introducing a rate of sediment 

import/export from the surrounding environment an iterative loop is introduced (Figure 9). At each 

time step (order of one decade in this model), the mean water level is raised by the sea level rise over 

the time increment. Simply raising the existing form vertically by an amount equal to the sea level rise 

increment and computing the volume between the two surfaces, over the area of the estuary and flood 

plain, defines the volume of sediment required for the form to remain in situ. Progressively moving the 

raised form landward reduces the volume required, as internal erosion provides some of the sediment 

required to raise the form to the new level, Figure 10. The greater the landward movement of the form 

the greater the erosion such that after a certain distance the system would need to export sediment to 

maintain the form. The volume change is computed for a range of landward transgression distances 

using the combined form and any imposed  constraints (e.g. include/exclude the flood plain). The 

sediment flux (import/export from sea and river) is then used to interpolate the landward transgression 

distance, δX, for zero net volume change. The transgression distance is used to update the widths, 

cross-sectional area and depth at the mouth. This allows the hydraulics to be updated and a new 

channel form to be defined with an updated length to the tidal limit that takes account of changes in 

tidal propagation and any change in the intersection with the river valley. Summing the incremental 

change, δX, over time gives the total transgression distance. 

 

Figure 9– Model flowchart: yellow components define inputs, blue components denote computations and the green 

component is the output for each iteration. Element transgression refers to the distance moved by the initial form with zero 

external exchange and Net transgression adjusts the distance moved to account for the net sediment flux in or out of the 

estuary. 

 

If the coast is also subject to marine transgression (i.e. eroding) then the situation is slightly more 

complicated, as summarised in Figure 11. As well as the estuary transgression distance, estdX, there is 

a coast or shoreline transgression distance, cstdX. The seaward extension of the estuary form (or 

contraction if the difference is negative) is then given by difference between these two values (i.e. 

edX = estdX-cstdX). The estuary length is altered by the amount of coastal transgression, cstdX and 

any change in tidal propagation and hence change in the distance to the tidal limit. The width and csa 

at the mouth will also change depending on the amount of seaward extension, or landward contraction, 

of the original form at the mouth, edX. 
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Figure 10 – Example of net change due to marine transgression with zero net volume change. In the example shown, a sea 

level rise of 0.2m results in a transgression distance for zero volume change of 1610m. The dashed line in (a) indicates the 

high-water level after sea level rise. The difference plot highlights how the more horizontal surfaces accrete and the more 

vertical surfaces (e.g. sides of the channel) erode. 

 

 

Figure 11 – Definition sketch of transgression distances and estuary length to the tidal limit when both estuary and shoreline 

are subject to transgression. If there is no coastal erosion, the mouth does not move landwards and the plan form extends to 

x=0 (not shown for clarity).
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5.2 Water Levels 
5.2.1 Tidal Amplitude 
The water level variation at the mouth is defined using the Setup>System Parameters>Hydraulic 

Parameters > Tidal Forcing UI. A symmetric tide is assumed given by the mean tide level at the 

mouth and the tidal amplitude. The tidal range can be varied by specifying one or more cycles. The 

number of entries for amplitude, period and phase must agree with the number of cycles specified.  

The phase defines a shift in the cycle to align with the Julian calendar. This is only of relevance if the 

model is being used to hindcast change and compare volume changes with observed changes (e.g. 

Townend et al., 2007). These cycles can be used to represent decadal variations such as the nodal tidal 

cycle and longer-term variations.  

 

5.2.2 Sea Level Rise 
The rate of sea level rise is defined in Setup>System Parameters>Hydraulic Parameters > Tidal 

Forcing and can take several forms. The amount of sea level rise at time, t, is computed in 

sealevelrise.m. The settings possible use different functions in sealeverise and include: 

(i) a linear rate of sea level rise  - slr input as a single positive value in m/yr. 

(ii) an exponential rate of sea level rise. The exponential rate increase (m/yr) is input as a negative 

value. The start of the exponential increase is set to 1900 and the rate prior to 1900 is taken as 

0.001 m/yr. 

(iii) an exponential rate of sea level rise, specified as a vector with values for the exponential rate 

increase (m/yr), start year of exponential increase and linear rate to be used prior to start year. 

e.g. input [0.011,1900,0.001] gives the same as option (ii). 

(iv) extends option (iii) to include the Holocene. Specified as a vector with 6 values. The first 3 are 

as defined for option (iii). The remaining values are the scale, shape and offset for an 

exponential that approximately captures the Holocene back to about 8000 BP or 6000 BC. For 

example values of 1.32, 2400, 0.6 provides a good approximation against data for the Humber 

estuary. The input would be:  [0.011, 1900, 0.001, 1.32, 2400, 0.6]. 

(v) a user defined function by specifying the rate of sea level rise as NaN. The desired function 

should then be called from or added to case 3 in sealevelrise.m. 

For example, by defining a rate ≤ -0.01 m/year, returns a linear rise of 1mm/year prior to 1900 and an 

exponential rate of increase thereafter that approximates IPCC projections used in the UK (circa 

2010). [Note: for this to be used in the model run, the Start Year (set in Setup>Run Parameters>Time 

Step) must be prior to 1900.] However, this function can be replaced by any function that returns the 

amount of sea level rise at model run time from t=0. 

 

5.2.3 Hydrodynamics 
To define the water surfaces the model uses the solution proposed by Cai, Savenije and Toffolon (Cai, 

2014). This model accounts for the influence of river discharge on tidal wave propagation and hence 

damping to give the along channel variation of water levels (high, mean, low). The analytical solutions 

were obtained by solving a set of four implicit equations, i.e. phase lag equation, scaling equation, 

celerity equation, and damping equation, derived from the conventional 1-dimensional conservation of 

mass and momentum equations (Savenije, 2012). In addition to the tide and river flow conditions, the 

variations in width and cross-sectional area along the channel must also be defined. Hence, the model 

is well matched to the idealised forms being examined here. The resultant residual water level is 

accounted for using an iterative procedure to account for non-linear friction. The model reproduces the 

main tidal dynamics (i.e. tidal amplitude, velocity amplitude, wave celerity, and phase lag between 
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elevation and velocity) along the estuary axis. This is referred to here as the CST model. For a full 

description of the model, readers should refer to Cai et al. (2014; 2016) and related papers. 

 

5.3 Sediment Flux 
The transgression model seeks a landward distance that gives a sediment mass balance. However, this 

will also be modified by the supply or demands imposed on the estuary system by the surrounding 

environment. Whilst some systems are known to export sediment (e.g. Gao, 2007), others have been 

shown to import sediments (e.g. Rees, 2006). There is therefore a need to adjust the geometric mass 

balance by the volume imported or exported over a given time interval. This changes the simple 

transgression model from a time-independent geometric shift, to a time dependent evolution of the 

volume (assuming that the estuary form is maintained relative to the mean tide level). To provide an 

estimate of the sediment import/export an aggregated sediment balance model – ASMITA (Stive and 

Wang, 2003) was used. For this application, a single element representation was adopted for the 

combined channel and intertidal volume. An estimate of the rate of import/export of sediment was 

obtained from the rate of change of the element volume and this requires the characteristic rates of 

sediment exchange and the background (equilibrium) sediment concentration to be defined (see 

Townend et al., 2016 for details). The equation for a single element is as follows: 
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where V is the volume of the inlet, t is time, w is the vertical exchange coefficient, δ is the horizontal 

exchange coefficient, cE is the equilibrium concentration for the system as a whole, S is the surface 

area of the channel, cb is the concentration of the bed, n is the concentration transport exponent, Ve is 

the equilibrium volume of the channel and P is the tidal prism.  and  are constants that characterise 

the equilibrium condition (typically based on a relationship such as that proposed by O’Brien and 

Jarret, see Townend (2005). In addition,  is the morphological time scale given by: 
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This can be computed for the current model settings using Utilities>Morphological Timescale. 

The input parameters are updated each time step, using the evolving channel form, except for the 

equilibrium parameters. These are based on the initial channel volume and prism (=V/P, =1) unless 

specific values are defined (Setup>System Parameters>Sediment Parameters). 

 

5.4 Shoreline Change 
The inclusion of change to the open coast shoreline is simply to provide a context and an indication of 

relative change. For this reason a simple approach is adopted based on the well known Bruun 

relationship. This is essentially a cross-shore mass balance where erosion at the top of the beach 

profile is balanced by deposition offshore, so that the profile maintains its form relative to the sea level 

(Bruun, 1962). In the transgression model the increment of retreat is obtained from; 

wheres slr L h  =  =      (5.4.1) 

where h is a characteristic closure depth for the adjacent beaches, L is the distance offshore to the 

closure depth and slr is the change in sea level over a given time interval. 
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5.5 Constraints 
Various constraints can be imposed on the model. These include modifications to the model generated 

channel form as specified in Setup>System Parameters>Morphological Modifications and the various 

constraints that can be set in Setup>System Parameters>Transgression Parameters. 

The Morphological Modifications option is used to introduce fixed cuboid forms into the model (e.g. 

to represent a reclamation or a dredged pocket). These modifications that are spatially fixed and are 

only included in the Transgression Model if they have been added to the Channel Form that is used to 

define the initial channel using the Utilities>Add Modifications option. 

In addition, a number of options can be switched on/off using the settings defined in Setup>System 

Parameters>Transgression Parameters. The options include: 

1. Including the flood plain in the mass balance. When set to true (1), only the channel is used to 

compute the transgression distance and no sediment is added to the flood plain. However the 

channel margins can erode and it is assumed that the area immediately adjacent to the channel 

does accrete (applied over a distance of 4 y-axis grid cells). 

2. A high water constraint is equivalent to adding an embankment or sea defence. The flood plain is 

excluded from the model and the channel margins cannot eroded. In the modelled grid an 

embankment is added, standing 2 m above the initial high water mark. 

3. Geological constraints are defined over lengths of channel by a start and end distance from the 

initial mouth. These are only included when the Geological Constraints option is set to true (1). 

Like the Morphological Modifications, these are spatially fixed. However, the channel form can 

accrete over constrained reaches but it cannot erode. 

 

5.6 Model Configuration 
Defining a set of parameters that work together for all the different elements of the model can be 

challenging. Several utilities are provided which are designed to aid the process. The tool is designed 

for large scale systems that are typically 10s of kilometres in length. The following summarises a 

typical workflow to set up a model. 

 

5.6.1 System dimensions and properties 
The channel dimensions can be developed using charts and maps, or a suitable DTM and GIS tools10. 

Alternatively, a bathymetry can be loaded into ChannelForm and Setup>Add Properties used to get 

the gross properties of the channel. The results can be viewed on the Form-Props tab. 

This may require various manipulations to get sensible results, including: 

• Subsampling the model domain to focus on the area of the channel 

• Careful definition of the mouth location (this can be adjusted using Setup>Edit Inlet 

Definition.) 

• Straightening of the channel using a conformal mapping (using Setup>Grid Tools>To 

Curvilinear, see Section 3.4.5). 

For the valley, a suitable DTM can be used. Again, this may need to be conformably mapped, to be 

approximately straight, if it is to be used in the transgression with an idealised channel form model. 

Maps and geological records (e.g., sections of the Pleistocene valley base) can also be used to 

dimension an idealised valley (see Section 3.4.1). The Utilities for River Dimensions, Valley Thalweg 

and Area of Flood Plain can be used to help develop a suitable idealised valley form (see Section 3.5). 

 

10 DTM – digital terrain model; GIS – Geographical Information System 
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5.6.2 Hydraulic parameters 
If using the CSTmodel to compute along-channel elevations, it is often helpful to carry out some runs 

in the CSTmodel App. This allows the parameter settings for the model to be checked, over the range 

of parameters anticipated, to ensure that the model converges to a solution. Estuary length, rates of 

convergence (width and csa), Manning friction coefficient and the Distance Increment Run Parameter 

can all influence the model behaviour for given channel dimensions. 

 

5.6.3 Minimum data requirements for models 
For the exponential and power form models the minimum data input required includes: 

• The form properties: Setup>Form Parameters>Exp Form Parameters, Or Setup>Form 

Parameters>Power Form Parameters. 

• Water levels at boundary (tidal amplitude and mean sea level): Setup>System 

Parameters>Hydraulic Parameters > Tidal Forcing. 

• The sediment parameters to define the marsh (if included) and the river regime: Setup>System 

Parameters>Sediment Parameters. [If neither are required, use Setup to create a null entry – 

accept default values and set others to zero]. 

• The model grid: Setup>Run Parameters>Grid Parameters 

And, to add a water surface variation along the channel requires: Setup>System 

Parameters>Hydraulic Parameters > Hydraulic Model. 

 

5.6.4 Kinematic and Quasi-dynamics models 
A kinematic version of the model can be run by setting a value of NaN for the sediment flux (as 

defined in Setup>System Parameters>Transgression Parameters: (see Section 3.4.2) or when the 

transgression model is run (see Section 3.6). This uses a single time step based on the step duration x 

number of time steps (see Section 3.4.3 for Run Parameters settings). 

The alternative is the quasi-dynamic mode, which updates the morphology at each time-step in the 

simulation. Depending on the input definition this updates all morphological components included and 

the water surfaces for updated channel morphology (running the CSTmodel if this was used in the 

input channel model). In addition, the transgression distance is modified by any sediment exchange 

with the external environment. This can be a constant flux or computed based on the channel form at 

each time-step (see Section 5.1 for further explanation). 

 

5.7 Model Convergence 
The model can be sensitive to the time step and grid resolution. If either are too small this can result in 

relatively long run times. Conversely if the time step is too long or the grid too coarse, the model can 

be unstable, or the results erratic. In experiments for the models reported in Townend et al (2020), the 

grid resolution had only a small impact, whereas the time step was found to affect the results, 

especially if the sea level rise used was non-linear. 

When the hydraulic model is used to define the along-channel water level surfaces the interval used to 

define along-channel resolution influences the convergence of the CSTmodel (DistInt is set in 

Setup>System Parameters>Hydraulic Parameters > Hydraulic Model). Reducing the value increases 

computation time and can make the model convergence over sensitive. Some trials may be needed 

depending on the size of the system being modelled in ChannelForm and the grid resolution being 

used. The default value of 5000 was found to work well for systems of the order of 100+ km in length. 
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When creating channel and valley form models, the input parameters are saved as part of the Case 

meta-data. These data are then used when running the transgression model (rather than the current 

input parameter settings). For most form model parameters, the channel and/or valley need to be re-

run if the input parameters are changed before they can be used in the transgression model. However, 

some parameters can be reset during the initialisation of the model (see Section 3.6, 

Run>Transgression model.), including the definition of sea level rise (SLRrate), any cycles in the tidal 

range (CycleAmp), and the coefficients used in the sediment flux calculations (EqDensity, 

RiverDensity, TransportCoeff, EqScaleCoeff and EqShapeCoeff), or the option to define a constant 

sediment flux.  
A number of input parameters are used interactively when the transgression model is run. This does 

not change the Input Parameteres settings, as displayed on the tabs. However, the values included in 

the model Case metadata are the values at the end of the run and can be viewed by using 

Project>Cases>View settings. These values can be compared with the initial conditions by viewing 

the settings of the input Channel Case that was used. The values that can change include: xTidalLimit, 

zMouthInvert, HWmouthWidth, LWmouthWidth, HWwidthElength, LWmouthElength and the 

parameter values that the user can change when the transgression model is run, as noted above. 

 

5.8 Study Workflow 
In addition to the idealised simulations presented in Townend et al (Townend et al., 2020), 

ChannelForm can also be used to examine specific locations. The following workflow was developed 

to examine the Oka estuary in Northern Spain (Cearreta and Monge-Ganuzas, 2013; Garnier et al., 

2022). The data available included a detailed channel bathymetry, digital terrain model of the 

surrounding valley, water levels, and conceptual model of the Holocene evolution of the estuary based 

on detailed interpretation of several cores. The latter included an along-valley section of the 

Pleistocene valley floor. 

 

5.8.1 Quick view 
To examine how well the channel and valley forms fit together, they can be quickly loaded and 

combined. This allows additional modifications or adjustments for subsequent construction of models 

to be identified. For example, the vertical range of the channel will be typically of O[10m] whereas the 

surround valley can extend over 100s of metres. This can obscure the visibility of the channel when 

plotted and so an upper surface may need to be added to limit the vertical range (Setup>Grid 

Tools>Add Surface). There may also be a need to re-grid or sub-sample the grid domain.  

(i) Load the DTM for the valley into ChannelForm 

(ii) Load the DTM for the channel into ChannelForm 

(iii) In steps (i) and (ii) the grids can be re-oriented, if need be, so that they are aligned. 

(iv) Combine the two grids using Setup>Grid Tools>Combine Grids, using the Min option when 

prompted 

 

5.8.2 Valley model 
(i) Load the valley DTM into ChannelForm. The valley needs to be aligned (approximately) to 

the x-axis, which may require the grid to flipped and/or rotated as it is being loaded (graphical 

interface supports this). The distance from the gird origin to the mouth of the estuary also 

needs to be defined.  

(ii) If the valley is not straight, it may be necessary to apply a conformal mapping. This can be 

done by first digitising a line to define the valley centreline using Setup>Grid Tools>Digitise 

Line. (No need to include elevations) and then applying a mapping using Setup>Grid 
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Tools>To Curvilinear. Set the Maximum number of iterations (default of 500 is fine in this 

case) and the Tolerance (the default is based on the average x interval of the centreline 

coordinates divided by 1000 and is ~5m in this case. A value of 5-10m usually works well). 

Note: the transformation can take some time to run. 

(iii) Extend shoreline seaward using Utilities>Add Shoreline>Extrapolate Shore. 

(iv) Digitise a line, to define the pre-Holocene valley base, along the approximate centre-line of 

the conformal valley using Setup>Grid Tools>Digitise Line and include elevations. 

(v) Add the pre-Holocene base to the conformal valley using Utilities>Add Thalweg to Valley. 

This uses the distance from the origin to the estuary/channel mouth to construct the mask. 

[Tip: to check the valley base against the current bathymetry along the same centreline run 

the function to generate the plot and then Quit (the Accept/Quit prompt prevents interrogation 

of the plot). The plot can then be rotated to check the positioning of the channel relative to the 

bathymetry]. The user is prompted for the upper cut-off, offshore mask width and valley base 

width. The upper cut-off is used to mask out the channel in the valley grid. The offshore mask 

width defines the width either side of the channel centreline to be adjusted to seaward of the 

existing estuary mouth and the valley base width replicates the thalweg depths for the defined 

width about the thalweg (i.e., +/- width/2).11 

(vi) To create a valley that can be used with the Form model, the Holocene conformal valley grid 

needs to be subsampled to the model domain and the axes set to match the model grid. This 

can be done using Setup>Grid Tools>Sub-Grid. Then use Setup>Grid Tools>Translate Grid 

to adjust the coordinates to match the model grid, e.g., by offsetting the grid gird origin and 

inverting the axes, if necessary. This may not produce an exact match to the model grid, so re-

grid the valley model, using Setup>Grid Tools>Re-Grid with a form model grid as the 

template (Existing), or the defined settings (New). 

(vii) To improve the plot projections, reduce the vertical range, if required, using Setup>Grid 

Tools>Add Surface. 

(viii) If the resulting valley is still not very straight or is unduly complex, consider creating an 

idealised valley that captures the overall shape and dimensions of the actual valley. Define the 

idealised valley using Setup>Form Parameters>Valley Parameters and then create the valley 

using Run>Valley Model. 

(ix)  

5.8.3 Create conformal channel to extract channel properties 
(i) If there are areas of no data around the estuary channel DTM, add a horizontal surface using 

Setup>Grid Tools>Add Surface at a suitable elevation. 

(ii) Digitise a line to define the channel centreline using Setup>Grid Tools>Digitise Line (no need 

to include elevations). 

(iii) Generate a conformal channel using Setup>Grid Tools>To Curvilinear. 

(iv) Subsample the resulting grid to focus on the conformal channel using Setup>Grid Tools>Sub-

Grid. Make sure the location of the mouth is correctly defined in this grid using Setup>Edit 

Inlet Definition. 

(v) Get the gross and along-channel properties for the resultant channel using Setup>Add 

Properties. Define water levels when prompted. The results can then be viewed on the Form-
Props tab. 

 

11 The Holocene conformal valley can be mapped back to cartesian coordinates using Setup>Grid Tools>From 

Curvilinear. This does a reasonable job of the main valley and channel but loses most of the surrounding 

topography. To clean this up, use Setup>Grid Tools>Add Surface with a cut-off level chosen to remove most of the  

valley above the channel domain and a surface level of NaN, then combine with the source valley grid using 

Setup>Grid Tools>Combine Grids. 
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5.8.4 Create Form model 
(i) Use the conformal valley and channel grids and properties to extract the input parameters 

needed for the Form model. This is likely to include the following: 

Setup>Form Parameters>Exp Form Parameters 

Setup>Run Parameters>Shore Parameters 

Setup>System Parameters>Hydraulic Parameters>Tidal Forcing 

Setup>System Parameters>Hydraulic Parameters>Hydraulic Model 

Setup>System Parameters>Sediment Parameters 

Setup>Run Parameters>Grid Parameters 

Setup>Run Parameters>Run Time Parameters. 

(ii) Run the chosen Form model (Exponential Form, Power Form or CKFA Form). 

 

5.8.5 Holocene Transgression 
Note: Getting the model domain for the valley with a shore and Holocene basement to be compatible 

with the idealised channel model can take several iterations. If the run time with the chosen grids is 

excessively long this can be reduced by re-gridding to a coarser grid resolution. 

(i) Adjust the Valley model Distance to the mouth to define the required starting position for the 

Channel model. For example, setting the value to zero ensures that the channel model starts at 

the seaward boundary of the Valley model, whereas a value greater than zero will initialise the 

channel model at the specified distance from the boundary.  

(ii) Define the required transgression parameters using Setup>Run Parameters>Transgression 

Parameters (see Section 3.4.2).   

(iii) Run the transgression model in kinematic mode (no iteration), to check the setup, using 

Run>Transgression Model; ensuring that the Sediment Flux is set to a value of ‘NaN’. 

(iv) Modify the run time parameters so that there are only a limited number of time steps of the 

required time-step (say between 1 and 10 depending on the computing power available). 

(v) If this all looks sensible, then the full runs can be made using Run>Transgression Model. 

 

There are several tools provided to explore the results on the Analysis menu. These include the 

bespoke animation shown in Figure 12, which is obtained using Analysis>Transgression 

Plots>Animation.  
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Figure 12 – Animation of idealised Valley and Channel based on the dimensions of the Oka estuary. 
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6 Supporting Information 
6.1 Derive Output 
The Run> Derive Output option allows the user to make use of the data held within App to derive 

other outputs or, pass selected data to an external function (see Section 3.6).The equation box can 

accept t, x, y, z in upper or lower case. Time can be assigned to X, Y, or Z buttons, or simply included 

in the equation as t (as long as the data being used in one of the variables includes a time dimension). 

Each data set is sampled for the defined data range. If the data set being sampled includes NaNs, the 

default is for these to be included (button to right of Variable is set to ‘+N’). To exclude NaNs press 

the button so that it displays ‘-N’. The selection is based on the variable limits defined whenever a 

variable is assigned to X, Y or Z using the X, Y, Z buttons. 

The equation string entered in the UI is used to construct an anonymous function as follows: 

heq = str2func(['@(t,x,y,z,utext,mobj) ',usereqn]); %handle to anonymous 

function 

var = heq(t,x,y,z,utext,mobj);   

 

This function is then evaluated with the defined variables for t, x, y, and z and optionally utext and 

mobj. utext allows text string to be passed (any string enclosed in single quotes, e.g. ‘Test’) and mobj 

passes the handle to the main UI. 

Some functions may alter the length of the reference co-ordinates (x, y, z, t), or return more than one 

variable. These can be handled by passing a comment appended to the function definition e.g.  

subsample(x,t, thr,mobj) %time. In the current version of the toolbox, only ‘time’ is handled 

as a key word and this allows functions to derive a new timeseries with different time input values to 

those of the input variable(s). 

If the function returns a single valued answer, this is displayed in a message box, otherwise it is saved, 

either by adding to an existing dataset, or creating a new one (see Section 3.6).The variables selected 

are sub-sampled based on any adjustments made when each variable is assigned to a button. The 

dimensions of the vector or array with these adjustments applied need to be dimensionally correct for 

the function being called. 

Equations can use functions such as diff(x) - difference between adjacent values - but the result is n-1 

in length and may need to be padded, if it is to be added to an existing derived data set. This can be 

done by adding a NaN at the beginning or the end: e.g.: [NaN;diff(x)]. NB: the separator needs to be a 

semi-colon to ensure the correct vector concatenation. Putting the NaN before the equation means that 

the difference over the first interval is assigned to a record at the end of the interval. If the NaN is put 

after the function, then the assignment would be to the records at the start of each interval.  

NB1: functions are forced to lower case (to be consistent with all Matlab functions), so any external 

user defined function call must be named in lower case. 

Another useful built-in function allows arrays to be sub-sampled. This requires the array, z to be 

multiplied by an array of the same size. By including the dimensions in a unitary matrix, the range of 

each variable can be defined. For a 2D array that varies in time one way of doing this is: 

>> z.*repmat(1, length(t), length(x), length(y)) 

NB2: the order of the dimensions t, x, y must match the dimensions of the array, z. 

6.1.1 Calling an external function 
This interface can also be used as an interface to user functions that are available on the Matlab search 

path. Simply type the function call with the appropriate variable assignment and the new variable is 

created. (NB: the UI adopts the Matlab convention that all functions are lower case). Some examples 

of functions provided in ChannelForm are detailed in the next Section.  



 
ChannelForm manual 

October 2022 

 

 

58 

 

The input variables for the function must match the syntax used for the call from the Derive Output 

UI. In addition, functions must return output as a cell array. This can be a single value, a new variable 

vector or array or a time series with one or more variables. If time is included then this should be in the 

first cell with variables in the subsequent cells.  

If the %time or %rows instruction is included in the call, row data are added providing that the length 

of the input dataset matches the output dataset. If there is no output to be passed back, the function 

should return a cell array containing the string 'no output' to suppress the message box which is used 

for single value outputs. 

An alternative when calling external functions is to pass the selected variables as dstables, thereby also 

passing all the associated metadata and RowNames for each dataset selected. For this option up to 3 

variables can be selected but they are defined in the call using dst, for example: 

 mufunction3(dst, 'utext', mobj)    where ‘utext’ and mobj are options as defined above. 

This passes the selected variables as a struct array of dstables to the function. Using this syntax the 

function can return a dstable or struct of dstables, or a cell array containing one or more data sets. 

Adding functions to the Function library 

To simplify accessing and using a range of functions that are commonly used in an application, the 

function syntax can be predefined in the file functionlibrarylist.m which can be found in the utils 

folder of the muitoolbox.  This defines a struct for library entries that contain: 

• fname - cell array of function call syntax 

• fvars - cell array describing the input variables for each function 

• fdesc - cell array with a short description of each function 

 

New functions can be added by simply editing the struct in functionlibrarylist.m, noting that the cell 

array of each field in the struct must contain an entry for the function being added. In addition a sub-

selection of the list can be associated with a given App based on the class name of the main UI. To 

amend the selection included with an App or to add a selection for a new App edit the ‘switch 

classname’ statement towards the end of the function. 

The Function button on the Derive Output UI is used to access the list, select a function and add the 

syntax to the function input box, where it can be edited to suit the variable assignment to the XYZ 

buttons.  

6.1.2 Pre-defined functions 
The following functions are provided within ChannelForm, where the entry in the UI text box is given 

in Courier font and X, Y, Z, refer to the button assignments. 

 

Some useful examples primarily for timeseries data include:  

1. Moving Average. There are several moving average functions available from the Matlab 

Exchange Forum, such as moving.m. The call to this function is:   

moving(X, n, 'func') ,  where x is the variable to be used, n specifies the number of points to 

average over and ‘func’ is the statistical function to use (e.g. mean, std, etc). If omitted the mean is 

used. Add %time to the call, to include time in the output dataset. 

2. Recursive plot. Generates a plot of a variable plotted against itself with an offset (e.g. x(i) versus 

x(i+1) ). This is called from the Derive Output GUI using: 

recursive_plot(x, ’varname’, nint), where x is the variable, ‘varname’ is a text string 

in single quotes and nint is an integer value that defines the size of the offset.  
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3. Phase plot. This function is similar to the recursive plot function but generates a plot based on two 

variables that can, optionally, be functions of time. The call to this function is:  

phaseplot(X, Y , t), where X and Y are the variables assigned to the respective buttons and 

t is time (this does not need to be assigned to a button and  t can be omitted if a time stamp for the 

datapoints is not required). 

4. Plot a vertical histogram of the frequency of occurrence and a conventional histogram of the 

duration frequency using the function: 

vertical_histogram(X, t) where X is the variable and t is time. Plot options include Water 

level elevation frequency, Water level spectrum, Elevations above a threshold, Duration of 

threshold exceedance, Elevation frequency above threshold. Designed to analyse water levels but 

could easily be adapted for other variables. 

 

  
  

 

 

 

 

  



 
ChannelForm manual 

October 2022 

 

 

60 

 

7 Program Structure 
The overall structure of the code is illustrated schematically in Figure 13. This is implemented through 

several classes that handle the graphical user interface and program workflows (Main UI) and several 

classes that handle the data manipulation and plotting (Input UIs and Data UIs).  

Figure 13 - – High level schematic of program structure 

 

The interfaces and default functionality are implemented in the ChannelForm App using the following 

muitoolbox classes depicted in Figure 14, which shows a more detailed schematic of the program 

structure. See the muitoolbox and dstoolbox documentation for more details. 

Figure 14 – schematic of program structure showing how the main classes from muittoolbox and dstoolbox are used 

 

In addition, the ChannelForm App uses the following classes and functions: 

Model classes 

ChannelForm - main UI for the ChannelForm interface, which implements the  

muiModelUI abstract class to define main menus. 
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CF_ExpData - handles data input for exponential form parameters. 

CF_PowerData - handles data input for power form parameters.  

CF_ValleyData - handles data input for valley form parameters. 

CF_HydroData - handles data input of the hydraulic parameters used by CSTmodel App. 

CF_SediData - handles data input for sediment flux parameters. 

CF_ShoreData – handles data input for shoreline form parameters. 

CF_ModsData - handles data input for imposed modifications to the form.  

CF_TransData - handles data input for channel transgression parameter settings. 

CF_FormModel - methods needed to create and manipulate exponential, power, or CKFA form 

models. 

CF_ValleyModel - methods needed to create and manipulate an idealised valley form. 

CF_TransModel - transgression model to compute the movement of a channel within a valley in 

response to sea level rise using a simple kinetic model. 

RunProperties - define the model run time parameters. 

WaterLevels - setup and access to water level definitions, tidal parameters and changes over time. 

 

Grid classes 

GD_GridProps - class inherits muiPropertyUI  abstract class, providing an interface to define the 

extent and intervals of a cartesian grid.  

GDinterface - an abstract class to support classes that need additional functionality to handle grids. 

The class inherits muiDataSet abstract class and together they provide an extensive set of methods to 

handle datasets of various types (eg from models or imported files).  

GD_ImportData - class inherits GDinterface abstract class (see above) to load xyz data from a file. 

 

Model functions 

Functions that implement various form models: 

cf_changeplot - plot volume difference over the model run and the variation of sediment exchange 

with transgression distance. 

cf_cst2grid - interpolate the CST water levels onto the model grid. 

cf_exp_models - construct idealised channel form using exponential functions in y to determine width 

and CKFA cross-section to determine z at each x interval. 

cf_model_tabs - generate tabPlot and tabProperties for any GDinterface model. 

cf_offset_wls - translate water levels landwards when mouth is some distance from x=0  

and pad the water level vectors with values at the mouth. 

cf_pow_model - function to compute 3D form of a creek or tidal channel using power laws to define 

width and hydraulic depth variations. 

cf_property_plots - plots displayed on Proprety tab in ChannelForm model. 

cf_sectionplot - plot a set of along-channel cross-sections and the channel centre-line (thalweg) for the 

initial and final grid. 

cf_set_hydroprops - set water levels for form model using either the surface defined by the 
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cst_model or high water at the mouth and a reducing tidal amplitude. 

cf_summarygridplot - plot initial grid, new grid and difference. 

cf_summarytransplot - composite set of plots to show  results form Transgression table. 

cf_valley_model - construct idealised channel form using 3D CKFA model. 

cf_writetable - write GrossProps and Transgression output tables from Transgression model to a file. 

ckfa_3D_form - construct 3D form of an idealised channel based on the CKFA model. 

ckfa_dimensions - utility to get the CKFA channel form properties: hydraulic depth, hm, width 

convergence length, Lw, critical tidal velocity amplitude, Ucr. 

ckfa_form_model - construct idealised channel form using 3D CKFA model 

ckfa_form_solver - find the hydraulic depth, e-folding length for width and the peak tidal amplitude 

for defined tidal range and sediment properties. 

ckfa_wave_form - obtain depth and width of wave formed profile at high and low water 

ckfa_wave_profile - depth and width of wave formed profile d=dw*(1-y/yw)^2/3. 

get_river_profile - get river profile using regime theoretical profile (Cao & Knight, 1996). 

get_river_regime - get river regime properties using regime theoretical profile (Cao & Knight, 1996). 

get_sed_flux - single element ASMITA model to compute amount of sedimentation. 

 

Grid functions 

Functions used to manipulate cartesian grids can be found in the muiAppGridFcns folder and includes 

the following: 

gd_ax_dir - check direction of grid axes and reverse if descending, OR find grid orientation using 

ishead and direction of x-axis, OR check a grid axis direction by prompting user. 

gd_basin_hypsometry - compute area and volume hypsometry from gridded elevation data. 

gd_basin_indices - get the indices of the grid x-axis that fall within the basin or channel, when the 

mouth is offset from the grid origin. (NB: assumes basin/channel is aligned iwth the x-axis). Also 

returns the index of mouth position on the x-axis. 

gd_basin_properties - use the basin hypsometry from gd_basin_hypsometry to compute several along-

channel/x-axis morphological properties. 

gd_colormap - check if Mapping toolbox is installed to use land/sea colormap, or call cmap_selection. 

the cmap_selection function in the muitoolbox if not available. 

gd_digitisepoints  - creates figure to interactively digitise points on a grid and add elevations if 

required. 

gd_dimensions - get the grid dimsnions for a grid struct (as used in GDinterface). 

gd_grid_line - create a grid from scattered data points input as xyz tuples. 

gd_gross_properties - compute the gross properties of a gridded bathymetry. 

gd_plan_form - compute planform variation along the x-axis at specified planar levels. 

gd_plotgrid - create pcolor plot of gridded surface. 

gd_property_plots - plots displayed on Proprety tab or stand-alone figure in Apps that use  

GDinterface, such as ChannelForm and ModelSkill. 

gd_section_properties - compute the width, cross-sectional area and prism along channel. 
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getconvergencelength -  least squares fit using fminsearch to find the convergence length of a channel 

from a distance-width (xy) data set. 

gd_selectpoints - accept figure to interactively select one or more points on a grid. 

gd_setpoint - interactively select a point on a plot and return the point  coordinates. Includes an option 

to enter an additional value at the selected point (e.g. for elevation). 

gd_startendpoints - accept figure to interactively select start and end points on a grid. 

gd_subdomain - figure to interactively select a subdomain of a grid. 

gd_property_plots - plots displayed on Proprety tab in ChannelForm model and figure in ModelSkill. 

gd_xy2sn  - map grid from cartesian to curvilinear coordinates with option to return the elevations on 

the source cartesian grid, or as a curvilinear grid. 

gd_sn2xy - map grid from curvilinear to cartesian coordinates. 

getconvergencelength -  least squares fit using fminsearch to find the convergence length of a channel 

from a distance-width xy data set. 

getsubgrid - extract a subdomain from a grid and return the extracted grid and the source grid indices 

of the bounding rectangle. 

a_star - implements the A* search algorithm to find the shortest path given constraints (inaccessible 

cells) and a cost function (e.g. water depths). Author: Alex Ranaldi, 2022, 

https://github.com/alexranaldi/A_STAR. 

InterX - intersection of two curves. MATLAB Central File Exchange, Author: NS, 2010, 

https://www.mathworks.com/matlabcentral/fileexchange/22441-curve-intersections. 

xy2sn and sn2xy -  Cartesian to Curvilinear coordinate forward and backward transformation. 

MATLAB Central File Exchange, Author: Bart Vermeulen, 2022, 

https://www.mathworks.com/matlabcentral/fileexchange/55039-cartesian-to-curvilinear-coordinate-

forward-and-backward-transformation.12 

Further details can be found by using the >>help <function name> command in the Command 

Window. 

Generic functions 

Other functions used in ChannelForm, include: 

river_regime - function to compute the width and hydraulic depth of a river section given the 

  discharge and energy slope. 

sealevelrise - function to compute sea level rise using linear or exponential rate of change. 

settling_velocity - calculate the settling velocity using Soulsby equation. 

ucrit -  compute the critical flow velocity for a given critical shear stress and wave conditions in the 

wave-current case. 

 

  

 

12 The functions by Dugge are equivalent with the order of centreline and co-ordinates reversed in the calls from gd_xy2sn 

and gd_sn2xy. See Juernjakob Dugge, 2015, jdugge/xy2sn, https://github.com/jdugge/xy2sn, which requires arclength - John 

D'Errico, 2012, https://www.mathworks.com/matlabcentral/fileexchange/34871-arclength.  distance2curve - John D'Errico, 

2013, http://www.mathworks.de/matlabcentral/fileexchange/34869-distance2curve. interparc - John D'Errico, 2012, 

https://www.mathworks.com/matlabcentral/fileexchange/34874-interparc.  

https://github.com/alexranaldi/A_STAR
https://www.mathworks.com/matlabcentral/fileexchange/22441-curve-intersections
https://www.mathworks.com/matlabcentral/fileexchange/55039-cartesian-to-curvilinear-coordinate-forward-and-backward-transformation
https://www.mathworks.com/matlabcentral/fileexchange/55039-cartesian-to-curvilinear-coordinate-forward-and-backward-transformation
https://github.com/jdugge/xy2sn
https://www.mathworks.com/matlabcentral/fileexchange/34871-arclength
http://www.mathworks.de/matlabcentral/fileexchange/34869-distance2curve
https://www.mathworks.com/matlabcentral/fileexchange/34874-interparc
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Appendix 1 – Sample Output for demo.mat file 
 

(a) Grid plot 

 

(b) Change plot 

 



 
ChannelForm manual 

October 2022 

 

 

69 

 

(c) Sections plot 

 

(d) Transgression properties plot  
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Appendix 2 – Grid model property estimate errors 
 

The functions used to derive hypsometry depend on the grid resolution and some along channel 

properties derived from cross-sections such as width and area also depend on the alignment of the 

channel relative to the x-axis. To test the former a simple channel was defined with the following 

properties (all in metres): 

Length HW Width LW Width Tidal amplitude Mean tide level Depth to mtl 

160,000 10,000 8,000 3.0 0 or 0.065 12.0 

 

 These are used to generate a rectangular channel section of constant depth and a linearly sloping 

intertidal, with the channel widths converging to zero over the length of the channel.

 

Grids were created with varying grid resolutions based on combinations of: 

delX = 100, 200, 500, 1000 m. 

delY = 5, 10, 20, 50 m. 

The grids were loaded into ChannelForm and the channel properties computed. These runs were for a 

mean tide level = 0. 

The plots below show the log of the error (difference from the analytical result) per node in the grid. 

The percentage error varies from 0.15-1.5% for Shw and from 0.27-2.2% for Vs. Whilst the 

percentage errors are generally small because the absolute values are large (O[106-1010]) the 

magnitude of the error can be large. For Surface area, greater resolution in x and y both improve the 

estimate, whereas for Storage volume below an x-resolution of ~400 the y-resolution begins to have 

less and less effect. 
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Summary of range of percentage error for each of the gross property variables (see Section 3.11.5). 

Variable Range of % error 

for sampled grid 

resolutions 

Shw - High Water Surface Area (m^2) 0.2-1.5 

Slw - Low Water Surface Area (m^2) 0.4-1.4 

Vhw - High Water Volume (m^3) 0.2-1.5 

Vlw - Low Water Volume (m^3) 0.1-1.3 

PrA - Tidal Prism using cross-sectional areas (m^3) 0.2-1.5 

PrV - Tidal Prism using hypsometry volumes (m^3) 0.4-1.9 

Gamma - Dronkers' Gamma (-) 0.8-1.7 

Vs - Storage Volume (m^3) 0.3-2.2 

Vc - Channel Volume (m^3)  0.2-1.4 

Am - Mean Tide Cross-sectional Area at mouth (m^2) 0.0-0.5 

hyd - Hydraulic depth of channel (m) 1.7-1.9 

aoh - Amplitude to Depth ratio (-) 1.7-2.0 

PrvAm - Prism to Cross-sectional Area ratio at mouth (m) 0.4-2.4 

 

 

 

The default resolution in the vertical is 0.1 m. By varying this within the ChannelForm App the 

influence of vertical resolution was also examined. However with mtl=0, the vertical resolution does 

not make much difference because the intertidal is a plain slope and the vertical grid intervals align 

with the start and end of the slope (+3 and -3). This case therefore used mtl = 0.065m. Again the 

percentage differences are small in both cases (<1%). 
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