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Preface

MRBreach is a Matlab™ App to support the design of the sort of breach in a sea wall that is
commonly required for managed realignment schemes. These schemes aim to increase the area of
intertidal by allowing the sea back into areas of land that have been protected by sea defences in the
past. It is usually impractical to remove the entire sea wall. There is therefore a need to determine the
size of breach required to allow tidal exchange into and out of the site. In such design there is also the
practical consideration of being able to construct the breach safely, in the time available over a tidal
cycle. This piece of software implements a method proposed for the design of such breaches based on
creating one, or more, stable channels into the site.

Requirements

The model is written in Matlab™ and provided as Open Source code (issued under a GNU General
Public License) and runs under v2016b or later. MRBreach uses the muitoolbox and dstoolbox.

Resources

The MRBreach App and two toolboxes (muitoolbox and dstoolbox) can be downloaded from
www.coastalsea.uk.

Bibliography

Townend, I.H., 2008a. Breach design for managed realignment sites. Proc.Instn Civ.Engrs., Maritime
Engineering, 161(MA1), 9-21.

Townend, I.H., 2008b. Hypsometry of estuaries, creeks and breached sea wall sites. Proc.Instn
Civ.Engrs., Maritime Engineering, 161(MA1), 23-32.

Revision history

Version Date Changes ‘
3.1 Oct 2022 = Added additional properties to the output tables
3.0 Oct 2021 | Adapted to run as an App using muitoolbox
2.0 July 2019 | Updated to be compatible with ModelUI v2
1.0 Jan.2018 | First release via www.coastalsea.uk
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1 Introduction

When creating an opening in a seawall to allow the tide to flow onto the land behind the seawall, as is
often done in projects to realign the sea defences (so called managed realignment), there is a need to
design the size of the breach required. This depends on the land levels of the site behind the seawall,
as defined by the site hypsometry (variation in plan area with elevation), the tidal conditions and the
soil properties of the newly formed breach channel. With this information it is possible to estimate the
regime or equilibrium channel (Townend, 2008a). Some analysis is also possible based on idealised
descriptions of the site hypsometry (Townend, 2008b). The MRBreach model implements this design
method, with the option to interactively compare theoretical and measured site hypsometry. Site
properties can be varied, and the resultant regime channel sections compared.

For a review of managed realignment schemes, see Scott et al. (2011). A framework for scheme
design is provided in Townend et al. (2010). Further information about individual managed
realignment schemes across Europe can be found at: www.omreg.net.


http://www.omreg.net/
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2 Getting started

2.1 Configuration
MRBreach 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.mlthx
muitoolbox: muitoolbox.mltbx
The App file: MRBreach.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
Matlab™. 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:

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

Documentation can be viewed from the App Help menu, or 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.

2.2 Model Set-up
File=New to create a new project space.

Setup>Input Data>Site Data
Setup>Input Data>Hydraulic Data

The Uls request data for the model variables. Once added the current set of variables can be viewed
using the Inputs tab.

D _ O X 4| MRBreach - Version: 1.0; Date: Nov 2017 = O X Define... — O X
File Tools Project Setup Run Plot El i i
Tidal Prism (m3) Project Name: Demo project Date Created: 19-Jan-2018 Tidal |pariod (hours)
3 12.4
540000 Scenarios Inputs Hypsometry Plot Help
HW Area (m2) | High water level (mOD)
1400000 Property Value ‘ Property Value 5.9
Tidal Prism (m3) 540000 Tidal period (hours) 12.4000
LW or lowest site level (mOD) HW Area (m2) 1400000 High water level (nOD) 5.9000 Low water level (mOD)
4 LW or lowest site level (mOD) -4 Low water level (mOD) -4.6000 -4.6
Al I level - i = 0 q
rea at lowest level (m2) 3100 Wéve current interaction (0= curren 1 Wave-current interaction (0= current only)
Area at lowest level (m2) Number of breaches 1 Wind speed (m/s) 10 1
3100 d50 sediment size (m) 2.0000e-06 Wind level (m) 10
Erosion Threshold (Pa) 1.1000 Fetch length (m) 5000 Wind speed (m/s)
Number of breaches Av. depth over fetch (m) 5 10
1
Wind level (m)
d50 sediment size (m) 10
2e-06
Fetch length (m)
Erosion Threshold (Pa) 5000
1.1
Av. depth over fetch (m)
5
Cancel Property Value
Measured hypsometry file  D:\Work\Tools\MATLAB\OO-tools\ModelUI\MRBreach\Steart_hyp a Cancel
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If some measured values of the site hypsometry are available, the data file can be loaded using:
Setup>Input Data>Hypsometry
The file format for the hypsometry data has two header lines and then =~ St=azt hypsemetzy

Elevation Cumulative area

two columns of data that define the elevations (mOD) and plan areas  o.03 40

2. 0.06 81
(m?): 0.09 133
0.1z 189

0.15 232

0.18 275

Run> Set hypsometry

Generates a figure of the Empirical site hypsometry derived using the site tidal prism and plan areas at
the highest and lowest tidal elevations in the site. If some observed data have been loaded this is also
plotted. The sliders on the figure allow the fit parameters to be adjusted. The buttons allow the user to
select whether to use the empirical fit, or the observed hypsometry in the model run.

The current empirical fit and the imported data can be viewed on the Hypsometry tab. The thicker line
is the hypsometry currently selected for use in the model.

Run> Run model
When the run has completed the user is prompted to provide a description of the model run (scenario).

The run is listed on the Scenarios tab and the design regime section for the most recent run can be
viewed on the Q-Plot tab. This figure includes the minimum rectangular section as well as the regime
section (see Townend, 2008a for details).

Plot>Plot menu

The results from a run can be selected and plotted (regime section only). By using the Add button
additional model runs can be included on the plot, allowing different scenarios to be compared.
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3 Application Menus

The Ul 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.

3.1File
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.

3.2Tools
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.

3.3Project
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 Ul 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.

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

Setup>Hydraulic Parameters: prompts parameters for tide and wave conditions.
Setup>Site Parameters: prompts for parameters that define the site (tidal prism, levels, etc).

Setup>Site Hypsometry: allows the user to load a file defining the hypsometry of the existing site (see
Appendix A — Hypsometry file format for details).

Setup> 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.

3.5Run

Run> Set Hypsometry: generates figure of R Figurs 2: Hypsometry Flot
Empirical fit for hypsometry. Adds Observed nEpsaEBLE .
hypsometry if loaded. Allows user to adjust the fit pero o
parameters and choose which hypsometry to use in 8 e

the model.

S
T

Run> Run Model: runs model, prompts for Case
description which is added to the listing on the
Cases tab.

Elevation (mOD)
~n

MRBreach Version: 3.0; Copyright: Oct 2021 0

File Tools Project Setup Run Analysis Help »

Project Name: Date Created:
Cases Inputs Hypsometry Q-Plot  Stats
>Figure
Case no: 1

i e

Observed
Empirical

. , . !
0 0.5 1 1.5 2 25
6
Plan area (mz) =10
0 rstCoefficient=5.05717 101 0 estCoefficient=0.178922 1

Regime profile
----- High water
----- Low water
~=- Breach invert
Minimum box section

Elevation (mODN)

0 20 40 60 80 100 120 140
Distance (m)
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Run> Derive Output: data that has been added (either as data or modelled values) can be used to
derive new variables. The Ul 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 rep— ———
sampled includes NaNs the default is for these Catc

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

1 Select the variables to be used and assign to X Y Z buttons.

set to “+N”). To exclude NaNs press the button S Use i Funcion s selec & fanchon, o e a alits xpreasion.
so that it displays ‘-N’. o Case na 2 Sl
The selection is assigned by clicking one of the :‘”h‘l Dsu,y ; -
X’ Y Or Z bUttonS The uSer IS prompted to Case no: 1 (Dataset) uKraav: From > 0.493223 To > 4.51259, zLevels: me>0‘
assign a Variable, XYZ dimension, or Time il

- - . . Case no: 2 (Dataset) uSoulsby: From > 0.00120968 To > 2.7889, zLevels: From
(the options available varies with the type of £ soTeszs
variable selected) — see Section 3.9 for details g (Mekmakeckn
of how this works. An equation is then defined Matlab script to create new variable using t=time and x,y, (not case sensitive):
in the text box below using the x, y, z or t x

variables®. 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.

Calculate Function Clear Close

For example, any of the following could be entered into the equation box:
X.N2+y  %time
myfunctionl(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:

! 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.

6
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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
4.2.

3.6 Analysis

Plotting and Statistical Analysis both use the standard Data selection Ul. 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 3.9.

3.6.1 Plotting

Analysis>Plot menu: initialises the Plot Ul 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.

n Select Data for Plotting - o X 2 D p I Ot

- For each selection choose the Case, Dataset and
1 For a plot (line, bar, etc) select variable and dimension to use for X and Y axes .
2 The Ind button defines X and the Dep button defines Y Varlable to be Used.

3 Where Dep is the dependent variable and Ind is the independent variable

Case Case ne: 1 g B > 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

Dataset Dataset ~

Variable Transport property -

Type ine . assigning the selection to a button.
var ST ] sl Tanpor oy From> 0T » 085 sca:Lvwr Tme: > Select plot type (line, bar, scatter, stem, etc)
Case no: 1 (Dataset) Time: From > 0 sec To > 50 sec, scale: Linear N Control B uttons:

x

— : updates the list of Cases
XY : swaps the X and Y axes

New Add Delete Clear

close + : switches between cartesian and polar plot type
If polar selected then Ind assumed to be in degrees.

I Select Data for Platting - O x 3D p|0t
— =4 For each selection choose the Case, Dataset and

1 For a contour or surface plot, select a variable with at least 2 dimensions .

2 If the variable has more than 2 dimensions you will be prompted to select a sub-set Varlable to be Used.

3 Select dimensions to use for the X-Y axes

Case Casenar 1 g B > 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

Dataset Dataset ~

Variable Transpart property v

Type sut v ranges to be used).
Case no: 1 (Dataset) Transport property: From > 0 To > 0.85, scale: Linear, X > Se | ect p | ot type
Var co-ordinate: From > 0 To > 100, Y co-ordinate: From > 0 To > 150, Time: 25 sec
= Case no: 1 (Dataset) X co-ordinate: From > 0 To > 100, scale: Linear
S A AR S O Control Buttons: see 2D plot above.

¥

Select Clear Close

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).
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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.

3.6.2 Statistics

Analysis> Statistics: several statistical analysis options have been included within the Statistical
Analysis GUI. The tabs are for Generalstatistics, 7imeseries statistics, model comparisons using a
TaylorPlot, and the generation of a new record based on the statistics over the /nfervals defined by
another timeseries.

General tab
The General tab allows the user to apply the following statistics to data loaded in ModelUI:

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

Fy—— w sum and linear regression fit parameters). Only X
Gereral _ Timeseries Taylor _ Intenvls needs to be defined. The range of the variable can be
3 ForDesrpbesas of 2 vcirvras or Xt bedetns adjusted when it is assigned to the X button (see
S ——t— Section 3.9). If the variable being used is a multi-
oo = dimensional matrix (>2D), the user is prompted to
patet Datal . define the range or each additional dimension, or
Yoo (St wave b - select a value at which to sample. The function can
satete - [Dussteivetorx = return statistics for a vector or a 2D array.
AL Lk e L A
g e The results are tabulated on the Stats>General tab and
can be copied to the clipboard for use in other
Saect cuar cose applications.
_ % 2) Regression: generates a regresion plot of the dependent variable, Y,
against the independed variable, X. For time series data, the default data
Select a regression model: range is the maximum period of overlap of the two records. For other data
i ~ types the two variables must have the same number of data points. After
ESSZﬂfﬁrﬁa' 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.

ile ols Desktop Window Help
DNEds h ARV RL- S 0B aD

lag time: 0.515548 years.

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 50
units selected by the user. 0

5 ] 5
Lag in years
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4) User: calls the function user_stats.m, in which the user can implement their own analysis methods
and display results in the Ul or add output to the project Catalogue. Currently implements an
analysis of clusters as detailed for Timeseries data below.

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 Ul to a
blank selection.

Bl sastical Anlysis Once New or Add are selected, the user is asked
Srew | Tl T T whether they want to plot the skill score (Yes/No). If
e 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
Veratie insherewave eige . is or is not included). To reset the option it is
2 necessary to close and reopen the Statistics Ul.

Dataset) Significant From > 0.08 To > 4.79,

o 01373005 60100100 To» 31 12.2018 233500 If the number of pOintS in the Reference and Test

e T oo = 51072003 G000 T 51T 2016 253000 datasets are not the same the user is prompted to
» select which of the two to use for interpolation.

A

Close

This is the maximum achievable correlation (see Taylor (2001) for

Reference correlation, Ro discussion of how this is USEd).

]

Exponent,n Exponent used in computing the skill score (see ModelSkill Manual
1 for further details).

PR Number of points (+/-W) used to define a local window around the ith
o point. If W=0 (default) the local skill score is not computed.

Iteration option (0 or 1)

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

Skill score averaging window (grids only) | - or computes score for all non-overlapping windows (=0)
8100 13000 2800 14100‘

Cancel 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 ‘
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& Figure 5: Skill Graph - o X B Figure 4: Skill Map = m} X
File Edit View insert Tools Desktop Window Help > File Edit View Insert Tools Desktop Window Help >
DEdes 08 RE Dede 808 R[E
Reference: Pevensey wave buoy: Significant wave height Ref : Grid 1: El
0.9 ]’ost: Sur'zonovwavos: lnshom_ wave height . ) Test: Grid 2: Elevation s
‘\ 20 1
0.8
0.8 18
l ‘ | 16 0.7
ova | ‘ ‘ ‘ o6
(3 | ’ i 1‘| ’ l P 14 j2es
8 | u \ 'I \ J g §
= l l ’ ) | o 12 05 @
Z os T =
0 7]
§ 1 % 10 04§
\ s S
= ‘ 8 0.3
6
0.2
04 4
0.1
| 2
0.3
2004 2006 2008 2010 2012 2014 2016 2018
Intervals Length intervals

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”” —
File Edit View Insert Tools Desktop Window Help . .
NEde 308 kT normalised RMS difference
The normalised standard deviation and correlation
ce coefficient are also given in the Case List table,
i g e along with the global skill score, Sg, and the
0.6 % O  cf#2:B=0.015; E"'=0.471 =

i %, RMS oror average local skill score, SI.

g 0800&@@) N Figure 7: Taylor Diagram Summary

i ’ File Edit View Insert Tools Desktop Window Help ~

§ 0.9

z 092

Copy to clipboard
° 096 Reference: Barend: Elevation N
0.98 cf #1: B=0.022; E'=0.518; corr=0.862; ndstd=0.965 for Gerard: Elevation with skill 5.G=0.83, S.L= . (Ro=1, n=1, W=0, with no overiaps)
0.99 of #2: B=0.015; E"=0.471; corr=0.885; ndstd=0.958 for Maitane: Elevation with skill 5.6=0.941, S.L=. (Ro=1, n=1, W=0, with no overlaps)
L 1 ;
0 0.5 Nom|a1ized Std. Dell5 2
Case list o

3.7Help
The help menu initialises the App documentation in the Matlab™ Supplemental Software
documentation.
3.8Tabs

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).
Inputs: tabulates the system properties that have been set (display only).

10
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Hypsometry: displays the
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).

3.9UI Data Selection

Functions such as Derive Output (3.5), Plotting (3.6.1) and Statistics (3.6.2) use a standardised Ul 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 Ul. The selection is defined in two steps:

Figure 3: Select variable - m} X Step 1.
Select the property to use and any Iimitsp:on::n;pplied to the data range of the selected Select the attribute to use. ThiS can be the Varlable
or any of its associated dimensions, which are
Select: Significant wave height v I|Sted in the drop'dOWn I|St

The range for the selection can be adjusted by
editing the text box or using the Edit (Ed) button.

Scaing: Linear v Any scaling to be applied is selected from the
drop-down list.

Range: From > 0.08 To > 4.79 Ed

Select Close

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

The number of variables listed on the Ul 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.

Select the property to use and any limits to be applied to the range of the selected property

Select: Time v No selection to be made.
Edit range if required.

Range: From > 01-07-2003 00:00:00 To > 31-12-2019 23:30:00 Ed

Select Cancel
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X

Figure 4: Select dimension = |
Select the property to use and any limits to be applied to the range of the selected property
Select: X-axis i v
Range: From > 7900 To > 16900 Ed
Select: Y-axis e
Range: From > 0 To > 16900 Ed

Time

Ovrs 500 vrs 1000 vrs
v Ed

Select Cancel

Step 2 - Variable has 3 dimensions but only
2 are needed for the intended use.

Select the 1% variable to use as a dimension
Edit range if required.

Select the 2" 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.
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4 Supporting Information
4.1 Model Outputs
The output from MRBreach is stored in two ‘dstables’. These are held in the catalogue as the Section

and Properties Datasets. They can be accessed for plotting and statistics by selecting the required Case
and Dataset in the appropriate Ul. The variables held in each dstable are as follows:

Dataset Variable Description

Section zCoords Elevation held as a function of the Width which is stored
as the X dimension.

Properties Water level The tide level for the rising limb of the tide from LW to
HW as a function of time.

Horizontal velocity The velocity in the breach as a function of time

Vertical velocity The rate of vertical rise of the water surface as a
function of time.

Total plan area The change in surface area of the site as a function of
time.

The Q-Plot tab provides a bespoke plot the Section output, together with the minimum rectangular
breach section, the invert level used and details of the peak velocity in the breach over the flooding
tide.

4.2 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 3.5). 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 Ul is used to construct an anonymous function as follows:

hegq = str2func(['@(t,x,v,z,utext, mobj) ',usereqn]); Shandle 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 UlI.

Some functions may alter the length of the reference co-ordinates (x, v, 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 3.5). The variables selected
are sub-sampled based on any adjustments made when each variable is assigned to a button. The
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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.

4.2.1 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 Ul adopts the Matlab convention that all functions are lower case). Some examples
of functions provided in MRBreach are detailed in the next Section.

The input variables for the function must match the syntax used for the call from the Derive Output
Ul. 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:

e fname - cell array of function call syntax
o fvars - cell array describing the input variables for each function
o 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 hame of the main Ul. To
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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 Ul 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.

4.2.2 Pre-defined functions

The following examples are provided within MRBreach, where the entry in the Ul text box is given in
Courier fontand X, Y, Z, refer to the button assignments.

Some useful examples include:

1. 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.

2. 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).
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5 Program Structure
The overall structure of the code is illustrated schematically in Figure 1. This is implemented through
several classes that handle the graphical user interface and program workflows (Main Ul) and several
classes that handle the data manipulation and plotting (Input Uls and Data Uls).

Figure 1 - — High level schematic of program structure

Input Uls |

Project

Data Input

Main Ul

Catalogue

'Model/Data |
‘ Classes ‘

Data Uls

Edit, Plot,
etc

The interfaces and default functionality are implemented in the MRBreach App using the following
muitoolbox classes depicted in Figure 2, which shows a more detailed schematic of the program
structure. See the muitoolbox and dstoolbox documentation for more details.

Figure 2 — schematic of program structure showing how the main classes from muittoolbox and dstoolbox are used

table

In addition, the MRBreach App uses the following classes and functions:

Variables

Main Ul
User properties
muiModelUl
Inputs Property Input
Data Ul classes muUl dasses
Cases —— iCatal
Uls for plots, . IRl DENE Records
muiProject Info
stats, etc Model/Data .
+— Constants DataSets — muiPropertyUl
. . classes
muiDataUl Properties
dscatalogue Other properties| | PropertyLabels
TabContent TabDispaly
Ulsettings L ET S 2T table ~| Catalogue muiDataSet
Ulselection
Properties CaselD Data dstable
CaseDescription RunParam
CaseClass MetaData DataTable |
CaseType ClassIndex DSproperties —|
muitoolbox Inherited class User defined Matlab™
& dstoolbox class

dsproperties

Variables
Row
Dimensions

MRBreach — modifies the Ul to redirect menu dropdown options and provide additional tab

functions.

mrBreachModel — provides the methods to calculate and plot the regime breach section

mrBreachData — handles the input of parameters for tide and wave data required by the model.

mrSiteData — handles the input of parameters that define the site (tidal prism, levels, etc)
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mrHypsometry — calculates the empirical hypsometry and provides the methods to allow the user to
interactively adjust the fit coefficients. Also provides methods to load observed hypsometry from a
text file.

The following coastal tool functions are used in mrBreachModel:
ucrit.m, tma_spectrum.m and celerity.m.

Further details of how the model is implemented within the ModelUI framework are given in the
ModelUl manual.
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Appendix A — Hypsometry file format

Hypsometry loads text files with the following format
Steart hypsometry

Elevation Cumulative area
0.03 40
0.06 81
0.09 133
0.12 189
0.15 232
0.18 275
0.21 314
0.24 356
0.27 401

Elevation is relative to Ordnance Datum (mAOD) and area is in m2,
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