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CCRES tools — REEFTOP and SHORELINE

The Capturing Coral Reef & Related 
Ecosystem Services (CCRES) project 
has developed advanced numerical 
tools to model ecosystem dynamics, 
hydrodynamics over coral reefs 
and sediment dynamics behind 
coral reefs. 
The physical and biological processes 
modelled are highly complex, with 
many different variables required to 
describe the state of a reef system. 
These models are usually built and 
run by specialist researchers and the 
model’s results and predictions (e.g. 
wave conditions and beach erosion) are 
frequently stored as very large datasets, 
which require specialist expertise to 
process and interpret. Usually only a 
summary description is published in 
mainly scientific journals. These issues 
make it difficult for other users to use 
and interpret these CCRES models. 
After consulting with end users, we 
have developed a simple web-based 
interface for both processing and 
communicating model results through 
Bayesian Belief Networks (BBN). 

This guide provides an overview of two 
BBN models and provides instructions 
for using the two models developed 
by the CCRES project to assess the 
hydrodynamics and sediment dynamics 
across and behind reefs. 

•  REEFTOP is a BBN for assessing 
wave hydrodynamics and forces 
on corals in a barrier reef and 
lagoon system. 

•  SHORELINE is a BBN 
for estimating the wave 
hydrodynamics and shoreline 
evolution on and behind 
fringing reefs. 

TOP: Fish school over a healthy reef
Photo: P Mumby

ABOVE: Coastal community
Photo: R Martinez
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Bayesian Belief 
Networks (BBN)
In its simplest form, a BBN is designed 
using statistical methods, to investigate 
the inter-relationships between the 
input variables and the model outputs 
described by a chosen network. An 
input variable is an element or feature 
whose value affects the output or 
response of a system. In the BBN these 
input variables are categorised into a 
reduced number of states.

BBNs are an excellent tool to 
communicate complex model results 
to end users for several reasons1. 
First, a trained BBN can synthesise 
the results from thousands of model 
simulations and hundreds of hours 
of high-performance computing in 
a few seconds. Second, predictions 
can be obtained even when the 
knowledge of the input parameters 

1 Callaghan et al., 2017. Bayesian Belief Networks—communicating model predictions to non-expert end users. Proc. Coasts and Ports 2017, 
Cairns, Australia, June 2017, Engineers Australia.

is incomplete or uncertain. For 
example, a user might lack data on 
the state of coral populations but 
the BBN can still generate results by 
assuming probabilities for the unknown 
population, for example by choosing 
a uniform distribution for the unknown 
states. Third, a BBN can be run in 
reverse and be used to identify the 
input conditions that are most likely to 
deliver a chosen outcome. This option, 
for example, can help a user to ask a 
very directed question such as: “Under 
what scenario can an ecosystem 
maintain a population with a particular 
fish catch?” There are two basic options 
for the network structure. Each is 
illustrated in Figure 1 for a simple ‘fish-
catch’ model:  

1.  linking known physical or biological 
processes (Figure 1a), or 

2.  creating a simple network with no 
assumed processes (Figure 1b). 

CCRES approach
CCRES has developed a number 
of BBNs to enable users to access 
model results from different project 
research, including reef and lagoon 
hydrodynamics, shoreline erosion, 
and forces on corals. Access to these 
intuitive models is at http://ccres.
net/resources/category/ccres-tools. 
Embedded instructions and further 
information for users are available on 
the page. 

CCRES BBNs can be applied at any 
location where the conditions fall within 
the range of the input states, enabling 
translation of the models’ results to 
other sites, and enabling the CCRES 
tools to be linked with other GIS-based 
ecosystem modelling tools such as the 
Natural Capital project InVEST (www.
naturalcapitalproject.org/invest/).

FIGURE 1. Examples of a process-based model (a) and simple model (b). The simple model has more combinations of parameters and may provide better 
predictions but takes more computation during running. 

FOOD

EXPOSURE

PRODUCTION

SUSTAINABLE 
CATCH

CONSUMPTION

SPECIES

NUMBER
NUMBER

FOOD

SUSTAINABLE 
CATCH

EXPOSURE

SPECIES

(a) (b)



Capturing Coral Reef and Related Ecosystem Services  
Coastal protection models: User guide4

The user interface
The CCRES-developed web-based graphical interface requires no special software so that it can be accessed anywhere via a 
web browser. A mobile platform is also being developed. The interface has two levels of complexity, a base level for end-user 
access and a more detailed level for end-users who wish to add data and/or re-design the network (TBC).

Below is an example of the base level for one model. Users select conditions for their site or for different scenarios through 
simple drop-down menus. 

Users can access help or additional information directly within the interface via pop-up boxes. 

The results are shown numerically and in graphical form. The interface will also enable side-by-side comparisons of different 
scenarios and corresponding results. 

Full instructions for the different models will be available within the web interface and the user manual at  
http://ccres.net/resources/ccres-tool/coastal-protection.
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A guide to using REEFTOP

A 1Dimensional model of a barrier reef and lagoon 

1   To access the BBN, go to http://uqbs-dbli-devel.business.uq.edu.au/CCRES/Login.aspx

 Input username and password 
Username: Guest_01 
Password: Guest_01 
 .... up to 20 logins are available at present, i.e. change numbers to

 Username: Guest_20
 Password: Guest_20

2  On the Networks home page, click the green arrow by the chosen network (see red oval below)

3  On the One Dimensional Wave Model page, you need to input the Lagoon width and Reef width.
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4  Use Google Earth or other maps to obtain reef width (red line) and lagoon width (yellow line).

5  On the One Dimensional Model add information using the drop-down boxes. Values for unknown parameters can be left 
blank, but can lead to more uncertainty in the results. Click on the black “i” for information about that parameter. 
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6  Click finish. 

 The result is then displayed, as below.

 In this case, for the given input wind and wave climate and reef geometry, the results show the distribution of wave heights 
at the beach toe, with 58% of the waves being in the range 0.5 to 1.0m, and very few waves greater than 1.5m in height. 

 You can choose and calculate a different scenario by changing the input in the drop-down boxes and setting the model to 
recalculate.  
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7  A more complete set of results at different locations across the reef can be viewed within the main BBN network itself, 
as below. To select the full network click the down arrow for the chosen network (see red oval below) from the home page.

8  Then click on View Model at the bottom left of the screen.

 



Capturing Coral Reef and Related Ecosystem Services  
Coastal protection models: User guide 9

 When the model appears, reduce the magnification until you can see the whole network.

 To set the parameters on this form that displays the network, click on the range of the data in the input boxes (e.g. as 
circled red for offshore wave height and reef top depth). 

 When data is unknown, chose a uniform distribution by clicking on the probability range to the left of the black bars (in 
example below, circled green for lagoon depth).  

 The wave heights seaward across the reef, in the lagoon and at the beach toe are displayed, as indicated by the 
blue stars. 
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9  The system also allows a side-by-side comparison of up to three different scenarios. To use this feature, click on 
Compare Scenario at the bottom of the network screen. 

 Up to three different scenarios can be compared simultaneously using the drop-down menus, with a graphical display 
also provided. The case below shows an example of the wave height at the beach toe with the same wave conditions but 
three different sea levels.
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Example: Applying the 1D model to a fringing reef

In a one-dimensional scenario, a fringing reef with constant elevation can be represented with a BBN that uses a very small 
lagoon, with no wind and the reef width (red) estimated from Google Earth or maps. 
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10  In this case, set the wind speed, the lagoon depth and the lagoon width to the lowest values in either the drop-down 
tables or in the BBN itself.  

 

 The results in the simple interface show the distribution of wave heights at the beach toe, which are the waves that act 
directly onto the beach face in terms of sediment transport or run-up processes. Here, 58% of the waves have a significant 
wave height in the range 0.5-1m, and no waves greater than 1.5m are expected. The full network provides similar 
distributions in graphical form and with the values alongside, 

11  You can view the full model in the same way as shown previously by clicking the View Model on the lower left side of 
the screen. 
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SHORELINE is a BBN developed from the results output of a numerical model for waves propagating over a fringing reef. It 
is a generic parametric model and can be applied to any reef where the geometry approximately matches what is contained 
within the database. Users can select the geometry with the closest match to the reef of interest and obtain estimates of wave 
conditions over the reef and estimates of how the average shoreline shape behind the reef will evolve because of changes in 
wave conditions or water depths over the reef.    

The shoreline is modelled to be in equilibrium with the wave conditions, so the shoreline has evolved to be perpendicular to 
the nearshore wave direction. For a 2D reef, this will normally result in a bulge (termed a salient) in the coastline. When the 
wave conditions change over the reef then the salient will change shape, reducing in size or rotating. The model network is 
used to select the input conditions, i.e., reef geometry and depth and the wave conditions. The output is given graphically as 
distributions. Ranges can be changed by clicking on the bars or numbers in the data ranges.  

Examples of salients behind fringing reefs are show below, near El Nido, Philippines. The size of the salient depends on the 
size of the reef, the wave conditions and the water depth over the reef. The reef size is unlikely to change significantly over 
time, but the mean water depth over the reef can be altered by sea level rise or loss of coral. Other examples occur on Selayar 
Island, Indonesia. 

Salients (or bulges) in the coastline behind fringing 
reefs at El Nido and on Selayar island. 

The model geometry in schematic form is 
shown right.

A guide to using SHORELINE

A 2Dimensional model for wave hydrodynamics and shoreline  
evolution on and behind fringing reefs.
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The variables used in the model are defined in the figure below, and correspond to the names of the variables in the BBN 
interface. All dimensions are in metres.
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The reef is assumed to be inside a bay of a given width, defined as BayW, with waves of height H, wave period T, and direction 
Dir, measured from shore normal (i.e. waves approaching normal to the coast have angle 0 degrees). The coral size influences 
the forces on the coral, which are also estimated by the model, represented by the variable CoralD, with three choices, 0.02m, 
0.5m or 2m, representing branching corals, plate type corals and massive corals, respectively. The model outputs include both 
the wave conditions over the reef (2D hydrodynamic model) and the shoreline position (2D shoreline model). 

Running the BBN
The BBN for the 2D model is only written in the software Netica at present, but the interface is intuitive and the data are 
selected by clicking on tables of the input parameters. The models will run in the free (or limited mode) in Netica, so no licence 
is needed. The BBN themselves are available via http://ccres.net/resources/ccres-tool/coastal-protection. 

1  Download Netica from www.norsys.com/download.html

 Follow the instructions to use the free version

Netica for MS Windows (all versions of Windows):

1. Download the software application

2.  After downloading, simply double-click the file icon and it will self-extract. It will 
ask you what directory to place the files into.

3.  Double-click on the Netica icon of Netica.exe in the directory you 
indicated above.

4.  To use the free version of Netica, leave the password dialog box empty and 
click on Limited Mode. Otherwise, enter the password issued to you when you 
placed your order.

2  The networks built for the CCRES tools run in the free version (limited mode). Add the SHORELINE Netica files (.neta file 
extensions available via http://ccres.net/resources/ccres-tool/coastal-protection) to the directory you wish to work in. After 
running Netica, open the file you want using the usual Windows type icons in the Netica toolbar. 
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 The model has many different outputs. To simplify the user interface and because many users will only want to estimate 
changes in some variables, a number of different BBNs have been constructed, each providing a single output, for 
example, wave height, flow velocity, wave forces, shoreline position, etc. Different models and their output are given in the 
table below.

FILE NAME OUTPUT VARIABLE DESCRIPTION

Hydro_Have168K.neta HAV (m) Average value of significant wave height over the whole 
reef top

Hydro_H5pc168K.neta H05 (m) Significant wave height exceeded at 5% of the reef 
top area

Hydro_Uave168K.neta UAV  (m/s) Average value of root mean square velocity over the 
whole reef top

Hydro_U5pc168K.neta U05 (m) Root mean square velocity exceeded at 5% of the reef 
top area

Hydro_Fave168K.neta FAV   (N) Average value of wave induced force over the whole 
reef top for selected coral

Hydro_F5pc168K.neta F05 (N) Wave induced force exceeded at 5% of the reef 
top area

XS5_10_168K.neta XS5 (m) Shoreline (salient) width at reef centre line 

XS3_10_168K.neta XS3 (m) Shoreline (salient) width at one quarter of the reef 
length from the centre line on the up-wave side

XS7_10_168K.neta XS7 (m) Shoreline (salient) width at one quarter of the reef 
length from the centre line on the down-wave side
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 An example for wave height is shown below: 

 Example BBN output for the wave height exceeded by 5% of the waves at the centre of the reef for the 2D fringing 
reef model. The variables (e.g. length of the reef, L; water depth over the reef, d) can be changed by clicking on the 
numbers to the left of the black bars in the grey boxes. Repeated clicking of the same number switches between a 
uniform distribution (for use when the user does not have information on the distribution of the variable) and a single value 
for that variable (when the user knows the value required).    
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Interpreting the model output for shoreline response 
 The model results in the BBN are calculated from the shoreline shape determined by the model, which varies with the 

reef geometry, wave conditions and water depth over the reef. The full numerical model produces results like those 
shown below, from which data are extracted to form the BBN database and to develop the model. The BBN itself does 
not produce plots of the changes in the shoreline position. In the example below, the size of the salient behind the reef 
reduces as the depth over the reef crest increases. 

 The above figure shows the shoreline position (salient) behind a fringing reef for shore normal waves and different 
water depth over the reef. The model assumes the shoreline evolves to be perpendicular to the wave angle at the shore, 
representing equilibrium conditions. In this example, for a reduction in reef crest level of 1m, the salient recedes landward 
by about 35m. The sketch below illustrates how this might look on a natural salient. The values produced by the full 
numerical model ate then used by the BBN so users can determine the shoreline changes without need to have the full 
dataset that is many Gigabytes in size. 

 To give an example based on a reef at El Nido, we estimate the reef dimensions from Google Earth, see picture below, 
to be W=400m, L=800m, BayW=3500m. We then need to estimate the water depth over the reef, which would be well 
known locally. Since waves are just breaking on the reef, this example uses 0.75m. We choose a coral diameter of 0.5m, 
and waves with height 1.5m, wave period 9s, and wave direction 10 degrees from shore normal, since the image shows 
waves approaching at a slight angle. 
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 The figure above illustrates a salient at El Nido, Philippines, with width (red) =400m; length (yellow) =800m; Bay width 
(green) =3500m. The width of the salient (blue line) is about 200m. 

 The model results for the width of the salient at the reef centre (XS5) with these input conditions are shown on the left 
hand figure below, indicating a salient with an expected width of about 200m, which is consistent with the size of the 
salient at El Nido. To determine the effect of a loss of reef structure, the model can be run again keeping the wave 
conditions the same, but with an increase in water level over the reef to 1.5m (representing a lowering of the reef crest by 
0.75m). The right hand figure shows the result, with the width if the salient reducing to about 100m, i.e., a loss of 100m 
of shoreline. 
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 The original and expected new shoreline position are plotted on the satellite image in the following figure. This figure is an 
illustration of the how the changes in the shoreline calculated by the model would look when applied to a real example. 
The blue line is the original shoreline. The red line shows how the shoreline is expected to recede landwards. This 
information can then be used for coastal planning.  
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Notes



Capturing Coral Reef and Related Ecosystem Services 
(CCRES) is a regional technical support project that seeks to 
unlock the value of ecosystems for coastal communities in 
the East Asia-Pacifi c region. CCRES will develop knowledge 
products — which inform the design of global, regional 
and national projects, plans and policies — and technical 
models and planning tools which assist with preparation of 
community-based coastal resource management plans.

CONNECT WITH US 
CAPTURING CORAL REEF AND RELATED 
ECOSYSTEM SERVICES

Join our community  @CCRESnet 

  ccresnet

Contact Prof Tom Baldock
 Project Leader
 The University of Queensland, Australia
 T: +61 401 084 551
 E: t.baldock@uq.edu.au
Visit www.ccres.net 
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Cover: El Nido from the air
Photo: Google Earth


