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HOW TO CREATE A DIRECTIONAL WAVE SPECTRUM FOR INPUT TO MIKE 21 SW FROM BUOY DATA 

Buoy data 

A number of different directional wave buoys are available, however, for the purpose of this 

document, the Datawell wave buoy data format has been used as an example. 

For a Datawell wave buoy, the data in the .spt file should typically have the following format: 

Transmission Index (-) 

Significant WaveHeight Hs(m0) (cm) 

Zero-Upcross Period Tz (s) 

Maximum PSD1 Smax (m2/Hz)  

Reference Temperature (°C) 

Sea Surface Temperature (°C) 

Battery Status (0-7) 

Vertical Accelerometer Offset (m/s2) 

X Accelerometer Offset (m/s2) 

Y Accelerometer Offset (m/s2) 

Compass Heading (°, 0=North) 

Magnetic Field Inclination (°) 

Frequency2 (Hz), Normalized3 PSD (-), Direction (°), Spread (°), Skewness (-), Kurtosis (-) 

Frequency, Normalized PSD, Direction, Spread, Skewness, Kurtosis 

Frequency, Normalized PSD, Direction, Spread, Skewness, Kurtosis 

..., ..., ..., ..., ..., ... 
 
1
PSD = Power Spectral Density (m

2
/Hz) 

2
Frequency spacing is 0.005 Hz up to 0.1 Hz, and 0.01 Hz beyond. 

3
True PSD = Normalized PSD * Smax 

 

Other buoys will probably have different formats but should contain similar basic data. 

For the purposes of the rest of this document the following variables [units] have been defined from 

the buoy data, using the Datawell descriptions as a basis: 

f Frequency [Hz] 

Sn(f) Normalised PSD (for frequency f) * Maximum PSD Smax [m2/Hz] (also referred to as the 
non-directional frequency spectrum) 

m(f) Direction (for frequency f) * /180 [radians] (i.e. mean wave direction for frequency f 
expressed in radians) 

s(f) Spread (for frequency f) * /180 [radians] (i.e. spreading angle for frequency f expressed in 
radians) 
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Directional Spectrum 

A directional energy spectrum, Sd(f,) consists of two parts – the non-directional frequency 

spectrum, Sn(f), and the directional distribution or spreading function, D(f,), which are combined as 

follows: 
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and, as a result of this, 
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An example of D(f,) is the normal (or Gaussian) directional distribution which is defined as: 
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where all angles are in radians.  This can be converted to the directional energy section value, Sd(f,q) 

using equation (1) and the non-directional frequency spectrum Sn(f) provided in the buoy output file 

(*.spt for a Datawell buoy). 

MIKE 21 SW Wave Energy Spectrum Input 

Creation of the wave energy spectrum .dfs2 input file for MIKE 21 SW is a two part process. 

Part I – Creating the Directional Wave Energy Spectrum 

A directional wave energy spectrum for each time step needs to be created using the buoy data and 

your desired directional distribution.  This can be done as follows: 

1. Buoy data is often provided with a staggered linear frequency range (an interval of 0.005 Hz up 

to 0.1 Hz, and 0.01 Hz interval beyond for a Datawell buoy, for example), however, MIKE 21 SW 

only accepts either a logarithmic or purely linear discretisation.  You will therefore need to 

filter/transpose your buoy data into one of these formats.  The easiest format to translate into is 

the linear format which requires a minimum frequency to be defined with a frequency interval 

and a total number of frequencies. 

2. For each time step that you have buoy data for, create your array of directional distribution 

values D(f,) (using either the normal distribution supplied here or your preferred alternative, 

such as the Cos2s distribution, for example). 
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3. Using your buoy non-directional frequency spectrum Sn(f) and Equation (1), create your 

directional energy spectrum Sd(f,) from your D(f,) for each recorded time step.  This should 

give you a series of arrays of values of Sd(f,), each of which has the dimensions of number of 

frequencies by number of directions (as defined on the Spectral Discretisation page of the MIKE 

21 SW workflow GUI as detailed in Part II Step 3). 

4. You can check that the directional spectrum, Sd(f,), you have created is correct using Equation 

(3) for each frequency for a selection of time steps and comparing the resulting calculated value 

of Sn(f) with the value given in the buoy data.  You could also determine the zeroth moment, m0, 

where 
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using the calculated non-directional frequency spectrum to determine the significant wave 

height, Hm0, equal to 4*√m0, which can be checked against that provided with the buoy data. 

Part II – Creating the MIKE 21 SW Spectrum File 

There are two different methods by which you can now create the required wave energy spectrum 

.dfs2 file. 

Option A – The new-for-2012 Wave Spectra Converter Tool 

A new tool, located within the MIKE 21 Toolbox, called the Wave Energy Converter has been 

developed to make the translation of directional spectra data into .dfs2 format easier.  It should be 

used as follows: 

1. Create a DHI ASCII format input file for the tool from your Sd(f,) arrays calculated in Part I.  The 

format is described in full in the User Guide for the tool (accessible via the F1 button or in 

C:\Program Files (x86)\DHI\2012\MIKE Zero\Manuals\MIKE_21\ToolBox\M21Toolbox.pdf on 

page 210).  Make sure the frequencies and directions data in the DHI ASCII file match those you 

have used in Part I which in turn should match those you enter on the Spectral Discretisation 

page of the MIKE 21 SW workflow GUI. 

2. Load the file created in Step 1 on the file selection page, tick the box to output the 2D Wave 

Spectrum as a .dfs2 file (on page Output 3/3 of the tool), tick the Wave energy option for output 

parameter and run the tool. 

3. You should now have a .dfs2 file containing the wave energy spectrum created from your buoy 

data. 

4. Now set up and run your SW model using the wave energy spectrum .dfs2 file that you have just 

created as your boundary condition, ensuring that the frequencies and directions information on 

the Spectral Discretisation page of the workflow GUI match that in your DHI ASCII file.  You 

should find that the significant wave height on your model boundary matches that in your buoy 
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data file.  It is advisable to produce a point output near the boundary for a general check on the 

data in your input file to ensure there are no errors. 

Option B – The Dummy Run 

You can also create a dummy .dfs2 file in which to put the data you have derived in Part I which you 

can use as boundary data for your SW model runs. 

1. Set up a dummy version of your SW model.  It should be the same in every way as the SW model 

you intend to use for your applications except that the boundary conditions will be dummy 

versions.  Make sure you set the parameters on the Spectral Discretisation page of the workflow 

GUI to reflect the frequency and direction range and interval that you want to use in your input 

spectrum.  For example, if you have data from the buoy that is in the range 0.005 Hz to 0.8 Hz 

and you are using the linear distribution, you could choose a minimum frequency of 0.02, a 

frequency interval of 0.02 and a number of frequencies of 40 (as shown in the figure below) to 

cover this range.  If you are using a directional spectrum that covers all compass directions, with 

a direction interval of, for example, 5 degrees, then you should choose the 360 degree rose 

option from the drop down list and enter 72 directions in the appropriate text box, as shown 

below. 

 

2. Run your model with a dummy boundary condition (say using Wave parameters (version 1) with 

default values) for the period that you have buoy data for (or sub-set if preferred), using the 

buoy recording interval as your output interval.  For example, if you have buoy data for a 2 week 

period at hourly intervals then you will need to run the model with a time step of 3600s for 336 

steps to simulate 14 days.  Your output file should be Field type Spectral parameter (Direction – 

Frequency) with an output frequency of every time step at a point near the boundary and should 

be a .dfs2 format file (you can change this from the default .dfsu file by typing the .dfs2 

extension to the filename.  This will create a dummy wave energy spectrum file in .dfs2 format.  

If you output a .dfsu format file by mistake, you can use the Wave Spectra Converter tool to 

convert it to a .dfs2 file. 
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3. Check to make sure the dimensions of the arrays created in Part I are in the correct order for the 

dummy .dfs2 file created from the dummy SW run (J values are frequencies from low to high in 

Hz, K values are directions from low to high in degrees) and copy your calculated Sd(f,) values 

into the appropriate time steps of the dummy wave energy spectrum file. It should be possible 

to automate much of this process using MATLAB if desired. 

4. Now rerun the SW model using the wave energy spectrum .dfs2 file that you have just created as 

your boundary condition.  You should find that the significant wave height on your model 

boundary matches that in your buoy data file.  It is advisable to produce a point output near the 

boundary for a general check on the data in your input file to ensure there are no errors. 

A Note on Angles 

An important point to bear in mind while creating the directional spectrum for use in MIKE 21 SW is 

the different units used for angles.  Directions in MIKE 21 SW are referred to in degrees (for 

example, in the MIKE 21 SW workflow GUI and in the .dfs2 spectrum file).  However, spectral energy 

density values need to be supplied to MIKE 21 SW in m2Hz/radians.  Calculation of the directional 

distribution is undertaken using radians for all angle terms – direction and spread values from the 

buoy data need to be converted to radians as shown on page 1.  As a result, the calculated 

directional spectrum Sd(f,) values are in m2Hz/radians.  Therefore, the values for Sd(f,) which you 

calculate in Part I of the process, using D(f,) and equation (1), should not be converted back to 

degrees when creating your .dfs2 file, whichever of the above methods you use in Part II. 

Other uses for this transformation 

It should be noted that the method outlined in this guidance can also be used to convert buoy data 

into a format for direct comparison with the results from a MIKE 21 SW model. 

 


