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1. Introduction to the Chromophores-Toolbox
Absorption coefficients at specific wavelengths, aλ, are used as proxies of the
concentration of CDOM and a wide variety of spectral indices and slopes have provided key
information on the origin and molecular structure of CDOM. As the characterisation of specific
chromophores is still lacking in the literature we have developed a toolbox to obtain distinct
chromophores within CDOM datasets.
The toolbox is adapted to obtain two distinct chromophores centred around 300 nm
(named Ch-UV) and 415 nm (named Ch-VIS) by fitting the measured absorption coefficient
spectra to the Röttgers and Koch’s equation [Röttgers and Koch, 2012] and statistically
isolating the absorption signal attributable to these chromophores from the standard
decreasing exponential curve.

2. Chromophores-Toolbox Interface and key concepts
2.1. Chromophore identification analysis
In order to locate and quantify the absorption chromophores centred around 300 nm
(Ch-UV) and 415 nm (Ch-VIS), we developed this Matlab toolbox that obtains the parameters
that best fit (least squares sense) the following equation [Breves et al., 2003; Röttgers and
Koch, 2012]:
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The equation was fitted within different wavelength ranges for each chromophore.
The first and third terms of the equation models the typical exponential decay of any CDOM
spectrum with increasing wavelength. It consists of a pre-exponential term (b1), an exponential
slope (b2), and an absorption parameter to correct for offsets in the absorption at longer
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wavelength (b4). The second term is a Gaussian function to model the absorption spectra of
the UV or VIS chromophore, with b3 being the height at the reference wavelength λo of the
chromophore and

the width of the Gaussian function, respectively. The absorption

coefficient of the UV or VIS chromophore at their respective λo (aCh-UV or aCh-VIS) is calculated as
b3

. b1, b2, b3, b4, λ0 and

are optimised with the Matlab toolbox.

2.2. Ch-UV
To obtain the parameters of the UV chromophore equation (1) is applied to the
wavelength range from 250 to 400 nm. This chromophore is related with the absorption of
nitrate in the UVB region of the spectrum [Johnson and Coletti, 2002] or may be caused by the
absorption of deoxygadusol, a mycosporine-like precursor synthesized via bacteria,
cyanobacteria, phytoplankton, macroalgae (red, brown and green), plants and fungi with an
absorption maximum at 294 nm [Shick and Dunlap, 2002].
2.3. Ch-VIS
To obtain the parameters of the VIS chromophore equation (1) is applied to the
wavelength range from 350 to 600 nm. A plausible source for the absorption of the VIS
chromophore is the respiratory enzyme cytochrome c oxidase. This enzyme presents an
absorption maxima around 410 to 415 nm and is one of the most important components of
cellular respiration, which reduces molecular oxygen to water coupled to the pumping of
protons across the mitochondrial or bacterial membrane [Yoshikawa et al., 2011].
2.4. Chromophores-Toolbox components
The Chromophores-Toolbox is a GUI (Graphical User Interface)-based Matlab toolbox.
The Chromophores-Toolbox consists of three parts: (1) a main script related to the Matlab GUI
interface (CHROMOPHORES.fig), which is called ‘CHROMOPHORES.m’. This scripts works as a
connection (set of commands) between the interface components and the calculus done by
Matlab; (2) A folder called ‘functions’, which contains the Matlab functions that do the fitting
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analysis (Ch_UV_fit.m, Ch_VIS_fit.m, rottgers_koch.m) and the scripts that sends information
to the interface log-window (WriteinWindow.m); and (3) a folder called ‘Help’, which contains
information to help the user with the toolbox (this tutorial).
2.5 Chromophores-Toolbox interface
The Chromophores-Toolbox interface is divided in two main modules, (1) one for the
UV chromophore and (2) another for the visible chromophore (see Fig. 1). Each module is
divided, in turns, into the toolbox inputs (initial parameters), outputs (end parameters) and a
“GO” command.

Fig. 1. Chromophores-Toolbox interface

Inputs to the toolbox are the initial value of the a1-a4 and b1-b4 fitting coefficients for
the Ch-UV and Ch-VIS, respectively. These coefficients correspond to the initial value of
coefficients b in Eq. 1. These initial values are set by default to be a1 = 0.05, a2 = 0.1, a3 = 0.05
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and a4 = 5 (the same for the b coefficients, see Fig. 1) but can be changed by the user, before
running the analysis, by clicking on the respective coefficient box and introducing a new initial
value. Other inputs to the toolbox are the range of ‘lambda’ λo and ‘sigma’ σ (Eq. 1 and Fig. 1)
to be tested. For Ch-UV, λo is allowed to vary within the range 280:5:320 nm and for Ch-VIS, λo
is allowed to vary within the range 390:5:440 nm. σ is allowed to vary within the range 15:5:30
nm for both the Ch-UV and Ch-VIS. Although these ranges are fixed in the toolbox, and thus,
there is not a direct access to them through the GUI interface, the user can change them by
opening the script CHROMOPHORES.m and by modifying the values of L (wavelength) and D
(bandwidth) in lines 408 and 409 for Ch-VIS and lines 1024 and 1025 for Ch-UV of that .m file.
Outputs of the toolbox (end parameters) consist of the final value (best fit) of the a1-a4
and b1-b4 fitting coefficients and their respective errors (confident intervals) s1-s4, together
with the coefficient of determination R2, the value of λo (box Lambda), σ (box Sigma) and the
absorption coefficient of the chromophore –aCh-UV or aCh-VIS– for which the best fit was
achieved. The corresponding sample ID (e.g. depth, time, name of the sample) is shown in the
box ID.
By clicking the ‘GO’ button, the fit analysis is run. If the box Show Graphs is ticked the
toolbox will display a graph showing the measured absorption coefficients together with the
best-fit line for each evaluated sample (e.g. Fig. 2).
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Fig. 2. Example of the interface outputs and graph for the measured and calculated absorption
coefficients

The interface also contains a button called ‘OPEN .CSV FILE’ to import one or several
.CSV files with the measured absorption coefficients (see Section 4 for details), a box called
‘FUNCTIONS’ where the fit equation is defined (Eq. 1), a ‘Log Window’ where the toolbox
displays each of the actions that is carrying out, a ‘HELP’ button which contains the basic
information to use the Chromophores-Toolbox (this tutorial), a ‘Clear log’ button, which erases
all the information (imported data and outputs) and a ‘Save log’ button, which allows the user
to save the outputs in .mat format of the last analysis carried out by the toolbox.

3. Getting started
The

Chromophores-Toolbox

can

be

downloaded

‘http://ecologia.ugr.es/pages/herramientas/toolbox-matlab?lang=en’.

Once

the

from
file

is

unzipped it is important to maintain the structure (distribution) of the files within the folder
Chromophores_Toolbox for a correct function of the toolbox. Once the user has chosen the
directory where to locate the toolbox there are two ways to run it:
(1) Open Matlab and in Current Folder set the path to the toolbox: Eg: Current Folder:
C:\User\Chromophores_Toolbox. Once Matlab is in the same directory as the toolbox,
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write ‘CHROMOPHORES’ in the Command Window. The GUI interface should open.
(2) Open the CHROMOPHORES.m file in the Matlab Editor and run the script (press the
play button or go to Debug-Run CHROMOPHORES.m). The GUI interface should open.
It is important not to change the Matlab directory while the toolbox is being used.
Otherwise an error would appear in the Matlab command window.

4. Inputs to the Chromophores-Toolbox: Import data
The Chromophores-Toolbox is set to load and read .csv files with information on the
measured wavelengths and CDOM absorption coefficients. The first column of the .csv file
should contain the wavelength values and the subsequent columns, the absorption coefficient
values for each of the samples. The first row should contain identification for each sample
(sample ID). This sample ID could be a measured depth, time, etc. Fig. 3 shows an example of
an input .csv. It is important to keep the distribution shown in Fig. 3. The analysis will be done
no matter the resolution of the sample, i.e. the separation between consecutive values of
wavelengths (e.g. each 1 nm, each 5 nm, etc). An example of input .csv file can be downloaded
from (‘http://ecologia.ugr.es/pages/herramientas/toolbox-matlab?lang=en’).

8

CHROMOPHORES-TOOLBOX TUTORIAL 9
Catalá et al., 2015

Fig. 3. Example of .csv file to be loaded by the toolbox

The user can import one or several .csv files. In case the user loads several .csv files, the
analysis for Ch-UV and Ch-VIS will be carried out for all samples within a given .csv file and all
the imported .csv files.

5. Chromophores-Toolbox analysis
The Chromophores-Toolbox fits the data in x (wavelengths λ) and y (absorption
coefficients) to the function in Eq. 1., with the fitting method of non linear squares, where b1b4 are the coefficients to estimate, and λo and σ are the problem parameters. In order to start
the fitting iterations, an initial value of the fit coefficients should be given. These initial values
are set by default to be b1 = 0.05, b2 = 0.1, b3 = 0.05 and b4 = 5, but they can be directly
changed by the user by changing the initial value of these parameters in the interface (see
section 2.5). In order to obtain results, which are realistic in terms of a physical interpretation,
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the coefficients b1 and b3 (the height at λo) are forced to be ≥ 0 in the model. By default all
coefficients have an upper-limit value of 20 and a lower-limit value of -10 (except for b1 and b3
which is 0). These limits, however, can be modified by the user in lines 393 to 399 and lines
1010 to 1016 (example below) in the ‘CHROMOPHORES.m’ file for Ch-VIS and Ch-UV,
respectively. The toolbox will show a warning message if the calculated value of a3 or b3 is too
close (<0.001) to their upper limit, suggesting the user to increase the upper limit for these
coefficients.

6. Outputs from the Chromophores-Toolbox
The Chromophores-Toolbox generates two folders, one for each chromophore under study,
called ‘Ch_UV’ and ‘Ch_VIS’, in the same directory as the imported .csv files, and where the
outputs related to the UV chromophore and the visible chromophore will be located,
respectively. By default, the Chromophores-Toolbox generates one .csv file after each analysis
called

‘Parameters_ChUV_[FileName]1_[FileName]end.csv’

or

‘Parameters_ChVIS_[FileName]1_[FileName]end.csv’, depending on the chromophore, with the
information on the fitting coefficients, the goodness of the fitting, the final values of λo and σ,
and the calculated value for aCh-UV or aCh-VIS. [FileName]1 and [FileName]end are the names of the
first and the last imported .csv files. For example, for three imported files called
‘Example1.csv’, ‘Example2.csv’ and ‘Example3.csv’, the Chromophores-Toolbox would generate
a .csv file called ‘Parameters_ChUV_Example1_Example3.csv’ after the analysis of the UV
chromophore. If only one .csv file is imported, the Chromophores-Toolbox will generate a .csv
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file

called

‘Parameters_ChVIS_[FileName].csv’.

Fig.

4

shows

an example

of

the

‘Parameters_ChUV_[FileName]1_[FileName]end.csv’ generated by the Chromophores- Toolbox.
Note that the ‘Parameters_ChUV_[FileName]1_[FileName]end.csv’ is generated for each ‘GO’
command. Thus, it will contain the information for several imported files if more than one .csv
file has been loaded into the toolbox.

Fig. 4. Example of ‘Parameters_ChUV_[FileName]1_[FileName]end.csv’ generated by the Chromophores
Toolbox. In this example two .csv files called ‘Example1.csv‘ (with one sample) and ‘Example2.csv’ (with
14 samples) were loaded into the toolbox.

It is important to keep the output .csv files closed while the toolbox is doing the
analysis. Otherwise an error would appear in the Matlab Command Window.

Alternatively, after each analysis (‘GO’ command), the Chromophores-Toolbox gives
the option to save output data in .mat format. After each analysis a question dialog box will
open, asking whether the user would like to save the output data in .mat format (Fig. 5).
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Fig. 5. Question dialog box after the analysis for the Ch-UV

If the user presses ‘Yes’, a ‘Ch_UV.mat’ file or a ‘Ch_VIS.mat’ will be generated and the
user will select the directory to save it. This .mat file will contain the following information (Fig.
6):
 Variable Coeffs: This contains all the variables in the ‘Constants_Ch_UV.csv’ (or
‘Constants_Ch_VIS.csv’ ) for each sample and each imported .csv file.
 Variable SampleID: all the sample IDs
 Variable x00: Range of wavelengths for which absorption coefficients were
measured (x-variable) for each sample and .csv file (λ in Eq 1). Units = nm.
 Variable a: Best fit of the absorption coefficients (Eq. 1) for each sample and
.csv file (y-variable). Units = m-1.
 Variable aChUVrange or aChVISrange: Absorption coefficients for the Ch-UV
range or Ch-VIS range, respectively (term 2 in Eq. 1). Units = m-1.
 Variable aChUV or aChVIS: absorption coefficients for the UV or visible
chrompohores. Units = m-1.
 Variable Names: Name of each imported .csv file.

Fig. 6. Example of data in a Ch_UV.mat file.
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If the user presses ‘No’ or ‘Cancel’ in the question dialog box, there is still the
possibility to save the .mat file by clicking on the interface ‘Save log’ button. The question
dialog box will reopen.
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