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Field data set 2019
Structure of data archive

Directory structure

Directory „2019_CostaRica“

• Subdirectory for each day

 Subdirectory for each instrument

• Subdirectory for data analysis
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OOSS measurements
Directories
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…\OOSS Sensor name (Ocean Optics Sensor System)

…\OOSS\raw Raw data

…\OOSS\raw\01 Raw data from station 01

…\OOSS\raw\02 Raw data from station 02

…\OOSS\raw\... Raw data from station ...

…\OOSS\R Reflectance data

…\OOSS\R\01 Reflectance data from station 01

…\OOSS\R\02 Reflectance data from station 02

…\OOSS\R\... Reflectance data from station ...

…\OOSS\log Log files

…\OOSS\log\01 Log files from station 01

…\OOSS\log\02 Log files from station 02

…\OOSS\log\... Log files from station ...



OOSS measurements
File extensions of raw data
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*.edd downwelling irradiance, dark current

*.edr downwelling irradiance, reference

*.edt downwelling irradiance, target

*.lud upwelling radiance, dark current

*.lur upwelling radiance, reference

*.lut upwelling radiance, target

*.ldd downwelling radiance, dark current

*.ldr downwelling radiance, reference

*.ldt downwelling radiance, target

Note: The measurements of the downwelling 
radiance sensor are not yet processed.



OOSS measurements
File extensions of reflectance spectra
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*.RE Ratio of downwelling irradiance to downwelling irradiance at time of reference measurement

(Irradiance change measured using cosine collector method)

*.RL Remote sensing reflectance, not corrected

*.Rrs Remote sensing reflectance, corrected for irradiance changes



OOSS measurements
Files in directory „log“
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Lut.txt List of measurements of Lu sensor of target

Lur.txt List of measurements of Lu sensor from reference panel corresponding to Lut

Lud.txt List of measurements of Lu sensor of dark current corresponding to Lut and Lur

Edt.txt List of measurements of Ed sensor during target measurement

Edr.txt List of measurements of Ed sensor during reference measurement

Edd.txt List of measurements of Ed sensor of dark current corresponding to Edt and Edr

Logfile.txt Documentation of unusual processing steps

SPECCON.INI Copy of initializiation file of software SpecCon



OOSS measurements
Software SpecCon for Level-2 processing
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Code: Pascal (IDE Lazarus)

Executable: Speccon.exe

Initialziation file: Speccon.ini

Content of file Speccon.ini



OOSS measurements
Software SpecCon for Level-2 processing
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 Demonstration of usage



OOSS measurements
Automatic steps of software SpecCon for Level-2 processing

1. The program creates 6 tables with the file names of corresponding radiance and irradiance
measurements.

2. The reflectance spectrum of the diffusor plate (spectralon panel) is imported and adapted to the
wavelengths of the radiance sensor.

3. Radiance reflectance is calculated for each triple of radiance measurements: 
L.Reflectance = (L.Target - L.Dark) * Reflectance.Panel / pi*(L.Reference - L.Dark)

4. Irradiance change is calculated for each triple of irradiance measurements: 
E.Change = (E.Target - E.Dark) / (E.Reference - E.Dark)

5. Reflectance is corrected for irradiance change: Reflectance = L.Reflectance / E.Change

6. The results are saved to files:

- L.Reflectance (*.RL)

- E.Change (*.RE)

- Reflectance (*.Rrs) 
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OOSS measurements
Structure of output files
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Each file has the same structure

• ASCII text

• Header with relevant information

• Data as multi-column table
 Column 1: wavelength
 Column 2: mean
 Column 3: standard deviation
 Columns 4-24: individual measurements



OOSS measurements
Application: validate Level-2 satellite data

K. Dörnhöfer, A. Göritz, P. Gege, B. Pflug, N. Oppelt (2016): Water constituents and water depth retrieval from Sentinel-2A 
– a first evaluation in an oligotrophic lake. Remote Sensing, 8, 941. doi:10.3390/rs8110941

Comparison of spectrally resampled field measurements at Lake Starnberg with Level-2 
data derived from Sentinel-2 using different atmospheric correction models.

Example from literature
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OOSS measurements
Spectral resampling to satellite data
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Software WASI

Options – Data format

• Check „Resample input spectra using
Gaussian function“

• Check „x-values from file“

 Select file with band information

 Set header lines, columns of x and FWHM



OOSS measurements
Spectral resampling to satellite data
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Example

OOSS measurement (output of SpecCon) Resampled to bands of Sentinel-2

used for comparison with Level-2 satellite data



OOSS measurements
Spectral resampling to satellite data
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Example

OOSS measurement (output of SpecCon) Resampled to bands of Landsat-8

used for comparison with Level-2 satellite data



OOSS measurements
Inverse modeling using WASI
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from Sun photometers 
(Microtops)



OOSS measurements
Inverse modeling using WASI
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Parameters for modeling 
reflections at the water 
surface. The new Ldd

sensor estimates these 
reflections by 

measurement.



OOSS measurements
Inverse modeling using WASI
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 Demonstration 
of fit procedure



OOSS measurements
Batch processing of field measurements
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Software WASI

Options – Data format

• Check „Import series of spectra from
directory“

 Set file extension

 Select directory

• Check „multiple columns per file“

 Set number of spectra per file („max. columns“)



OOSS measurements
Batch processing of field measurements
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Steps of processing

1. Import measurement (File – load)

2. If not done previously, define fit settings
(Options – Invers calculation – Fit tuning)

 Set „Initial values“ to „identical for all spectra“

 Limit „Final fit“ to spectral range of data

 Activate „Pre-fit infrared“, e.g. 750–830 nm

 Chose useful Residual, e.g. 1.0E-5

3. Test fitting (Press „Start“)

 If fit is not convenient, repeat step 2

4. Check „batch mode“

5. Process all measurements (Press „Start“) 

Imported measurement

Convenient fit



OOSS measurements
Output files of batch processing
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• FITPARS.TXT: Table of fit parameters

• WASI5.INI: Copy of initialization file of WASI

• WASI_plot.bmp: Screenshot of last fit
First lines of FITPARS.TXT



OOSS measurements
Create Level-3 results
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Analyse FITPARS.TXT with suitable software, e.g. Excel or selfmade script

• Plot the results

• Remove outliers (e.g. exceptionally high residual)

• Calculate statistics
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OOSS measurements
Create Level-3 results
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Example: 

Chlorophyll-a

0

1

2

3

4

5

6

7

8

0 50 100 150 200 250 300 350 400

C
h

lo
rp

h
yl

l-
a 

[µ
g/

l]

Measurement number

1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26

12 March 2019, Sierpe1, Station 03



OOSS measurements
Create Level-3 results
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Example: 

Total suspended matter

1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26
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12 March 2019, Sierpe1, Station 03



OOSS measurements
Create Level-3 results
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Example: 

CDOM absorption

1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 50 100 150 200 250 300 350 400

C
D

O
M

 [
m

^-
1

]

Measurement number

12 March 2019, Sierpe1, Station 03



OOSS measurements
Create Level-3 results
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Example: 

Exponent of CDOM 
absorption

1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26
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12 March 2019, Sierpe1, Station 03



OOSS measurements
Create Level-3 results
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Example: 

Sun glint

1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26
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12 March 2019, Sierpe1, Station 03



OOSS measurements
Application: validate Level-3 satellite data
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1 outlier deleted

Resid C[0] C_X C_Y S g_dd

mean 4.0E-06 4.30 5.29 0.78 0.0100 0.19

sigma 6.8E-07 1.07 0.21 0.06 0.0005 0.05

sigma/mean 0.17 0.25 0.04 0.07 0.05 0.26

12 March 2019, Sierpe1, Station 03

• Compare the fit results of the field measurements with the Level-3 satellite data

• Use standard deviation of repeated measurements (sigma) as error bar



OOSS measurements
Lessons learned
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• OOSS misses bands of Sentinel-2 and Landsat-8 at 865 nm

• Better results require estimate of atmospheric parameters alpha and beta


