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Objective:

Explore the possibility of using CASI-S
retrieve parameters of interest for biogec
Estuary and Plume (i.e. phytoplankton pigmer
colour dissolved organic matter and mineral susg
ecosystems studies .

Interest:

Develop an approach that may provide high resolutio n synop
particular parameters to complete the in situ metab  olic data sets
truth obtained from cruises), possibly increasing t hus seasonal coverag



Field of view (FOV)
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Spatial resolution
Spectral range

Spectral channel

Airborne sensors
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Problems: Spectral bands not set as required

SWIR affected by calibration problems



Spectrometry (ASD)

1) Field spectrometry records of water leaving radiance;

2) Laboratory reflection and absorption spectrum measurements on collected water samples
and on some “isolated” optically active components:

* total suspended matter,
* colour dissolved organic matter (CDOM),

* identification of main phytoplankton species



Image Processing

Radiometrical, Geometrical and Atmospherical
corrections.

Gain and offset corrections using « Effort »
Filtering

Cross track correction

Extraction of spectra corresponding to ground truth
stations

Research of correlations between spectral and in-situ
data

Image processing




Correlation between in-situ and airborne reflectance
following different atmospheric correction

correlation
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Corrected Image:

Local averaging considering boat
drifting (initial and final GPS)
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Average spectra of each in situ
station from CASI sensor

Reflectance %

100
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Wavelength (micrometers)




Research of correlations between spectral and intaidata

101 Difficulties of classical algorithms for
Case 2 waters
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Absence of absorption pic around 0,67 micrometers

_ 60,00 |
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0,65 0,67 0,69 0,71 0,73 0,75
Wawelength (micrometers)

® Broad and intense reflection by heavy loads of suspded matter



42 spectral
bands

12 stations
N

© 06 0 0 0 9O pgrameter P1

Multiple Regressions
(Hirtle & Arencz, IJRS, 24-5, 953-967)
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Colour Dissolved Organic Matter (CDOM)

CDOM =A+ B@%ﬁ%}
R2 = 70.3%

Absobance 380 nm
m-1

1.67

11.38




Dissolved Organic Carbon (DOC)

R2 = 76.6%




Dissolved Inorganic Carbon (DIC)
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R2 =71.7%

Mmol/kg
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Across track Filtering

Principle (for each flight line): M\
Fit a 2nd degree polynomial on the average \

accross track signal of each spectral band W

Apply a constant filtering to remove this low
frequency signal

Correlation improvements:

before filtering  after filtering before filtering after filtering

DIC /1.7 87.7 1.45 - 2.83 1.89 - 3.90
DOC /6.6 34.9 16 - 188
Gilvin 70.3 7.7 1.67-11.38 3-14.43

pCO2 2.7 90.4 14 - 934 26 - 1900



Dissolved Inorganic
Carbon (DIC)

_ 841) ~0.876
DIC A+B[%.589} C(6.589)

R2 = 87,8%

Mmol/kg
1.89

3.90




Correlations with First Derivative Spectrums
(Lahet et. al, IJRS, 2001, 22-9, 1639-1664)

Principle :

For each of the 38 parameters, run an automatic sezh for
best correlation with the first derivative

(R;‘(i+1) - R;‘(i))/ (;‘(i+1) i} ;‘(i))
Correlation improvements:

Salinity, Si, No3, Po4, Talk, pCO2, DIC:
R2 ranging from 75% to 79,5 %, i.e. 3 to 6% highethen previously
All obtained with A, =464 nm ;i;,;) =475 nm

CDOM: R2of 72,5 % (2,5% improvement), withi,= 442 nm ;i;,;) = 453 nm

SPM: R2o0f 41,4%(or R= 64 % comparable with 60,7 % from Lahet, 2001same approach, but
higher number of stations, differenciation of watertypes, lower charge)

with x(i): 611,4 nm ;x(i+1) =622,8 nm




Correlations with First Derivative Spectrums

SPM: ULg versus ULB SPM mg/L
y = 1,0022x + 14,552
80,00 R? = 0,7143
70,00 - ¢
S, 60,00 -
S |
S 50,00 R
(9') 40,00 - A
> 30,00 -
=
D 20,00 -
10,00 -
0,00 ‘ ‘
0,00 20,00 40,00 60,00
ULB SPM mg/I

Ground « Truth » is also affected by errors (systemat and accidental, like for
stations 4 and 14)



Back to Chlorophyll, Multiple Regressions

Chla model versus measures
R2 previously obtained: 48,21%

Ratios: R634/R487 nm |
RAGBRAGTNM & 350
% 3,00 -
o
C_Eu 2 50 ¢ y = 0,453fr8X + 1,8475
Without problematic samples 4 and | O 0 ‘ ‘ K= Borse

14: improvement to about 58%
2,00 250 3,00 350 4,00 4,50

Chla in situ (microg/l)

Station 13 out of the line...a confirmation of the neessity to split study
according to water types (improvement to 87%) , oto non linear model?



Summary

CASI products

SWIR data were suffering important radiometric corr  ection problems and could not be used
CASI Spectral bands could not be set as designed

CASI data recorded over water seems affected by

a) “sun glim” and cross track systematic artefacts as revealed clearly by some parameter
distribution (i.e. DIC)

b) Bathymetry effects (i.e. DOC)

First attempt to remove artefacts were realised wit  h cross-track filtering.

—» Improvement of across track correction method (vari ous parameters to be adapted, artefact
of geometrical or radiometrical correction?)

—) Localisation of zones of extremes values (out of ra nge values) for each parameter,
comparison and masking (such as in first flight lin e, consequently to intense direct
sun reflection on water surface, and to the presenc e of very shallow sand banks
probably responsible for extreme values in some ran ges)



Summary

Algorithms and prediction of biogeochemical paramet ers

Ratio Multiple Regression and well as First Derivat  ive approach proved very convenient for
first statistical exploration of large hyperspectra | databases

Some results obtained are very encouraging in terms of R?, range, distribution (i.e. CDOM)

In case of limited number of ground truth stations, attention must be paid to the general
distribution range and pattern established in order to avoid inconsistent correlations

=

Developing specific algorithms by splitting databas e according to general water types

=

Combining previous empirical approach with (a) phys ical models, including fine bathymetry
effect and (b) classical hyperspectral algorithms ma king use of known isolated
spectral signatures (from literature and laboratory spectral measurements on water
samples)



Summary

Constraints of the marine environment

At sea, “Ground truth” may be difficult to define, a nd requires much time and resources.

—) Time delay between in situ and flight should be red uced (using several smaller boats), as it
Is a very dynamic scene.

=> Ground truth must be more important and reliable in order to allow some validation and
accuracy assessment. Enlarging database should be d  one through (a) increased
number of in situ stations; (b) data exchange with other campaigns realised in the
same period (TNO netherlands CASI campaign; Mumm, V. de Cauwer). Larger
databases would

= Hydrodynamic simulation of the water displacement d uring field campaign may allow to
reduce artefacts due to non synoptic measures.



