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Ocean color:
observing ocean color from space




Observing => measuring ocean from space

Satellite true color image Chlorophyll a spatial variability



Satellite radiometry

Phaldd of View




Problems with atmospheric
correction
e.g. % of nLw(443nm) <0
after last reprocessing

Satellite radiometry

Baltic Sea —
difficult target for
ocean color
remote sensing
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INNOVATIVE
ECONOMY .

SatBaltic: — A BALTIC ENVIRONMENTAL
SATELLITE REMOTE SENSING SYSTEM

@ WERs, \“Mm",

\ il %,
S » /:ﬂ & T <
PAN :]u a X aea w»
WS ol g
—
e U

" e, % dn
HIWERSYTET GDANSKI Cegcxﬁf’ e

The aim of project:

Establish monitoring system for the Baltic
Sea, based on the satellite remote sensing
data and eco-hydrodynamical models



Schematic di’agram of the SatBattyk systemu
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SATBALTIC
OPERATING
BASIC INPUT DATA: SYSTEM
Satellite Global Routine
VIS, IR1, IR2, meteorological meteo- and
Microwave model data hydrological
data
DESAMBEM DIAGNOSTIC BALTFOS PROGNOSTIC
SYSTEM SYSTEM
DO BO
INITIAL PROCESSING INITIAL PROCESSING
D1 1 Bl WEATHER MODEL
ATMOSPHERIC PARAMETERS P, U, - | pressure (p), wind speed (Uy),
clouds, AOT, ozone, water vapour humidity, air temperature, ...
D2 - SST B2 MODELS:
PHYSICAL PROPERTIES RNBIRGIMNAALE, PREDICTED
CURRENT OF THE SEA SURFACE THERMODAYNAMIC PR
= structural and
structural and temperature SST ST ] SEAICE ‘ :
. , unctional
functional ice cover ICE, temperature SST, T, i ¢
f solar irradiance E, salinity S,currents v, properties O
propertles of radiation balance NET E’ |CE, . > sea level, ice properties the sea
the sea iy s 1L L8
D3 J— B3
BIOOPTICAL PROPERTIES Ca(o) ECOHYDRODYNAMIC
OF THE SEA MODELS
Surface chlorophyll a C,(0), Ca(()) chlorophyll &, nutrents Data transfer for an overcast sky (lack of
Irradiance attenuation K(A), ¢ yll &, nutrients, ‘ i A
chlorophyl depth profle G.(2), biomass of different satellite data for the DESAMBEM algorithm)
nutrients N, P, taxonomic groups of
primary production PP K X phytoplankton Data transfer for a cloudless sky (data
G (/’ "~ Serem G |:> assimilation to improved the ECOSAT
Vv _ paremeters /| algorithm)
D4 v | B4
OTHER IDENTIFIED y OTHER PREDICTED f | ired ke th
PARAMETERS PARAMETERS :> Data transfer always required to make the most
thermal fronts, upwellings, thermal fronts, upwellings, of the DESAMBEM and ECOSAT algorlthms
phytoplankton blooms, phytoplankton blooms,
oil spills oil spills blue letters in the description denote

parameters computed directly from data
supplied by one satellite

CALIBRATION / VALIDATION
DATA
(buoys, ships, shore stations)

red letters in the description denote parameters
computed from data supplied directly or
indirectly by several satellite sources, and / or
by the SatBaltic System




SatBattyk - data streams

Satellite data Kjf Other ancillary *
e data
K
Diagnostic System Forecasting system
DESAMBEM BALTEOS

Products: o Weather model (UM, WRF) I Products:
Current status clouds, irradiance I < > Short term
of the forecast

environment

wien-g Hydrodynamic model
SST p - (PM3D, POP)
seaice l Sea ice model (CICE) l
" Eco- hydrodymic model
(ProDeMo, 3DCEMBS)
Other models (XBeach) l

Calibration,
validation

Chlorophyll a
concentration

Primary Production,
oxygen production ,...

Calibration, In situ data

validation
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| | | | = =
Surface chlorophyll a concentratio r“

8.05.2001
DESAMBEM algorithm
source: SeaWiFS

Chla and PP
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Total primary production

8.05.2001

DESAMBEM algorithm

sources: SeaWiFS, METEOSAT, NOAA1
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balance of the sea surface
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Distribution of the solar radiation energy consumed during
various processes in the atmosphere-sea system.
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Parameters related to the coastline

INNOVATIVE ey s
D — Partners
Select time [UTC]
‘ 4 2016-10-12 07:00 ‘ 4

+ OCEAN OPTICS
+ RADIATION BUDGET
+ SEA WATER COMPONENTS
+ PHYTOPLANKTON, PHOTOSYNTHESIS
- COASTAL ZONE
Width of dry beach (pilot areas)
Range of beach inundation (pilot areas)
- BEACH
Range of beach inundation
Width of dry beach (pllot areas)

Width of dry beach

+ HAZARDS

Regulations | Contact | Home Page

PPM Open Projects

Range of beach inundation (pilot areas)
2016-10-12 07:00 UTC
SatBattyk (XBEACH)

Mu

Walln  Kamien

Pomorski
Wolinski
NP

Wolin

Przybiernow

s WA sevmn -~

Rewal
Trzebiatow
Kamice
Swierzno Brojce
Gryfice

Golczewo (28

Ploty

Resko

Dartowo
» i
L ]
& ' Malechowo | - |
Gmina Mielno 28 |
Ustronie Siandw |
Morskie Bedzino f
Koszalin
Kolobrzeg
Dygowo Biesiekierz Mahoio J
Rosnowo
Goscino |
Karlino Buczek !
|
Biatogard
Ryman Laski BDboIiu‘
Tychowo ‘
Stawoborze |
Rabino
\C"“'RS? 3 ‘
5 Gr. ia }
Swidwin : T“C ; ‘}‘_- ‘
(Gmina) . Swidwin Polezyn-Zdrof Zra
Barwice



Merging satellite data with modelled data

Sea Surface Temperature

Sea surface temperature
determined on the basis of
remotely sensed data and
the M3D hydrodynamic
model (grid resolution 0.5
NM) when a large part of
the sky over the sea is
overcast

completed by modelled data

SST[°C]

5 6 7 8 9 10 11 12 13



Sea surface temp. [°C]

Assimilation of the satellite data in the

hydrodynamic model
25
+ Tobs
20 M3D+A
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Comparison of sea surface temperatures 8 1
observed in the southern part of the Baltic Sea =
and modeled with assimilation of satellite SST L 051
maps (M3D + A) and without assimilation (M3D) g %]
»n 03 -
T 02 -
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0.0 -
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sea surface temperature [°C]

Variability of the sea surface temperature in the Baltic

Monthly averages of the sea surface temperature based on PM3D model,
satellite AVHRR and merged SatBaltyk product
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System components, calibration and validation




Monthly averages of daily primary production in 2010
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Monthly averages of daily primary production in 2010 -2015
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Monthly averages of daily primary production in 2010 -2015
In Gdansk Bay
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Total primary production

Year PP [10°tons Clyear]
2010 33.3
2011 33.8
2012 32.5
2013 36.7
2014 38.6
Average 35.0

36.27 [10° tons Clyear] (Renk, 1989)



Multi year variability of chl-a on the Platl station
Platl
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Radiation budget at the sea surface

NET [W/ m?]

llOO

2012 NET [W/m?] 2013

I]OO

78.7

NET [W/ m?] 2014

llOO

78.7

LW, = 306-314 Wm?2

NET = SW, o, + LW,
SW, ., = SW, — SW,

NET,,.= (64-72 )Wm
— LW, or = LW, — LW,

SW - shortwave radiation
LW — longwave radiation

Zapadka T., Krezel A., Paszkuta M., Darecki M., 2015, Daily radiation budget of the baltic
sea surface from satellite data, Polish Maritime Research, 22(3), 50-56, DOI
10.1515/pomr-2015-0056.



Monthly averages of net radiation budget 2010 -2015
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SatBaltyk Project Portal

EatBo } ’ryk www.satbaltyk.pl

Satelite Environment Control of Baltic Sea

xBa{{P

2
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f— Polski

HomepAGE ABOUT PROJECT Team PARAMETERS RESEARCH RESULTS NEews Epucamion { SATBALTIC SYSTEM ] Contact

Sea surface temperature SST

o}
20160830 12:00 U : F5:190E
Temperafure atBatryk | F ] . average water
temperature

13.5%

Cloudiness : average Baltic
. cloudiness

; - 2.5 mg/m>
Chluroph_yll a ] ol _ — : average Baltic

chlorophyll a

__ : G ° 361.9 mg/m2-d
Primary production : & A average Baltic
primary production

Do you know: photosynthesis is the process which converts carbon dioxide and water into glucose and oxygen

with the light energy. The process allows plants grow.
See maps of other

parameters



SatBaltyk product portal
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NATIOMAL COHESION ETRATECY
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v Products
Projection: Map behaviour
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|
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| =+ Chemical parameters

|
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| 4+ Energy fluxes

> Export
» Settings
¢ Login

» Registration




SatBaltyk product portal

INNOVATIVE EUROPEAN UNION
ECONOMY e

KATICHAL COHESION STRATEGY

1

h Polski Partners

You are logged as: darecki@iopan.gda.pl
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Meteorology
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Optics
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Chemical parameters |
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|

++ |+ +

Test products

Export

» Settings | 100 km |




What next?

keep it alive !

extend temporal coverage

still increase accuracy

extend number of parameter (WFD, MSFD )
develop new parameters

Increase recognitions and internal cooperation



What next?

keep it alive !

extend temporal coverage

still increase accuracy

extend number of parameter (WFD, MSFD )
develop new parameters

Increase recognitions and internal cooperation

Any science left?



of phytoplankton species — potential for remote sensing

Variability of absorption and scattering
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Remote sensing of phycobilin (PC)
— spatial distribution of cyanobacteria blooms

chl-a[mg m3]




S3 OLCI Reflectances
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S3 OLCI Reflectances
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S3 OLCI Reflectances
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OC2 algorithm derived CHL [mg/m’]
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Validation

Arithmetic statistics

Logarithmic statistics

Systematic Statistical Systematic | Standard error | Statistical
error error error factor error
Quantity Relative <¢> Relative o, <e>, [%] X o_[%]
Chla (C)) 9.9 [%] +56.6 [%)] -3.2 1.68 -40.5
Dose PAR 2.44 (%] +23.3 [%0] 0.24 1.22 -18.3
Daily O, 2.00 [%] +60.6 [%0] -14.6 1.72 -41.7
Absolute <¢'> Absolute o'
SST At =0.37 [°C] o = £1.05 [°C]
Net radiation: LW 1 [Wm-?] +29.7 [Wm-]
SW 14 [Wm] +38.7 [Wm-?]

Errors in the remotely sensed estimation of selected quantities with SatBaltic System
at its present stage.




Copernicus Marine

Environment Monitoring
Service

vs SatBaltic: — Baltic Environmental
Satellite Remote Sensing System

SHORT-CUT
TO SERVICES

TE
R
s Z5

= g3

+ all European marine waters number of parameters
+ merged satellite and modeling

products = everyday product
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