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The freshest surface waters in the tropical Pacific are located near the south-east

border of the Eastern Pacific Warm Pool. In this region, the seasonal migration of the In-

tertropical Convergence Zone (ITCZ) over the American Cordillera gives rise to monsoon-

like wind and rain patterns that deeply imprint the seasonal cycle of Sea Surface Salinity

(SSS) and Sea Surface Temperature (SST). Using in situ data from voluntary observing

ships, we depict the quasi-permanent presence of the Far Eastern Pacific Fresh Pool (FEPFP,

with typical SSS lower than 33) mostly confined between 85°W and the Panama coast in

December, but which extend westward until 95°W in March. Another major feature of the

FEPFP is the strong and permanent signature in SSS fronts near its edge. We investigate

the seasonal dynamics of this FEPFP using complementary satellite wind, rain, sea level

and in situ oceanic current data at the air-sea interface, along with hydrographic profiles.

The FEPFP appears in June in the Panama Bight due to the strong summer rains associated

with the northward migration of the ITCZ over Central America. During the second half of

the year, the eastward North Equatorial Counter Current keeps it trapped to the coast and

strengthens the SSS front on its western edge. During boreal winter, as the ITCZ moves

southward, the north-easterly Panama gap wind creates a south-westward jet-like current

in its path with a dipole of Ekman pumping/eddies on its flanks. As a result, upwelling in

the Panama Bight brings to the surface cold and salty waters which erode the FEPFP on its

eastern side while both the jet current and the enhanced South Equatorial Current stretch the

FEPFP westward until it nearly disappears in May. Newly available Soil Moisture Ocean

Salinity (SMOS) satellite SSS data proves able to capture the main seasonal features of the

FEPFP and monitor its spatial extent.
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High quality sea surface temperature (SST) data sets are needed for various ap-

plications, including numerical weather prediction, ocean forecasting and climate research.

The coverage, resolution and precision of individual SST satellite observations is not suf-

ficient for these applications, therefore the merging of these complementary data sets is

needed to reduce the final data set error. This is usually performed by optimal interpolation

(OI).

We present an extension of the capabilities of DINEOF (Data INterpolating Em-

pirical Orthogonal Functions) to merge data from different platforms. The analysis is

based on the formalism of OI, but the crucial difference is that the error covariance is not

parametrized a priori using an analytical expression, but expressed using a spatial EOF basis

calculated by DINEOF. This EOF basis represents more realistically the complex variability

of SST data sets than the parametric covariance used in most OI applications.

An example will be presented using data from a polar-orbiting satellite (AVHRR

on MetOp) and a geostationary satellite (SEVIRI on MSG). The high spatial resolution of

the polar-orbiting satellite and the high temporal resolution of the geostationary satellite are

retained to create a very high spatial and temporal resolution field of the western Mediter-

ranean SST. The results are validated with independent data.
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Total Suspended Matter (TSM) from the SEVIRI sensor in the North Sea will be

analysed using DINEOF (Data INterpolating Empirical Orthogonal Functions), an EOF-

based technique to reconstruct missing data. The information needed to reconstruct the

missing data is computed internally based on a truncated EOF basis, so no assumptions

about the statistics of the data have to be made.

DINEOF uses the mean and covariance of the original data to calculate the EOF

basis. If the data are normally distributed, then the probability density distribution can

be completely described by their mean and the eigenvectors of the covariance matrix (the

EOFs). Variables such as TSM, however, do not have a Gaussian distribution, since TSM

is never smaller than zero. DINEOF typically does not take this into account. To over-

come this, a logarithmic transformation is usually performed to non-Gaussian variables,

although the exponential transformation needed to retrieve the original variable units after

using DINEOF leads sometimes to unrealistic high values in the reconstruction. An em-

pirical transformation, which allows to obtain a normally distributed variable based solely

on the data themselves, will be applied. This procedure, called Gaussian anamorphosis, is

sometimes used in data assimilation.

A Gaussian anamorphosis transformation will be applied to the TSM data of the

North Sea prior to their reconstruction. The high spatial and temporal dynamics of the gap-

free geostationary TSM data set will be analysed, focusing on tidal dynamics and sub-daily

variability.
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Suspended particles and the relationships between their concentration, composi-

tion and size with optical properties (light absorption, and attenuation in the visible and

near-infrared spectral regions) were investigated in transects performed from the Belgian to

the English coasts of the Southern North Sea. Results individualize three geographical zones

in the domain, each one with specific biogeochemical and optical properties: Scheldt coastal

zone (SCZ), Middle of the Southern North Sea (MSNS) and Thames coastal zone (TCZ).

Concentrations of organic (inorganic) particles were always higher in the SCZ (TCZ). The

load of particles in the MSNS was low and dominated by organic forms. The spectral shape

of particle attenuation showed a wide range from negative to positive slopes. Particle size

distributions were power-law shaped along the coasts (especially in the TCZ) but bimodal

in the MSNS notably during the spring phytoplankton bloom. This bimodal size distribu-

tion and more precisely a size peak around 7µm resulted in an unexpected negative spectral

slope of the particle attenuation coefficient. The variations in the particulate mass-specific

IOPs between the three regions were maintained over seasonal variations. The implica-

tions in terms of remote sensing inversion of IOPs into biogeochemical parameters, such as

chlorophyll a and total suspended matter, in coastal waters are discussed.
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There is an increasing demand for routine ocean colour products in eutrophic and

hypertrophic coastal and inland waters, both for multi-annual ecosystem characterization

and operational water resource management. Such waters are complex and challenging:

with high and variable concentrations of different phytoplankton groups, sediment and gelb-

stoff; small or semi-enclosed water bodies with considerable land adjacency effects; and of-

ten difficult atmospheric correction due to the presence of both turbid waters and attenuating

aerosols. An analysis is undertaken of the typical in-water optical properties of such waters,

focusing on the development of Harmful Algal Bloom and eutrophication detection algo-

rithms in high biomass waters as one of the more easily achievable goals for coastal and

inland waters. Hyperspectral radiometry and supporting measurements, from the highly

productive Benguela upwelling system and a variety of South African inland water bodies,

are used to identify the most important spectral components of the water-leaving reflectance

signal for both prokaryotic and eukaryotic dominated waters. Hydrolight radiative transfer

modeling, focusing on the need for representative phytoplankton-specific spectral phase

functions and other inherent optical properties, is used to further identify principal spectral

reflectance features, and their underlying causal phenomena. The importance of bands in

the 550 nm to 750 nm range, as the primary signal carriers for such water types, is high-

lighted and accompanied by relevant recommendations for future sensors. Finally, a top-of-

atmosphere algorithm for MERIS full resolution data is presented, capable of quantifying

chlorophyll a concentrations > 5 mg m-3, identifying surface vegetation or floating algal

mats, and identifying cyanobacterial-dominated assemblages. The Maximum Peak Height

empirical switching algorithm primarily makes use of the biomass- and assemblage-related

variability in the chlorophyll fluorescence and backscattering/absorption related peaks be-

tween 620 and 753 nm. Sample application is shown in both coastal upwelling systems and

a variety of different inland water bodies in Africa.
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In coastal waters, a purely field observation based approach will probably be in-

sufficient to better constrain estimates of air-sea CO2 fluxes, to study their inter-annual

variability and their long-term changes. One approach to achieve these goals is to use

remotely sensed fields of relevant biogeochemical variables to extrapolate available data,

and produce maps of the partial pressure of CO2 (pCO2) and air-sea CO2 fluxes. In the

open ocean this approach has to some extent been successfully used based on fields of

chlorophyll-a (Chl-a) and sea surface temperature (SST). This approach remains challeng-

ing in coastal waters that have complex optical properties (Case-II waters) and that ex-

hibit highly dynamic pCO2 temporal and spatial variations. In the frame of the Belgian

funded BELCOLOUR-II project (Optical remote sensing of marine, coastal and inland wa-

ters; http://www.mumm.ac.be/BELCOLOUR/), three field cruises per year (April, July and

September) for optical measurements were carried in 2007, 2008, 2009 in the Southern

Bight of the North Sea (SBNS). Based on these data-sets, we derived algorithms to com-

pute pCO2 from Chl-a and sea surface salinity (SSS) using multi-polynomial regressions

(MPR). Here we report the first application of the MPR algorithms to derive pCO2 fields

in the Belgian coastal zone based on data gathered in 2007, using remote sensed Chl-a

(MERIS) and SSS computed with a 3-D hydrodynamical model of SBNS (COHERENS).
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In 2010 ESA has launched the CoastColour project to fully exploit the potential

of the MERIS instrument for remote sensing of the coastal zone. CoastColour is develop-

ing, demonstrating, validating and intercomparing different Case 2 algorithms over a global

range of coastal water types, identifying best practices, and promoting discussion of the

results in an open, public form. In May 2012 CoastColour will complete a large dataset

of water quality products from 27 coastal areas distributed globally. As part of the project,

alternative Case2 processing algorithms were tested, and Round Robin algorithm intercom-

parison was carried out. The lessons learnt from this analysis is synthesised in Consensus

Case 2 Regional Algorithm Protocols which shall serve as guidelines for future algorithm

development in optically complex waters.



A novel approach to the high resolution interpolation of in situ

Sea Surface Salinity using satellite SST data

B.BUONGIORNO NARDELLI
1

1
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A novel technique for the high resolution interpolation of in situ sea surface salin-

ity (SSS) observations has been developed and tested. The method is based on an Optimal

Interpolation (OI) algorithm that includes satellite sea surface temperature (SST) differ-

ences in the covariance estimation. The covariance function parameters (i.e. spatial, tem-

poral and thermal decorrelation scales) and the noise-to-signal ratio have been determined

empirically, by minimizing the root mean square error and mean bias errors with respect

to fully independent validation datasets. Both in situ observations and simulated data ex-

tracted from a numerical model output were used to run these tests. Different filters have

been applied to sea surface temperature data in order to remove the large-scale variability

associated with air-sea interactions, as a high correlation between SST and SSS is expected

only at smaller scales. In the tests performed on in situ observations, the lowest errors were

obtained selecting covariance decorrelation scales of 400 km, 6 days and 2.75 °C, respec-

tively, a noise-to-signal ratio of 0.01 and filtering the scales longer than 1000 km in the SST

time series. This resulted in a root mean square error of 0.11 psu and a mean bias error

0.01 psu, improving by 25% and 60%, respectively, with respect to standard univariate

products.
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Studies of the bio-optical characteristics of the Russian northern

seas

V. BURENKOV
1 , O. KOPELEVICH

1 , M. KRAVCHISHINA
1 , S. SHEBERSTOV

1 , S. VAZYULYA
1

1 Shirshov Institute of Oceanology, Moscow, Russia

Studies of the bio-optical characteristics of the Russian northern seas by using

satellite and ship data (the White Sea as an example)

The use of satellite ocean color data for study of the bio-optical characteristics

of the Russian northern seas is considered. Such seas, as the White, Barents, and Kara,

have their specific features, regarded in the algorithm development and using satellite ocean

color data, in particular, most of them are strongly influenced by river runoff and referred

to Case 2 waters. The standard algorithm can result in great errors there, and the regional

algorithms are needed for retrieval of the bio-optical characteristics from satellite data. Such

algorithms are derived on the basis of in situ measured data. Taking the White Sea as

an example, the regional algorithms for estimation of chlorophyll, suspended matter and

yellow substance content are described and some results of the joint use of satellite and ship

data are presented.



The use of new DEIMOS-1 high-resolution satellite imagery to

study the spatial variability of Guadalquivir River plume (SW

Iberian Peninsula).

I. CABALLERO
1 , E. P. MORRIS

1 , J. RUIZ
1 , G. NAVARRO

1

1 Instituto de Ciencias Marinas de Andalucı́a, ICMAN-CSIC, Department of Ecology and Coastal

Management, Spain

Estuarine environments are characterized by complex morphodynamics and are

critically important in determining the supply of sediment and nutrients to coastal regions.

These local nutrient and sediment inputs may have large impacts on several socio-economic

strategic activities; such as fisheries, aquaculture, tourism and navigation. Hence, low-cost,

regular, synoptic monitoring of estuaries and their adjacent coastal regions is essential for

the effective management of coastal zones. This is especially the case in the Gulf of Cadiz

(SW Iberian Peninsula) where fertilization by the Guadalquivir River, is the major factor

determining the primary productivity of the region, which in turn controls the abundance

of commercially important fisheries resources, such as anchovy. Tourism and aquaculture

are also regionally important, as is the maintenance of navigation to the port of Sevilla.

Discernment of the mechanisms (tides, waves, wind stress, currents and river discharge)

that affect the transport and distribution of river-borne material, so as to assess the estu-

aries impact on socio-economic strategic activities, can only be realistically attained via

remote sensing. Hence, this study used high spatial (22 m), medium spectral (visible and

near infrared, 3 bands, Band 3 (510-618 nm), Band 2 (614-698 nm), and Band 1 (755-906

nm)) resolution images from the new DEIMOS-1 satellite to map the concentration of to-

tal suspended solids (TSS) within the Guadalquivir River turbidity plume under different

conditions of physical forcing. Eight images between 2010 and 2011 were georeferenced,

radiometrically calibrated (using image-based techniques) and the relationship between in-

situ [TSS] and remote sensing reflectance band ratios was examined. The results suggested

a strong agreement between predicted and measured [TSS], confirming the potential of

remote sensing for monitoring the Guadalquivir River plume. Examining the spatial distri-

bution of the plume in relation to meteorological and oceanographic forcing revealed the

importance of tide, wind direction and the magnitude of river run-off in determining the

shape of the plume. In conclusion, DEIMOS-1 images enable new opportunities for a better

understanding of coastal zones, and may provide valuable information for scientists, and

decision makers involved in the management of large estuaries.
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Ocean Color for Detection of Red Tides in the Southwestern

Florida Coastal Region

P.C. CHU
1 , Y.H. KUO

1

1 Naval Postgraduate School, Department of Oceanography, USA

Near real-time ocean color data from the Seaviewing Wide Field-of-view Sensor

(SeaWiFS) was used to detect and trace harmful algal bloom (HAB) (also termed as red

tides) in the Southwest Florida coastal water, which was treated as Case-2 water, i.e., its op-

tical characteristics are influenced not only by phytoplankton and related particles, but also

by other substances, that vary independently of phytoplankton, notably inorganic particles

in suspension and yellow substances. Similar to Ahn et al. (2006), a red tide index was

constructed from in-situ radiometric measurements of the three SeaWiFS bands centered at

411 nm, 510 nm, and 555 nm to achieve derivation of indices that are then related to absorb-

ing characteristics of harmful algae (i.e., Lw at 443 nm) from which a best fit with a cubic

polynomial function is obtained providing indices of higher ranges for HABs and lower

and slightly reduced ranges for turbid and non-bloom water. In order to quantify the HABs

in terms of chlorophyll (Chl), an empirical relationship is established between the RI and

in-situ Chl in surface water which yields a Red tide index Chlorophyll Algorithm (RCA).

In contrast, the band-ratio chlorophyll product of SeaWiFS in this complex coastal environ-

ment provided false information. The red tide that formed from November to December

2004 off SW Florida was revealed by RCA imagery, and was confirmed by field sampling

to contain medium (10**4 to 10**5 cells/L) to high (>10**5 cells/L) concentrations of the

toxic Karenia brevis. The RCA imagery also showed that the bloom started in mid October

south of Charlotte Harbor, and that it developed and moved to the south and southwest in

the subsequent weeks. Our results show that the SeaWiFS data provides an unprecedented

tool for research and managers to study and monitor algal blooms in coastal environments.



Thirty Years of Global SST Front Probability

PETER CORNILLON
1 , KELSEY OBENOUR

1

1 Graduate School of Oceanography, University of Rhode Island, Narragansett RI 02882 USA

This presentation will examine the global probability of detecting a sea surface

temperature (SST) front as a function of time between 1981 and 2010 using the University

of Rhode Island Single Image Edge Detection (SIED) algorithm. The algorithm is applied

to the global daily daytime and nighttime 4 km Pathfinder (v5.2) fields developed by the

University of Miami and National Oceanographic Data Center of NOAA. The number of

clear pixels in these fields are summed globally by month as are the number of front pixels

and the latter are divided by the former to obtain the probability of finding a front globally

for the given month. This analysis is performed separately for nighttime and daytime fields.

Preliminary results suggest a slight decrease in the global front probability over the 30 year

period for both daytime and nighttime fronts. More surprisingly, it shows a long term fluctu-

ation, with a period O(16 yrs), in front probability of 5% of the mean value (approximately

10% for daytime fronts and 8% for nighttime fronts). Also of interest are the differences in

the long term fluctuations between daytime and nighttime front probabilities. At the writing

of this abstract the source of these fluctuations is not known.
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Cool Water Brought by Upwelling Benefits Coral Reef in the

background of Global Warming along South Coast of Hainan

Island, China

DINGTIAN YANG
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1 State Key Laboratory of Oceanography in the Tropics, South China Sea Institute of Oceanology,

Chinese Academy of Sciences, Guangzhou, China
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Global warming resulted in great negative effect on coral ecosystem in recent 50

years. In order to make clear coral reef status in the background of global warming along

south coast of Hainan Island, China, satellite data of Landsat, Quickbird, CBERS, HJ-1A,

MODIS, NOAA coral watch data and in situ observation data were used to retrieve the in-

formation of coral reef status and surrounding environmental factors. Based on the retrieved

information, the relationship between coral reef species, coverage, and climate change fac-

tors were studied in the paper. Results showed that summer sea surface temperature in most

of South China Sea in most strong ENSO years (2002 and 2010) was greater than 31 degree

celcius from May to July, about 3 degree celcius greater than the upper limits of coral ap-

propriate growth temperature, however, cool water brought by upwelling along south coast

of Hainan Island were found distributed in the area in every summer month, especially in

strong ENSO event year (2002 and 2010). Compared with coral reef species and coverage

along southeast coast of Hainan Island from 1990 to 2010, variation of coral reef species

and coverage were not evidently affected by global warming. Degree weekly heat (DWH)

indexes were also not greater than 2 along the south coast of Hainan Province in strong

ENSO years. By analyzing environmental factors and found that cool water brought by

upwelling may be the main reason for protecting coral reef from global warming damage.



RETRIEVAL OF OCEANIC PHYTOPLANKTON WITH A

COMBINED PHYTODOAS-RTM METHOD UTILIZING HYPER

SPECTRAL SATELLITE MEASUREMENTS

T. DINTER
1,2 , A. SADEGHI

2 , A. WOLANIN
2 , B. TAYLOR

1 , M. VOUNTAS
2

AND A. BRACHER
1,2

1Alfred-Wegener-Insitute for Polar and Marine Research, Germany
2Institute of Environmental Physics, University of Bremen, Germany

Global information on the quantitative distribution of major phytoplankton functional

types (PFTs) of the world ocean is important for understanding the marine phytoplankton’s role

in the global marine ecosystem and its impact on global climate.

In this study an improved Phytoplankton Differential Optical Absorption Spectroscopy

(PhytoDOAS) method for the retrieval of major PFTs from satellite measurements utilizing the hyper

spectral instrument SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric

Cartography) is introduced [Bracher et al., 2009; Sadeghi et al., 2011].

This specialized PhytoDOAS method combines the fit algorithm with radiative transfer

calculations based on a look-up table approach. For this purpose the full coupled atmospheric-ocean

radiative transfer model SCIATRAN is used. The method is applied to the complete SCIAMACHY

data set (2002-2011) and examples of retrieval results are shown here. Four different types of PFTs

are detected simultaneously by fitting the differential specific absorption spectra of each species to

the satellite measurement. These are diatoms, cyanobacteria, dinoflagellates and coccolithophores,

which is dominated by the Emiliania huxleyi species. The global phytoplankton distributions were

validated with collocated HPLC (High-Performance Liquid Chromatography) in-situ measurements

and shows quite good agreement.
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Including temperature and salinity variations of pure water

optical properties in a Case 2 water retrieval algorithm.

ROLAND DOERFFER
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The light absorption, scattering and the real part of the refractive index of pure

water vary with the ambient temperature and salinity. We examined the influence of these

variations on modelled remote sensing reflectance of open ocean and coastal waters for the

natural range of temperature (-2 – 30 °C) and salinity (0 – 45 PSU). The strongest influence

was found for the change in total light scattering induced by changes in seawater salinity.

The variations due to temperature and salinity were included in a bio-optical model and a

NeuralNetwork-based Case 2 water retrieval algorithm was used for sensitivity studies to

examine its performance for areas with a strong salinity gradient, e.g. the Baltic Sea where

salinity varies from 0 PSU in the east to about 25 PSU close to the North Sea. The perfor-

mance of this new algorithm will be compared to the standard MERIS Algal-2 algorithm.



Variability of La Plata River extremely turbid waters using

MODIS-Aqua images and its relation to fish habitat selection
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La Plata River drains the second largest basin in South America after the Amazon

River and is considered one of the most turbid rivers in the world. It carries high amounts

of nutrients, suspended particulate and dissolved organic matter to the adjacent shelf waters

which impact the ocean’s physical, chemical and biological properties. The estuary is an

area of high ecological importance. The outer region, where the freshwater (rich in nu-

trients) interacts with the coastal water, is the spawning and nursery area of many coastal

species. The objective of the present study is to analyze the variability and offshore export

of La Plata turbid waters into the adjacent continental shelf and its relation to the habitat

selection of the whitemouth croaker Micropogonias furnieri. This fish is one of the most im-

portant species in terms of biomass that supports the traditional fisheries of the Argentinean,

Brasilian and Uruguayan coastal region and its spatial distribution is highly influenced by

salinity and turbidity differentially according to the life stage. Satellite ocean color data

were used to present the synoptic quantification of turbidity variability on seasonal and

interannual timescales for La Plata river plume area. Eight years (2002-2010) of MODIS-

Aqua local area coverage were analyzed. Standard ocean colour products are not valid in

these extremely turbid waters. Therefore, turbidity maps were generated using near infrared

(NIR) and short wave infrared (SWIR) bands with a modified atmospheric correction algo-

rithm which takes into account non-zero reflectance in the SWIR bands. Results show that

the spatial distribution pattern of age-classes of Micropogonias furnieri is highly related to

specific turbidity ranges. The role of forcing such as river discharge and wind-driven cir-

culation in the redistribution of the sediment plume is also analyzed both at seasonal and

interannual time scales using in situ and scatterometer wind data.
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Contribution to the validation of GOCI products over turbid

waters with MERIS, MODIS and field measurements data
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This work takes part to the validation of Geostationary Ocean Color Imager (GOCI)

data acquired from April to November 2011. Intercomparisons between GOCI, MERIS and

MODIS satellite geophysical products, namely the top-of-atmosphere, Rayleigh-corrected

and seawater reflectances, are presented, analyzed and discussed. The study area encom-

passes the Yellow and East China Seas, and includes clear, moderately turbid, turbid and

highly turbid coastal waters. The analysis is based on direct comparisons with MERIS

and MODIS satellite products as well as on match-ups with field measurements. Several

atmospheric correction schemes of satellite data are considered and tested.

MERIS data comes from the ESA 3rd reprocessing (Lerebourg & Bruniquel,

ESA report ref. A879.NT.008.ACRI-ST, 2011), including an updated Bright Pixel Atmo-

spheric Correction for coastal waters (Moore & Lavender, MERIS ATBD 2.6, 2011) and

neural network inversion for the total suspended matters (Doerffer, MERIS ATBD 2.25,

2011). Performance of other MERIS alternative algorithms developed recently for the

CNES French agency are also presented and discussed. MODIS Aqua data comes from the

NASA R2009.1/R2010.0 reprocessing including the updated near-infrared water-leaving

reflectance model (Bailey et al. 2010). The field measurements were carried out during

two consecutive oceanographic campaigns organized by the KORDI research institute in

September and October 2011.

Reference: Bailey S.W, Franz B.A and P.J. Werdell (2010). Estimation of near-

infrared water-leaving reflectance for satellite ocean color data processing. Optics Express,

18, 7521-7527.



Sense and Sensibility: Remote Sensing of Ocean Colour, its

Accuracies, and Implications for Models
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Coastal Biomass Observatory Services (EU FP7-project CoBiOS, 2011-2013)

combine remote sensing data and models to observe state, and predict both path and wax-

and-wane of algal blooms. In situ data are used for validation and skill assessment. In-

tercomparison enables evaluation of remote sensing algorithms, measures of attenuation

(KD), and retrieved concentrations of chlorophyll-a (CHL), total suspended matter (TSM),

coloured dissolved organic matter (CDOM) and measures of their accuracy. We present pa-

rameters derived from remote sensing and model results side-by-side, compare them and as-

sess their skill. We give examples of use of remotely sensed radiation (light), and optically-

modelled in-water absorption, scattering, and attenuation, and retrieved concentrations of

CHL (as a first estimate for standing stock phytoplankton), TSM (transporting resuspended

nutrients), and CDOM (as a DOC component) into biogeochemical models. We also show

how such a comprehensive approach can progress the understanding of mechanisms that

regulate near-surface surface optics and concentrations. However, establishing relationships

between abiotic drivers and shelf sea biology relies heavily on accuracy of parameterisation

or generalisation in implementation of detailed processes and feedback loops. Many bio-

geochemical models contain optics in the form of empirical optical approximations. We

use optical relations between KD and concentrations to argue that redesign of these biogeo-

chemical models around semi-analytical optical modeling with remotely sensed observa-

tions could be desirable in light limited systems.



Weather and climate related spatial variability of high turbidity

areas in the North Sea and the English Channel

M. FETTWEIS
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1

1 Royal Belgian Institute of Natural Sciences, MUMM, Belgium
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The present research focuses on large scale geographical variability of high turbid-

ity zones in the North Sea and the English Channel using meteorological and remote sensing

data. The remote sensing data consist of surface suspended particulate matter (SPM) con-

centration maps retrieved from the marine reflectance in the visible band centred at 667nm

of the MODIS sensor onboard the satellite AQUA, using the SPM algorithm calibrated for

turbid waters [Nechad et al., 2010]. Meteorological data are from the UK Met Office and

consist of 6 hourly wind and pressure fields. In order to investigate the weather related

influence on SPM concentration in a larger area weather classification has been used to

summarize the atmospheric circulation. We have used 11 weather types (WT), which are

described using the locations of high and low-pressure centres, geostrophic winds and vor-

ticity indices [Demuzere et al., 2009]. This classification is based on a simplification of the

original 27 WT of Lamb’s classification [Jenkinson and Collison, 1977]. The SPM con-

centration derived from MODIS satellite is assembled according to these weather types and

statistically treated to investigate the influence of large scale meteorological patterns on the

spatial variability of SPM concentration in the southern North Sea and the English Channel.

Further the influence of climatology, as expressed by the North Atlantic Oscillation (NAO)

index, has been investigated.

The results show a correlation of geographical distribution of SPM concentration

and weather types in the North Sea. Typically an alternation of higher SPM concentra-

tion areas between the Southern and the German Bight during different weather types was

observed. Climatological influences are clearly identified when comparing the SPM dis-

tribution during a winter with a positive and a negative NAO index. During a winter with

negative NAO, the SPM concentration is on average higher in the southern Bight, whereas

during a winter with positive NAO index an on average higher SPM concentration occurs

in the German Bight. The results also show that satellite images should be used with care,

as they are biased to certain weather types and not all types are proportionally represented

in satellite images. The method proposed is different from previous work on SPM concen-

tration distribution, which was mainly based on oceanographic data (wave, currents, tides,

wind, temperature) and seasonal and neap/spring variations [e.g. Dobrynin et al., 2010,

Pietrzak et al., 2011). It offers new research perspectives, such as the possibility of inves-

tigating how climate change scenarios will affect the SPM concentration distribution. The

latter is important in order to predict changes in habitat types.
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Variability of the spring bloom in the Labrador Sea from

SeaWiFS and Seaglider
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Seagliders and SeaWiFS ocean colour are used to investigate the spring phyto-

plankton bloom in the Labrador Sea, and physical drivers of bloom intensity and timing.

The Labrador Sea is a highly productive region in the North Atlantic which is both an im-

portant region for deep water formation, and a site where climate change effects (melting

of Greenland and Arctic ice) may impact oceanic processes. We find that the start of the in-

tense spring bloom in the northern Labrador Sea is controlled by the mixed layer depth, and

primarily by a fresh surface layer overlying the saltier deep water. SeaWiFS data are used

to generate spatial and interannual knowledge of the bloom characteristics. A Seaglider–

equipped with CTD and WETlabs ecopuck (fluorescence and optical backscatter)–provide

an in situ context for the satellite data (in 2006) while conversely, SeaWiFS data provide the

spatial and temporal context for the Seaglider sections.



AMSR-E and WindSAT version 7 microwave SSTs
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NASA’s AQUA satellite carries the JAXA’s Advanced Microwave Scanning Ra-

diometer - Earth Observing System (AMSR-E). The AQUA satellite was launched in May

2002 and returned data until October 2011. WindSat, a fully polarimetric passive microwave

radiometer, was launched in January, 2003 and continues to return data. It represents an

important extension to the AQUA AMSR-E and TRMM TMI retrievals. Environmental

variables, such as SST, wind speed, atmospheric water vapor, cloud water, and rain rate,

are calculated using a multi-stage linear regression algorithm derived through comprehen-

sive radiative transfer model simulations. SST retrieval is prevented only in regions with

sun-glitter, rain, and close to land. In Polar Regions where cloud cover regularly prevents

infrared observations of SSTs, the MW observations of SST provide a significant improve-

ment. Although calibration problems complicated and delayed SST retrievals, WindSat

SSTs are now routinely processed using an updated retrieval algorithm, RSS version 7.

The AMSR-E SSTs have also been re-processed to version 7. This new algorithm will be

discussed and validation results for both datasets will be presented.
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Inter-comparison and improvement of atmospheric correction

algorithms based on worldwide in-situ data taken in highly

turbid waters

C. GOYENS
1 , C. JAMET

1 , H. LOISEL
1

1 Université du Littoral Côte d’Opale, MREN-LOG, France

The accuracy of ocean color data highly depends on the precision of atmospheric

correction algorithms. In open ocean waters, these are based on the assumption that wa-

ter leaving radiance in the Near-Infrared (NIR) is negligible (referred as the NIR Black

Ocean Assumption). This assumption allows to estimate the reflectance contribution from

atmospheric molecules and aerosols and hence to select the appropriate aerosol model. In

contrast to open ocean water, the NIR Black Ocean Assumption is invalid for turbid waters

as these present significant backscattering in the NIR due to higher concentrations of sus-

pended matter (TSM). Accordingly, several algorithms have been developed bypassing the

NIR black ocean assumption. Among these (1) the iterative method developed by Stumpf

including the Gordon and Wang atmospheric correction approach, (2) the algorithm de-

veloped by Ruddick which takes into account the spatial homogeneity of the aerosol and

water-leaving reflectance in the NIR, (3) the recently developed short wave infrared atmo-

spheric correction and (4) the algorithm developed by Schroeder which uses artificial neural

network techniques. In the present study, we compare these 4 algorithms using MODIS-

AQUA data and in-situ data from the AERONET-OC network and from sea-campaigns in

highly productive coastal waters. For less turbid waters a good agreement is observed be-

tween MODIS and in-situ remote sensing reflectance (Rrs). However, for waters with higher

concentrations of TSM or very low signal in the blue the retrieved Rrs shows relative errors

exceeding 100% in the blue and 50% in the green and red region of the spectrum. An unsu-

pervised classification of about 4250 AERONET-OC and in-situ reflectance spectra divides

the data in 4 distinctive groups: (1) highly turbid waters with an average TSM concentration

of about 15 gm−3 and an average Rrs at 412 nm (Rrs412) around 0.01 sr−1, (2) moderate

turbid waters with an average TSM concentration of 3.5 gm−3, (3) dark waters with an av-

erage Rrs412 around 0.0005 sr−1 and TSM concentrations around 2.5 gm−3 and (4) nearly

clear waters with lower Rrs values in the NIR and larger Rrs values in the blue region. The

present research shows the precision of the 4 atmospheric correction methods as a function

of the water class. Empirical relationships between marine reflectance at different wave-

lengths are also observed and seem to be function of the water type. These relationships are

used to force the atmospheric correction algorithms aiding movement towards improving

water leaving reflectance estimations in highly productive coastal waters.



SSS retrieval from space: an comparison study using SMOS and

Aquarius data
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1 Physical Oceanography Department, Institut de Ciencies del Mar (ICM/CSIC), Barcelona, Spain.
2 Unitat de Tecnologia Marina (UTM-CSIC), Barcelona, Spain

Since November 2nd, 2009 and June 10, 2011, two spatial missions give us the

ability to measure sea surface salinity (SSS) from space. The Microwave Imaging Ra-

diometer using Aperture Synthesis (MIRAS) instrument onboard the Soil Moisture and

Ocean Salinity (SMOS) mission [Font et al. 2004] and a 3 feed horn radiometer onboard

the Aquarius mission [Le Vine et al. 2007]. These two missions provide global coverage

SSS products with different repetition rates, spatial resolutions and accuracies. The com-

plexity of SMOS measurements, the amount of external contaminations at L-Band (sun,

galaxy, ionosphere, radio frequency interferences...), the different SSS retrieval algorithms

and auxiliary data sources used by SMOS and Aquarius, will certainly give non negligible

differences in term of final SSS product.

In order to be able to interpret these observed differences, different strategies can

be investigated including spatio-temporal averaging technics. This kind of approach is in-

vestigated here on the sea surface brightness temperature rather than on the SSS in order

to be able to have a consistent SSS retrieval algorithm and sea surface related auxiliary

parameters between SMOS and Aquarius.

A subset of SMOS sea surface brightness temperature in the same incidence angle

configuration as Aquarius is first considered. An Aquarius and SMOS level 2 sea surface

brightness temperature dataset for three incidence angles (θi=1,2,3 =28.7◦, 37.8◦, 45.6◦) ,

spatially averaged in a regular grid of 1◦×1
◦ and temporally averaged over a month, is built

for the last 4 months of 2011. A new retrieval algorithm is developed and apply to this new

product to get the SSS.

This comparison study gives the opportunity to highlight possible instrumental

biases and focus on possible issues regarding galactic and ionospheric signal corrections.

Results with new auxiliary data sources like sea surface temperature (SST) or wind speed

retrieved by other microwave satellites, which should be more accurate than NCEP or

ECMWF model predictions, will be presented. The scatterometer on board Aquarius that

give viable additional informations of the sea surface roughness contribution at L-band and

the link between active/passive measurements will be investigated. As an example, a com-

parison of the sea surface roughness induced brightness temperature as seen by SMOS and

Aquarius for different polarization states will be presented.
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STUDY OF RED TIDE DEVELOPING IN THE PERSIAN

GULF AND OMAN SEA USING REMOTE SENSING DATA

FROM MODIS SENSOR
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Problems associated with red tide or blooms of unicellular marine algae, known as

Harmful AlgalBloom (HAB), are global and appear to be increasing in severity and extent.

A red tide of kind of Cochlodinium polykrikoides engenders duration early of autumn 2008

until early of spring 2009 in the Persian Gulf and Oman Sea and Strait of Hormuz. In this

HAB occurrence arise many of unknown phenomena that there was not many information.

In this research we utilized data and images MODIS sensor of Aqua and Terra satellites.

With analyzing this information we make temperature, chlorophyll-a and organic carbon

pictures with autochthonous algorithm for Persian Gulf and Oman Sea in red tide. These

images with field measurement and real images study for analogy measurement red tide

development and that have attractive results. Results of this research show decreasing water

temperature to 25ĉ trace propagation HAB. Images of satellite showed grow chl-a and or-

ganic carbon in waters in HAB’s regional. In regional population industrial city of Hormuz

strait coastal, density of HAB is more than other places and major current of Persian Gulf

move HAB to the west regional. Most density and developing of HAB are seen in northern

Strait of Hormuz by satellite.



Data assimilation and data fusion in a regional simulation
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An Ensemble Kalman filter [Ballabrera-Poy et al., 2009] has been used to as-

similate Sea Surface Temperature (SST) and Argo data into a regional configuration of the

NEMO-OPA ocean model. Our validation of the data assimilation experiments include

the comparison against a random ensemble of Argo profilers previously set aside (cross-

validation), where the usual metrics are estimated from the differences of our data assimila-

tion fields against Argo data (root mean square, mean value, standard deviation). We have

also developed another metric based on the multifractal structure of the flow, comparing

the histograms of singularity exponents of observations, as well as those of the background

and analysis fields. While the first approach does directly measure the point by point dif-

ference between the model data and the in-situ independent observation, the second method

focuses on the geophysical coherence of dynamical structures as it gives information about

multi-point spatial correlations.

In a second part of this work we have analysed the relative advantages and draw-

backs between data assimilation (here based on the Ensemble Kalman filter) and data fusion

(here based on the Multifractal Microcanonical Formalism, see Pottier et al., 2008) when

applied to the production of quality remote sensing products of ocean observation. We have

thus used both methods for the generation of SMOS Level 4 products of Sea Surface Salin-

ity; the resulting maps have been validated with our metrics and analyzed at global and

regional basis.
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Model assessment for coastal water absorption coefficients in

East China Sea
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The performances of three models for water absorption coefficients were vali-

dated in the coastal of East China Sea, which including Quasi-analytical algorithm (QAA),

Garver-Siegel-Maritorena model (GSM) and constrained Linear Matrix (LM). The model

retrieved parameters, namely absorption coefficients of phytoplankton (aph), colored dis-

solved and detrital organic matters (acdm) and total absorption coefficients (a) were com-

pared at five wavelengths (412, 443, 490, 510, and 555 nm). The bio-optical datasets used

in this study were two distinctive types of waters, with total suspended matters (TSM)

<10mg/L (clear) and TSM>10mg/L (turbid) respectively, and different results were ob-

tained. In clear waters, the QAA model performed the best in retrieving aph and a, while

the most accurate acdm was achieved by LM. In contrast, in turbid waters all three mod-

els tend to yield large errors with varying magnitudes at different wavelengths, only QAA

model showed a slightly better performance. The modified QAA based on longer refer-

ence wavelength and field measured data improved the results of acdm and a. Our analysis

reflects that additional refinements are needed to produce accurate estimates of water ab-

sorption coefficients in East China Sea.



Estimation of the total absorption a(λ) and the backscattering

bb(λ) parameters using a neural network inversion in coastal

waters

CEDRIC JAMET
1 ,

1 Laboratoire d’Oceanologie et de Geosciences, UMR 8187 ULCO/CNRS
2

It is a challenging task to estimate the inherent optical properties (IOPs) of sea-

water in coastal waters. Empirical and semi-analytical methods have been developed for

the past several years and they estimate differents parameters and present different accu-

racies. This study presents a new way to estimate two fundamentals IOPs: a, the total

absorption and bb, the back-scattering coefficients. To do so, a neural network inversion

was developed to estimate those parameters at any wavelengths, which is a novelty, from

the remote-sensing reflectance spectrum in the visible. In-situ and theoretical datasets were

used to calibrate the neural network. The new empirical inversion is compared to the stan-

dard NASA algorithm and the algorithm of Lee. Maps of a and bb in the English Channel

will be presented using MODIS-AQUA and MERIS images.



Reconstruction of incomplete satellite SST data sets combining

optical and microwave remote sensing products over the China Sea

by the DINEOF methodology
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With the continuous development of satellite remote sensing technology and data accu-

mulation in the past few decades, remote sensing data of different time resolution (daily, 3-day

composite, 8-day composite, Monthly, Annual composite and so on) and higher spatial resolution

have been free to be shared. Satellite remote sensing is characterized by periodicity, macroscopy,

real-time and low cost, which is the reason why it is widely used in ocean monitoring. Remote

sensing data has become a major means by which we learn more about ocean processes. Because

of the clouds coverage over the ocean and changes in scanning orbit of sensors, the satellite re-

mote sensing data obtained by the visible and infrared bands often show missing data in a large

proportion. As the statistics show, due to the clouds coverage, the missing data take up quite an

amount in all the data. Even in the 5 day’s average and fusion processed data, the missing ratio

reaches as high as 40% (Ding et al., 2009). The missing data greatly limit the use of remote sens-

ing data. Several methods have been used in dealing with the reconstruction of missing data (Zhu

et al., 1995; Tan et al.,2000; Mao et al.,2003; He et al., 2003; Beckers and Rixen, 2003; Ma, 2004;

A.Alvera -Azcárate et al., 2005, 2007, 2009; Knodrashov et al., 2006). And in the field of image

processing, reconstruction of missing data is equal to image restoration or image reconstruction,

and mainly the used data sets are related in time or space. In the related research on this subject,

DINEOF methodology has been widely used. The DINEOF methodology allows calculation of

missing data in geophysical datasets without requiring a priori knowledge about statistics of the

full dataset and has previously been applied to SST reconstructions. In the relevant literature, this

methodology was mainly applied by using the single source of data (A.Alvera-Azcárate et al.,

2005, 2007, 2009; Beckers et al, 2003, 2006; E.Mauri et al., 2007, 2008; Ganzedo et al., 2011).

As the dynamics of ocean water characteristics and the strong temporal variability, there are many

uncertainties in applying the DINEOF methodology to SST reconstructions using a single sensor

data. Compared with visible and infrared remote sensing, microwave remote sensing is specially

characterized by all weather, all time, strong permeability, plenty of multi-band and polarization

information. Based on physically nonlinear iteration and linear regression algorithm, the inversion

precision of the AMSR-E SST can be up to 0.5K. We propose an improved method of reconstruct-

ing missing data sets based on DINEOF(A.Alvera et al., 2005, 2007, 2009). This study features is

combining optical and microwave remote sensing products over the China Sea using the DINEOF

methodology to achieve the reconstruction of high spatial resolution remote sensing SST prod-

ucts data sets. The optical MODIS/Aqua SST (11µ daytime) products with the spatial resolution

of 4km were selected, while microwave AMSR-E/Aqua SST products with the spatial resolution

of 0.25 degree (Unfortunately, the AMSR-E antenna stopped spinning at 0726GMT Oct 4 and

AMSR-E is currently not producing any data). The study area focuses on China Sea, and the re-

mote sensing data sets of optical MODIS/Aqua SST and AMSR-E/Aqua SST products generated

in 2009 all the year were used. In the model interpolation process, we will take into account the

problems of the microwave and infrared optical data product scale mismatching, sensor system

error elimination, DINEOF model parameters optimization, model precision evaluation and the

effect of sea-land interaction process (such as the seasonal effect of the Yangtze river diluted wa-

ter) on the interpolation accuracy. We hope our work can provide some experience for DINEOF

methodology in multi-source data comprehensive application, including the scale transformation

rule between different data, the relationship between the error distribution and ocean physical pro-

cess. Keyword: Optical remote sensing; Microwave remote sensing;Data Interpolating Empirical

Orthogonal Functions methodology(DINEOF);Missing data;Scale issues ;China Sea



Application of SST as provided by the Group for High Resolution

Sea Surface Temperature (GHRSST)

ANDREA K. KAISER-WEISS

GHRSST Project Office, NCEO, University of Reading, UK

The Group for High Resolution Sea Surface Temperature (GHRSST) provides a wide va-

riety of users in the fields of oceanography and atmospheric sciences with Sea Surface Temperature

(SST) products. In addition to the operational service, GHRSST supports best practice in develop-

ment of the Climate Data Record (CDR) of SST which is an Essential Climate Variable (ECV) for

global change studies. GHRSST links research, operations and users with dedicated sub-groups on

SST research issues: e.g., improved cloud and sea-ice discrimination, particularly at high latitudes

and at night; improved resolution fields (1 km) together with information on feature resolution;

algorithm improvement for both infra-red and microwave; improved error characterisation; provi-

sion of inland water surface temperature and ice cover; and optimal combination of data sets. The

importance of these for the different user applications are outlined in this talk.

GHRSST International Project Office, National Centre for Earth Observation Dept of Meteorology,
The University of Reading Earley Gate Bldg 58, Reading RG6 6BB, UK.



Variability of the large-scale oceanic frontal zones as revealed

from analysis of the global satellite SST data

A. KAZMIN
1

1 P.P.Shirshov Institute of Oceanology, Russian Academy of Sciences, Russia

Comparative analysis of the long-term variability of the major large-scale climatic

oceanic frontal zones (OFZ) based on the global satellite measurements of sea surface tem-

perature (SST) is presented. High spatial resolution global SST data obtained from AVHRR

measurements (monthly mean at approximately 4 km spatial resolution; PATHFINDER

product) for the period 1982-2009 have been used. To suppress the mesoscale variability

and reveal the gross features of the long-term variability we used zonally averaged SST

within the selected areas of OFZ manifestations (initially, SST was averaged for the sea-

sons of maximum OFZ intensity which are different for subpolar and subtropical areas and

for northern and southern hemispheres). Then, we calculated the magnitude of meridional

gradient of zonally averaged SST (G) and found out its maximum (Gmax) and meridional

position of Gmax (OFZ core) for each OFZ. As a result, we obtained time series of Gmax

and its position for subpolar and subtropical OFZ in Atlantic and Pacific (both hemispheres)

and in Indian Ocean and also for equatorial fronts in eastern Pacific. Preliminary analysis

indicates that all subpolar OFZ (except southern Pacific) exhibit pronounced quasi-decadal

(8-10 years) variability of Gmax. In the southern Pacific the period of variability is shorter

(6-8 years). In the northern hemisphere and in southern Pacific and Indian Ocean intensi-

fication of SST gradient is accompanied by the northward shift of OFZ core (meridional

position of Gmax). In the southern Atlantic the tendency is contrary (i.e., subpolar OFZ in-

tensification is accompanied by southward shift of the core). Statistically significant positive

linear trend of subpolar OFZ intensity is evident only in southern Pacific and Indian Ocean.

In those areas an intensification of subpolar OFZ is associated with the southward shift of

frontal cores. Amplitude of the long-term variability of SST gradient in the northern hemi-

sphere (0.4-0.5 deg.C/100km) is twice as higher compare to southern hemisphere (0.2-0.3

deg.C/100km). Subtropical OFZ also demonstrate long-term variability (7-10 years) though

less regular compare to subpolar fronts. Intensification of subtropical OFZ is accompanied

by the pole ward shift of the frontal cores. The period of variability of equatorial OFZ in

Pacific is about 4-6 years, which is consistent with ENSO index variations. The possible

connection of OFZ variability with the large-scale atmospheric forcing is discussed.



Detection and Analysis of Fronts in the North Sea

G. KIRCHES
1 , M. PAPERIN

1 , H. KLEIN
2 , C. BROCKMANN

1 , K. STELZER
1

1 Brockmann Consult GmbH
2 Federal Maritime and Hydrographic Agency

Fronts in the ocean are important oceanographic structures because of their role

as boundaries between water masses with different properties and their strong influence on

the local dynamic, the dispersion and concentration of substances. Fronts are defined as

regions where the properties of water change significantly over a relatively short distance.

The main parameters to detect fronts from satellite data are differences in the SST, but also

large changes in total suspended matter (river plume fronts) or in chlorophyll concentration

are indicators for different water masses or indicating different biological regimes. The

characteristics of fronts have been used to develop an algorithms for front detection com-

prising pre-processing steps and the identification of fronts itself. A nine year time series

of AATSR and MERIS data have been processed applying the algorithms for the North

Sea for the years 2002-2011. The identification and location of persistent fronts is of par-

ticular interest as well as the movement and location of different front types. The work

is conducted in the framework of the KLIWAS project funded by the Federal Ministry of

Transport, Building and Urban Development.
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Ocean Colour time series of MERIS data for comparing

atmospheric correction algorithms

H. KRASEMANN
1 , D.MÜLLER

1 , F. STEINMETZ, R. DOERFFER, B. FRANZ, J. WERDELL, B.

BREWIN, C. BROCKMANN, N. FOMFERRA, M. GRANT, F. MELIN, S. SATHYENDRANATH

1 Institute for Coastal Research, Helmholtz-Zentrum Geesthacht, HZG, Germany

We show MERIS data of a full year over two fairly homogenous areas of the North

Atlantic and the South Pacific Gyre. The level 1b-data are processed with different atmo-

spheric correction algorithms: the version 8 of the standard processor MERIS MEGS, the

SeaDAS processsor, the POLYMER processor and a development from the Case2Regional

processor using a forward neural net combined with a Levenberg-Marquardt optimisation.

The spatial and temporal assymetries in time series over one year are examined for the dif-

ferent algorithms, and they show across-track angle dependencies. The errors specific to

particular algorithms are discussed, with particular reference to the implications when the

products with errors that are seasonally-dependent are used to study trends using multi-year

time series data.

Acknowledgments. Acknowledge Mermaid team and all Mermaid PIs. For a publication we
have to offer a co-authorship to all Mermaid Pis (ca.40).



Comparing in-situ measurements of water leaving reflectance

with corresponding MERIS products derived using different

atmospheric correction algorithms

H. KRASEMANN
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BREWIN, C. BROCKMANN, N. FOMFERRA, M. GRANT, F. MELIN, S. SATHYENDRANATH

1 Institute for Coastal Research, Helmholtz-Zentrum Geesthacht, HZG, Germany

The in-situ measurements from the MEris MAtchup In-situ Database (Mermaid)

is compared to MERIS level 1b-data processed with different atmospheric correction algo-

rithms: the standard processor for MERIS (MEGS-8), the SeaDAS processsor, the POLY-

MER processor and a development from the Case2 Regional processor using a forward neu-

ral net combined with a Levenberg-Marquardt optimisation. The comparison is made with

different subsets using individual and common quality flags to all algorithms, for different

subsets of in-situ sites used. Comparisons are made for individual common wavelengths

and for spectral fits.

Acknowledgments. Acknowledge Mermaid team and all Mermaid PIs. For a publication we
have to offer a co-authorship to all Mermaid Pis (ca.40).



Remote sensing of phytoplankton variability off South-Western

Iberia: a sentinel for climate change?
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GALVÃO1 , JOAQUIM LUÍS2 , TREVOR PLATT3 , PAULO RELVAS4 , SHUBHA
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Gambelas, P-8005-139 Faro, Portugal.
2 Universidade do Algarve, Instituto Dom Luiz (IDL), Campus de Gambelas, P-8005-139 Faro,

Portugal.
3 Plymouth Marine Laboratory, Prospect Place, The Hoe, Plymouth, PL1 3DH, United Kingdom.

4 Universidade do Algarve, Centro de Ciências do Mar (CCMAR), Campus de Gambelas,
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The region off southwestern Iberia (NE Atlantic) encompasses a wide variety of

oceanographic regimes, including coastal areas impacted by upwelling, riverine inputs and

submarine groundwater discharge, submarine canyons and seamounts, , and open ocean

waters. Overall, this heterogeneous region is classified as being very sensitive to climate

change (IPCC, 2007), and climate-driven alterations (e.g., sea surface warming, changes in

upwelling patterns and intensity) have been recently reported for the area (e.g., Relvas et

al. 2009). This study, integrated in the framework of the ongoing PhytoClima project (Re-

mote sensing of phytoplankton variability off South-Western Iberia: a sentinel for climate

change? - PTDC/AAC-CLI/114512/2009), aims to: (a) identify relevant drivers underlying

phytoplankton variability off SW Iberia, over a 15-year period, and (b) explore linkages

between meteorological forcing and phytoplankton dynamics. Daily surface chlorophyll

a concentration, a proxy for phytoplankton biomass, was derived from SeaWiFS (Sea-

viewing Wide Field-of-view Sensor) and MODIS-A (Moderate-resolution Imaging Spec-

troradiometer), at 1 km resolution, for 1998-2012 period. Environmental determinants

of phytoplankton distribution, such as regional meterological data and physical-chemical

oceanographic variables (e.g., sea surface temperature, upwelling intensity) were extracted

or estimated using information derived from satellite imagery, land-based meteorological

stations, and national and international databases. Chlorophyll a concentration at off-shelf

locations was significantly lower than coastal areas, and exhibited a fairly stable unimodal

annual cycle, with maximum during March. Coastal locations displayed more variable

annual cycles, probably impacted by upwelling dynamics and riverine influences. Future

project approaches include the acquisition of in situ data to validate remote sensing prod-

ucts, and the integrated analysis of phytoplankton and environmental data in the context

of dynamic biogeochemical or ecological provinces. REFERENCES IPCC, 2007. Climate

change 2007: Synthesis report. Contribution of working groups I, II and III to the fourth

assessment report of the Intergovernmental Panel on Climate Change. Geneve, IPCC. Rel-

vas, P., J. Luis, and A. M. P. Santos,2009. Importance of the mesoscale in the decadal

changes observed in the northern Canary upwelling system, Geophys. Res.Lett., 36 L22601,

doi:10.1029/2009GL040504.



Manifestation of the mesoscale phenomena in surface roughness,

altimetry, optical and thermal properties of the upper layer.

A. KUBRYAKOV
1 , S.STANICHNY

1 , R.STANICHNAYA
1 , S.DJENIDI

2
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2 GeoHydrodynamics and Environment Research, Liege, Belgium

Medium and high resolution optical data (MODIS, MERIS, TM, ETM+), altime-

try and radar data together with meteorological re-analysis are used for investigation of

eddies, upwellings and internal wave manifestation in the Black Sea and Strait of Gibral-

tar. The next topics are discussed: 1. Sea surface roughness by optical scanners data – up-

welling, eddies, pollutions and internal waves manifestation in sun glitter pattern. 2. Coastal

upwelling - thermal and optical properties and impact on sea level and surface roughness.

3. Eddies manifestation in variation of the upper layer properties - different remote sensing

sensors. 4. Statistic for 1994-2010 years and properties of eddies in the Black Sea, impact

of the wind forcing – altimetry and meteorological data analysis.
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The US-Argentine Aquarius/SAC-D satellite was launched June 10, 2011 with a

suite of sensors for Earth observation and a primary mission to monitor global variations

in ocean surface salinity to study the links between ocean circulation, water cycle and cli-

mate. Measurements include salinity, wind, rain, surface temperature, sea ice, soil moisture,

night images, atmospheric soundings and space environment, coupled with an active educa-

tional program. At the time of this writing, the Aquarius sensor has collected ocean salinity

data since late August 2011, and initial unvalidated data have been released for evaluation.

Aquarius samples the global ocean surface salinity field every seven days and is designed

to achieve 0.2 psu accuracy over monthly averages on 150 km spatial scale. The data show

very robust signatures of the basin scale salinity patterns and many details on sub-basin

scales. This presentation will provide a review of the first eight months of salinity data,

including the status of calibration and validation, ancillary wind and other corrections, a

description of the resolvable salinity variations and other notable findings in the initial mea-

surements.
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Spaceborne optical sensors provide parameters over the ocean and terrestrial envi-

ronments often on a global basis. On behalf of the European Space Agency (ESA), Quality

Control (QC) support for MERIS, MODIS, SeaWiFS and Landsat (5 and 7) is provided

through Sensor Performance Product and Algorithms (SPPA) Teams based at ARGANS

- with expert support from ACRI-ST and Gael Consultant - under the VEGA Space lead

IDEAS consortium. Systematic and manual activities are performed by the SPPA Teams in

order to provide consistent QC and support to the global remote sensing community.

Daily MERIS production is monitored through automatically generated reports

that ensure near-real time (NRT) monitoring of the operational state of the instrument. Any

anomalous product generation is investigated by the SPPA Team and advice issued to ESA.

This same activity is also carried out for MODIS received in Europe as an ESA Third Party

Mission (TPM). In addition to NRT QC of products from the MERCI MODIS online cata-

logue, the MODIS SPPA Team also provides NRT QC support under the GMES framework

to the MyOcean MODIS Rolling Archive. All products are automatically downloaded and

interrogated using the NASA SeaDAS package including processing to Level 2 (derived sur-

face parameters). The Team also QC’s European coverage of Landsat 5 and 7 products is as

an ESA TPM. Systematic analysis is at the point of processing in the Station. In addition, a

large number of Landsat 5 TM sys-corrected products are retrieved for Long Loop Sensor

Analysis each day, which involves the comparison of radiometric values between multiple

products, located over specific areas such as the Libyan Desert and Lacrau (France) and

provides a historical timeline of the radiometric accuracy of the instrument throughout the

lifetime of the mission.
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The Inherent Optical Properties (IOPs) including absorption and scattering char-

acteristics are the primary indicators of water and its constituents’ variations [Lee, 2006].

Along with significant progresses and achievements on the research of radiative transfer

and semi-analytical remote sensing algorithms, several IOPs have already been generated

and published as remote sensing products, and consequently those improvements will bring

about various researches on application of IOPs in the near future. As widely known, con-

ventional derived chlorophyll concentration has large uncertainty in coastal seawaters, es-

pecially high dissolved and particulate loading regions, and could not reflect the Harmful

Algal Bloom (HAB) status in advance. When bloom causative algae brings a series of

changes to water quality, it will certainly alter IOPs. In this paper the decision tree method

was applied to the MODIS IOPs products along with other standard products in the East

China Sea in recent years to detect large HAB events. Results proved that single IOPs pa-

rameter or the combination of IOPs and other parameters from MODIS products, such as

pigment absorption coefficient, backscattering to total absorption ratio, spectral band ratio,

were able to classify HAB from normal seawaters, and even discriminate dinoflagellate and

diatom types roughly. Theoretical and statistical analyses on measured data are made to

interpret IOPs differences from algae cell diameter, refractive index, pigment composition

and other aspects [Boss, et al, 2004; Fujiki and Taguchi, 2002]. In conclusion, the remote

sensing IOPs products could be applied to detect HAB in coastal optical complex waters

and decision tree was a practical tool for use.
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Coastal ocean regions are dynamic and complex environments that are driven by

an intricate interaction between atmospheric, oceanographic, estuarine/riverine and land–sea

processes [Smith et al., 2010]. Specifically, freshwater discharge from rivers and urban out-

flows to the ocean water has profound effects on the physical, chemical, and biological

processes in coastal waters. It induces circulation patterns and modifies mixing processes

[Milliman and Farnsworth, 2011]. In addition, the coastal plume formed by the buoyant

inflow is a highly dynamic region with significant salinity gradients and constitutes an im-

portant dynamical component of the coastal circulation [Morris et al., 1981]. Due to their

ecological and dynamical importance, a good understanding of the mixing and transport

processes in river plumes is required for the maintenance of coastal ecosystems and their

resources. The combination of satellite ocean data, in situ coastal ocean measurements and

use of numerical models offer exciting opportunities to improve our knowledge of the ocean

dynamics,in coastal areas.

In this paper results from a coastal circulation model for the Catalan coast (will be

compared with data from dedicated campaigns and satellite observations. The simulation

incorporate river and urban discharges into the sea. The combination of local topography

with torrential rain fall can produce considerable local run-off on a short time with a large

impact on the receiving coastal waters. This can be captured by satellite data (Figure 1) and

campaign data.

Methodology and aim

For the coastal circulation model, version 3.0 of the Regional Ocean Modeling

System (ROMS, Details on [Haidvogel et al., 2000]) has been implemented for a small

portion of the Catalan coast. ROMS uses sigma coordinates and solves the 3-D Reynolds-

Averaged Navier-Stokes equations. The code design is modular, so that different choices

for advection and mixing, for example, may be applied by simply modifying preprocessor

flags. Nested increasing-resolution domains have been used in order to reproduce with

enough resolution the coastal circulation. The boundary conditions are obtained from the

MyOcean project [http://www.myocean.eu.org./].

River and urban run-off are estimated based on rainfall (predictions) form the

contributing catchments areas. Conceptual models based on a reservoir-type schematization

of the river and sewer network have been set up to allow the fast prediction of the different

point source boundary conditions [Keupers et al., 2011].



Model output for selected events will be compared to satellite data from My-

Ocean project [http://www.myocean.eu.org./], to data from dedicated campaigns during

the Field AC project [http://lim050.upc.es/field ac/index.html] and to data from operational

buoys in the Catalan coastal area.
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The scope of ISECA is to advance and disseminate scientific knowledge related to

eutrophication in 2Seas selected area. Eutrophication (algal development) is a major cause

of the decreasing quality of coastal waters. The main objective of ISECA is to develop a

technologically advanced and flexible information system for the eutrophication of coastal

waters. Such a system will significantly enhance the current capability to monitor and man-

age coastal water quality. This system will be web-based and combine satellite Earth Ob-

servation (EO) data with simulation models to link eutrophication to the underlying causes

and the potential mitigation strategies. The interaction with different coastal use functions

(beach recreation, fisheries, aquaculture) and scientific knowledge from different domains

will be incorporated. Selected demonstration applications will be developed for a few test

locations. The expectation is that well chosen examples will convince potential users of the

usefulness of the information system which will benefit from continuous contributions to

the data and models used for the tool. The eutrophication models will be based on reusable

model building components stored in open libraries allowing for quality improvement and

scientific feedback. On the one hand the calibration of the simulation models will bene-

fit from the EO data and on the other hand the models can be used to analyze causes and

consequences of the observed eutrophication for selected sites.
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Frequent geostationary monitoring of surface temperature or other ocean properties is

one of the latest developments in the research fields providing new opportunities to estimate sur-

face currents at sub-diurnal scale on the basis of tracking the motion of characteristic features of

the properties distribution.

The presentation describes physical basis and mathematical development of the approach

chosen to derive vectors of surface motion using analysis of consecutive geostationary observa-

tions. Our approach to study ocean vectors associated with surface currents utilizes brightness

temperatures giving the information on surface currents 24 hour a day.

The essence of the approach consists of two main steps complemented by extensive qual-

ity control. The first stage selects targets on ocean surface characterized by prominent gradients

or other characteristics of surface properties. The second stage considers those targets as tracers

and monitors their movement between consecutive images estimating the speed and direction of

identified targets.

The approach to calculate ocean motion is similar to retrieval wind vectors, but at the

same time significantly differ in several aspects. Clouds are tracked to derive wind, but they

should be completely excluded from consideration to derive currents. There is almost a factor of

102 difference between magnitudes of wind and current speed. The spatial changes in tempera-

tures tracked by the derived atmosphere motion are also incomparably larger than irregularities in

thermal ocean features.

Described differences explain significant challenges associated with the opportunity to

estimate ocean dynamics features at sub-diurnal scale. There are more open scientific questions

than issue already resolved. There are problems of optimal size of tracking targets to choose and

preferable time scale to monitor the motion of those targets.

The techniques to track tracer motion is based on the estimate of the best correspon-

dence between features describing a target and the same characteristics for a full range of possible

horizontal target shifts. But the method to estimate the correspondence is not predetermined. The

Maximum Cross Correlation (MCC) and the Sum of Squared Distances (SSD) are selected for

initial consideration.

Detailed estimating quality of surface vector retrieval for different temporal and spatial

scales are used to establish an optimum strategy of data processing. The approach under devel-

opment is intended to be applied to information provided by Advanced Baseline Imager (ABI)

on GOES-R satellite. Full disk data from the Spinning Enhanced Visible and Infra-red Imager

(SEVIRI) instrument onboard of the European Meteosat Second Generation (MSG) satellite are

currently used for testing and evaluating results.



Generating a Climate Data Record for Sea Surface Temperature
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Sea surface temperature (SST) observations from space are improving in accu-

racy through the development of more sophisticated methods of estimation. A global SST

time-series for 1991 to 2011 has been developed using Along Track Scanning Radiometers

(ATSRs). This climate data record (CDR) has the following properties: full independence

from in situ observations (retrieval based on the physics of radiative transfer); accuracy

(absence of bias) over spatial scales of 1000 km of order 0.1 K (demonstrable for the fi-

nal years of the record); with both skin SST (directly retrieved) and drifting-buoy depth

estimates (inferred); and using satellite overlap periods to homogenise the record for in-

strument calibration. This new SST record will be described. However, the sampling the

ATSRs deliver is somewhat limited compared to that of the ”workhorse” for satellite SST,

the Advanced Very High Resolution Radiometers (AVHRRs). Conversely, AVHRR SSTs to

date are less accurate and stable. The SST element of the European Space Agency’s Climate

Change Initiative (”SST CCI”) aims to integrate AVHRR and ATSR records to improve the

sampling accuracy of the CDR. By using the ATSR as a calibration reference, consistency

will be achieved while preserving independence from in situ observations. Issues related

to potential aliasing of the SST diurnal cycle are more critical when using AVHRR data,

and a solution to preserve the stability of the time series will be described. Provision of

climate-quality SST is critical for many applications in climate science and modeling, and

so key issues will be raised regarding the current and future provision of satellite SSTs and

their integration with the historical record.
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Ocean front maps for integrating dynamic thermal, colour and

salinity features

P.I. MILLER
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2

We have developed novel Earth observation (EO) methods for visualising and in-

ferring the spatio-temporal distribution of dynamic oceanic fronts, in order to reveal new

information on the surface physical oceanography. This talk will describe how front con-

tours derived from EO thermal and colour data can be combined to best exploit these com-

plementary data sources and to explore biophysical interactions caused by mesoscale pro-

cesses. Ocean colour may reveal additional physical processes even if there is no thermal

signal. Furthermore, combined visualisations of ocean fronts and preliminary salinity data

from SMOS and Aquarius sensors will assist in interpretation and fusion of these datasets.

This research is based on the composite front map approach, which is to combine

the location, strength and persistence of all fronts observed over several days into a single

map, improving interpretation of dynamic mesoscale structures (Miller, 2009). These tech-

niques are robust and generic, and have been applied to many studies of physical oceanog-

raphy and marine animal distribution, and as an indicator of pelagic diversity for assisting

the designation of marine protected areas.

Miller, P.I. (2009) Composite front maps for improved visibility of dynamic sea-

surface features on cloudy SeaWiFS and AVHRR data. Journal of Marine Systems, 78(3),

327-336. doi:10.1016/j.jmarsys.2008.11.019



Shallow Water Diurnal Heating–Applications of

Satellite-Derived Sea-Surface Temperature to Coastal
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Satellite-derived fields of sea-surface temperature (SST) in coastal areas are based

on measurements made by infrared radiometers, but in the infrared clouds obscure the sea

surface. Compositing spatial data taken at different times of day from several satellites can

reduce the problems caused by clouds, but at the risk of introducing spurious signals result-

ing from diurnal heating and cooling. It is imperative to understand better the diurnal heat-

ing over shallow water, not only to improve our interpretation of satellite-derived oceanic

signals, but also to know how to better use such information from satellites to monitor and

understand the health of coastal ecosystems. Coral reefs present a particularly important

and challenging problem, but there is a great need for better understanding of the physical

processes that permit the prediction of the temperature at the corals themselves given the

satellite retrievals of SST at the surface.

Here we assess the magnitude of the signals using measurements from coral reef

monitoring stations in the Caribbean Sea and the Great Barrier Reef, Australia, and discuss

the consequences on the application of satellite-derived SSTs to monitoring the health of

coral reefs. The Integrated Coral Observing Network (ICON) program operates in situ mon-

itoring stations on reefs in the Caribbean and Bahamas. ICON stations measure standard

meteorological parameters, as well as sea temperature, salinity, pressure, and insolation.

We selected the instrument pylon at the Central Caribbean Marine Institute station off Little

Cayman, where there is a very small tidal influence, to augment with an additional four sub-

surface self-recording pressure and temperature recorders. These log measurements every

six minutes, and have been in place for nearly a year providing measurements of temper-

ature time-series under a wide range of conditions. In the Australian Great Barrier Reef

(GBR) area, time series measurements of temperature are taken at >200 reefs with multi-

ple loggers on each reef at different depths, each recording at 10-min intervals. Automatic

Weather Station data from several sites are also available to characterize the environmental

conditions.

The presentation will give a description of the magnitude of diurnal signals over

the coral reefs and relate the temperature measured at the surface to those at the depths of

the reefs.



A New Generation of Ship-Deployed Hyperspectral Infrared

Interferometers to Extend the Climate Data Record of
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Uncertainties in the accuracies of all geophysical variables have important impacts

on their applications, and failure to understand the characteristics of the errors inherent in

fields derived from instruments on earth observation satellites can lead to contaminated re-

sults and mistaken conclusions. The sea-surface temperature (SST) is an important parame-

ter in the global climate system and the difficulty in making adequate global measurements

of SST can best be resolved by using satellite radiometers which provide self-consistent,

global measurements on repeat cycles of hours to days. The radiance measured in space by

infrared radiometers has its origin in the thermal skin layer of the ocean and not in the body

of the water below, often referred to as the “bulk temperature” which is measured by in situ

thermometers below the surface. The near-surface temperature gradients result from three

distinct processes: the absorption of insolation, the heat exchange with the atmosphere, and

levels of subsurface turbulent mixing. In conditions of low wind speed, the heat generated

in the upper few meters of the water column by the absorption of solar radiation is not mixed

through the surface layer, but causes thermal stratification and temperature differences be-

tween the uppermost layer of the ocean and the water below. There is a strong diurnal com-

ponent to the magnitude of these temperature gradients, as well as a dependence on cloud

cover, which modulates the insolation, and wind speed, which influences the turbulent mix-

ing. The surface, thermal skin layer of the ocean, much less than one millimeter thick, is

nearly always cooler than the underlying water because the heat flux is nearly always from

the ocean to the atmosphere. Thus, validation of satellite-derived SSTs using measurements

of skin SST removes many uncertainties in the comparison between the satellite and vali-

dating measurements. Over the past decade and more, three Marine-Atmospheric Emitted

Radiance Interferometers (M-AERIs) have been deployed on over 40 ships in a wide range

of environmental conditions to provide validation data for a number of satellite instruments

used to derive global SST fields. Here we report on the development and initial deployment

of a new generation of infrared interferometers that will be used to provide validation data

for SSTs from VIIRS, SLSTR and AMSR-2 as well as their functioning heritage sensors.

The contribution of the new satellite-derived SST fields to the Climate Data Record can be

established by ensuring calibration traceability of the validation data to national SI stan-

dards.The new ship-board interferometers will be described along with the initial results

from the first deployment in December 2011, and the process of establishing Climate Data

Records will be discussed.
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An algorithm for the attenuation of the photosynthetically

available radiation (KPAR): application to MODIS and MERIS

imagery and validation with Smart Buoys plateforms
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KPAR, the attenuation of the photosynthetically light radiation (PAR) with depth

and the euphotic depth, ZEU, i.e. the depth at which PAR reduces to 1% of its surface value,

are amongst the key parameters in ecosystem modeling for estimation of primary produc-

tion in the water column. A bio-optical model of KPAR has been developed for open and

coastal waters that estimates KPAR at ZEU, KPAR1%, and near the surface, KPAR95%,

from the inherent optical properties (IOPs): the total absorption, a, and backscattering, bb,

coefficients at 490 nm measured at water surface. KPAR is also parameterised as a func-

tion of the sun position. The model was built based on 500 synthetic data set of inherent

optical properties and the associated light attenuation data generated with Hydrolight soft-

ware (IOCCG, 2006). In the present study, this KPAR model is applied to MODIS and

MERIS imagery and validated using in situ PAR collected by Cefas Smart Buoys and also

by comparing with estimations of KPAR1% at ZEU from the in situ profiles of PAR.

The absorption and backscattering coefficients are obtained from MODIS and

MERIS products via 2 different schemes: the NIR atmospheric correction algorithm (Bai-

ley et al., 2010; Stumpf et al., 2002) is applied to the top of atmosphere (TOA) reflectance

of MODIS data yielding the water-leaving reflectance. In MERIS the standard Neural Net-

work algorithm is used to remove the atmospheric contributions from the TOA reflectance.

The Quasi-Analytical Algorithm (QAA) of (Lee et al., 2005) inverts the marine signal to

obtain a and bb, as is currently implemented in SeaDAS. Further, the QAA is applied to

MERIS water-leaving reflectances adapted to the 4 MERIS channels 443, 490, 560 and 650

nm. Time series of KPAR1% and KPAR95% maps are derived from MERIS and MODIS

a(490nm) and bb(490nm) products over the Southern North Sea, covering the period 2003-

2009. Concurrent Cefas measurements of PAR at 0, 1 and 2 m depth at 2 stations located in

the North Sea, namely Warp Anchorage (very turbid) and Oyster Grounds (clearer waters),

are used to estimate KPAR0.5 and KPAR1.5 respectively at 0.5 and 1.5 m. The satel-

lite KPAR95% are compared to KPAR0.5 (respectively KPAR1.5) when KPAR95% equals

0.103 m-1 (respectively 0.034 m-1). Next, a Look Up Table generated from Hydrolight

simulations assuming a mixed water column with constant IOPs along the depth, is used to

retrieve the ranges of absorption and backscattering coefficients that correspond to the two

in situ KPAR values at 0.5 and 1.5 m, and the given sun zenith angle. This LUT is also used

to retrieve the associated KPAR1%. The LUT-retrieved KPAR1% deviations from the satel-

lite derived KPAR1% are explained in terms of a) the propagation of uncertainties from the

input absorption and backscattering as expressed by the LUT-retrieved a and bb deviations

from the satellite retrieved a and bb, b) the errors in in situ KPAR measurements and c) the



impact of errors in the KPAR model.

Despite the fact that different algorithms and data sources were injected in the

KPAR model, a generally good agreement is found between the satellite derived KPAR1%

and the corresponding in situ measurements and estimations of KPAR1%.
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IASI SST observations are routinely collocated with the OSI-SAF Metop-AVHRR

in situ matchup database on a monthly basis. The IASI IFOV is approximately 0.015 ra-

dians, equivalent to around 12km at nadir. Therefore within each IASI IFOV it is possible

to investigate the SST variability from the higher resolution AVHRR observations and col-

located buoy SSTs. Data over the period October 2010 to September 2011 have been used

to investigate the global spatial variability of the observational biases and errors. In ad-

dition, investigations into how the SST variability within each IFOV is related to biases

and standard deviations of the IASI observations compared to AVHRR and in situ have

been performed, and how these relate to the cloud cover and standard deviation of AVHRR

SSTs.
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In the past 5 years, about 50 matchup validation experiments were published that

comprise of in situ measured and satellite retrieved case 2 water constituent concentrations.

We assessed individual validity ranges for the algorithms used in those experiments.

Several generalizations and conclusions can be drawn from the analysis. Medium

resolution spectrometers are clearly prevalent. With regard to Chlorophyll, MERIS is pre-

dominantly used for red-NIR ratios of eutrophic waters, while MODIS is predominantly

used for OC ratios of oligotrophic waters. In the case of suspended matter, retrieval band

wavelengths consistently increase with the water body’s turbidity, as expected from the-

oretical considerations. The outcome of gelbstoff retrieval experiments is however less

coherent, indicating that their accuracy is affected by effects other than just the range of

gelbstoff concentration.

Individually varying concentrations in the other constituents in case 2 water are

expected to be a main cause for such incoherence. We therefore propose a graphical scheme

for the assessment of algorithm validity ranges based on water types that account for such

complex mixture and provide an extension to the commonly known distinction of case I and

case II water.

This work is published as Odermatt, D., Gitelson, A., Brando, V.E., & Schaep-

man, M. (2012). Review of constituent retrieval in optically deep and complex waters from

satellite imagery. Remote Sensing of Environment, 118/0, 116-126.
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The ocean responses to Typhoon Cimaron, which influenced the South China Sea

(SCS) from 1 to 8 November 2006, are analyzed. Based on satellite observed sea surface

temperature (SST) and the climatological temperature profiles in the SCS, the mixed-layer

deepening, an important parameter characterizing turbulent mixing and upwelling driven by

strong typhoon winds, is derived. Corresponding to the SST drop of 4.5 C on 3 November

03, 2006, the mixed-layer deepened by 99.6 m relative to the undisturbed depth of 52.0 m.

The mixed-layer deepening increases the ocean potential energy and leads to a horizontal

baroclinic pressure gradient. Based on the derived mixed-layer deepening data, the potential

energy increase, geostrophic velocity and vorticity are calculated. The geostrophic velocity

reached 0.20 m s-1 and the negative vorticty suggests that there exists an anti-cyclonic

baroclinic circulation that was strongest at the base of the mixed-layer.
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The Coastal Biomass Observatory Services (FP7 project CoBiOS) aims to inte-

grate satellite products and ecological models into a really operational and user-relevant

information service on high biomass blooms in Europe’s coastal waters. The focus of the

project is on the North Sea and Baltic Sea and Danish Waters. CoBiOS will produce a

harmonized and validated water transparency product based on satellite images for a large

variety of coastal water types which will be used to force ecological models. The process

of harmonization requires several steps, including consolidation and documentation of al-

gorithms, comparison and validation of results and a method to use the information from

several sources/algorithms together in order to get to an understanding of the variability

(uncertainty) of the prediction of biomass. By adopting an ensemble approach we will be

able to study the spatial variability of the per pixel statistics derived from ensembles of CHL

or Kd maps. E.g. the spatial distribution of the standard deviation will be analyzed to de-

termine areas where algorithms deviate because of a different handling of SIOPs, spectral

band sets etc. Spatial similarities may point to areas where the atmospheric correction is

forcing the solutions. Comparison of the per pixel ensemble mean to in situ observations

will provide insight in the quality of satellite based maps, and further along the line, also in

the quality of in-situ observations. We will present the method and early results
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In many areas of the world ocean, the upper ocean salinity balance has not been

well understood. It can be influenced by horizontal advection, air-sea exchange of fresh-

water and vertical mixing and entrainment among other processes. Bay of Bengal (BoB)

in north Indian Ocean is one such basin where salinity variability is largest and least un-

derstood due to unavailability of quality observations. It is also the freshest region in the

Indian Ocean by virtue of both direct seasonal monsoon rain and river runoff from Indian

main land. The soil moisture and Ocean Salinity (SMOS) mission has opened an exciting

opportunity to understand the sea surface salinity (SSS) over global ocean. This study fo-

cuses the evaluation of SSS over BoB for 2010. The comparison of SMOS SSS are made

from Research Moored Array for African-Asian-Australian Monsoon Analysis and Predic-

tion (RAMA) moored buoy data situated in central BoB ( 90 °E,15 °N; 90 °E,12 °N). The

time series analysis shows SMOS, SSS could capture the buoy observation quite realisti-

cally. The annual mean and standard deviation (SD) from buoy and SMOS at 90 °E and 12

°N are 32.99 ppm, 32.64 ppm and 0.42 , 0.50 ppm. Further north at 90 °E and 15 °N these

values from buoy and SMOS are 32.61 ppm, 32.25 ppm and 0.48 ppm, 0.72 ppm respec-

tively. The correlation coefficient (CC) values between buoy and SMOS SSS are 0.31 and

0.48 at 90 °E, 15 °N and 90 °E, 12 °N respectively. The frequency distribution plot show

higher SSS values are underestimates in SMOS as compared to buoy observation.
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The complex circulation of the west Madagascar was never been subject of the

discussion, or he possesses any importance of biotope potentiality and the participation of

the world circulation. In this fact, 172 hydrographic stations, four years of long term obser-

vation and the past research of many authors are tools who achieved to build this research

with the best quality of the result. This research can help us to give more the understanding

of the physical structure at the west Madagascar water. This study makes point to identify

the water masse with his propriety and characteristic, using the oceanographic parameter.

The registers of data give more information of the variability annual and seasonal of the

volume transport water who crossing Mozambic Channel and link Madagascar. The wa-

ter masse that travels along the Mozambic channel form the complex eddies. Four or five

eddies cross the Mozambic channel at the southward and make many influence biologic

at the coastal zone of Madagascar. This chapter make relation between ocean circulation

by the eddies and the phytoplankton productivity using the sensor remote sensing by sea-

wiffs. In consequence, It find that he exist a correlation between water masse, eddies and

chlorophyll. In this fact, the eddies result at the coastal of Madagascar by collide, produc-

tion hypertrophic effect at the extreme cape of the land: Cape d’Ambre, Cape Saint André,

Cape Saint Marie.
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Fortune Bay, Newfoundland, Canada is a bay with growing aquaculture interest

due to its oceanographic conditions. The bay runs from southwest to northeast with a length

to width ratio of 5 and northwest arm toward the head. The arm is a bay, Belle Bay, with a

dimension of 20 by 11 km.

During Summer period, numerous 1-2 day events of sub-surface temperature low-

ering as much as 10 degrees Celcius have been observed suggesting upwelling events along

the northwestern head of Belle Bay. Short term events of temperature at 40 meter depth

increasing as much as 10 degrees Celcius were also recorded in the same area suggesting

downwelling processes. On the other hand, hypoxia events within the aquaculture cages

located in the same area were observed suggesting a reduced circulation in the surface and

sub-surface water.

The present work analyzes time series of temperature, salinity, oxygen, ocean

currents as well as wind speed and direction to describe the upwelling and downwelling

processes in relation to available atmospheric conditions in the region and investigates the

different physical processes which drive the water movement. Remote sensed temperature

from pathfinder version 5 are also analyzed to assess the geographical extent of the up-

welling processes which can possibly happen on both sides of the bay. Such analysis is

necessary in order to better understand the water circulation which can have an impact on

the aquaculture activities in the region.



��������	AB�CADC�E��BC�F�D�E�C����AB��C�AC�F��	E�B�C��A��C�C�����C

��A�	E��C��E�AB�C����CA�������CD�A�C���E�CC

������
�
��	A�B�C�D��

�
��EAF������

�
���A�C������

�
���A�C�F���

�
����A���������C

�
��FA�E�	������

���������
�
����A���������

�
�����A������C�����

�
��

�

��������	�A�B	C�DEF������	���BC����AB��C�����ABA�A��	����B��DC��C��C	��C�

CA�DE� ���BA�AB���DC����!C	��"���#������	���C�

�$��F%�&'��"�	B����	���C�

�(��%������D�	�)B*B�B����+	C�A���	���C�

�,��F�C���"	��C��C��&���-�B������	�A�	-��.�B*C	�BA-��/�'C0�1�2���B	C�)�	��2��

'C0�1�2���B	C��.�&3��

�

�

� !� "##!$� %&!'(� $!)#%()!� *%� '� +%,-(.�  "$$-&'(!� -)� )*"/-!/� ")-(.� )'*!00-*!� '(/� -(� )-*"�

%1)!$,'*-%()A� 2!'� )"$3'&!� )'0-(-*4� $!)#%()!� -)� !+# ')-5!/� ")-(.� 2%-0��%-)*"$!� '(/��&!'(� 2'0-(-*4�

2!()%$�/'*'�'&6"-$!/�1!3%$!�'(/�'3*!$�* !�#'))-(.�%3��C.%$���'�&'*!.%$4�7� "$$-&'(!�* '*�'**'-(!/�8-(/�

)#!!/)�%3���9�:(%*)�-(�2!#*!+1!$��;�;A���%)*�+-(")�#$!< "$$-&'(!�)'*!00-*!�!)*-+'*!)�%3�)!'�)"$3'&!�

)'0-(-*4�$!,!'0�'�)*$%(.�)"$3'&!�)'0-(-*4�!( '(&!+!(*�%3��=��#$'&*-&'0�)'0-(-*4�"(-*��%,!$�'�=>?;;;�:+
�
�

%&!'(�)"$3'&!�'$!'�0%&'*!/�%(�* !�$-. *< '(/�)-/!�6"'/$'(*�%3�* !�)*%$+�')�-*�#'))!/�%,!$�* !��+'5%(�

'(/��$-(%&%�3$!) 8'*!$�#0"+!A��� !�#$!)!(&!�%3�* -)�)'0*4�8':!�-)�'))%&-'*!/�8-* �* !�!$%)-%(�%3�* !�

3$!) 8'*!$�#0"+!�14�* !� "$$-&'(!<-(/"&!/�+-@-(.A�� !�)*$%(.�)"$3'&!�0'4!$�!$%)-%(�')�/!*!&*!/�3$%+�

)#'&!�-)�&%(3-$+!/�14�-(�)-*"�%1)!$,'*-%(�3$%+��$.%�30%'*�#$%3-0!$)A��� !��* !$+'0��/!()-*4�'(/�%&!'(�

&%0%$�8':!)�'$!�'0)%�!,'0"'*!/�'(/�!@ -1-*�,!$4�&%()-)*!(*�#'**!$()�8-* �* !�)!'�)"$3'&!�)'0-(-*4�8':!A��

�)�C.%$�%,!$�#'))!/� * !�#0"+!�%(� -*)� 0!3*< '(/�)-/!�6"'/$'(*)�� * !�#$!)!(&!�%3�'�* -&:�1'$$-!$�0'4!$�

1!0%8� * !�#0"+!� -( -1-*!/�+-@-(.�'(/�)-.(-3-&'(*04� $!/"&!/� * !� )"$3'&!�&%%0-(.� -(� * !�8':!�%3� * !�

)*%$+�� 8 -& � 0-+-*!/� * !� )"$3'&!� &%%0-(.� (!.'*-,!� 3!!/1'&:� %(� C.%$� -(*!()-3-&'*-%(A� A-* � * -)�

/!+%()*$'*-,!�!@'+#0!��8!�) %8�* '*�* !�(!8�)!'�)"$3'&!�)'0-(-*4�+!')"$!+!(*)�3$%+�)#'&!�&'(�1!�

,!$4�")!3"0� ')� '�&%+#0!+!(*'$4�/'*')!*� *%� !0#�#$!/-&*-(.��$%#-&'0�&4&0%(!� -(*!()-3-&'*-%(� -(� * -&:�

1'$$-!$�0'4!$�'$!'��)"& �')�* !�8!)*!$(�*$%#-&'0��*0'(*-&A�

�

�

�



Recent updates to the background uncertainty estimates in

OSTIA system

JONAH ROBERTS-JONES
1 , MATTHEW MARTIN

1

1 UK Met Office, United Kingdom

The UK Met Office Operational SST and sea Ice Analysis (OSTIA) system gener-

ates a daily combined foundation SST and sea ice concentration product on a 1/20° ( 6 km)

grid. The system assimilates infra-red and microwave satellite SST observations in addition

to in-situ observations. All input data is passed through an automatic quality control system

and a bias correction on selected satellites using the in-situ and AATSR data as a reference

is carried out. OSTIA then uses a multi-scale optimal interpolation scheme to assimilate

observations onto a first guess field provided by the previous analysis with a relaxation to

climatology. The sea ice concentration is obtained from the EUMETSAT OSI-SAF daily

ice concentration product.

The weight given to an observation in the SST assimilation scheme is dependent

on both the observation and background error covariances. These background error covari-

ances have been re-estimated within the ESA CCI project using output from the 23 year

OSTIA reanalysis. A brief overview of the OSTIA system will be presented together with

the method used to estimate the background error covariances, the resulting estimates and

the impact of the update to the accuracy of the OSTIA SST product.



Estimation and Validation of the Peruvian Sea Surface

Temperature using NOAA - AVHRR and In-Situ Data with

PACHA-RICAJ Software

JOEL ROJAS ACUÑA
1 , JOSÉ CARLOS ECHE LLENQUE

1 , EDWARD ALBURQUEQUE SALAZAR
1

1 Laboratorio de Teledetección – Departamento de Fı́sica Interdisciplinaria Facultad de Ciencias

Fı́sicas – Universidad Nacional Mayor de San Marcos

The purpose of this work is to estimate and validate the sea surface temperature

(SST) from AVHRR/3 images. The study area is located between 0 and 20 °S latitude, and

100 to 70 °W longitude. The raw images have been obtained from the CLASS correspond-

ing to Level-1b format (LAC and GAC). The in-situ SST data were measured by IMARPE

during the periods: (1) October 1 to November 13, 2002, (2) March 1 to April 5, 2007 and

(3) March 1 to April 5, 2008. The image processing software ”Pacha-Ricaj” was used for

the calibration, cloud filtering (thresholds and Great Rapid Algorithm to Surround Areas

technique), Split-Windows SST, geometrical correction, monthly averages, digital filters,

histograms and the validation of the results.



Challenges and opportunities for geostationary remote sensing –

the next ocean colour revolution

KEVIN RUDDICK
1 , GRIET NEUKERMANS

1,2 , SHAOLING SHANG
3 , QUINTEN VANHELLEMONT

1

1 Management Unit of the North Sea Mathematical Models (MUMM), Royal Belgian Institute for

Natural Sciences (RBINS), Belgium
2 Université du Littoral Côte d’Opale (ULCO), Laboratoire d’Océanologie et Géoscience (LOG),

France
3 State Key Laboratory of Marine Environmental Science, Xiamen University, China

What new information can we get from geostationary ocean colour? Is geostation-

ary ocean colour “just” more frequent data? What new algorithms are required to exploit

this data?

Optical remote sensing of marine processes from polar-orbiting sensors such as

MODIS-AQUA and Envisat/MERIS has become quite well-established over the last decade.

Products such as chlorophyll a and Total Suspended Matter concentration are widely used

as support for marine science and water quality monitoring. However, the sampling fre-

quency, typically once per day, is too slow for resolving tidal and diurnal processes and the

presence of clouds is a big limitation to data availability. The geostationary orbit offers a

vastly improved sampling frequency, typically one image per hour or more, and hence the

possibility to resolve new processes with tidal and diurnal variability. The probability of

obtaining data during periods of scattered clouds is also greatly enhanced. However, the

advantages go beyond simply obtaining more data. The exploitation of temporal coherency

of natural processes over the timescales resolved by geostationary sensors may offer en-

tirely new ways of processing data – instead of pure pixel-by-pixel processing, information

from adjacent pixels in time may allow better constraint of the ocean colour inversion prob-

lem or provide new opportunities for data quality control via temporal outlier detection

of retrieved marine or atmospheric parameters. Multiple geostationary sensors at different

longitudes give extra information on the bidirectional reflectance of the ocean-atmosphere

system.

This presentation will identify new opportunities inherent to high frequency data

from geostationary ocean colour sensors and possibilities for new algorithms. On the other

hand, the atmospheric correction for high viewing zenith and high sun zenith angles will

be a more critical issue for geostationary sensors and the related challenges will also be

addressed. Examples will be presented from the SEVIRI sensor over the North Sea and

from the GOCI sensor over the Bohai Sea.

The presentation will conclude with a provocative question for the conference

participants: If we have in the future geostationary ocean colour sensors, what rôles/niches

are still available for polar-orbiting ocean colour sensors?
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Remote sensing of assimilation number for marine

phytoplankton

S. SAUX-PICART
1 , S. SATHYENDRANATH

1 , M. DOWELL
2 , T. PLATT

1

1 Plymouth Marine Laboratory, UK
2 Joint Research Centre, Ispra, Italy

Estimating primary production at large spatial scales is key to our understanding

of the global carbon cycle. Algorithms to estimate primary production are well established

and have been used in many studies with success. One of the key parameters in these

algorithms is the chlorophyll-normalised production rate under light saturation (referred to

as the light saturation parameter or the assimilation number). This parameter is known

to depend on temperature, light history and nutrient conditions. In this presentation we

explore different algorithms to estimate the assimilation number from remotely-sensed data.

Combining methods to estimate the carbon-to-chlorophyll ratio and the maximum growth

rate of phytoplankton, we explore algorithms to estimate the assimilation number at the

global scale. The inputs to the algorithms are the surface concentration of chlorophyll-a,

sea-surface temperature, photosynthetically active radiation at the surface of the sea and

climatological sea surface nutrient concentration and mixed-layer depth. A large database

of in situ estimates of the assimilation number is used to provide elements of validation.

The comparisons with in situ observations are promising and global maps of assimilation

number are produced. They display patterns that are consistent with what is known about

the distribution of this parameter.



Coastal waters monitoring: spatial or spectral resolution?

MT SEBASTIÁ , J ESTORNELL , M RODILLA

1 Universitat Politècnica de València, Instituto para la Gestión Integrada de Zonas Costeras, Spain

The adaptation of algorithms to the optical complexity of coastal waters and

closed domains is one of the main challenges being addressed by the ocean colour sci-

entific community. But the high spatial variability of these domains is equally important.

When using satellite monitoring as an alternative technology to traditional water monitor-

ing, the spatial resolution is especially relevant. Having into account the Water Framework

Directive (WFD) definition of coastal waters, the use of low spatial resolution satellites is

insufficient to accurately resolve the strong coastal gradient of chlorophyll-a [Gohin et al,

2008]. Decisions to invest large sums to improve the ecological quality rely on the precision

of the classification [Carstersen, 2007]. In this study, the use of moderate and high spatial

resolution sensors to overcome this disadvantage is discussed. Special emphasis is placed

on whether sensors with low spatial resolution would give different ecological status classi-

fication of a water body according to the WFD. Adequate spatial resolution should be used

to apply remote sensing as an efficient technology for coastal water monitoring.

REFERENCES

Carstensen, J., 2007. Statistical principles for ecological status classification of

Water Framework Directive monitoring data. Marine Pollution Bulletin 55, 3-15

Gohin, F., saulquin, B., Oger-Jeanneret, H., Lozac’h, L., Lampert, L., Lefebvre,

A., Riou, P. and Bruchon, F., 2008. Towards a better assessment of the ecological status

of coastal waters using satellite-derived chlorophyll-a concentrations. Remote Sensing of

Environment 112, 3329-3340.



Remotely-sensed sediment dynamics on multi-temporal scales in

the Yangtze Estuary and adjacent coast

FANG SHEN1 , JIAN-ZHONG GE1 , YUN-XUAN ZHOU
1 , HONG SHEN1

1 State Key Laboratory of Estuarine and Coastal Research, East China Normal University,

Shanghai, China

The Yangtze Estuary is one of the largest, tidally energetic and sediment-dominated

turbid estuaries in the world. The distribution of suspended sediment concentration (SSC)

governed by river discharge and hydrodynamic environment exhibits dynamic variations in

the estuary. It is of great interests for scientists to understand dynamic sedimentology and

geomorphology of estuarine systems and for engineers to deal with dredging, maintenance

of safe navigation routes and harbour access. In addition, it is recognized that the suspended

sediment as a tracer can play a role in observing the dispersal routes of chemical matters

and pollutants into ocean. In recent years, Due to impacts of anthropogenic activities and

anomalous climate change in the Yangtze River Basin in the last decade, the fluvial sedi-

ment discharged into the Yangtze Estuary was decreased rapidly, from 340 million ton per

year in 2000 to 110 million ton per year in 2009. The reduction may generate large and

long-term effects on the estuarine and coastal system.

Present polar-orbiting and geostationary ocean colour satellites have provided an

opportunity of daily and hourly measurements of ocean colour components. They allow

us to be able to observe suspended sediment distribution on multi-temporal scales. This

may facilitate thorough understandings of sediment dynamic process in highly dynamic

estuary system, combined with numerical dynamic models. We employed a semi-empirical

radiative transfer (SERT) model coupled with a multispectral shift scheme proposed for

turbid waters with a wide-range SSC, instead of current algorithms that would lead to large

underestimates of the SSC in the highly turbid waters, to retrieve the SSC in the Yangtze

Estuary and adjacent coast using MERIS data from 2003 to 2010 and GOCI data from

April to November 2011. The MERIS-derived SSC variations on spring-neap tide and wet-

dry season scales and GOCI-derived SSC variations on flood-ebb tidal phase scale were

discussed. A high-resolution Changjiang (Yangtze) Coastal Model based on Finite-Volume

Coastal Ocean Model (FVCOM) was applied to tidal currents simulation. Therefore, it is

possible to further analyze the mechanism of the SSC distribution and variations.



Ocean dynamics on a global scale using satellite measurements
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Civilization aspiring for steady development and preservation of the biosphere, must

have the knowledge of spatial distribution, seasonal dynamics and anomalies of the primary pro-

duction process on the planet. Continuous monitoring of phytopigment concentrations in the ocean

by space-borne methods makes possible to estimate ecological condition of biocenoses in critical

areas. Unlike land vegetation, hydrological processes largely determine phytoplankton dynamics,

which may be either recurrent or random.

The types of chlorophyll concentration dynamics can manifest as zones quasistationary

by seasonal chlorophyll dynamics, perennial variations of phytopigment concentrations, anoma-

lous variations, etc. While large-scale and frequently occurring phenomena have been much stud-

ied, the seldom-occurring changes of small size may be of interest for analysis of long-term pro-

cesses and rare natural variations. Along with this, the ability to reflect consequences of anthro-

pogenous impact or natural ecological disasters on the ocean biota makes the anomalous variations

ecologically essential.

Close correlation of chlorophyll concentration distribution with hydrological processes

makes concurrent analysis of the variability of temperature fields especially important.

The work presents SeaWiFS, MODIS and AVHRR satellite data processed to reveal spa-

tial inhomogeneity of the seasonal course of chlorophyll concentration and sea surface temperature

in the ocean in the global scale.

Areas with quasistationary and non-stationary changes of chlorophyll concentration are

revealed by SeaWiFS and MODIS data.

As it is known a priori that extremely high and extremely low chlorophyll concentrations

or sea surface temperature are associated with different physical processes, when mean or total

values in the ocean are calculated, the processes induced by different physical reasons superpose.

Thus, no correlation can be reached between the calculated total dynamics and some physical

process. In this work we applied the method of statistical distribution analysis of data to every

pixel. With this approach, extreme values are investigated in greater detail. We divided the range

of values for every pixel into 5 parts; seasonal variations were taken into account.

The spatiotemporal distribution of the dynamics of extreme and average values was in-

vestigated. This approach made possible discovering the commonality of processes in the different

oceans and defining a problem of revealing global processes responsible for this commonality.

Also it was found that the instability of the oceanic processes that was increased after

the El Niño event began to decrease during the last two years.



Comparison of remotely sensed phytoplankton functional types

retrievals in the Southern Ocean

M. SOPPA
1 , A. BRACHER

1 , T. DINTER
1 , B. TAYLOR

1 , I. PEEKEN
1

1 Alfred Wegener Institute for Polar and Marine Research, Germany

In the last years, many approaches have been developed for deriving Phytoplank-

ton Functional Types (PFTs) or phytoplankton size classes from remote sensing observa-

tions. However most, if not all approaches are made at global scale. In this study, we focus

on the Southern Ocean. We determine and compare the spatial distribution of PFTs using

the methods developed by Bracher et al. (2009) and Hirata et al. (2011). The method of

Hirata et al. (2011) consists of two steps. First, significant relationships are established

between chlorophyll-a and biomarker pigments, as they presented using a global data set

of High-Performance Liquid Chromatography (HPLC). These relationships are then ap-

plied to the chlorophyll-a (chl-a) observations by remote sensing, as they presented using

the Sea-viewing-Wide-Field-of-View-Sensor (SeaWiFS). The result is the spatial distribu-

tion of microplankton (diatoms and dinoflagellates), nanoplankton, picoplankton (prokary-

otes, PicoEukaryotes, Prochlorococcus sp.) and green algae. Alternatively, Bracher et

al. (2009) applied the Differential Optical Absorption Spectroscopy (DOAS) technique on

data derived from the sensor Scanning Imaging Absorption Spectrometer for Atmospheric

Cartography (SCIAMACHY) (PhytoDOAS method) for retrieving diatoms, dinoflagellates,

cyanobacterias, prymnesiophytes and coccolithophores. The difference of PhytoDOAS to

the method of Hirata et al. (2011) is the direct retrieval of the PFTs from spectrally resolved

satellite data, without the use of empirical relationships. Within this study, we apply the

Hirata et al. (2011) method to the GlobColour 9km Level-3 monthly chl-a data set. The

empirical relationships were determined from a large HPLC pigment data set restricted to

the Southern Ocean. Climatological aspects are considered for comparison of the PFTs spa-

tial distributions for the period of 2003-2010. Limitations of both methods are discussed

and improvements are suggested. References Bracher, A.; Vountas, M.; Dinter, T.; Burrows,

J. P.; Röttgers, R. & Peeken, I. Quantitative observation of cyanobacteria and diatoms from

space using PhytoDOAS on SCIAMACHY data. Biogeosciences, 2009, 6, 751-764. Hirata,

T., Hardman-Mountford, N-J., Brewin, R-J-W., Aiken, J., Barlow, R., Suzuki, K., Isada,

T., Howell, E., Hashioka, T., Noguchi-Aita, M. and Yamanaka, Y. (2011). Synoptic rela-

tionships between surface Chlorophyll-a and diagnostic pigments specific to phytoplankton

functional types. Biogeosciences, 8: 311-327.



Harmful algae bloom and oil pollutions – spectral manifestations

and impact on the upper layer properties
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Recent satellite systems give the unique possibility for regular monitoring of the

marine environment. Proposed study is focused on application of the MULTICHANNEL,

MULTISPECTRAL, MULTIPLATFORM approach for investigation of the oil films and

Harmful Algae Bloom (HAB). “Deepwater Horizon” catastrophe and oil leakage in Mexi-

can Gulf during more than three months gave a set of the quasi synchronous images from

AVHRR, MODIS, MERIS, TM and ETM+ together with ASAR data. Optical and thermal

properties of the oil films are studied. Oil spill appearance in optics is defined by influence

of the oil film on surface reflectivity. Radiation registered by optical sensors near surface

consists from water leaving radiation and reflected radiation of the upper hemisphere. Oil

film manifestation is caused by two factors: - variations of the reflection coefficient of ”wa-

ter – film” system; - variations of the surface roughness. Note, that oil film manifestation

in radar data is defined only by surface roughness. Combination of the ASAR and multi-

spectral optical data allows to estimate the oil film thickness. Existence of the surface films

impacts on the thermal properties of the water. Atypical Blue-green algae blooms (HAB)

in the Caspian, Black and Azov Seas occurred last years and strongly affected on thermal

properties of the sea upper layer. Manifestation of the bloom area in optical, thermal and

radar data and possibility of HAB prediction are discussed.



Extraction of the Douro river plume size from MERIS Total

Suspended Matter data using classification and segmentation

methods
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River discharge into the coastal ocean represents a major link between terrestrial

and marine systems. River plumes are an important phenomenon in coastal regions. In areas

with high rates of river discharge, plumes clearly influence coastal dynamics. River plumes

are a mixture of fresh water and river sediment load, with some dilution caused by currents.

The river plumes are turbid and carry a high load of suspended sediments. Since these

suspended sediments can be associated with nutrients, pollutants and other materials, it is

of crucial importance to remotely survey their dispersal in order to assess the environmental

quality of the regions surrounding river mouths. The river plumes are distinguished from

surround marine waters by their high concentration of total suspended matter (TSM), which

changes the color of the ocean surface (Nezlin and DiGiacomo, 2005). Satellite ocean color

observations of the optical properties of coastal surface waters can be used to distinguish

plume water from ambient water masses, particularly based on increased concentrations of

TSM in the plumes (Teodoro et al., 2009).

In mid-2002 the European Space Agency (ESA) launched the MERIS (MEdium

Resolution Imaging Spectrometer) hosting satellite ENVISAT. The primary mission of MERIS

is the measurement of water colour in the oceans and in coastal areas. The aim is to convert

such measurements of the water colour into a measurement of concentrations of phyto-

plankton chlorophyll, total suspended matter and gelbstoff. The algorithm used by ESA to

retrieve the concentration of TSM from spectra of radiances and reflectance of coastal wa-

ters (Case 2 Waters) is carried out by an Artificial Neural Network (ANN) (Doerffer et al.,

1999; Schiller and Doerffer, 2005). The TSM concentration is expressed as a concentration

in g/m3 or Log10 (g/m3) with a valid range between 0.01-50.00 g/m3.

The main objective of this study was to explore different classification and seg-

mentation methods, in order to accurately extract the Douro river plume (DRP) dimension,

for one year time series. In this work, 88 MERIS scenes (level 2 data) from January 2009

to December 2009 were considered (data provided by ESA).

The adopted methodology consisted in the application of several segmentation

algorithms. The first one was based on region growing approach, to automatically select the

region seed (S) and the threshold (T) values for each image. In this algorithm two options

may be used to select the S and the T values. The first option consisted in assuming S

as the centroid value and T as S/2, whereas the second option is based on assuming S as

the mean value of the plume region and T as half the maximum. The second option led

to better results, since its nature allows for a more realistic and accurate delineation of the

plume (Teodoro and Almeida, 2011). The second considered segmentation method is based

on the segmentation module of the automatic image registration method HAIRIS, where

an automatic detection of modes present on the histogram is performed (Gonçalves et al.,

2011).

These segmentation algorithms were compared with pixel- and object-based clas-

sification approaches and also compared with manual digitalization of two independent op-

erators. The large differences in the manual digitalization between operators support the

subjectivity inherent to this process, which reinforces the interest on the application of au-

tomatic methods for the extraction of the Douro river plume size. According to Teodoro

et al., (2009) and Teodoro and Almeida (2011) the parameter that most directly influences

DRP dimension are the river discharges (at Crestuma dam). Therefore, in order to validate



the different segmentation methods and applied algorithms, the DRP dimension was related

with Douro river discharges. In general, the considered segmentation algorithms presented

a better performance when compared with the traditional classification (pixel and object

based) approaches.

The plume derived from MERIS data represents DRP only when the river flow

exceeds a certain threshold. During low discharge, the remotely sensed plume results from

other factors. Another factor that should be considered are the breakwaters constructed in

the sand spit of Douro river. Two breakwaters were constructed in order to stabilize the river

mouth, between 2004 and 2008. These breakwaters have two main functions: to avoid river

Douro right bank to be reached by waves, recovering the sand spit function protection; and

to improve the navigation channel. However, the breakwaters changed local dynamics and

consequently the amount of sediments that reach to the plume. Another important issue is

related with the dredging of the Douro River navigation channel. The dredging at the mouth

of the estuary interferes with the amount of sediments that are available in the Douro estuary

and consequently affects the models proposed in this paper. These two points should be

addressed more carefully in the future. Nevertheless, the segmentation approaches applied

in this work seems to be a valid method to automatically estimate the river plume size.
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Gonçalves, H., Gonçalves, J. A., Corte-Real, L., (2011), HAIRIS: A method for

automatic image registration through histogram-based image segmentation. IEEE Transac-

tions on Image Processing 20 (3), 776-789.

Nezlin, N. P., and DiGiacomo, P. M., (2005), Satellite ocean color observations of

storm water runoff plumes along the San Pedro Shelf (southern California) during 1997 to

2003. Continental Shelf Research 25, 1692-1711.

Schiller, H. and. Doerffer, R., (2005), Improved determination of coastal water

constituent concentration from MERIS data. IEEE Transactions on Geoscience and Remote

Sensing 7, 1585-1591.
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Ridge and front systems have long been recognised as areas of high primary pro-

duction due to associated nutrient enrichment in the photic zone. In the North Atlantic basin

the mid-Atlantic ridge (MAR) is a conspicuous feature with a mean crest height of 1708m

below sea level. It is dissected east to west at 52 degrees North by the Charlie-Gibb Fracture

Zone (CGFZ), the location at which the Gulf Stream crosses the Atlantic and separates East

North Atlantic sub-tropical Water in the south from Arctic overflow water in the North, pro-

ducing a persistent thermal sub-polar front (SPF). We use 30 yrs of AVHRR Sea Surface

Temperature (SST) and merged micro-wave and infra-red SST to assess thermal signatures

associated with the MAR and SPF. We then implement Ocean Colour algorithms of primary

(PP) and export production (EP) using 13 yrs of SeaWiFS data to assess the spatial and tem-

poral frequency of regions of enhanced productivity in the North Atlantic. Phytoplankton

size class algorithms applied to the SeaWiFS time series are then used to explain the inter-

annual variability in productivity. The data suggest that outside of the spring bloom, the

Reykjanes Ridge and SPF sustain higher PP and EP due to a higher micro-phytoplankton

biomass. These areas are less susceptible to inter-annual climate oscillations and therefore

supply a higher and more consistent export of carbon to the deep ocean.
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Current study is based on examination of satellite SST data from the years 2002-2009 in

Baltic Sea. Sea surface temperature (SST) data from MODIS (MSl12 algorithm by NASA/OBPG

) and AATSR (2 channels dual and nadir view) was examined to determine the differences of

measurements in case of highly variable temperature fields (upwellings) in the Gulf of Finland

(Baltic Sea). As the two instruments use different measuring methods the results are expected to

be biased. In addition to daily remote sensing SST imagery provided by MODIS and AATSR sen-

sors that provide information over the Gulf of Finland there is another source of operational upper

layer temperature (bulk SST) data - the temperature measurements conducted regularly (daily)

by ship of opportunity at a fixed depth. The combined use of the two different operational data

sources – remote sensing and temperature measurements conducted by ship of opportunity – can

provide good overview of the regional SST field. The remote sensing data were compared with

flow trough in situ measurements that were conducted on the transect between Tallinn and Helsinki

in Gulf of Finland. Only data that was measured during summer upwelling events (and therefore

had high spatial variability) were considered in the analysis. The objectives of current study are

(1) to quantify regionally the differences between flow through in situ temperature and SST prod-

ucts (MODIS and AATSR), (2) to quntify the regional biases between MODIS and AATSR SST

products and (3) to develope a method to derive bias corrected daily regional SST maps in cases

of highly variable SST fields using MODIS and AATSR data. For comparison of the MODIS and

AATSR SST products with the corresponding measured data the root mean square temperature

differences (r.m.s.), the correlation coefficient (R) and bias were calculated. The SST data ob-

tained with MODIS and AATSR were also compared with each other. Also bias corrected r.m.s

differences along the transect between the two products were calculated. The comparison showed

that AATSR nadir view data had strong warm bias while dual-view AATSR and MODIS data had

lower positive biases compared to in situ measurements (bulk SST). Both AATSR and MODIS

SST products had similar correlation with flow through measurements 0.89, 0.93 and 0.93 for

nadir-view AATSR, dual-view AATSR and MODIS respectively. Three types of composite maps

were calculated in cases when data from both satellite sensors was available. (1) Uncorrected

composite maps. (2) Using the estimated bias between MODIS and AATSR products the bias

correction was applied to AATSR data and composite map was calculated. (3) The bias correc-

tion was applied for both images (MODIS and AATSR) in order to get composite SST map that

best represents in situ measurements (bulk SST). Taking into account the detected biases between

different instruments a composite SST maps were created. The analysis showed that the use of

bias corrected SST images results in better SST composite maps with enough details preserved

and with reduced artificial features like striping.
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New techniques for analyzing the structure of remote sensing maps of ocean vari-

ables have been developed during recent years [Turiel et al., 2008, and references therein].

These techniques have been designed in the framework of the Multifractal Microcanonical

Formalism (MMF), and are appropriate for dealing with scalars submitted to the action of

a turbulent flow (in this case, we are considering horizontal, quasi-geostrophic turbulence).

Scalars submitted to the action of a turbulent flow develop a complex, intermittent structure:

a multifractal hierarchy. The multifractal hierarchy can be evidenced by different means.

The classical approach is to study global scaling properties by means of the scaling expo-

nents of the structure functions. A different approach consists of calculating the scaling

exponents at each point of the scalar. In the later case, the exponents are called singular-

ity exponents and they are dimensionless measures of the regularity or irregularity of the

function at each point.

Singularity exponents arise due to differential shear in the flow, and thus they

are characteristic to the velocity field, but not to the advected scalar. Experiments with

data from numerical simulations and from remote sensing sensors show that singularity

exponents are almost independent of the scalar and related to the flow structure: singularity

lines align with streamlines. This implies that a part of any scalar signal is common to all

other scalars: the common part defines its multifractal structure.

Exploiting the redundancy (among different scalars) of the multifractal structure,

we have derived a theoretical relation that can be used in data fusion without using any other

information. We have applied this relation to fuse microwave SST data with SMOS SSS

maps to produce enhanced SSS maps.

This technique can also be used to different goals as data assimilation in numer-

ical models, filter noise in low-level remote sensing data, and in completing data series of

Essential Climate Variables.
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Algal blooms (AB) are generally defined as a rapid increase in the biomass of

algae in an aquatic system. Satellite chlorophyll a concentrations (CHL) data are a suitable

proxy for phytoplankton biomass and provide a unique means to monitor AB dynamics over

a large area such as the North Sea and over many years. MUMM provides an operational

daily AB detection service in European waters using MERIS and MODIS data within the

framework of the MarCoast project. The basic product of this service is a daily map of AB

detected using an algorithm which compares the instantaneous CHL map with a threshold

CHL map. The threshold map used is a 90 percentile map of CHL for the growing season

(March-November incl.) of the studied year. Such a threshold map is able to capture the

high spatial variability in typical CHL concentrations throughout the European seas and

hence relativise the concept of AB .

In this study, AB detection maps were created using a historical dataset of MERIS

and MODIS CHL data for the years 2003 to 2010. The daily AB detection maps were sub-

sequently used to generate yearly AB timing maps providing pixel by pixel information of

the date at which a first AB was detected. With these AB timing maps representing AB

dynamics both in space and time, the impact of factors such as euphotic depth (KdPAR,

TSM), total water depth, water column stratification, and nutrient availability could be in-

vestigated. In European waters at the large scale a general link between the AB timing and

latitude can be observed where the AB occur later in the growing season from South to

North due to light availability. The situation in the North Sea is more complex since other

factors such as bathymetry, turbidity and human induced eutrophication play a more signif-

icant role. Results will be presented for the spatial and interannual variability of AB timing

in the North Sea as detected by satellite data, and will be explained in terms of the relevant

factors.



Obtaining high quality ocean colour products at high temporal

frequency by exploiting the synergy between polar-orbiting and

geostationary sensors
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France

Polar-orbiting ocean colour sensors such as SeaWiFS, MODIS, and MERIS have

been covering the world’s oceans for over a decade with a revisit time of 1 to 2 days. This

temporal resolution is insufficient to capture the diurnal cycles of biogeochemical processes

occurring in open ocean and coastal waters, especially not in regions where cloud cover re-

duces data availability. Imagery from geostationary platforms can be obtained with a much

higher frequency (typically every 15 or 60 minutes), and thus, in theory, can be useful to

study those processes. The first ocean colour sensor on a geostationary platform, the Geo-

stationary Ocean Colour Imager (GOCI), was launched in 2009 and in mid 2010, it started

collecting hourly data for Northeast Asia. There are no geostationary ocean colour sensors

over Europe yet, but, for the turbid waters of the southern North Sea, suspended particu-

late matter, turbidity, and vertical light attenuation products have recently become available

every 15 minutes, by using the SEVIRI meteorological sensor (Neukermans et al., 2009).

However, the spatial and spectral resolution of SEVIRI is limited and the calibration and

atmospheric correction are less established than those of polar-orbiting sensors. This study

investigates the potential of combining the higher spatial and spectral resolution and bet-

ter atmospheric correction of polar-orbiters, with the higher frequency of SEVIRI in two

ways. First, to obtain high frequency and high quality suspended matter, turbidity, and ver-

tical light attenuation products, the data from polar-orbiters are modulated by the variability

detected by SEVIRI. Second, SEVIRI vertical light attenuation products are refined using

coloured dissolved organic matter and Chl a concentration data from polar-orbiters. Effects

of the synergy are investigated using in situ data obtained from moored buoys. Addition-

ally, moving beyond Europe, imagery from GOCI, with much better spectral, spatial and

radiometric resolution than SEVIRI, is cross-correlated with MODIS imagery for selected

turbid water regions.



Long-term dynamics of chlorophyll concentration and sea

surface temperature in the ocean surface layer (by satellite data)

G. VYSOTSKAYA
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1 Institute of Biophysics of SB RAS, Krasnoyarsk, Akademgorodok, Russia
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To preserve the biosphere and to use it efficiently, it is necessary to gain a deep

insight into the dynamics of the primary production process on our planet. These investi-

gations are, however, very labor-consuming, because of the difficulties related to the acces-

sibility of the water surface and its large size. Variability of chlorophyll concentration in

the ocean is one of the most important components of this process. In this work long-term

changes in chlorophyll concentration and sea surface temperature in the surface layer of the

ocean have been analyzed on the basis of the MODIS and SeaWiFS from 1997 to 2010 and

AVHRR data from 1985 to 2010. Trends in these data sets were calculated and compared for

different periods. It has been shown that decreasing of chlorophyll concentration revealed

by SeaWiFS data replaced by increasing. Minimum values were achieved in 2005-2006.

Also it is very interesting to compare dynamics of sea surface temperature and chlorophyll

concentration. Mostly trends of sea surface temperature and chlorophyll concentration have

opposite directions but areas were revealed with a positive correlation.



Initial progress in producing an analysis system of the diurnal

cycle of SST

J. WHILE
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1
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Diurnal variations in skin Sea Surface Temperature (SST), which can be as large

as several degrees, play an important role in determining the heat flux between the ocean

and atmosphere. At the UK Met Office we are engaged in a program to produce an analysis

of the diurnal cycle of SST. This analysis will combine information from both satellite

measurements and a diurnal model of the instantaneous skin temperature.

We present results from an analysis of the quality and coverage of the diurnal cycle

by satellite SST data, both from low orbiting and geostationary satellites. Using data from

the SEVIRI instrument we show the particular importance of using data from geostationary

satellites in any diurnal study.

While still in the development stage, we present results from the current version

of our diurnal SST analysis system. In this system we use a diurnal model based on the

ECMWF’s model of diurnal warming and constrain this system using a 4DVar like method

to assimilate available satellite data. Unlike normal 4DVar, our system constrains the model

by adjusting not only the initial temperature, but also the heat and wind forcing. The analy-

sis that results from this process should provide the best possible match between the model

and observations given their relative errors.



Remote Sensing of Sea Surface Conductivity Distribution by HF

Surface Wave Radar
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China 430072
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This paper proposes that the HF Surface Wave Radar (HFSWR) can be exploited

to remote sensing of sea surface conductivity distribution. HFSWR transmits radio waves

of tens of meters in wavelength, propagating along sea surface, resonating with the sur-

face gravity waves typically with wavelength of half of the radio wave’s, thus intensified

backscatters (sea echoes) can be observed at the radar site. Doppler spectra analyzing of

sea echoes gives information on surface currents, waves and winds. A coastal HFSWR site

is capable of yielding sea states parameters distribution covering thousands of square kilo-

meters in nearly ten minutes observation. Typical HFSWR detecting range is 100 200km

with 1 5km range resolution and 1 5 degree azimuth resolution.

Unlike microwave propagation, which is vulnerable by rain, fog and other asym-

metric refractive index distribution in air mass, HF radio waves’ propagation on sea surface

is primarily subject to sea surface conductivity distribution (SSCD). Low conductivity will

cause HF radio waves attenuating more heavily than in case of high conductivity. There-

fore SSCD information can be extracted by investigating the HF radio wave attenuation

speed along its propagation path. The HF radio wave attenuation is mainly composed of

free-space attenuation, additional attenuation caused by ocean waves, and the Norton atten-

uation, which is relevant to SSCD. The first attenuation can be calculated by using standard

radio propagation model. The second one can be figured out from experiential relationship

as real time wave height can be inversed from sea echo Doppler spectra. Then the Norton

attenuation is obtained and SSCD information can be inversed from it. Range-differential

processing of the echoes’ attenuation data will help to exclude affects from radar system

variables and large-scale spatial structures, reduce inversion complexity and enhance inver-

sion precision and robusticity. Salinity distribution can also be obtained as it is considered

as a function of conductivity. Data quality control and data calibration are critical in the

inversion process.



Estimation of suspended sediments concentrations in coastal

ocean using in-situ and Hyperion data

QIANGUO XING1,2 , CHUQUN CHEN2 , MINGJING LOU1 , PING SHI1

1 Yantai Institute of Coastal Zone Research, LCEP, Chinese Academy of Sciences, China
2 South China Sea Institute of Oceanology, LTO, Chinese Academy of Sciences, China

Suspended sediments are one of the key color-producing agents for coastal ocean.

For developing workable remote sensing algorithms of sediments concentration, intensive

field surveys were conducted in the Pearl River Estuary (PRE) during 2004 - 2006 to col-

lect in situ remote sensing reflectance (Rrs) and the surface total suspended matter (TSM),

total inorganic particles (TIP) and turbidity, etc. Hyperion/EO-1 hyperspectral image data

(Rp) was also collected with one of surveys on Dec. 6, 2006. The in situ data show that

the content of TIP and turbidity is proportional to the concentration of TSM which ranges

from 6 mg/L to 140 mg/L. First-order derivatives of Rrs and Rp at 605 nm, i.e., [Rrs(610)-

Rrs(600)], the band-subtraction of Rrs at 610 nm and 600 nm, and [Rp(B26)-B(25)], sub-

traction of Rp of the 26th and 25th bands (609.97nm, and 599.80nm) with Hyperion, are

used in an exponential regression model to estimate the TSM concentrations, the mean

relative errors (RE) between the estimated and measured values are 27.2% and 23.3%, re-

spectively for Rrs data and Hyperion data, and the root mean square errors (RMSE) are

27.2 mg/L and 5.9 mg/L. Other retrieval algorithms of TSM were also compared, and, the

band-subtraction algorithm [Rrs(610)-Rrs(600)] showed a better performance.



MONITORING CHANGES OF NAM CO LAKE USING

REMOTE SENSING DATA (2000-2009)

YANHONG WU1 , JUNSHENG LI2

1 Center for Earth Observation and Digital Earth, Chinese Academy of Sciences

The environmental factors including snow cover and hydrologic regime of lake are

all sensitive factors and can reflect ecosystem responses to changing climate. A series of

satellite imagery-based environmental data archives including variation of snow cover, lake

water storage and lake level in Nam Co Lake Basin, were mapped for the period 2000-2009.
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Toward detection of sub-diurnal variation of ocean color from

space

YOUNG-JE PARK
1

1 Korea Ocean Research and Development Institute (KORDI), Korea

Geostationary Ocean Color Imager (GOCI) on board the COMS satellite is an

ocean color sensor with six visible spectral channels and two near infrared channels and the

first of its kind operating on a geostationary orbit. It delivers images of a 2500km x2500km

area around Korean peninsula eight times a day from 9 to 14 hours since July, 2010. It has

demonstrated the capability to monitor fast-varying phenomena including Asian dust event,

volcano eruption, sea-ice formation, floating algae event, etc. Its hourly images during day-

time would also be suitable to resolve sub-diurnal variation occurring within near-surface

layer. To detect weak signals of diurnal variation such as chlorophyll concentration requires

high performance of radiometric measurements. Noise levels in GOCI images are com-

pared to those in MODIS or MERIS images. High stability of atmospheric correction is

also desired under varying atmosphere-surface conditions and solar direction. Efforts are

made to ensure the stability of the remote sensing reflectance data after atmospheric cor-

rection. GOCI derived remote-sensing reflectance data are compared field measurements.

Finally, sub-diurnal variations in selected locations are investigated using hourly images

from GOCI.



Remote estimation of chlorophyll-a concentration in the Pearl

River estuary and coastal waters in northern South China Sea
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1 Yuen Yuen Research Centre for Satellite Remote Sensing, ISEIS/CUHK, Hong Kong
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In this study, we will apply satellite data to estimate chlorophyll-a (chl-a) concen-

tration in the Pearl River estuary (PRE) and coastal waters in northern South China Sea.

Three-band model and the maximum band ratio (MBR) method will be used to examine the

ability of these algorithms for the estimation of the chl-a concentration in the highly mixed

fresh-salt waters in the estuary and coastal waters with the in situ data of 2003, 2004, 2008

and 2009. We will specifically focus on the comparison of the performance of these models

to estimate chl-a in the typical estuarine turbid waters and the evaluation for the potential

of Chinese HJ-1B (Chinese Environmental Satellite Series 1B), MERIS (Medium Resolu-

tion Imaging Spectrometer) and MODIS (Moderate Resolution Imaging Spectrometer) to

estimate chl-a in the estuarine turbid waters such as the PRE and coastal waters.
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Hangzhou Bay, located in the northeast part of Zhejiang Province in China, is a strong

tide bay with the shape like trumpet. Affected by the turbid runoff with high sediment concentra-

tions from the Yangtze River for long time and the tide dynamics, the total suspended sediment

concentrations (TSSC) in Hanghzou Bay are pretty high and have complex spatio-temporal varia-

tions. We have conducted the field investigation in Hanghzou Bay during December 2-13, 2011,

and various in-situ data were measured, such as the TSSC, the chlorophyll a concentrations, the

CDOM absorption coefficient at 400nm, the remote sensing reflectance, the sediment grain size,

the water absorption coefficient, the water back scattering coefficient, the flow velocity, the flow

direction, and so on. The in-situ data were measured at one fixed station every other hour from

7:00 a.m. to 5:00 p.m. in one day. There are three fixed stations in total, with the observation

time covering the spring tide and the neap tide period. TSS is the main factor affecting the water

color in Hangzhou Bay, and it is of great significance to monitor the variance of TSS at different

time of tide in one day. The Geostationary Ocean Color Imager (GOCI) is the ?rst multi-channel

VIS/NIR ocean color sensor operating in geostationary orbit and can provide hourly spectral im-

ages that can be used for continuous monitoring of TSS. We can get three GOCI images presently

at three different time in one day. The “environment and disaster monitoring and forecasting small

satellite constellations” (HJ-1A/1B satellites), launched by China on September 6, 2008, bring a

new TSS monitoring opportunity. Both the HJ-1A and HJ-1B satellites are equipped with two

charge-coupled device (CCD) cameras that are the same in nadir symmetry, design parameters,

and characteristics. The constellation of the two satellites generates multi-spectrum CCD images

with both high spatial resolution (30 m) and short revisit time (2 days). The Moderate Resolution

Imaging Spectroradiometer (MODIS) image is also a good data for TSSC assessment. During our

investigation, we can get three GOCI image, one HJ-1A/B CCD image, two MODIS images at

different time of tide in one day. The six images can be used to monitor the variance of TSS at six

different time of tide after applying the appropriate atmospheric correction methods and retrieval

algorithms to correct the biases among different sensors. The in-situ data can provide enough

validation for the method. This study is very important to explore the potential of using new sen-

sors and merging different sensors data to assessment of the variation of TSSC in Hangzhou Bay

using GOCI, MODIS and HJ-1A/1B CCD images. Keyword: total suspended sediment; GOCI;

MODIS; HJ-1A/1B CCD; Hangzhou Bay


