
•Updates on Geo ocean color mission plans

•Share experience and results on geo ocean color 
studies

•Discuss coordination for “global” constellation of geo 
ocean color missions

• Establish minimum requirements

• Harmonization of global vs coastal coverage

• Consistency in products produced

•Unique geo products

•Consider plans for joint activities

• analyses to prepare future geo missions

• field campaigns

Objectives



“Global” Geo Ocean Color Constellation
GOCI-II:  2018 GEO-CAPE:  ? OCAPI: ?

OLCI, S-GLI, PACE-OES, etc.
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Figure 4.12 Coverage that could be obtained with 6 geosynchronous satellites,
each with a 30� inclination, targeting different longitudes.

4.6.6 Synergy among GEO ocean-colour missions

Several GEO ocean-colour instruments are under development for launch in the
2020 time frame, including GEO-CAPE (NASA) and GOCI-II (South Korea). It is thus
foreseeable that several geostationary or geosynchronous missions could provide a
near-global coverage in the future. Figure 4.12 is an extreme illustration of this idea,
using 6 satellites in geosynchronous orbits with an inclination of 30�. Although this
is not attainable at present, the aim here is to show the potential of such missions
when combined.

4.6.7 Synergy between ocean colour, SST and altimetry

One of the central issues that the biogeochemical community is currently facing, is
understanding and modelling biophysical interactions at the sub-mesoscale level.
The sub-mesoscale is a key biogeochemical regime since it covers biophysical in-
teractions occurring on the timescale of a plankton bloom (~days). Moreover, this
scale is the resolution that is expected on next generation global circulation models
- indeed, modelling the climatic processes occurring at the scale of a few km has
been recognized as the “The next big climate challenge” in a Nature editorial on 15
May 2008 (http://www.nature.com/nature/journal/v453/n7193/pdf/453257a.pdf).

A necessary step for addressing the sub-mesoscale structure of ocean biogeo-
chemistry is developing the capacity to observe it. As a synoptic, global-coverage
complement to in situ data, altimetry and SST data already cover the mesoscale
regime, and future satellite missions will soon provide direct, synoptic observations
of sub-mesoscale physics (notably, wide swath altimeter missions). When combined
with recently developed theoretical diagnostics, remotely-sensed altimetry and sea
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Figure 4.3 Envelope of a typical observation area above the Atlantic Ocean,
Africa and Europe, showing some of the large marine ecosystems and other
areas of high oceanographic interest. The dashed red circle corresponds roughly
to an air mass of 5 for the equinox.

circular, the satellite ground track describes a figure-of-eight (a lemniscate) during
the sidereal day. The inclination represents the highest north and south sub-satellite
latitudes. The pass of the satellite at a given point shifts each day within a one year
period, as depicted in Figure 4.4. Many possibilities exist in terms of when (with
respect to solar time) the satellite is at the northernmost part of the lemniscate.
These parameters can be optimized as follows:

v Maximise inclination to observe high latitudes with a zenith angle as low as
possible, yet ensure that coverage of the regions opposite the nadir are not
lost;

v Avoid some geometrical conditions (e.g., sunglint);
v Minimise the inclination for lowering the satellite speed, which can lead to

more complex image processing if too high.
The advantage of this orbit is that it allows observation of areas at higher

latitudes as compared to the geostationary orbit. The 10� inclination chosen here for
illustration purposes leads to the patterns shown in Figure 4.5 in terms of air mass
and for a satellite longitude of 10�W (total air mass being [1/cos(✓s) + 1/cos(✓v )]).
The simpler geostationary orbit corresponds to a sub-satellite point on the equator
and at a longitude to be optimized according to mission objectives.



“Global” Geo Ocean Color Constellation
GOCI-II:  2018 GEO-CAPE:  ? OCAPI: ?

OLCI, S-GLI, PACE-OES, etc.

Elements of Geostationary Ocean-Colour Missions • 63

 

Figure 4.12 Coverage that could be obtained with 6 geosynchronous satellites,
each with a 30� inclination, targeting different longitudes.

4.6.6 Synergy among GEO ocean-colour missions

Several GEO ocean-colour instruments are under development for launch in the
2020 time frame, including GEO-CAPE (NASA) and GOCI-II (South Korea). It is thus
foreseeable that several geostationary or geosynchronous missions could provide a
near-global coverage in the future. Figure 4.12 is an extreme illustration of this idea,
using 6 satellites in geosynchronous orbits with an inclination of 30�. Although this
is not attainable at present, the aim here is to show the potential of such missions
when combined.

4.6.7 Synergy between ocean colour, SST and altimetry

One of the central issues that the biogeochemical community is currently facing, is
understanding and modelling biophysical interactions at the sub-mesoscale level.
The sub-mesoscale is a key biogeochemical regime since it covers biophysical in-
teractions occurring on the timescale of a plankton bloom (~days). Moreover, this
scale is the resolution that is expected on next generation global circulation models
- indeed, modelling the climatic processes occurring at the scale of a few km has
been recognized as the “The next big climate challenge” in a Nature editorial on 15
May 2008 (http://www.nature.com/nature/journal/v453/n7193/pdf/453257a.pdf).

A necessary step for addressing the sub-mesoscale structure of ocean biogeo-
chemistry is developing the capacity to observe it. As a synoptic, global-coverage
complement to in situ data, altimetry and SST data already cover the mesoscale
regime, and future satellite missions will soon provide direct, synoptic observations
of sub-mesoscale physics (notably, wide swath altimeter missions). When combined
with recently developed theoretical diagnostics, remotely-sensed altimetry and sea

Elements of Geostationary Ocean-Colour Missions • 53

 

 

European coastal seas 

Mauritania / 
Senegal upwelling 

The Benguela upwelling 
system 

The Agulhas current and 
the Mozambique Channel 

The entire Mediterranean sea 

Austral Ocean, subtropical 
convergence,  

Gulf of Guinea, 
Equatorial  
upwelling 

North Atlantic drift, north 
Atlantic blooms 

Amazon & Orinoco 
outflows and deltas 

Sargasso Sea 

Figure 4.3 Envelope of a typical observation area above the Atlantic Ocean,
Africa and Europe, showing some of the large marine ecosystems and other
areas of high oceanographic interest. The dashed red circle corresponds roughly
to an air mass of 5 for the equinox.

circular, the satellite ground track describes a figure-of-eight (a lemniscate) during
the sidereal day. The inclination represents the highest north and south sub-satellite
latitudes. The pass of the satellite at a given point shifts each day within a one year
period, as depicted in Figure 4.4. Many possibilities exist in terms of when (with
respect to solar time) the satellite is at the northernmost part of the lemniscate.
These parameters can be optimized as follows:

v Maximise inclination to observe high latitudes with a zenith angle as low as
possible, yet ensure that coverage of the regions opposite the nadir are not
lost;

v Avoid some geometrical conditions (e.g., sunglint);
v Minimise the inclination for lowering the satellite speed, which can lead to

more complex image processing if too high.
The advantage of this orbit is that it allows observation of areas at higher

latitudes as compared to the geostationary orbit. The 10� inclination chosen here for
illustration purposes leads to the patterns shown in Figure 4.5 in terms of air mass
and for a satellite longitude of 10�W (total air mass being [1/cos(✓s) + 1/cos(✓v )]).
The simpler geostationary orbit corresponds to a sub-satellite point on the equator
and at a longitude to be optimized according to mission objectives.



Source:  IOCCG #12

General Requirements for a GEO Ocean-Colour Sensor • 35

Lmax, SNR at

Band � 4� Lmin Lref Lmax ocean 250 m1 Use

(nm) (nm) W m�2 sr�1 µm�1 & Lref

1 395 10 12 65 580 180 400 Chl-CDOM separation

2 412 20 12 70 550 190 400 CDOM, possibly atmo-
spheric correction above
“black waters”

3 442 20 12 65 650 185 400 Chlorophyll, TSM, CDOM

4 470 20 11 60 650 175 400 Specific anomalies of the re-
flectance spectrum

5 490 20 10 50 665 165 400 Chlorophyll, TSM, CDOM,
diffuse attenuation coeffi-
cient, Secchi transparency

6 510 20 8 45 620 155 400 Chlorophyll, TSM, CDOM,
detection of blue-absorbing
dust-like aerosols

7 560 20 6 30 580 132 300 Chlorophyll, TSM, turbidity
index, Secchi transparency

8 590 20 5 25 550 120 300 Spectral slope bbp , maxi-
mum R in Case-2 waters

9 620 20 4 20 550 95 300 Chlorophyll, TSM

10 660 20 3 15 500 86 300 Chlorophyll, TSM, Chl fluo-
rescence (baseline)

11 681 7.5 3 15 500 82 200 Chl fluorescence (peak)

12 709 10 3 13 450 75 200 Chlorophyll, TSM, Secchi
transparency, Chl fluores-
cence (baseline)

13 750 15 3 11 450 65 150 Atmospheric corrections

14 754 7.5 2 10 400 65 150 Reference for O2 A-band

15 761 2.5 2 6 400 63 30 O2 A-Band (aerosol scale
height, clouds)

16 779 15 2 9 380 60 150 Atmospheric corrections

17 865 35 1 6 300 45 150 Atmospheric corrections

18 1020 40 1 4 220 45 150 Atmospheric corrections
(turbid waters), cirrus
clouds

19 1240 20 0.2 0.88 158 5 65 Atmospheric corrections
(turbid waters)

20 1640 40 0.08 0.29 82 2 45 Atmospheric corrections
(turbid waters)

a.

1.1.1. These values lead to SNR > 1500 in the visible for 1-km resolution (i.e., 4 x 4 250 m pixels)

Table 3.1 Useful spectral bands for ocean colour from a geostationary orbit,
including radiometric information and band use. IOCCG minimum require-
ments includes bands # 2, 3, 5, 7, 12, 13 and 17 (IOCCG, 1998). Lmin are
minimum radiance values that should be measured over the ocean, Lref are typ-
ical ocean radiances, Lmax are maximum radiances corresponding to non-ocean
bright targets (clouds), and Lmax,ocean is the maximum radiance that should be
measured above the ocean. The radiance values are indicative and may change
slightly as a function of the assumptions used for their derivation.
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Band Heritage
Band
Center
(nm)

Band
width
(nm)

Primary Application

1 GOCI-II 380 20
CDOM, atmospheric correction for strong ab-
sorbing aerosols

2 GOCI-B1 412 20 yellow substance and turbidity

3 GOCI-B2 443 20 chlorophyll absorption maximum

4 GOCI-B3 490 20 chlorophyll and other pigments

5 GOCI-II 520 20 red tides

6 GOCI-B4 555 20 turbidity, suspended sediment

7 GOCI-II 625 20 suspended sediments

8 GOCI-B5 660 10
baseline of fluorescence signal, chlorophyll, sus-
pended sediment

9 GOCI-B6 681 10 atmospheric correction and fluorescence signal

10 GOCI-B7 745 20
atmospheric correction and baseline of fluores-
cence signal

11 GOCI-II 765 20 aerosol properties, atmospheric properties TBD

12 GOCI-B8 865 40
aerosol optical thickness, vegetation, water va-
por reference over the ocean TBD

13 to
15

GOCI-II
3-SWIR
(TBD)

40 nm Atmospheric correction for turbid waters

Table A.2 Specifications of the 15 GOCI-II spectral bands (TBD, 8 of which
are common to the heritage GOCI instrument) as well as some of the primary
applications.

Secondary Mission Objectives:

v oil slick environmental information, and
v monitoring of erosion and sediment transport on the European shoreline.

The observations will be based on a system with satellite agility and the capability
to access the whole of Europe with a resolution ranging from 20 m to 100 m. The
mission plan would take into account the actual weather conditions. It has been
shown that effective coverage of European coastal waters would be more than
doubled compared to LEO based observations. ESA is planning to continue the
Geo-Oculus assessment after the consolidation of the mission requirements (from
the “HR GEO User Consultation Workshop” in 2010).

ESA is also currently supporting a variety of activities aimed at verifying and
quantifying marine reflectances obtained after atmospheric correction of TOA ra-
diances measured by MERIS on Envisat. An important project is BOUSSOLE, an
optical buoy located in Case-1 waters in the middle of the Ligurian Sea. BOUSSOLE
provides data that can be used to study the calibration of MERIS and quality control
the atmospheric correction algorithms. It complements the NOAA optical buoy
MOBY, by providing measurements obtained with essentially the same protocols,
providing data under different illumination geometries and different atmospheric

Recommended Geo OC Constellation sensor requirements

709 nm

510 nm



Recommended Geo OC Constellation sensor requirements

Source:  IOCCG #12
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Parameter Goal Breakthrough Threshold Comments

Orbit Geosynchronous (inclination Geo-

depending on mission goals ) stationary

Complete Earth Complete Earth Selected

Type of Coverage disk (oceans, disk (oceans, areas of

coastal zones, coastal zones) interest

land)

Revisit 30 min 1 hour avg. 1 h

Accessibility to 15 min none

specific revisit areas

Resolution (Nadir 100 m 250 m 500 m Aggregation might

GSD) be acceptable for

some bands

Imager bands 20 (See Table 16 10

3.1)

Temporal co- < 1 minute For acquisition

registration for of a given

one scene point in all bands

Out of band < 1 %

integrated signal

SNR See Table 3.1

Solar calibration On-board devices (sun-illuminated diffusers)

Temporal stability 0.1 % over the mission (moon observation)

Mandatory element

Vicarious calibration Based on fixed-sites for success of

any OC mission

Pre-launch absolute 2 % in radiance,

radiometric accuracy w.r.t. lab N/A 4 %

standard

Relative accuracy 1 %

between bands

Polarisation 1 %

sensitivity

Stray light Accurate modelling of instrument stray light

Modulation Transfer 0.3 0.2 0.15

Function (MTF)

Clouds Clouds to be Degraded SNR No data

observed for clouds required

Geolocation 1\4 pixel 1\2 pixel 1 pixel

Time between data

Latency NRT 1 hour 1 day acquisition and

L1B availability

Lifetime 10 years 7 years 5 years

Table 4.2 Summary of requirements for an OC sensor on a GEO orbit that
would provide observations useful for the domains identified in Chapter 2.



•Concur on file and data formats? 

• Follow IOCS splinter recommendations

•Concur on a set of “standard” products and algorithms?

• Is this best done within individual processing groups?  i.e., 
OBPG, KOSC, EUMETSAT, ...

• consistent atmospheric correction approaches or capability 
to implement multiple approaches within various agency 
processing streams

•What products should we consider to be “standard”

•  chl-a, Kd490, PAR, aCDOM, aph, ad, bbp, POC, etc, 

• “quasi” global coverage at set time of morning or afternoon 

• in conjunction with LEO sensor data for multiple retrievals 
each day.

•Other issues

Harmonization of geo OC products & coverage



Backup



Mission Critical Products (drive requirements; heritage algorithms)
•Spectral remote sensing reflectances - Rrs
•Chlorophyll-a, Primary Productivity
•Particulate Organic Carbon, Dissolved Organic Carbon, Particulate Inorganic Carbon 
(coccolithophore blooms)
•Total Suspended Matter
•Absorption coefficients of Colored Dissolved Organic Matter, Particles & Phytoplankton; 
Particle backscatter coefficient
•Water clarity (kd[490nm]; euphotic depth) 
•Photosynthetically Available Radiation
•Fluorescence Line Height, Phytoplankton Carbon
•Functional/taxonomic group distributions
•Harmful Algal Bloom detection & magnitude
•Aerosols, NO2 & other products for atmospheric corrections

Highly Desirable Products (experimental products)
•Particle size distributions & composition, other plant pigments, phytoplankton 
physiological properties, vertical migration detection
•Net Community Production, Export Production, Respiration, Photooxidation
•Air Sea CO2 fluxes, pCO2(aq)
•Terrigenous Dissolved Organic Carbon
•Petroleum detection and thickness

Ocean	
  Color	
  &	
  Related	
  Products



Sensitivity - Ltyp

Chuanmin Hu, et al., submitted Appl. Optics April 2012
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GEO-CAPE SNR requirements 
based on Ltyp at 70° SZA



SNR of Heritage Sensors
Scaled to Identical Ltyp values
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Coastal Applications & Societal Benefits

• Detection and tracking of hazards (HABs, oil spills, etc.)
• Post-storm Assessments (e.g., flood detection)
• Water Quality / Ecosystem Health
• Water clarity forecasting 
• Link data to models and decision-support tools and 
processes (e.g., predict hypoxic regions, fisheries 
management, ocean acidification) 
• Sediment transport (navigation)

MODIS image

• Assessment of climate variability 
and change

Deepwater Horizon Oil Spill 
April 2010
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Air Mass Fraction at Equinox for 95°W

• ~16 hours of scan 
time available each day 
from ~30ºW to ~155º 
W.

• Scan Atlantic coastal 
& deep ocean waters in 
early morning

• Scan Pacific coastal & 
deep ocean waters in 
late afternoon

D. Aurin & A. Mannino
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GOCI-II GOCI

Temporal resolution 1 hour intervals 1 hour intervals

8 times/day during daylight hours 8 times/day during daylight hours

Spatial resolution < 250 m in local area mode

1,000 m in full disk mode 500 m

Spatial coverage 2,500 km in local area mode

12,500 km in full disk mode 2,500 km in local area mode

Spectral resolution 10 to ~40 nm 10 to ~40 nm

Spectral bands 15 bands 8 bands

(1 UV, 9 visible, 2 NIR and 3 SWIR) (6 visible, 2 NIR)

SNR 1,500 1,000

Table A.1 Comparison of GOCI-II and GOCI main technical requirements.

time frame for GOCI-II.

GOCI-II will have 15 spectral bands (GOCI has 8 bands) for phytoplankton
fluorescence signal (FLH) and enhanced atmospheric correction accuracy. Table
A.2 below shows the specifications of the 15 bands (8 of which are common to the
heritage GOCI instrument) as well as some of the primary applications.

A.4 ESA (European Union)

The European Space Agency (ESA) is currently developing two identical Sentinel-3
satellites as part of the Global Monitoring for Environment and Security (GMES)
programme. The pair of Sentinel-3 satellites will monitor ocean and land surfaces
routinely to generate valuable information for the European Union Marine Core
Service as well as the Land Monitoring Core Service, with the first launch in 2013.
The OLCI (Ocean Land Colour Imager) instrument on board Sentinel-3 will continue
the role of Envisat’s MERIS instrument but with enhanced performance, in particular
regarding the coverage. The mean revisit time over the sea (after sunglint masking
and assuming cloud free conditions) will be better than 2 days. The instrument will
acquire 21 channels in the visible and NIR and transmit the full resolution data (300
m) continuously.

ESA has started investigating a mission for real-time monitoring through high
resolution imaging from a geostationary orbit, named Geo-Oculus with the following
objectives:

Primary Mission Objectives:

v algal bloom detection and monitoring,
v water quality monitoring with respect to European regulations,
v disaster monitoring, and
v fire monitoring.


