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NASANASA’’s Visions Vision
•• To improve life here To improve life here
•• To extend life to there To extend life to there
•• To find life beyond To find life beyond

NASANASA’’s Missions Mission
•• To understand and protect our home planet To understand and protect our home planet
•• To explore the Universe and search for life To explore the Universe and search for life
•• To inspire the next generation of explorers To inspire the next generation of explorers

                  ……as only NASA can.as only NASA can.



Why NASA?Why NASA?

•• Develop new technologies toDevelop new technologies to
understand how planets likeunderstand how planets like
earth evolve.earth evolve.

•• Benchmark new technologiesBenchmark new technologies
and systems for solar systemand systems for solar system
exploration.exploration.

•• Provide tools for futureProvide tools for future
human explorers.human explorers.



Components of a Future Global System for Earth Observation
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Critical Science Questions:Critical Science Questions:

•• What are the global inventory, geographic distribution,What are the global inventory, geographic distribution,
and temporal evolution of anthropogenic CO2 in theand temporal evolution of anthropogenic CO2 in the
oceans?oceans?

•• What are the magnitude, spatial pattern, and variability ofWhat are the magnitude, spatial pattern, and variability of
air-sea CO2 flux?air-sea CO2 flux?

•• What are the major physical, chemical, biological feedbackWhat are the major physical, chemical, biological feedback
mechanisms and climate sensitivities for oceanmechanisms and climate sensitivities for ocean
organic/inorganic carbon storage?organic/inorganic carbon storage?

••What is the scientific basis for ocean carbonWhat is the scientific basis for ocean carbon
mitigation strategies?mitigation strategies?
••What are the magnitudes and distributions ofWhat are the magnitudes and distributions of
ocean carbon sources and sinks on seasonal toocean carbon sources and sinks on seasonal to
centennial time scales, andcentennial time scales, and
••What are the processes controlling theirWhat are the processes controlling their
dynamics?dynamics?



What is the role of Southern OceanWhat is the role of Southern Ocean
in the Global Carbon Cyclein the Global Carbon Cycle

• Does the Southern Ocean act as a net
source or sink for atmospheric CO2?
– net CO2 flux into the ocean of roughly 2.1 Pg C/year

• What are the limiting factors for primary
productivity,

• How does biological variability affect the
upper ocean’s heat budget?



Remote Sensing of oceanic carbonRemote Sensing of oceanic carbon
cyclecycle

Sea-surface temperature (SST) AVHRR, MODIS, TMI, ATSR

Sea-surface salinity Aquarius (proposed)

Sea-surface height (SSH) TOPEX/POSEIDON, ERS2

Wind speed and direction QuickScat, ERS2, SSM/I 
(speed only)

Chlorophyll concentration SeaWiFS, MODIS

Fluorescence MODIS

Aerosols AVHRR, TOMS, SeaWiFS, 
MODIS, MISR, ATSR

Variable Sensor

Modified from Yoder et al 2001



GASEX GASEX Southern Ocean Air-Sea CO2 Flux ExperimentSouthern Ocean Air-Sea CO2 Flux Experiment
Research Project Component ProcessResearch Project Component Process  Method ComponentsMethod Components
1 Biological Measurements 1 Biological Measurements Primary production; New productionPrimary production; New production
2 Surface pCO2 Variability 2 Surface pCO2 Variability Surface CO2 and O2 variability; carbon Surface CO2 and O2 variability; carbon 

modeling; SAMI; CARIOCA; free rising modeling; SAMI; CARIOCA; free rising 
temperature profilertemperature profiler

3 Core CO2 and Hydrographic3 Core CO2 and Hydrographic DIC; pCO2; CTD, spatial and temporal DIC; pCO2; CTD, spatial and temporal 
CO2 flux Measurements, footprint.CO2 flux Measurements, footprint.

4 Sea Surface Roughness 4 Sea Surface Roughness Ship board Radars. Buoy based small Ship board Radars. Buoy based small 
scale waves.scale waves.

5 Bulk Meteorology and Turbulent Fluxes5 Bulk Meteorology and Turbulent Fluxes Atmospheric boundary layer Atmospheric boundary layer 
physics/meteorology; turbulent fluxes ofphysics/meteorology; turbulent fluxes of
momentum, Water vapor, temperature, momentum, Water vapor, temperature, 
IR, SolarIR, Solar

6 IR Remote Sensing 6 IR Remote Sensing IR heat flux; ocean skin temperature; IR heat flux; ocean skin temperature; 
microbreakingmicrobreaking processes. Active Infrared processes. Active Infrared
techniquestechniques

7 Shipboard CO2 Fluxes 7 Shipboard CO2 Fluxes Air-sea gas flux systems; ship mastAir-sea gas flux systems; ship mast
8 Surface Ocean Processes 8 Surface Ocean Processes Directional wave field; currents; Directional wave field; currents; 

atmospheric CO2 gradients; oceanic atmospheric CO2 gradients; oceanic 
surface turbulence, oceanic shear, surface turbulence, oceanic shear, 
oceanic stratification, bubbles, large oceanic stratification, bubbles, large 
waves, waves, LangmuirLangmuir, cells, aerosols., cells, aerosols.

9 Nutrients 9 Nutrients Nutrient and oxygenNutrient and oxygen
10 Deliberate Tracers 10 Deliberate Tracers SF6 and 3HeSF6 and 3He
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Observation Goal 1:Observation Goal 1:
Identify ocean species to quantify ocean biological carbon cycle.Identify ocean species to quantify ocean biological carbon cycle.

- Modern ocean color datasets from MODIS
provide information on location and coarse scale
estimates of ocean productivity

- Better information on species composition in
blooms might aid in resolving

- Blooms detected by space observations as well
as future iron fertilization experiments will inform
scheduling and deployment



SeaWifs 4-yr (1997–2000) average of
mean chlorophyll a concentrations in
the Southern Ocean for the month of
December.

Areas of elevated chlorophyll a occur
in coastal waters, in areas of sea-ice
retreat and along some parts of the
polar front.

The band of high chlorophyll
concentrations along 40°S south of
Africa is also associated with frontal
systems and high kinetic energy.

   (adapted from Moore and Abbott, 2000).

Patterns in Southern Ocean Productivity



Mission Concept  #2:Mission Concept  #2:
Quantify air-sea fluxes of atmospheric constituents suchQuantify air-sea fluxes of atmospheric constituents such
as CO2 over time concurrent with observations of seaas CO2 over time concurrent with observations of sea
surface temperature and height.surface temperature and height.

•  NASA’s planned Orbiting Carbon
Observatory will provide the first global
measurements of column CO2 concentrations

•Algorithm development and inter sensor
comparisons require strict on-orbit sensor
characterization.

• Suborbital assets can be used to improve
spatial and temporal resolution, improving
models of air-sea flux



Monthly changes in pCO2w

∆pCO2 fields:Takahashi climatology



Ocean carbon cycle missionsOcean carbon cycle missions

•• Air-Sea Exchange --  Air-Sea Exchange --  Aura, TRMM, Aura, TRMM, QuikScatQuikScat,,
OCOOCO
–– Column measurements at various altitudesColumn measurements at various altitudes
–– Air-sea gas flux measurementsAir-sea gas flux measurements
–– Gas Spectrometry Gas Spectrometry egeg. O:N ratios. O:N ratios
–– Wind speed and vectorsWind speed and vectors
–– Surface roughnessSurface roughness
–– Sea surface temperatureSea surface temperature

•• Bio-optics  -- Bio-optics  -- MODIS, NPP, NPOESSMODIS, NPP, NPOESS
–– Ocean plume id and analysis dynamicsOcean plume id and analysis dynamics
–– Functional group idFunctional group id
–– Optical depth measurementsOptical depth measurements
–– FluroscenceFluroscence



Considerations on Potential Flight ConfigurationsConsiderations on Potential Flight Configurations

•• Type and number of platforms:Type and number of platforms:
–– ships, planes, ships, planes, dropsondesdropsondes,,

satellitessatellites
•• Number and sort of sensorsNumber and sort of sensors

–– EgEg. Clone simulator sensors. Clone simulator sensors
for for intercalibrationintercalibration and and
algorithm developmentalgorithm development

•• TimingTiming
–– Current and future satelliteCurrent and future satellite

schedulesschedules
–– Important for resolvingImportant for resolving

dependencies betweendependencies between
measurements (both formeasurements (both for
platform control and imageplatform control and image
acquisition)acquisition)

•• Degrees or levels of autonomyDegrees or levels of autonomy
–– Why autonomy?Why autonomy?
–– Closed vs. open loop systemsClosed vs. open loop systems
–– Mission planning issuesMission planning issues

Moss
landing
picture



Candidate Sensor SystemsCandidate Sensor Systems

•• Atmospheric chemistryAtmospheric chemistry
–– Isotope ratio massIsotope ratio mass

spectrometersspectrometers
–– Non-Dispersive IRNon-Dispersive IR

AnalyzerAnalyzer
–– FabryFabry-Perot-Perot

InterferometerInterferometer

•• Bio-opticsBio-optics
–– CRiSCRiS
–– DuncantechDuncantech

HyperspectralHyperspectral



NCAR GPS NCAR GPS DropsondeDropsonde Sensors Specs Sensors Specs

RangeRange                AccuracyAccuracy            ResolutionResolution  
PressurePressure      1080-100 1080-100 hPahPa          ±± 1.0  1.0 hPahPa               0.1                0.1 hPahPa  
TemperatureTemperature     -90 to +60 C     -90 to +60 C     ±± 0.2 C 0.2 C  0.1 C0.1 C  
HumidityHumidity       0-100%   0-100%                                  ±± 5% 5%        1.0%1.0%  
HorizHoriz Wind Wind      0-200   0-200 m/sm/s    ±± 0.5  0.5 m/sm/s                0.1               0.1 m/sm/s  



•• Instrument / Payload characteristics (type,Instrument / Payload characteristics (type,
weight, volume, environmentalweight, volume, environmental
considerations, and access such asconsiderations, and access such as
sampling or viewing ports)sampling or viewing ports)



UAV Image Data Flow DiagramUAV Image Data Flow Diagram
(ASF, DRAFT Concept, 6/04)(ASF, DRAFT Concept, 6/04)
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Systems Engineering: Some adviceSystems Engineering: Some advice
during mission planningduring mission planning

Optimizing UAV Applications:Optimizing UAV Applications:
•• Defining mission requirementsDefining mission requirements
•• Sensor selection/development and testingSensor selection/development and testing
•• Flight planning and airspace managementFlight planning and airspace management
•• Platform selectionPlatform selection
•• Data telemetryData telemetry
•• Task dependent processingTask dependent processing
•• Defining risk mitigation strategiesDefining risk mitigation strategies
•• System, platform and payload safety reviewsSystem, platform and payload safety reviews
•• Deployment and implementationDeployment and implementation
•• Organizing ground-based site logisticsOrganizing ground-based site logistics
•• Finalizing operational procedures andFinalizing operational procedures and

checklistschecklists



Thank you!Thank you!



Backup SlidesBackup Slides
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Source: JGOFS



Remote sensing data for OceanRemote sensing data for Ocean
carbon cycle studies - JGOFScarbon cycle studies - JGOFS
Circulation, mixed-layer depth, SSH
geostrophic currents

Air-sea exchange of CO2 pCO2 of ocean SST, salinity, chlorophyll concentration
  gas exchange coefficient wind speed, surface roughness
Photosynthesis chlorophyll concentration

irradiance, SST, fluorescence
New and export production
f-ratio SST, primary production, NO3 chlorophyll

concentration
supply of new nutrients heat flux, precipitation
new nutrient uptake oxygen, heat flux

heat storage, SST
plankton community structure ocean color, compound
(N2 fixation, calification) remote sensing

Carbon species (POC, DOC) ocean color
Production of radiatively active ocean color
gases (photochemistry) irradiance

Variability, unresolved processes
eddies variability in SSH, SST, color,

wind vector
forcing events (storms etc.) wind vector
coastal processes multispectral ocean color
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