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NASA’s Vision

To improve life here
To extend life to there
To find life beyond

NASA’s Mission

To understand and protect; our home planet
To explore the Universe and searich for life
To inspire the next generationief explorers

- ..asonly NASA can.... .
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WHY NASA?

® Develop new technologies to
tinderstand how planets like
earth evolve.

® Benchmark new technologies
and systems for solar system
exploration.

® Provide tools for future
human explorers.
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Active & passive
sensors for trends
& process studies
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Ocean buouys, air samplers.,
strain detectors. ground
validation sites

Information Systems

Data management, data
assimilation, modeling
& synthesis
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| +R ad M a p e Field Campaign
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Technology Unfunded
Carbon Cycle & Ecosystems @ Partnership i
_ ACTIVITIES OUTPUTS GOALS
; Human Ecosystems-Climate Interactions ' ! : Integr"ated .
(Coupling Model-Data Fusion, Assimilation) Global Analysis
High-Resolution Sub-regiqnal Global productivity
Atmospheric CO5 sources/sinks &land cover
Profiles of Ocean Carbon export changg at ﬁn.e
Particles to deep ocean resolution; biomass
. & carbon fluxes
Physiology & Models w/improved SN
Fuzctionga)I,Groups ecosystem functions qualntlfle(:II, f”SEfUI .
€Cological Torecasts
2@ Southern Ocean Process controls identified; & improved climate
Carbon Program errors in sink reduced change projections
New Ocean Carbon/Coastal Reduced uncertainties in fluxes
T Event Observations and coastal C dynamics
Vegetation 3-D Structure, Terrestrial carbon stocks & species
Biomass & Disturbance habitat characterized pe
E [i] Global CHg4: Wetlands, CHg sources characterized and
B Flooding & Permafrost quantified
E Global Atmospheric Regional carbon sources/sinks
| I CO2(0CO) quantified for planet
E e North American North America's carbon budget
2 [i_] Carbon Program quantified
- o Land Use Change Effects of tropical deforestation quantified;
§ [E in Amazonia uncertainties in tropical carbon source reduced
(=]
S Landsat LDCM LDCMII SYSTEMATIC
Ocean Color (SeaWiFS, MODIS) 0 :
- cean Color/Vegetation (VIIRS/NPP OBSERVATIONS
Vegetation (AVHRR, MODIS) /Veg ( /NPP) Ocean/Land (VIRS/NPOESS)
Case Studies Process Understanding Models & Computing Capacity IMPROVEMENTS
IPCC IPCC
NA Carbon NA Carbon Global C Cycle Global C Cycle REPORTS
2014 2015




What are the magnitude, spatial pattern, and variability: of
adii-sea CO2 flux?

What are the major physical, chemical, biological feedback
mechanisms and climate sensitivities for ocean
Organic/inerganic carbon storage?

Strategic Plan
for the LLS. Climate Cha
Science Program '

— —
~ e\What isithe scientific basis for ocean carbon

“mitigation strategies? e aita |

s\\/hat are the magnitudes and distributions of LA '“["f{_‘
ocean carbon sources and sinks on seasonal to N=r el
centennial time scales, and Vad! 8/
o\\/hat are the processes controlling their
dynamics?

A Report by the Climate Chunge Soence Frogram and
th Subrommbilet oa Ciobal Change Resganh
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\/\/'r 2l is the role or Soutﬁe?'ﬁ?)cean
rne 510EINCEHIOANEY/CIE

the Southern Ocean act as a net
f“rce or sink for atmospheric CO2?

;; : "= net CO2 flux into the ocean of roughly 2.1 Pg C/year

product|V|ty,

® How does biological variability affect the
upper ocean’s heat budget?
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RBr0te SENSing of Oceanic Cahbo-
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] Sensor
rface temperature (SST) AVHRR, MODIS, TMI, ATSR

: -‘ace salinity Aquarius (proposed)
‘Sea ‘surface height (SSH) TOPEX/POSEIDON, ERS2

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

Chlorophyll concentration SeaWiFS, MODIS
Fluorescence MODIS

Aerosols AVHRR, TOMS, SeaWiFsS,
MODIS, MISR, ATSR

Modified from Yoder et al 2001
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GASEXSSouthern Ocean Air-Sea CO2 Flux Experiment
R

ESEnrchiPivjechComponent Process

iBiologicaliMeasurements
ZASUNaCEepCO2 Variability

DIENCO2EaN Hydrographic

o) Surfaﬁ' .Roughness

JJJ L€ brology and Turbulent Fluxes

~ 7 Shipboard CO2 Fluxes
8 Surface Ocean Processes

9 Nutrients
10 Deliberate Tracers

|
Method Componentsy = I

Primary ﬁ'r%’dum New production

Surface CO2 and 02 variability; carbon
modeling; SAMI; CARIOCA; free rising
LEIn Jiin]ﬁI———-—- i
DIC; pCO2; CTD, spatial and temporal
CO2 flux Measurements, footprint.

Ship board Radars. Buoy based small
scale waves.

Atmospheric boundary layer
physics/meteorology; turbulent fluxes of
momentum, Water vapor, temperature,
IR, Solar

IR heat flux; ocean skin temperature;

microbreaking processes. Active Infrared
techniques

Air-sea gas flux systems; ship mast
Directional wave field; currents;
atmospheric CO2 gradients; oceanic
surface turbulence, oceanic shear,
oceanic stratification, bubbles, large
waves, Langmuir, cells, aerosols.
Nutrient and oxygen

SF6 and 3He
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Time Scales
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| CLIMATE .l
Decadal Oscillatons!
Fish Regime Shifts ’
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Mesoacale
Phenomeng

Fronts, Eddies
& Filamentse

Seasoral MLD &
Biomass Cycles

Coastally Trapped
Waves

Eynnpt:;ﬂturm g, River
Outflogwes, & Sediment
Rgsuzpension

Sunface

Tidas
Langmmuir
Cells
WMolecular
Frocesses
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Horizontal Spatial Scalkes

Courtesy Tommy Dickey, UCSB




10D years

Moorings, Bottom Tripod s,
and Shore-based and HF Radar
10 years __ Offshore-based Platforms

S atellites

1yearf~—

Dirifters

Floats, Gliders
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Courtesy Tommy Dickey, UCSB



AV/SHroday

UAV Performance Envelope
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S€ atioT1 Goal i

C)e
ldentiiyiocean species to quantify ocean blologlcgl.carbon cycle:

- Modern ocean color datasets from MODIS
pormation 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




| attémrSouthern Ocean Productivity
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Chiorophyll  (mg/m’)

eaWifs 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).
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MissionConcept #2: —
PuEantiny air=sea fluxes ofiatmospheric consti tsfsuch
asie02 over' time concurrentwith observationsiof sea

Stiace temperature andrheight.

ASA’s planned Orbiting Carbon
‘Observatory will provide the first global
& measurements of column CO, concentrations

| _ sAlgorithm development and inter sensor
~comparisons require strict on-orbit sensor
characterization.

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




December

POD 225 250 275 800 825 350 475 400 425 450 475 650
T i LR Seawater pCO; (uatm) at SST

ApCO, fields: Takahashi climatology
Monthly changes in pCO,,,
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PEEdnrcarbon;cycle missiens™

SIAIESEa EXCiiander == Aura, TRMM, QuikScat,
- 0Co
- — Column measurements at various altitudes

— Al-sea gas flux measurements

— (Gas Spectrometry eg. O:N ratios
— \Wind speed and vectors
— Surface roughness
— Sea surface temperature
e Bjo-optics -- MODIS, NPP, NPOESS
— Ocean plume id and analysis dynamics
— Functional group id
— Optical depth measurements
— Fluroscence
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SBNSETEtioNS on Potentiall FlightiConfiguratishis: _—

SElwpeand number of platforms:
SRS APIdNES ULOPSONUES;
satellites
SNmberandisort of sensors
BNEq. Clone simulator sensors
Sfor intercalibration and

algorithm development
Jiming

-

1
-

=== — Current and future satellite
== schedules

Important for resolving
dependencies between
measurements (both for
platform control and image
acquisition)
e Degrees or levels of autonomy
— Why autonomy?
— Closed vs. open loop systems

— Mission planning issues
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gafididate Sepsor-Systems™

SMAIIGSPIErIC chemistry
BNEotope ratio mass
BEUFOMELErSs
: on- =Dispersive IR

—

= Analyzer

- -
e

= —Fabry-Perot
Interferometer
® Plo-optics
— CRIS
— Duncantech
Hyperspectral
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NCAR'GPS Dropsonde SensorsiSpecs

3 Range Accuracy Resolution
pressure; 1080-100 hPa  # 1.0 hPa 0.1 hPa
gemperatures -90ito +60 C +0.2C 0.1C
HuRdity” 0-100% 1.0%
HoeRZAWind 0-200 m/s 0.1 m/s




S~

LICOR 6262 (CO2, H20)

Movatel GPS Antenna

Laser Altimeter #3 ﬁﬂﬂ]ﬁgﬂﬂ
TANS Antenna #2

Pilot's Switch Control Box
Pilot's Laptop Display

ATDD IRGA (CO2, H20)

Temperature Sensors (microbead & PRT)

LPAR (Downward)
}Bﬂmﬁmmsmmmmmmmmmw




JAViImage Data Flow Diagram -—
| ASF, DRAFT Concept, 6/04) e

Functions:

Functions:

(zez-s¥) B1A ZHO0Z "S9Y IInd

Sat Com Link
High Speed (1Mbs) Full Res. 4-Band Data

Functions:

Functions:

NASA ARC Earth Science Div. Product QA/QC

.=~ Airborne Sensor Facility



Systems Engineering: Some adyice
during mission plan@ing

I

e ————————
Optlmlzmg UAV Applications:
Defining mission requirements
Sensor selection/development and testing
Flight planning and airspace management
Platform selection
Data telemetry

Task dependent processing

Defining risk mitigation strategies

System, platform and payload safety reviews
Deployment and implementation

Organizing ground-based site logistics
Finalizing operational procedures and
checklists







+ e

.
DelCiCl]n Slides

—




Carbon Cycle and Ecosystems

Funded T ..1-Resolution Atmospheric CO)

Unfunded Carbon export to

files of Ocean Particles
[ Partnership(©) . ' deep ocean

Models w/improv
T = Technology T -ysiology & Functional GroupD el St i fp ot' ed
development ecosystem functions

»¥ Process controls identified;
errors in sink reduced

T ew Ocean Carbon / Coasta Reduced uncertainties in fluxes
ent Observations

Report - and coastal C dynamics
T egetation 3-D Structure,
iomass, & Disturbance
C.CH‘_t; Wetlands, Flooding, Per St
.>al Atmospheric CO, (O(D
American Carbon Prog -

_
¢/ Land Use Change in Ama

- = Field
& Campaign

N. America’s carbon budget quantified

Effects of t
in tropical c

2002: Global productivity and
land cover resolution coarse;
Large uncertainties in biomass,
fluxes, disturbance, and coastal
events

Land Cover (LDCM) Land Cover (LDCM II)

Vegetation (AVHRR, MODIS _~Ocean Color/Vegetation (VIIRS/NPP) _>>Ocean/Land (VIIRS/NPOESS)
2002 2004 200 : 2008 2010 | IPCC 2012 2014 2015

[ NA Carbon NA Carbon  Global C Cycle |  Global C Cycle |

Land Cover (Landsat)

Goals: Global productivity and land cover change at fine
resolution; biomass and carbon fluxes quantified; useful

ecological forecasts and improved climate change projections
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Source: JGOFS
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REMOLE SENSIng datarfor Ocean!
sclidIil CY/Cle StiEIEs) - JGOFS

xed-layer depth,
urrents

1ange of CO2 pCO2 of ocean

nge coefficient

_ port production
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~—suppl of new nutrients
-~ new nutrient uptake

- plankton community structure
(N2 fixation, calification)

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

Variability, unresolved processes
eddies

forcing events (storms etc.)
coastal processes

SSH

SST, salinity, chlorophyll concentration
wind speed, surface roughness
chlorophyll concentration

irradiance, SST, fluorescence

SST, primary production, NO3 chlorophyll
concentration

heat flux, precipitation
oxygen, heat flux

heat storage, SST
ocean color, compound
remote sensing

ocean color
ocean color
irradiance

variability in SSH, SST, color,
wind vector

wind vector

multispectral ocean color
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Precipitation,
evaporation &
cycling of water
changing?

- circulation

varying?

Stratospheric
ozone changing?

Ice cover mass
changing?

Motions of Earth
& interior
processes?

Atmospheric
constituents &
solar radiation on
climate?

Changes in land
cover & land
use?

Surface
transformation?

Clouds & surface
hydrological
processes on
climate?

circulation?

Stratospheric
trace constituent
responses?

~ affectedby

climate change?

Pollution effects?

™

Weather variation
related to climate
variation?

Consequences in
land cover & land
use?

Weather
Forecasting
Improvement?

variations?

Trends in long
term climate?

Future
atmospheric
chemical
impacts?
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