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AUTOMATED FLUX SYSTEM

ÁEach flux station in this system outputs final fully-
processed hourly fluxes of CO2, CH4,
Evapotranspiration,SensibleHeat, Momentum, and
auxiliaryvariables(radiation,weather,soildata,etc.)

ÁActual flux footprint location and size is computed
andreportedby eachstationevery30-60minutes

ÁClockswithin astationaresynchronizedwith PTP, and
clocks between multiple stations are synchronized
usingGPSto within fractionof asecond

ÁStation time, coordinates, fluxes, auxiliary data,
locationandsizeof the flux footprint arestoredin the
form of hourly data and metadata files, and can be
accessedremotely
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CONNECTING COMMUNITIESFEATURES FOR REMOTE SENSINGINTRODUCTION
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ÁThekey is the combinationof the SmartFluxweatherized
micro-computerwith the FluxSuiteon-lineaccesstool
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HOW TO COUPLE REMOTE SENSING & FLUX DATA: CO2 & OTHER GAS FLUXES

USE GPS TIME, STATION COORDINATES AND FLUX FOOTPRINT TO PRECISELY MATCH TWO SETS OF DATA

Satellite, Airplane, Drone Coverage Remote Sensing Data

For each pixel:

Åspectral data
Åmultiple data products
Årecomputed model 

outputs

USE REMOTE SENSING DATA
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SUMMARY

ÁNew technicaltools canhelp connectremote
sensing,modeling and flux communities to
coupleground data (fluxes,proximal sensors,
soildata,etc.) with the remotesensingdata:

1. GPS-driven PTP protocol synchronizes
instrumentation within the flux station,
different stations to eachother, and all of
them to remote sensingdata to precisely
alignremotesensingandflux data in time

2. Footprint size and coordinatescomputed
and stored with each 30-60 minute flux
data file helpcorrectlymatch flux footprint
to satellite, aircraft or drone motion to
precisely align remote sensing and flux
data in space

3. Remote sensing researchers can
collaboratewith flux researchersto easily
accessdata from flux stations acrossthe
globewithout havingownstations

ÁIn addition, other key measurementscan be
utilizedwithin flux station footprint:

4. Current flux stations can be augmented
with ground-based optical sensors to
deliver continuousproducts(e.g., SIF,PRI,
NDVI, etc.)

5. Schedule can be developed to point
groundoptical sensorinto the footprint, or
to run leaf or soil chamberin the footprint,
at the time of the satellite, aircraft or UAV
overpass

6. Full snapshotof the remote sensingpixel
can then be constructed including leaf
level, ground-based optical sensors,and
fluxesfrom the sameexactfootprint

ÁDozens of new stations already operate
globally and can be readily adapted for the
proposedworkflow, andover500more active
traditional stations can be upgraded to
synchronizewith remotesensingdatasets
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REFERENCESADD PROXIMAL OPTICAL SENSORS TO FLUX STATION

ÁHundreds of flux stations presently operate
standaloneandaspartsof flux networks [1,2,3]

ÁThe value of coupling flux station data and
remote sensingdata hasbeenoutlined over the
yearsin multiple publications[4,5,6,7,8,9]

ÁYet, most of the stations do not allow straight-
forward couplingwith remote sensingdata, and
very few have optical sensorsfor validation of
productsandupscalingfrom field levels[4-12]

ÁA new systemto collect, process,and shareflux
data from multiple stations [13]; can
substantially help in coupling flux, proximal &
remotesensingdata[14]

[13]

COMBINE

USE AUTOMATED  FLUX STATION DATA

For each flux footprint:

ÅCO2 fluxes
Åradiation data
Åweather data
Åsoil data

Flux Station Footprint Flux Station Data

ÁFlux and remote sensing communities can
sharedatarathereasilyviaFluxSuitetool

ÁStation PI just needs to create a web-access
account for a remote sensingresearcheror a
modeler to accessthe station data and to
collaborateon dataanalysesandpublications

Sensors: 

Åhyperspectral
Åmultispectral
Åbroadband
Ånarrowband
Åetc.

Outputs:

ÅRs, Rn, PAR
Ådiffuse 
Ådirect
Åincident & 

reflected, etc.

Computed:

ÅAlbedo, fAPAR
ÅNDVI, PRI, VIs
ÅSIF
ÅT surface, 

LAI, SM, etc.
[7]

ÅCO2 fluxes, ET
ÅAPAR, other rad 
ÅCanopy  & soil 

WC and other 
parameters
Åetc.

Combined File

Ground Truthing

ÅLeaf->Canopy-> 
Ecosystem 
ÅGPP, NEE, Re, 

LUE
ÅET, WUE 
Åetc.

Upscaling

ÅIntegrated 
ecosystem 
modeling of  
energy budget,  
gas fluxes and 
other variables

Modeling

ÅGPP, NEE,  Re, LUE
ÅET, WUE
ÅCanopy T
ÅPlant WC
ÅSoil moisture

ÅMatched pixels 
from real-time 
footprint 
ÅMultiple pixels per  

footprint 
ÅFlux value per single 

pixel

ÅSeasonal and inter-
annual variability 
via synchronized 
data from flux 
stations and 
satellites, airplanes, 
and drones
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