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SpecNet History




Spectral Network

W Linking optical sampling to flux
measurements around the world.

Formed in 2003 as a “Working Group” (National Center for
Ecological Analysis & Synthesis, Santa Barbara, CA)

Meetings:
Santa Barbara, California (2003, 2006 — NCEAS, with Faiz Rahman)
Edmonton, Canada (2007 — iCORE, University of Alberta)
Monte Bondone, Italy (2008 - COST)
Lethbridge, Canada (2009, - Canadian Remote Sensing Society)
Hyytidla, Finland (2011, - COST)
Berkeley, California (2011, - FLUXNET)

Additional SpecNet-themed meetings and sessions at ESA and AGU meetings

http://specnet.info






Spectral Network

Linking optical sampling to flux
measurements around the world.

SpecNet Special Issue - Remote Sensing of Environment (2006), volume 103 (11 papers)

Gamon JA, Rahman AF, Dungan JL, Schildhauer M, Huemmrich KF (2006) Spectral Network
(SpecNet): what is it and why do we need it? Remote Sensing of Environment. 103: 227-
235. (part of RSE Special Issue).

Gamon JA, Coburn C, Flanagan L, Huemmrich KF, Kiddle C, Sanchez-Azofeifa GA, Thayer D,
Vescovo L, Gianelle D, Sims D, Rahman AF, Zonta Pastorella G (2010) SpecNet revisited:
bridging flux and remote sensing communities. Canadian Journal of Remote Sensing.
36(Suppl. 2): S376-S390.

Gamon, J.A. (2010) Integrating Remote Sensing and Flux Measurements. Vol 3(1):7-10.
FluxLetter (the newsletter of FLUXNET, available online at:
http://bwc.berkeley.edu/FluxLetter/)

Gamon, J.A. (2011) Linking flux measurements and remote sensing with field optical
sampling. AsiaFlux Newsletter, Issue No. 33: 8-15. (in press)

http://specnet.info



Current Status
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SpecNet - Linking Optical Measurements with Flux Sampling

Field Sites
About SpecNet
Redister Your Field Site facebook.
Announcements
SpecNet Tool Kit
Bibliography 1 Ry y > 5, ] Show abeks
Meetings W -

Our Partners
Biospheric Carbon
Join the E-Group

SpecNetWiki

SpecNet is a network of sites and scientists using optical sampling to enhance remote sensing capabilities for biospheric monitoring .

Vit our acebook page.

SpecNet (Spectral Network), builds on the existing capabilities of the flux tower network FLUXNET) by adding

spectral measurements to existing flux tower sites at a range of ecosystems around the world. SpecNet is
envisioned as a data-sharing cooperative, and new investigators are welcome. The hope is that by
standardizing sampling protocols and data structure across sites, we can facilitate an understanding of
factors controlling terrestrial carbon flux and provide information useful for modeling and validating
emerging satellite data products (e.g. MODIS).

http://specnet.info
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Reflectance

Reflectance Spectra as “proxies”
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Reflectance

Reflectance Spectra as “proxies”
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Tools & Methods




Monitoring Biospheric Carbon Flux

Normalized Difference Vegetation Index (NDVI)

Photochemical Reflectance Index (PRI)
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GPP = Gross Primary Production (photosynthesis)
PAR = Photosynthetically active radiation

Fo.r = Fraction of PAR absorbed

€ = Radiation-use efficiency




Linking Remote Sensing to Fluxes B OEE

Challenge:
Integrating spatial and temporal domains

Solution:
Field optical sampling at the scale of
the flux tower footprint.
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Multiscale Sampling of Fluxes and Optical Properties

A) Satellites

B) Airborne sensors

C) Tower-mounted sensors
D) Mobile optical sensors
E) Sensor networks

F) Flux tower

G) Chamber gas exchange
H) Leaf gas exchange

1) Leaf reflectance

Additional challenges:
Integrating spectral domain
& Informatics/Cyberinfrastructure

Flux measurements

~ Remote
sensing

= Field optical
sampling

Multi-scale
= optical
sampling




Array of Technologies
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Imaging Spectrometers
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Site Tour
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Car?py-, Satellite- Scale Phenology, Phot
‘1. Optical Variations

Tower-mounted
TETRACAM spectral
camera collects half-
hourly spectral images
of Amazon forest in NIR,
Red, and Green bands.

“Scaling photosynthesis in Amazonian ecosystems: fro
forest to savanna, from seasons to extreme events”
Huete, Dye, Saleska, et al..




NorthSTAR sites S

Churchill — Mario Tenuta, Krista Hanis

Daring Lake — Peter Lafleur, Elyn Humphreys

Imnavait — Gus Shaver, Adrian Rocha,
Donie Bret-Harte, Eugenie Euskirchen

Daring Lake

Imnavait (Toolik Lake), Alaska




Why combine optical & flux
measurements?

Adds to our understanding of fluxes
— Matches the flux footprint
— Gapfilling
— Linking respiration to recently fixed carbon
Connects fluxes to remote sensing — helps with “scaling”
— Upscaling — extrapolating from points to regions

— Downscaling — calibration/validation of satellite models (e.g. MODIS
products)

Improves understanding of flux controls & dynamics
— Phenology

— Disturbance

— ldentifies factors controlling fluxes

Needed to “quantify carbon, water and energy fluxes Everywhere,
and All of the Time.”

Addresses policy and carbon market needs




Technical Details:
“Do’s & Don’ts”




Linking fluxes to optical sampling
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Band Considerations — Many NDVIs!

1.2000 —— Landsat band 3
—— Landsat band 4
1.0000 - —— Aster band 2
—— Aster band 3n
— MODIS band 1
0.8000 - — MODIS band 2
AVHRR Channel 1
0.6000 4 AVHRR Channel 2
Quickbird band 3
Quickbird Band 4
0.4000 A
0.2000 A
0.0000 . “ . . . . .
500 600 700 800 900 1000 1100 1200

Satellite wavebands used for NDVI ... there is NO single standard!



Does it matter?
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NDVI (680,800)

Comparison of phenology station NDVI to tram NDVI
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Temporal
Aggregation
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Adding PRI to the LUE model
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Field-of-view considerations

Small field-of-view
-Well-defined target
-Well-defined look angle
-Lots of sensors needed

(or mobile sensors)
-Expensive!

Large field-of-view

-lll-defined target

-lll-defined look angle

-Covers larger area (more representative?)
-Fewer sensors needed

-Lowers cost



Angular considerations

Sun angle:

— View angle:
Varies diurnally, varies with sensor look angle
seasonally and latitudinally

O s
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\angle i \ / irection)
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Effect of View Angle —
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Cross-site comparisons
& upscaling




NorthSTAR sites S

Churchill — Mario Tenuta, Krista Hanis

Daring Lake — Peter Lafleur, Elyn Humphreys

Imnavait — Gus Shaver, Adrian Rocha,
Donie Bret-Harte, Eugenie Euskirchen

Daring Lake

Imnavait (Toolik Lake), Alaska
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APAR-GEP plots reveal different slopes (seasonal LUE values)
related to moisture constraints on productivity.

GEP (mol m-2 d-1)

APAR (mol m-2 d-1)
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Contrasting controls on carbon flux revealed
through combined optical and flux sampling.
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Mapping disturbance impacts on carbon and water vapor

fluxes
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EO-1 Hyperion: 3 Ecosystem Studies

Time Series
FLUX Site Locati | Climate Vegetation
Name on
1. Mongu Zambia Temperate/ Kalahari/
warm summer Miombo
Woodland
2. Duke North Temperate/ no Hardwood
Carolin dry season/ hot forest/ Loblolly
a USA summer pine
3. Konza Kansas Cold/ no dry Grassland

Prairie USA season/ hot

Slide: Betsy Mlddleton



All Flux Sites -- Regression Coefficients for the Top Performing

Spectral Bio-indicators (R? values)

SPEEIE! Formula
indicator

0.7

Dmax

DP22

G34

NDWI

MCARIa

EVI2

PRI4

NDVI

Max D in the 650-750 nm

Dmax/D(max + 12)

Chlorophyll, R bands at 750,

800, 520, and 450 nm

R(870-1240)/R(870-1240)

Chlorophyll, R bands at 700,

670, and 550

2 bands (NIR and Red)

(R531-R670)/(R531-R670)

(NIR-R)/(NIR+R)
NIR= Av. 760..900, R=Av. 620..690

0.73 L+

0.65 L+

0.55 NL-

0.74 NL +

0.41 L+

0.55 L+

0.66 NL+

0.56 NL+

0.74 NL+

0.52 NL-

0.67 NL+

0.75 L+

0.60 NL+

0.62 NL+

0.59 NL+

0.75 L+

0.71 L+

-0.65 NL-

0.63 L+

0.73 L+

0.49 NL+

0.44 NL+

Slide: Betsy Middleton



Multiple Flux Sites

Konza (K), Mongu (M), Duke (D)
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Future: tackling data challenges
for science and policy needs




Integrating carbon data from multiple sources

Satellite sensors

Aircraft sensors

Field sensors
(eddy covariance, optical sensors)

NDVI Irradiance

\ /

GEE = (Absorbed radiation) x Efficiency
NEE = GEE - Respiration |

l

Carbon Index

http://biosphericcarbonnetwork.org



http://biosphericcarbonnetwork.org

Informatics & Cyberinfrastructure - Automating Data Processing
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APAR
aproximation NEE (Fc wpl)

Informatics & Cyberinfrastructure — Integrating flux & optical data
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GCl
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Our Mission
Our Data

Fleld Sites
Our Economics

Contact Us
Wikl

Your Land's Value

Data-Derived Global Vegetation Values

Placing a dollar value on biospheric carbon sequestration.

¥ () -
SRR vo: [ e T vono
o ® o® S __| Show labels
A ® ) e e s
o e 2 €% ¢ & °
oole i le eV de
L J @ o 0‘.‘.
e i gy 97
®y obg
o o 3a
A O T :'
® 24
®
\ ..
@ /c" .
LIS y
2 Srge Bl T
i," G : 'l‘ ¥ kY
O et IR
v' ..‘
Io‘.'i \‘_.‘_.'.’0‘
 [L1000 mi T il s
O 2000 km > Imagery ©2011 TerraMetrics, NASA - Terms of Use
Go to first site
sl Donnette Thayer

View field sites in tabular format



http://globalcarbonindex.org

Carbon Stock Charts based on NPP (MOD17)
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NDVI

Declining NDVI & EVI for all FLUXNET sites
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Is global terrestrial productivity declining?






Informatics & Cyberinfrastructure
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NEE
(Fc wpl filtered)

NEE (Fc_wpl)




MODIS (Aqua)
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Figure 2. GEP from cornfield flux tower vs. APAR based on NDVI using values
collected throughout daylight periods of multiple days in the 2007 and 2008 growing
season. Lines connect points from the same observation day. It does not account
for varying LUE.



0.07
) —— 6/21/07
S_’ 08 -m- 7/2/07
2 y = 0.037¢'7 %™ 7/9/07
E R2 = 0.69 7/31/07
< 999+ 8/9/07
[ 8/14/07
E —— 7/25/08
TR — 8/1/08
g — 8/6/08
2 —o— 8/12/08
O |
= - 8/19/08
L —&— 8/26/08
P — 9/2/08
[72] i
S 002 ——9/8/08
= e 9/18/08
2 — 9/24/08
= — 10/2/08
10/7/08
0.00 , , : , :
0080 -0.060 -0.040 -0.020 0.000 0.020 0040 —AlPts.
PRI

Figure 1. LUE from cornfield flux tower versus PRI from field spectrometer data
collected along a 100 m transect, using values collected throughout daylight periods
of multiple days in the 2007 and 2008 growing seasons. Lines connect points from
the same observation day.
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Figure 3. GEP from flux tower vs. modeled GEP from optical sensors
with dynamic estimate of light use efficiency based on PRI (shown in
Figure 1).



Cross-ecosystem analyses —

Environmental constraints on productivity
Structural differences

Sun angle differences with season and latitude
Functional differences



Spectral sampling in the Amazon (from within)

Leaf-, Canopy- Scale Phenology, Photosynthesis, and
Optical Variations '
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“Scaling photosynthesis in Amazonian ecosystems: from
forest to savanna, from seasons to extreme events”
Huete, Dye, Saleska, et al..



Arctic sites —
Phenology
Different slopes
Cross-site analysis

Alternative indices

Scaling...



= Remote sensing

Field optical sampling

Flux measurements



Outline

SpecNet defined
History & Current status

Why integrate optical sampling with flux
measurements?

SpecNet Tour (sites, methods, issues, results)
Future directions



