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Terrestrial carbon cycle feedback is a leading
order uncertainty for climate simulation
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This is true at the site level, too!
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Leaf and canopy high-spatial and spectral
resolution spectroscopy to the rescue?

Mean
- 95% Cls
Min / Max

Reflectance (%)
04

Reflectance (%)

0.2

Acer saccharum

1000 1500 2000 2500 1000 1500 2000 2500
Wavelength (nm) Wavelength (nm)

0.0




Imaging spectroscopy has a wealth of
underutilized observations for ecosystem models!
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il menu del giorno

 Two possible pathways:
— Data products assimilation
— Direct optical properties assimilation
e Based on results from two field projects:
— ChEAS Ameriflux Cluster
— NASA HyspIRI prep mission
* With one assimilation system / model:
— PEcAn with ED2




PEcAn: Predictive Ecosystem Analayzer
is a workflow for model-data assimilation
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ED2 is a dynamic ecosystem model and already

includes broadband radiative transfer
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PEcAn variance decomposition provides information on sensitivity
of a model output variable (e.g., NPP) to uncertainty in input data
(CV), model sensitivity (elasticity), and joint variance
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Two study regions in US

ChEAS: AVIRIS over 4 Ameriflux sites
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DATA PRODUCT ASSIMILATION
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MODIS LAI + Flux tower vertical PAR
profile tames model phenology
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AVIRIS products generated with PLSR technique
and leaf-level spectroscopy calibration

Serbin et al,,
2012 J Exp Botany

Where we are today:

Standardized algorithms to predict foliar
constituents (%C,%N,LMA,...) using
spectroscopy across diverse forest types w/
uncertainty estiamtes.

* Our scaling methods propagate the
uncertainties at the leaf-level through the
canopy PLSR modeling to produce estimates
of foliar traits (i.e. trait maps) with an
estimate of the associated retrieval
uncertainty (pixel by pixel).

* Thus, we can utilize these products in a
model DA framework given that we have
quantified uncertainty in retrievals.




Model-data Assimilation: AVIRIS

Willow Creek EC Tower Site, Wisconsin

o | o
- ~

Working toward the
., AR W assimilation of AVIRIS-
— st {8 ssvegmnee £ | — e @8 | ¢ derived products.

ED2.2 NEE 95%CI ED2.2 NEE 95%CI ED2.2 NEE 95%Cl
T T T T T T T T T . .
0 100 100 0 100 T h I d f I
ese Incluae 1oliar
“|==—US-WCr Tower Reco US-WCr Tower Reco “|==— US-WCr Tower Reco
ED2.2 Reco ED2.2 Reco ED2.2 Reco

ED2.2 Reco 95%Cl ED2.2 Reco 95%Cl ED2.2 Reco 95%Cl { Chemistry (e.g- N’ C’
CN, lignin) and
morphology (SLA).

NEE (umols m2 3‘1)

Reco (umols m2 s‘1)

e US-WCr Tower GPP | US-WCr Tower GPP “|==—— US-WCr Tower GPP
ED2.2 GPP ED2.2 GPP ED2.2 GPP
ED2.2 GPP 95%ClI ED2.2 GPP 95%CI ] ED2.2 GPP 95%ClI

GPP (umols m2 s‘1)

200 200
Day of year 2004 Day of year 2005 Day of year 2006

WWW.pecanproject.org




Model-data Assimilation: AVIRIS

Willow Creek EC Tower Site, Wisconsin
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DIRECT OPTICAL ASSIMILATION




Canopy Refl: f(Incident rad, leaf
optics, stem/soil/litter optics,
stem density, crown structure,
LADF, LAI, dispersion of leaves,
[e.g. random or clumped])
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Pros and Cons: Product assimilation

* Product assimilation typically requires less
modification of most ecosystem models

— Tradeoff is uncertainty of product directly propagates
into uncertainty in model

— Model and product make different assumption about
canopy architecture — bias is likely if the two are
fundamentally different (also scale dependent)

— Computational cost for radiative transfer based
parameter inversion is done at product stage instead
of during model execution

— Characterizing product uncertainty as important as
actual value for data assimilation approaches




Pros and Cons: Direct optical assimilation

e Optical assimilation requires identification of
proper canopy radiative transfer model

— Increases parameters, but possibly allows for optics to
directly guide model improvement without a priori
assumptions of what spectral signatures mean

— Similarly, no bias from difference in assumption of
canopy architecture

— Easily extendable to many remote sensing platforms

— Initial model investment is high and model canopy
may not be well suited for radiative transfer




A look forward

HysplIRI (http://hyspiri.jpl.nasa.gov/) or similar future
satellites (EnMAP; http://www.enmap.org/) along with
continuous canopy spectral measurements (SpecNet) will
dramatically increase the volume of spectral information in
Visible, near IR, and thermal wavelengths

We can do more than just make pretty pictures and poorly
validated “products” - need to move away from exclusively
using vegetation indices

The need to reduce terrestrial carbon cycle model
parameters is urgent and methods to assimilate spectral
information directly into models is limited to date

Spectral databases (e.g. EcoSIS, SPECCHIO) can be mined
for key PFT-level information useful for constraining model
projections




NASA HysplRI California Campaign
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using Bayesian parameter inversion.
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HysplIRI overflies a range of Mediterranean and
Western Pine ecosystem flux tower sites
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Thank you

 Many collaborators in the field in Wisconsin
and California, ED2 model developers, PEcAn
data assimilation crew, NASA AVIRIS team

* More: http://pecanproject.org/

* Funding: NASA ROSES Hyspiri Preparatory
NNX12AQ28G, NSF Advances in Biological
Informatics DBI-1062204.




