Using MODIS optical reflectance observations

to constrain canopy biophysics

Darren Drewry “ \ 1: "_"7'1'7-*;, ‘ A Qe L
Jet Prdpulsmn LabOmtprVJJPLa ,GaTrférhla Inshtute of
W T 4Te-chﬁ‘6.logy |

'.—CllmatePhysms Groupi > L. 5= /*’ﬂ‘ n
* .3 | A [ - | "”‘.\

Gregory Duveiller = sl
European Commission Jomfc Research«ﬁentre (JRC)

Institute for Environment and SUstainability

© 2012. All rights reserved.




O\/e rVi ew ®) ' From De'rmody et al (2006)

Seasonal variations in vegetation canopy . — “
structure, biochemical states and water _
st tus control terrestrial responseto . e
" climate ; -

LAl

-~

. Canopy Ieafarea mdex(LAI)eohtrols /

capt of photo;yn{hetlcall\( a'ctlve 1B °[

. & dlatl (PAR) that dr dJ’ves pkéds{ynthesm

'S

L

From Misson et al (2006) Sy 1. f‘. _ i b
3 o (a) ey 0 L it ik
I L
o B Tl '. | e e
o . - L ] L ] " 1 " 1 " 1 n
L -_I_ ol -, 160 180 200 220 240 260 280
>
- o 87N ,J‘ | ; Day of year
Q o m &' ' \ :
E —— J-L--.f w _|_ ¢ i 2 i 3 .
= a "U"\ -] 4 o g .
E - a + ' 1C « -
- —E T
> 8 =—2% - X.-.i
i - S
o—
=

—

0 100 200 300
Day of year 2003




Overview

Capturing this seasonality in canopy structure and biochemical traits
remains a significant challenge to accurate model-based estimation of
canopy-atmosphere exchange of CO,, water and energy

Moderate Resolution Imaging Spectro -radiometer (MODIS)
observations are attractive due to:
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Methodology:
PROSAIL Inversion
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Methodology:

Forward Model Update and Uncertainty
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PROSAIL Overview

PROSAIL = PROSPECT + SAIL
PROSPECT-5: model of leaf optical properties
= Requires the specification of leaf biochemical properties:
* chlorophyll concentration (C,,)
* carotenoid concentration (C,,)
* brown pigment content (C;.,..)
= and leaf physical properties:
 equivalent water thickness (C,)
 dry matter content (C.)
 |leaf (mesophyll) structure parameter (N)

Jacquemoud and Baret (1990)‘Remote Sensing of Environment
Féret et al (2008) Remote Sensing of Environment



PROSAIL Overview
PROSAIL = PROSPECT + SAIL

SAIL: canopy bidirectional reflectance model

= Requires the specification of canopy structural properties:
* Leaf angle distribution
* Leaf area index (LAl

= Solarand viewer angles
" Soil reflectance

Together PROSAIL solves for TOC reflectance asa
function of leaf biochemical and physical properties,
canopy structure, soil influences and geometry

Verhoef (1984, 1985) Remote Sensing of Environment



PROSAIL Sensitivity
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PROSAIL Inversion Approach

DREAM _7ZS algorithm (Vrugt et al, 2008, 2009)
 Markov Chain Monte Carlo (MCMC) simulation
» Efficient generation of trial moves
* Allows for the characterization of posterior parameter distributions

- Use uniform priors across the parameter ranges described below

- 5 chains, 50,000 iterations, retained the last 25% to characterize parameter
distributions

- Sum of squared error likelihood function

- [Zhang et al, 2005] used similar method to constrain PROSAIL for deciduous

forest

PROSAIL 6 Parameters Varied and Ranges:
C, ->[1..110]; C -> [0.0001...8]; C ->,[0.001...0.07]

brown W

C ->[0.001...0.05]; LAl > [O...8]; psoil -> [0...1]

m

Parameters held fixed:
leaf structure parameter (N) - Fixed for both crops from LOPEX93 data
leaf angle distributiollp - Fixed for maize (erectophile) and soybean (spherical)



Study Site: Bondville Ameriflux
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PROSAIL Inversion Against MODIS
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Parameter Timeseries: Soybean
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Parameter Timeseries: Soybean
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PROSAIL Inversion Parameter Constraint
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Parameter Timeseries: Soybean
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MLCan Biophysical Canopy Model
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Leaf-level energy balance - ecophysiology coupling
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Canopy Scaling

Model validation data:

F_, LE, H --> Eddy covariance: vertical integral of sources/sinks

' [ (8. nl2) 5,




Mean Diurnal Flux Comparison
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Cumulative NEE and ET: Soybean
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Conclusions

MODIS reflectance obs present an opportunity to constrain seasonality
in canopy structure and biochemistry in canopy biophysics models

- frequent repeat cycle

- 7 bands across optical spectrum at 250m (2) or 500m (5)

Inversions of PROSAIL against MODIS data resulted in excellent
agreement of LAl seasonality relative to field obs

Uncertainty in LAl, however, resulted in large spread in NEE predictions
using a validated canopy biophysical model
- Characterizing the uncertainty in parameter values is critical
for proper estimation of uncertainty in forward model
predictions

Need to examine Chlorophyll (Houborg, Gitelson) and leaf H,O, as well
as additional constraints on the set of unknown paranfleters
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MLCan Eddy Flux Validation (Bonduville)
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