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An RPV Inversion Package using 
Adjoint and Hessian Codes
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The RPV Model Overview of the Inversion Methodology

Scatterplot of the 3-D model-simulated BRF 
values against those reconstructed by the 
RPV model using the mean retrieved 
parameter values. The precise location of the 
original (*) and reconstructed (◊) BRF values 
in the angular domain is given above.

Application on MISR Land Surface BRFsPerformances on Model-based Simulations

Ref: Rahman et al. (1993) JGR

The RPV formulation splits a Bidirectional Reflectance Factor (BRF) of a surface into a scalar 
amplitude component and the associated angular field describing the anisotropy of the surface
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a priori covariance matrix
of parameter uncertainty

Estimate the a posteriori (noted `post’) probability distribution P(m) of model parameter m
given a priori (noted `pr’) knowledge on model parameters and measurements d (assuming 
Gaussian distributions) 

Ref: Giering and Kaminski (1998) ACM, Trans. Math. Soft.
Ref: Tarantola (1997) Elsevier Science

P(m) ~ exp[½ ( m-mpost)TCpost
-1(m-mpost)]

Uncertainty for mpost is quantified by the covariance matrix 
Cpost approximated by the inverse of the Hessian of J when 
evaluated at m=mpost: C-1

post  ~  ∂2J(m) / ∂m2 | m=mpost

Second Derivative (Hessian) of J(m): ∂2J(m)/∂m2 at mpost yields 
curvature of J and provides estimated uncertainty in  mpost

J(m) = ½ [ (m-mpr)TCpr
-1(m-mpr) + (M(m)-d)TCd

-1(M(m)-d) ]

Optimal parameter mpost at minimum of misfit function J:
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Inversion with the 3 parameter RPV version
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Sun zenith angles: 25, 45 and 65 deg

48 viewing directions

42 forest scenes with:

   Density from 50.0 to 350 stem/ha

   LAI        from 0.03 to 1.25 m2/m2

   Fc         from 0.01 to 0.34

Spectral bands:

     red

     NIR

Rbgd (red): 0.11, 0.20 and 0.90

Rbgd(NIR): 0.14, 0.23 and 0.70

N = 36288

RMSE = 1.2785E-02
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Histograms of the RPV model parameters retrieved by the inversion package against the 3-D 
model-simulated BRFs. The right panel illustrates the histogram of the number of iterations.

Path 175 - Block 103 - August 3, 2001
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Spectral band: 
Blue

N=  395802

RMSE=0.00294

Path 175 - Block 103 - August 3, 2001
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Spectral band: 
Red

N=  395802

RMSE=0.00386

Path 175 - Block 103 - August 3, 2001
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Spectral band: 
Near-Infrared

N=  395802

RMSE=0.00565
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Natural color composite map of the mean 
values of the amplitude parameter 
retrieved in the MISR red, green and blue 
bands from data acquired on August 3, 
2001 (path 175, block 103, orbit 8650).

FAPAR estimates delivered at 275 m spatial 
resolution by the VEGAS algorithm (ref: Gobron
et al., 2002, IEEE) using TOA L1B2 MISR data. 
The red lozange identifies the area located 
around the Mongu tower (Zambia).
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Gobron, N., B. Pinty,  M. M. Verstraete, J-L. Widlowski and D. Diner  (2002) ‘Uniqueness of multi-angular measurements- Part 2- Joint 
retrieval of vegetation structure and photosynthetic activity from MISR’, IEEE, Transactions on Geosciences and Remote Sensing, 40, 
1574-1592 .

Optimization performed with a gradient algorithm minimizing 
the misfit function. This  gradient is provided by the adjoint 
code generated by automatic differentiation of J .. 
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Ref:http://rami-benchmark.jrc.it/
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Within scene variability of the standard deviation values of the RPV model parameters retrieved 
by the inversion package against the MISR land BRFs (path 175, block 103, orbit 8650).

Ref: Lavergne et al. (2006) RSE, submittedRef: Lavergne et al. (2006) RSE, submitted
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