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GOAL: to simulate the leaf spectral reflectance and transmittance as a function of the leaf biophysical characteristics

MODELING LEAF OTPICAL PROPERTIES

THE EXPERIMENT
• ray tracing models: detailed description of the leaf internal
   structure (Allen et al., 1973; Kumar and Silva, 1973; Brakke
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   et al., 1989; Govaerts et al., 1995)

• stochastic models: Markov chain (Tucker and Garatt, 1977)

• radiative transfer models: the leaf is considered as a slab of
   diffusing and absorbing material (Allen and Richardson, 1968;
   Allen et al., 1969; Jacquemoud and Baret, 1990; Fukshansky
   et al., 1991; Yamada and Fujimura, 1991; Conel et al., 1993...)

CONSTRUCTION OF THE PROSPECT MODEL

ρα

τα

α

n, k

N
 layers

T

R

�� Estimation of the structure parameter N at 3 wavelengths: reflectance maximum, transmittance maximum, and absorptance minimum
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 dry leaf

��Inversion of the Stokes system ⇒⇒ determination of the reflectance and transmittance of an elementary layer: [ρρ(λλ),ττ(λλ)]=fct(R(λλ),T(λλ),N)
⇒⇒ determination of the absorption coefficient: k(λλ)=fct(ρρ(λλ),ττ(λλ))
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 where concentrations are expressed in mass per unit leaf area

��Estimation of the specific absorption coefficients of the leaf biochemical components:

cellulose lignin

protein

C

N

+ =

0 1 2 3 4

x 10
-4

0

0.5

1

1.5

2

2.5
x 10

-3

Nitrogen

P
ro

te
in

0 2 4 6 8

x 10
-3

0

2

4

6

8
x 10

-3

Carbon

C
el

lu
lo

se
+

Li
gn

in

800 1000 1200 1400 1600 1800 2000 2200 2400
0

10

20

30

40

50

60

70

80

WAVELENGTH (nm)

S
P

E
C

IF
IC

  A
B

S
O

R
P

T
IO

N
 C

O
E

F
F

IC
IE

N
T

 (
cm

2.
g-

1)

PROTEIN

Use of 48 dry leaves and 63 fresh leaves

•• water àà fresh+dry leaves
••biochemistry àà dry leaves
••chlorophylls àà fresh leaves
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CELLULOSE+LIGNIN
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SENSITIVITY ANALYSIS

INVERSION OF THE PROSPECT MODEL
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Coefficient of Determination R2

leaf
type

spectral range chlorophylls water protein cellulose +
hemicellulose

lignin cellulose
+ lignin

dry 1100 nm - 2500 nm 0.54 0.67 0.88 0.39
0.54 0.65 0.84

fresh 1000 nm - 2500 nm 0.95 0.02 0.07 0.37
0.95 0.02 0.50

400 nm -2500 nm 0.68 0.95 0.02 0.39
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CONCLUSION

J leaf biochemistry is retrievable on dry leaves by using leaf optical properties

K leaf biochemistry is partly retrievable on fresh leaves by using leaf optical properties:
     good estimation of chlorophyll pigments and water, reasonable estimation of cellulose+lignin
     (carbon pool of the leaf), and no sensitivity to protein (nitrogen pool of the leaf)

K the estimation of leaf biochemistry using PROSPECT is less accurate than when using statistical
     approaches; however, the physical approach allows extension of model to canopy and satellite levels.


