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1. Introduction

� Radiative Transfer-based methods can be used to interpret hyperspectral 
imagery to estimate biochemical / biophysical variables in olive and vine 
canopies:

• Leaf chlorophyll a+b (Ca+b)
• Dry matter content (Cm)
• Water content (Cw)
• Leaf Area Index (LAI)
• Percent cover

indicators of stress and growth

� The European Union occupies a world leading position on the two high-
value crops

• EU is the largest olive oil producer with 50% of the area in Spain and 25% in Italy
• The EU wine market accounts for 45% of wine-growing areas, world leader in 
terms of area, production and consumption









Differences in
• crown shape & density
• soil properties
• canopy geometry
• large effect of shadows
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Olive & Vine Leaf Reflectance & Transmittance measurements

Olive ρ & τ Vine ρ
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Vegetation Index 
 

Equation Reference 

 
Structural Indices 
 

Normalized Difference 
Vegetation Index (NDVI) 

NDVI = (RNIR - Rred )/(RNIR + Rred) Rouse et al. (1974) 

Modified Triangular Vegetation 
Index (MTVI1) 

[ ])(*5.2)(*2.1*2.11 550670550800 RRRRMTVI −−−=  Haboudane et al. (2004) 

Modified Triangular Vegetation 
Index (MTVI2) 
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Haboudane et al. (2004) 

Renormalized Difference 
Vegetation Index (RDVI) 

)()( 670800670800 RRRRRDVI +−=  Rougean and Breon, (1995) 

Simple Ratio Index (SR) SR = RNIR/Rred 
Jordan (1969); 

Rouse et al. (1974) 

Modified Simple Ratio (MSR) MSR = 
1)/(

1/
5.0 +
−

redNIR

redNIR

RR

RR  Chen (1996) 

Modified Chlorophyll 
Absorption in Reflectance 

Index (MCARI1) 
[ ])(*3.1)(*5.2*2.11 550800670800 RRRRMCARI −−−=  Haboudane et al. (2004) 

Modified Chlorophyll 
Absorption in Reflectance 

Index (MCARI2) 
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Haboudane et al. (2004) 

Soil Adjusted Vegetation Index 
(SAVI) 

)()(*)1( 670800670800 LRRRRLSAVI ++−+=  

[ L ε (0,1) ] 
Huete (1988) 

Qi et al. (1994) 
Improved SAVI with self-

adjustment factor L (MSAVI) 
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Qi et al. (1994) 

Optimized Soil-Adjusted 
Vegetation Index (OSAVI) 

OSAVI  =  (1 + 0.16) * (R800 – R670) / 
(R800 + R670 + 0.16) 

Rondeaux et al. (1996) 

 



 
Chlorophyll Indices 
 

Greenness Index (G) G = (R554)/(R677) - 
Modified Chlorophyll 

Absorption in Reflectance 
Index (MCARI) 

MCARI  =  [(R700 – R670) – 0.2* (R700 
– R550)]* (R700 / R670) 

Daughtry et al. (2000) 

Transformed CARI (TCARI) 
TCARI  =  3* [(R700 – R670) – 0.2* 

(R700 – R550)* (R700 / R670)] 
Haboudane et al (2002) 

Triangular Vegetation Index 
(TVI) 

[ ])(*200)(*120*5.0 550670550750 RRRRTVI −−−=  Broge and Leblanc (2000) 

Zarco-Tejada & Miller ZTM = (R750)/(R710) Zarco-Tejada et al. (2001) 
 
Water Indices 
 
Normalized Difference Water 

Index (NDWI) 
NDWI=(R860-R1240)/ (R860+R1240) Gao, (1996) 

Simple Ratio Water Index 
(SRWI) 

SRWI=R858/R1240 Zarco-Tejada et al., (2003) 

Plant Water Index (PWI) PWI= R970/R900 Peñuelas et al. (1997) 
 



 
Red Edge Spectral Parameters 
 

λp 
λpr = λmax[680-750]      λp1g = λmax[500-600] 

λp2g = λmin[500-600] 
Hare et al. (1984); 

Bonham-Carter (1988) 

Ro Ro = Rmin[650-700] 
Hare et al. (1984); 

Bonham-Carter (1988) 

Rs Rs = Rmax[700-770] 
Hare et al. (1984); 

Bonham-Carter (1988) 

σ 
σ = shape parameter as defined by 

the inverted-gaussian curve-fit model 
Hare et al. (1984); 

Bonham-Carter (1988) 

 



 
Other Indices mentioned but not used in this Study 
 

Simple Ratio Pigment Index 
(SRPI) 

SRPI = (R430)/(R680) Peñuelas et al. (1995) 

Normalized Phaeophytinization 
Index (NPQI) 

NPQI = (R415 – R435)/ (R415 + R435) Barnes et al. (1992) 

Photochemical Reflectance 
Index (PRI) 

PRI1 = (R528 - R567)/(R528 + R567) 
PRI2 = (R531 - R570)/(R531 + R570) 

Gamon et al. (1992) 

Normalized Pigment 
Chlorophyll Index (NPCI) 

NPCI = (R680 - R430)/ (R680 + R430) Peñuelas et al. (1994) 

Carter Indices 
Ctr1 = (R695)/(R420) 
Ctr2 = (R695)/(R760) 

Carter (1994) 
Carter et al. (1996) 

Lichtenthaler indices 

Lic1 = (R800 - R680)/ (R800 + R680) 
Lic2 = (R440)/(R690) 
Lic3 = (R440)/(R740) 

∫=
680

450

4 RLic  

Lichtenthaler et al. (1996) 

Structure Intensive Pigment 
Index (SIPI) 

SIPI = (R800 - R450)/ (R800 + R650) Peñuelas et al. (1995) 

Vogelmann indices 

Vog1 = (R740)/(R720) 
Vog2 = (R734 – R747)/(R715 + R726) 
Vog3 = (R734 – R747)/(R715 + R720) 

Vog4 = D715/D705 

Vogelmann et al. (1993); 
Zarco-Tejada et al. (1999) 

Gitelson and Merzlyak 
G_M1 = (R750)/(R550) 
G_M2 = (R750)/(R700) 

Gitelson and Merzlyak 
(1997) 

Curvature Index (Fluorescence) CUR = (R675·R690)/(R683
2) Zarco-Tejada et al. (2000) 

Double-Peak Ratio Indices 

DPR1 = Dλp[680-750]/Dλ0+12 

DPR2 = Dλp[680-750]/Dλ0+22 
DP21 = Dλp[680-750]/D703 
DP22 = Dλp[680-750]/D720 

Zarco-Tejada et al. (2001) 

Area Red Edge Peak (ADR) ∫=
760

680

DADR  Zarco-Tejada et al. (2001) 
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Relationships between Cab, Cx+c & Indices at Leaf Level in Vines
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8 bands, 4-12 nm FWHM

1 m spatial resolution



72 bands, 7.5 nm FWHM

4 m spatial resolution
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⇒ CARI � minimize effects of non-photosynthetic materials

⇒MCARI � depth of chlorophyll absorption at 670 nm relative
to the reflectance at 550 nm and 700 nm
still sensitive to non-photosynthetic element effects

⇒ TCARI � improving its sensitivity at low chlorophyll values

⇒ Influence by soil reflectance for low values of LAI
� OSAVI minimizes soil effects with MCARI
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FLIMTreeδ CD CH CLAI
Cα θs Cρ Sρ

CR

SAILH
Leaf (ρ,τ), ρs viewing θs, θv, ψ
LAI, LADF, hs

crown ρ

PROSPECTN, Cab, Cm, Cw

ρs τs

Discontinuous canopy layer with crowns and gaps
Multiple scattering is neglected
Studies effects of cover, shadowing and crown T on CR
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Model simulation of row-structured discontinuous canopies with rowMCRM radiative transfer 
model (left). Vineyard canopy reflectance simulation as function of the visible strip length in the 
row crop (St=0.5, 1m, 1.5m and 2m) (right).
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Olive Canopies
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1. Leaf-level studies are required to identify indices related to variable of 
interest. Protocols for measuring leaf ρ & τ are developed

2. Successful scaling up of indices from leaf to canopy requires physical 
methods to account for the canopy structure

3. We present a simulation method for scaling up combined indices 
MCARI/OSAVI for orchard and row-structured canopies:
� PROSPECT-SAILH when targeting crowns
� PROSPECT-SAILH-FLIM in aggregated pixels
� PROSPECT-rowMCRM in row-structured crops

4. Successful estimation of Cab in open canopies and row structured crops 
(olive groves and vineyards)

⇒ RMSE ~ 10 µg/cm2

5. Conclusions





Ejemplo de simulación RowSAIL de la
reflectancia en vid para distintos marcos

LAI=2.5; H=2.7m ; 
dxv= 2 m; Ts=45º ; 
To=0º; psi=90º

Tx=2
Tx=5
Tx=8

RowSAIL simulated reflectance
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(Jacquemoudet al., Kuusk; 
Demarez, Weiss, Zarco-Tejada 

et al.)
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Scaling up RT

- Indices calculados a 
partir de modelos
físicos CR

(Zarco-Tejada et al., 1999a, 
2000a, 2000b;2003;2004)

III

Relaciones Stadísticas

- Variables medidas
- Reflectancia de cubierta

(Johnson et al., 1994;
Matson et al., 1994)

Relaciones Stadísticas

- Índices ópticos y var.
- Reflectancia de cubierta

(Peterson et al., 1988;
Yoder et al., 1995);

Zagolskyet al., 1996)
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3-D Canopy Model Simulation with SPRINT



Canopy Simulation using SPRINT RT model
(Goel & Thompson, 2000)

Canopy structural parameters Nominal Values 
Tree density  1100 /ha 
Distribution of trees Poisson distribution 
Crown shape Irregular conical (assumed ellipsoidal) 
Height of trunk 8.5 m 
Height of tree 15.0 m 
Trunk radius 8.3 cm 
Crown radius 2.0 m 
Leaf angle distribution Assumed spherical  
Shoot area 0.0008 m2 
Canopy effective LAI 2.5 
Leaf area density 0.4171 /m 
  
Leaf and shoot structural parameters Nominal values and range 
Leaf thickness  0.062 cm (0.057 – 0.076) 
Specific Leaf Area (fresh leaves)  20.9 cm2/g (17.9 – 23.7)  
Specific Leaf Area (dry weight) SLA 48.1 cm2/g (37.7 – 58.6)  
  

Leaf biochemical parameters Range of values 
Chlorophyll a 1,037 to 2,715  µg.g-1   
Chlorophyll b 274 to 997        µg.g-1  
Chlorophyll a + b 1,286 to 3,588  µg.g-1  
Carotenoids 243 to 611        µg.g-1  
Water (% of dry mass) 97.3 to 179.3  (values expressed per DW, 

usually expressed per total Fresh weight) 
 





3-D Canopy Simulation using the SPRINT Radiative Transfer model
for Olive Tree canopies
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Relationships between crown LAI and indices for Olive trees


