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1. Introduction

» The European Union occupies a world leading pasiio the two high-

value crops
* EU is the largest olive oil producer with 50% bétarea in Spain and 25% in Ital
 The EU wine market accounts for 45% of wine-grayvameas, world leader in
terms of area, production and consumption

» Radiative Transfer-based methods can be usedeipraet hyperspectral
Imagery to estimate biochemical / biophysical vdgahn olive and vine

canopies:
» Leaf chlorophylla+b (C_,,)

» Dry matter content () _indicators of stress and growth
» Water content (()
 Leaf Area Index (LAI)

 Percent cover
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Differences In
e crown shape & density
e SoIl properties
e canopy geometry
e large effect of shadows
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Canopy Reflectance







BRDF signature for vine canopy
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2. Data Collection and Processing
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Olive & Vine Leaf Reflectance & Transmittance measnents

— live Leaf Reflectance
Qlive Leaf Tranamittance
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Vegetation Index

Equation

Reference

Structural Indices

Normalized Difference
Vegetation Index (NDVI)

NDVI = (Ryir - Red)/(Ruir + Red)

Rouseet al. (1974)

Modified Triangular Vegetatior
Index (MTVI1)

MTVI1 =1.2* [1-2* (Rsoo = Reso) = 25% (Rgy0 — Rsso)]

Haboudanest al. (2004)

Modified Triangular Vegetation
Index (MTVI2)

MTVI 2 = 1-5*[1-2* (Rs00 ~ Reso) = 25* (Rs7o_R550)]
{(2* Roy+1)’ = (6% Rgo~5* Ry) - 05

Haboudanest al. (2004)

Renormalized Difference
Vegetation Index (RDVI)

RDVI = (Rggo~Re70)/+/(Reoo+ Re70)

Rougean and Breon, (1995

)

Jordan (1969);

Simple Ratio Index (SR) SR 3\R/Rieq Rouseet al. (1974)
- . . MSR = Rur/Rei =1
Modified Simple Ratio (MSR) (Ry/R.)% +1 Chen (1996)

Modified Chlorophyill
Absorption in Reflectance
Index (MCARWL)

MCARI1 =12* [25* (Ryyo~ Ryyo) = 1.3* (Rypy— Resy)]

Haboudaneet al. (2004)

Modified Chlorophyill
Absorption in Reflectance
Index (MCARL)

MCARI 2 = 15* [25% (Ryyo— Rsro) — 1.3* (Ryg— Reso)]
\/(2* R800+1)2_ (6* Rgoo_S* m) - 05

Haboudaneet al. (2004)

Soil Adjusted Vegetation Inde»
(SAVI)

SAVI = (1+L) * (Rgoo— Rs70)/(Reoo* Re70+ L)
[Le(0,1)]

Huete (1988)
Qietal. (1994)

Improved SAVI with self-
adjustment factor L (MSAVI)

MSAVI = %[2* R800+1—\/(2* Reoo+1)%-8* (Rsoo‘Rem)}

Qi et al. (1994)

Optimized Soil-Adjusted

Vegetation Index (OSAVI)

OSAVI = (1 + 016) (Rgoo— R670) /
(Rgoo + Re70 + 0.16)

Rondeauwset al. (1996)




Chlorophyll Indices

Greenness Index (G)

G =4f3/(Rs77)

Modified Chlorophyll
Absorption in Reflectance
Index (MCARI)

MCARI = [(R700— %70) -0.2 (R700
— Res0)]+ (Rroo/ Re70)

Daughtryet al. (2000)

Transformed CARI (TCARI)

TCARI = 3 [(R700— %70) -0.2
(RYOO_ I%SO)* (R700/ R670)]

Haboudanet al (2002)

Triangular Vegetation Index
(TVI)

TVI =05* [120% (Rio = Rige) = 200* (Rizo~Riso)]

Broge and Leblanc (2000)

Zarco-Tejada & Miller

ZTM = (Rsg)/(Rr10)

Zarco-Tejadat al. (2001)

Water | ndices

Normalized Difference Water

Index (NDWI) NDWI=(Rgso-R1249/ (ResotRi249 Gao, (1996)
Simple R()gtplg/\/vxater index SRWI=Rss¢/R1240 Zarco-Tejadat al., (2003)

Plant Water Index (PWI)

PlengRgoo

Pefiuelast al. (1997)




Red Edge Spectral Parameters

}Lpr = }Mmax[680-750] }Mplg = }Vmax[500-600]

Hare et al. (1984);

}\lp }\Ip2q = }hmin[500-6001 Bonham-Carter (1988)
b Hare et al. (1984);
R, Ro = Rminfsso-700 Bonham-Carter (1988)
_ Hare et al. (1984);
Rs Re = Rnaroo-770) BonhamCarter (1988)
s o = shape parameter as defined by Hare et al. (1984);

the inverted-gaussian curve-fit mod

el

Bonham-Carter (1988)




Simple Ratio Pigment Index

SRPI = (R30)/(Reso)

Pefiuelast al. (1995)

(SRPI)
Normalized Phaeophytinizatiop B B
Index (NPQI) NPQI = (Ris— Russ)/ (Rars+ Rugs) Barneset al. (1992)
Photochemical Reflectance PRI = (Rs2s - Rse7)/(Rs2s + Rse7)
Index (PRI) PRI, = (Ras1 - Rer0/(Res + Rezo Gamonetal. (1992)

Normalized Pigment
Chlorophyll Index (NPCI)

NPCI = (Rigo- Raz0)/ (Resot Ruaso)

Pefiuelast al. (1994)

Carter Indices

Ctrl = (Rso5)/(Raz0)
Ctr2 = (Rse5)/(Rye0)

Carter (1994)
Carteret al. (1996)

Lichtenthaler indices

Licl = (Reoo- Res)/ (Rsoo+ Reso)
Lic2 = (Rus0)/(Rsg0)
Lic3 = (Rusg)/(Rza0)

680
Lm4:jR

450

Lichtenthaleret al. (1996)

Structure Intensive Pigment
Index (SIPI)

SIPI = (Rsoo- Raso)/ (Reoo+ Reso)

Pefiuelast al. (1995)

Vogelmann indices

Vog1l = (R40/(R720
Vog2 = (Ras— Rra7)/(Rr1s + Ryze)
Vog3 = (Ras— Rra7)/(Rr1s + Rrzo)
Vog4 = Dy19Dygs

Vogelmannret al. (1993);
Zarco-Tejadat al. (1999)

Gitelson and Merzlyak

G_M1 = (Ris0)/(Rsso)
G_M2 = (Ris0)/(Rzoo)

Gitelson and Merzlyak
(1997)

Curvature Index (Fluorescence

)

CUR 4 Rs00)/( R6832)

Zarco-Tejadat al. (2000)

Double-Peak Ratio Indices

DPR1 = Qp[680-750{ Djo+12
DPR2 = Qp[680-750{ Djo+22
DP21 = Qp[680-750{ D703
DP22 = Qye80-750{D720

Zarco-Tejadat al. (2001)

Area Red Edge Peak (ADR)

760
ADR = j D

680

Zarco-Tejadat al. (2001)




Relationships between CC, .. & Indices at Leaf Level in Vines

y =-282.74x + 10.116

y = 33.562¢-18.126¢

C,, (Mo/cn?)
C,, (lo/cn?)

C,, (lo/cn?)

y =22.87x - 18.248
r2=0.89

-0.2 -0.1

2 3
VOG2 (Rygq = Ryya) (Ryys + Ryge) Z & M(R;50) / (Ryy) PRI3 (Rs75 — Ry30)/(Rs70 * Rego)

y = 63.541e21792x y = 0.4963e3624%
r=0.9

r2=0.49

y = 4.2206€°178%

C,, (lo/cn?)

0.5

. 0.5 0.75 0 0.05
TCARI/OSAVI SIPI= (Rano = Ryso)/(Raon * Reso) PRI3 (Rs75 — R530)/(Rs70 + Rygg)




Leaf and Canopy RT models

600 700 800

Wavelength (nm)

600 700 800

Wavelength (nm)







Scene components crown,
shadow and soil reflectance
extracted from ROSIS 1-m
data
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Study Areas Vineyards (I)
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Study Areas Vineyards (II)
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Study Areas Vineyards (lI1)
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Study Areas Vineyards (V)
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8 bands, 4-12 nm FWHM

1 m spatial resolution
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4 m spatial resolution
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Study Areas Olive Fields
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Study Areas Olive Fields
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3. C_, estimation using combingdptical Indices and

Radiative Transfer Simulation




Combined Indices for C,,, Estimation with
PROSPECT+SAILH

— minimize effects of non-photosynthetic materials

—> depth of chlorophyll absorption at 670 nm relative
to the reflectance at 550 nm and 700 nm
still sensitive to non-photosynthetic element effec

Index TCARI (MCARI)

MCARI =[(Ry = Rs70) = 02L{Ryp0 ~ Reso)] EE%]

71
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

—> improving its sensitivity at low chlorophyll values Chlorophyll Content  (uglcm2)

TCARI = 3%(&00 —Ri70) = 020R;4 — Rigo) I:E

 Influence by soil reflectance for low values of LAI
- minimizes soil effects with MCARI

Ratio TCARI/OSAVI

OSAVI = (1+ 0.16)[% Reoo ~ Rezo }
Raoo + Rezo + 016

P P

TCARI/OSAVI

(H abo u d an @t al N 2 002) Chlorophyll Content (pg/cm2)




PROSPECT

Leaf (o,T), p, viewing 6, 6, W
LAI, LADF, hq

crownp

FLIM

= Discontinuous canopy layer with crowns and gaps
Multiple scattering is neglected 77
Studies effects of cover, shadowing and crown Ean




rowMCRM - addition of
row structure to MCRM
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Model simulation of row-structured discontinuous@pies with rovMCRM radiative transfer
model (left). Vineyard canopy reflectance simulates function of the visible strip length in the
row crop (St=0.5, 1m, 1.5m and 2m) (right).
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4. Results




= e s

C,, estimation from ROSI S crowns using C,, estimation from aggregated pixels
MCARI/OSAVI prediction (C+Sh+So) using MCARI/OSAVI

Olive Canopies| § =

y =2.859x - 28.766
R2=0.2924

Q0
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°
L

T
=
0
w

Estimated Cab

y = 1.0955x + 2.5857 50 | = s
R2 =0.6678 et y = 1.0481x - 4.6917
. - R? = 0.4058

O -~’ \' T T T T T T T
0O 10 20 30 40 50 60 70 80 90 100

30 40 50 60 70 80 90
Measured Cab Measured Cab

Crowns Crown+Shadow+Soll
PROSPECT-SAILH PROSPECT-SAILH &

Zarco-Tejada et al., 2004 e e b




Vineyard Canopies
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y =1.2844x - 12.804
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C,, (ng/cn¥) (estimated)

C,_, estimation at canopy level by scaling up TCARI/OSAMough
PROSPECT + rowMCRM model
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5. Conclusions

Leaf-level studies are required to identify ireicelated to variable of
Interest. Protocols for measuring Igaf. 1 are developed

Successfuscaling up of indices from leaf to canopy requires physice
methods to account for the canopy structure

We present a simulation method $oaling 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

Successful estimation of (3n open canopies and row structured cro
(olive groves and vineyards)
= RMSE ~ 10ug/cny







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

RowSAIL simulated reflectance

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

reflectance
(]
w
(]

1400

wavelength(nm)




Relaciones Stadisticas j Relaciones Stadisticas§ Relaciones Fisicas d
Scalingup RT Modelos Fisico®

- Indices calculados a

partir de modelos
(Petersoret al., 1988; fisicos CR

(Johnsoret al., 1994; Yoderet al., 1995);

Matsonet al., 1994) Zagolskyet al., 1996) (Zarco-Tejadat al., 1999a,

2000a, 2000b;2003;2004)

- indices opticos y var.
= Reflectancia de cubielfja

- Variables medidas

- Reflectancia de cubie - Modelos RT

Datos de
Campo







Canopy structural parameters

Nominal Values

Tree density
Distribution of trees
Crown shape
Height of trunk
Height of tree

Trunk radius

Crown radius

Leaf angle distribution
Shoot area

Canopy effective LAI
Leaf area density

1100 /ha

Poisson distribution
Irregular conical (assumed ellipsoidal)
8.5m

150m

8.3cm

20m

Assumed spherical
0.0008'm

2.5

0.4171/m

Leaf and shoot structural parameters

Nominal valuesnd range

Leaf thickness
Specific Leaf Area (fresh leaves)
Specific Leaf Area (dry weight) SLA

0.062 cm (0.057 — 0.076)
20.9°%gn(17.9 — 23.7)
48.1 éfy (37.7 — 58.6)

Leaf biochemical parameters

Range of values

Chlorophylla
Chlorophyllb
Chlorophylla+ b
Carotenoids

Water (% of dry mass)

1,037 to 2,715ug.g"
27410997  pg.g*
1,286 to 3,588ug.¢"
24310 611  pg.g*
97.3 to 179.3 (values exm@sper DW,
usually expressed per total Fresh weight)







3-D Canopy Simulation using the SPRINT Radiativansfer model
for Olive Tree canopies




Simulated Crown Reflectance
(PROSPECT-SAILH) with 3 soil spectra  ROSIS Extreme Soil Reflectance from sites

Soil 1 (bright)
Soil 2 (medium)
Soil 3 (dark)

Simulated Crown Reflectance
ROSIS Soil Reflectance

6C0 600

Wavelen(jth (nm) Wavelength (nm)

Predicting relationship for MCARI/OSAV |
ROSIS Crown Reflegtance for al trees for all soilsand LAI=0.5

y =-47.85Ln(x) - 73.177
R? = 0.9897

ROSIS Crown reflectance

+ Soil 1 (bright)
O Soil 2 (medium)
A Soil 3 (dark)

0.05 0.1 0.15
MCARI/OSAVI

600
Wavelength (nm)




Relationships between crown LAI and indices foiv@lirees

y = 9.4169x - 0.5849
R2 = 07167 y=9.9982x - 0.1892
R? = 0.5769

@
S~
0
N
Z
=

RDVI= (Rggo=Rs70)/+/(Reoo+ Re70)
0.1 0.2 0.3 04

RDVI




