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Leat chlorophyll content estimation from
narrow-band spectral indices
- Leaf chlorophyll is an extremely important pigment for photosynthesis

- Imaging spectroscopy data allows the spatial mapping of Cab in crops.

- Narrow-band spectral vegetation indices had been widely used for Cab
retrieval

- Narrow-band performance was affected by canopy structure (e.g. leaf
area index (LAI) and leaf mean tilt angle (MTA)

- We investigated the sensitivity of these indices to structural effects
produced by LAI and MTA variations.
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Study area & crop photographs
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Faba bean Narrow-leafed lupine
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* Field measurements and imaging spectroscopy data

Leaf chlorophyll content a+b (Cab) measured by SPAD-502
Leaf area index (LAI) measured by SunScan

Species-specific Leaf Mean tilt Angle (MTA) measured by
photographic method

AISA imag
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ing spectroscopy data
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AISA Eagle sensor

Ground spatial resolution: 0.4m
Spectral resolution: 10nm
Spectral range : 400-1000nm
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PROSPECTHSAIL radiative transter model

Model Variable Symbol Unit Range or value
PROSPECT Leaf structure parameter N - 1.55

Chlorophyll a+b content Cab ng cm° 25-100

Equivalent water thickness ~ Cw cm 0.001-0.02

Dry matter content Cm gem 0.005

Brown pigment content Cbp — 0

Carotenoid content Car ng cm Linked to Cab as 0.2xCab
SAIL Leaf area index LAI m’ m™ 1-5

Leaf mean tilt angle MTA ¢ 15-70

Hot spot size hspot — 0.01

Solar zenith angle tts © 49.4

Observer zenith angle tto ° 9

Azimuth angle psi ° 90

Direct and diffuse irradiance ~ Dir/Dif Wm? nm ' Calculated from 6S atmosphere
radiative transfer model

Soil reflectance rsoil0 - ASD measurement, corrected by soil
reflectance model
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Narrow-band indices

Index Name Fornwlation Scale species Reference
BGI Blue Green Pigment Riso/Bssi leaf Vine (Fitis vinifera L) Zarco-Tejada et al.
Index (2005)
CTR Carter vegetation index Regs/Hazg leaf 0 ?wlm?'ﬁ..ﬁgﬁﬁ:m
CTR2 .
AL S j;ogﬁcg?@bgu [(R700 — Ra70) — 0.2 * (R0 — R5s0)] canopy e L) Daughtry et al.(2000)
CTR4 .s v * (R700/Re70)
CTRS MCART/ Ratio of MCARI/ OSAVI MCARI OSAVI canopy Daughtry et al.(2000)
OSAVI —— -
EITJ%"’ e OSAVI optimization of soil- [(Rson — Rero)/ (Raog + Raro + 0.16)] | canopy SALL model Rondeaux et al.(1996)
adusted vegetation * (1 +0.16)
OSAVI2 optimization of soil- R0 — R4 Rosg + Rygs + 0.16) canopy Winter wheat (Triticum Wu etal. (2008)
Datt MCARI2/ o R e [(R7s0 7 OS)IE;:-D[] ]6}05 )] Py aestim L)
Datt2 OSAVL2 - - -
Plant S i e 2 4 ides L),
Datis mNDVI PSRI e t mes‘i‘:gg (Rg78 — Rso0)/R700 leaf M‘f"le "”P:j‘;’::m Merzlyak et al. (1999)
B ool 7
sum L),
Dars mND705 Coleus (Caousbtamet
DD I Benth.), Lemon (Ciirus Iiw_lm
mSR L), -AP@EBG;;LIL‘:}MN
RDVI Renormalized Difference Pl o B [(Rorm + R, canopy SAIL model Roujean and Breon
SR70% ] Vegetation Tud (Rgoo — Re70) /v (Raoo + Re7o (1995)
Gitelson1999 RABRS Ratio analysis of BigifBovi leaf Sovbean (Glycine max Merr) Chappelle et al. (1992)
mSR2 reflectance spectra
RARSDH Re75/(Reso * Rzg0) leaf | BesFagueobuicn 0% | Blackbum (1998)
Gitelson2003 MSAVI (dcer negundo) and Chestout
(Castanea sativa).
it = = Maize 5L), whe ;i
MTCT SIPT Smpaci:tme 1:151?;:1\ e (Raoo — Rass)/(Rago — Reso) leaf (T@af:;;?“i Ij—_“ at | Pefiuelas et al. (1995)
Gitelson- D
. Absorption Ratio Index (R200/Re70)] (2002)
o - ND' TCARI2 3#[(Ry50 — R705) — 0.2 % (Ry50 — Ry50) * | canopy Wm“-‘;::;:ﬂ‘_’;“m‘ Wu et al. (2008)
Chi2 _ _ (Ry50/R705)]
S— TCARI/OSA | Ratio of TCARTOSAVI TCARI'OSAVI canopy Cor Haboudane et al.
ND VI 2002
GR (2002)
TCARI2/OS Ratio of TCARI2/OSAVI2 cangpy;| - Wterwheat Gridcan Wu et al. (2008)
AVI2 TCARIZ/OSAVI2 aestivim L)
ND' TVI Triangular Vegetation 0.5+[120%(R50 — Rss0) — 200 # (Rg7q — | canopy Sm‘ﬂ“ﬁ°”;‘$ﬁmosm Broge and Leblanc
Index Rsso) ] (2001)
NDI Vogelmann Vogelmann dervative Dy15/Dogs leaf Maple (dcer saccharum Vogelmann et al.
index 3 : Marshy (1 99 3)
Vogelmann2 Vogelmann index Riso/Ran leaf Vogelmann et al.
(1993)
7M Zarco and Miller Rocol Ry canopy Maple Cdcer saccharum Zarco-Tejada et al.
Marshy (2001 )

-
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Vegetation indices V.S. Cab, LAI and MTA
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Vegetation indices
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Datt5s: Rgeo/(Reeo* R708)
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TCARI2/OSAVI2

»  TCARI2= 3+[(R,c,—R705) — 0.2 * (R,c,—Rs50) * (R750/R705)]
» OSAVI2= [(R,c —R705)/(R,ey+R705 + 0.16)] * (1 + 0.16)
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TCARI/OSAVI

=
»  TCARI=3*[(R,,,—Rg70) — 0.2 * (R,,,—Rs50) * (R700/R670)]
» OSAVI= [(RSOO_R670)/(R800+R670 + 0.16)] * (1 + 0.16)
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Conclusions

» The best correlation index is Datt5= Rggo/(Rs50* R703),
which is sensitive to Cab (R*=0.65) but insensitive to MTA
(R?=0.11)

» Both two TCARI/OSAVI indices performed well

TCARI/OSAVI: Cab (R?>=0.40) , MTA (R*>=0.02)

TCARI2/OSAVI2: Cab (R2=0.59) , MTA (R2=0.0009)




