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Figure 2-20 Radiance (L,) from paths 1,3, and 5 contains intrinsic valuable spectral information about the
target of interest. Conversely, the path radiance (L,) from paths 2 and 4 includes diffuse sky
irradiance or radiance from neighboring areas on the ground. This path radiance generally in-
troduces unwanted radiometric noise in the remotely sensed data and complicates the image in-
terpretation process.
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p
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J(U) =) (P - P_obs)?>+ model error + a priori info
measured
P_obs
..................................... —
< TAPENADE’.’.Q" . ‘
DIRECT external ADJOINT grad J | ©optimization algorithm
model variables model M1QN3

Find 6 *:
‘ grad_J (0 *)=0

Adjoint model inversion method

initial parameters
0(0)
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PROSPECTH A /e ¥ M i 4L 4H 43

H 3 MEE (Cab,Cw,Cm) BRI R R (Cab,Cw,Cm)
7H8H 31.63 0.0110 0.0033 31.57 0.0109 0.0035
7H19H 32.99 0.0151 0.0029 33.72 0.0177 0.0045
7H28H 50.50 0.0137 0.0028 50.36 0.0136 0.0030
8HT7H 59.36 0.0111 0.0034 59.22 0.0109 0.0036
8H12H 51.15 0.0108 0.0036 51.04 0.0107 0.0038
8H21H 61.67 0.0119 0.0037 61.21 0.0117 0.0039
8 H30H 75.54 0.0104 0.0038 75.43 0.0105 0.0042
9H8H 67.96 0.0116 0.0042 67.84 0.0118 0.0046
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PROSAILR A 1

H 3 MW EE BRI
LAI Cab Cw Cm LAI Cab Cw Cm
7H8H 0.7 | 34.1 | 0.010 | 0.0035 y,»

7TH19H 4.0 52.4 0.015 | 0.0033 2.4 60.5 | 0.013 | 0.0027

7H?28H 4.3 57.5 0.015 | 0.0042 | 3.9 60.5 | 0.010 | 0.0041

8HTH 5.9 71.8 0.013 | 0.0041 6.1 504 | 0.010 | 0.0031

8H12H 4.1 41.5 0.010 | 0.0035 | 3.9 40.3 | 0.010 | 0.0031

8H?21H 4.6 70.9 0.012 | 0.0036 | 4.9 70.6 | 0.010 | 0.0031

8 H30H 4.9 68.0 0.010 | 0.0041 | 4.9 70.6 | 0.010 | 0.0041

9H8H 5.8 2.2 0.011 0.0044 | 6.1 70.6 | 0.010 | 0.0041
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Vegetation Indices

Vegetation indices (VI’s) can be broken up into three
basic categories:

Ratio based indices - VI’s based on the ratio of two or more
radiance, reflectance, or DN values (or linear combinations thereof).

Difference indices - VI’s based on the difference between the
spectral response of vegetation and the soil background.

Normalized Difference indices — VI’s based on the Normalized
difference between the spectral response of vegetation and the soill
background.
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Near Infrared reflectance

Simple Ratio (SR)

SR, > SR,

Red Reflectance

>

S

SR,

> SR,

PNIR
Pred




Normalized Difference Vegetation Index (NDVI)

NDVI, > NDVI, = NDVI, > NDVI,

NDVI,

ND V] — pN]R o pf‘(’d

NDVT, P NIR + P red

NDVI,

Near Infrared reflectance

Red Reflectance



NDVI

Vegetation Indices
Normalized Difference Vegetation Index (NDVI)

7 Npp = Pyr~ Pred Saturation

.

7 Pxm T P...  problems

LAl

Simple Ratio (SR)

S'R = pNIR

o
= LAI Pred

PR = reflectance in near-infrared band
P... = reflectance in red band



Common Difference Indices

Perpendicular Vegetation Index (PVI)

PVI = \/( Rt — Ry )2 +(NIR; —NIR,, )z

Where R;; and NIR;, are the red and NIR reflecatance/radiance
for the soil background.




NEAR-INFRARED REFLECTANCE FACTOR

Principles of SAVI

~——=-COTTON, LAI
----a-GRASS, kg/ho

BARE SOIL

|

0¥2 - 04
RED REFLECTANCE FACTOR



Soil Adjusted Vegetation Index (SAVI)

SAVI, > SAVI, = SAVI; > SAVI,

SAVI,

savi, AVI=(1+L) PNr ~ Pred

/-) NIR ﬁ) red + L
SAVI,

SAVI,

ear Infrared reflectance

/o >
L Red Reflectance



Atmospherically resistant vegetation index (ARVI)

a self-correcting process in image-based consideration (Kaufman and Tanre 1992). Compared
to the red band, the blue band is much more easily scattered by the atmosphere particles. This
explains why the sky is usually perceived as being blue. Thus, the ARVI index takes advan-
tage of the different scattering responses from the blue and red band to retrieve information
regarding the atmosphere opacity, and can be written as follows

ARVI= (pNIR - prb) / (pNIR + prb)’ | | (2)

where Py is the reflectance of the near infrared, p,, equals p, —Y(P, — P,), ¥ (gamma value)
1s like a weighting function that depends on the aerosol type, and Pr and p, refer to the
reflectance of the red and blue bands, respectively.

ARVI _ pNIR _1'7/0Red +O'7pB|ue
Prir 17 Preq — 0.7 Py




ARVI= (PNIR _ Prb) / (pNIR + prb)

SAVI =(1+ L) Py ~ Pred ARV — PR —1.7pgoq +0.7 05,4
Prir — Prea L Onir 17 Pred — 0.7 Pgie

N J
Y

/')m'r—/)nd
pm-l-(CIXﬁ)md—C’:x ) )+L

blue

p"/ - ’G/ -1
;V-Dn_ ﬁ)red  — EVI=Gx pm,r
] i F’V J'OV L
)' +( 1 .'&K }+
/. Y ' +1 pmﬂ‘ C C_ !{}r.s.d /L)rm‘

EVI =G x
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Inter-relationships among Spectral VI's

VI's behave similarly to each other under a 'constant' set of conditions
(e.g., uniform site studies),
If soils are not varying then NDVI ~ SAVI (they are well correlated),
If aerosol variations are minimal, then EVI ~ SAVI,

If soil and aerosols do not vary significantly then EVI ~ NDVI

EVI & SAVI Relationships
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NDVI & EVI Relationships
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PRI(570.531)- | }iSFRHIEH- PRI=(RS70-R531) (RST0+R531)~ Pefluelas, 1995+
PPR(550,540)-| H{EHE#EEE- PPR=(RS30-R450)/ (RS50+R450)~ Verdebout, 1994+
GreenNDVIL- | SAH—4LE 8- GNDVI=(R750-R550) (R750+R550) Gitelson, 1994
NRI- BAEZERHHIEY. NRI=(R560-R670)/ (RS60+R670)+ Schleicher, 2001+
SIPI- (o e, A it STPT=(RS00-R445)/ (RS00-R680)- Pefluelas, 1995
SAVI. w30 Tt 2t O SAVI=[(1+L)(Rnir-Rred)]/( Rnir+Rred+L) L=0.5¢ Huete 1988+
TCARI: M SEERIEE- | TCARI=3*[(RT00-R670)-0.2*(R7T00-R550)(R7T00/R670)]< | Daughtry,2000.-
OSAVI- AL SRR | OSAVI=(1+0.16)(R800-R670)/(R800-R670+0.16)« Rondeaux, 1996+
CCTL CART OSAVI ifff+ | CCH =CARL OSAVI- Haboudane, 2001+
ARVIgreen | HiKSHE#EREH- ARVIgreen=(R560-R670)/(R560+R670+R450)~ Alfredo 1994+
ARVI-700¢ MAS B ARVI-T00=(R700-1. T*R6 7040, T*R450) < Kaufinan, 1996+

/(R700+2 3*R670-1 3*R450)
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F| FlBeer xR SINDVIFILAL (R4 B AR AL
NDVI = NDVI_ + (NDVI,_ — NDVI_) * exp (K ,. % LAI)

B S BE AT RS, NDVI_= 0.94, NDVI,_ = -0.1, K, . = 2.3739,

g LAl = 2.3793*l0g(0.95/(0.94— NDVI)),R? =0.5387,n =133

Relation between LAI and NDVI

5
2
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Interaction between light and leaf
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Wavlengt
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mass(mg
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LN (1-(1+ o« —
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Fraunhofer line

THE FRAUNHOFER LINE PRINCIPLE qﬁp X
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CF Detection from Fraunhofer Lines:
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Two Fraunhofer lines of the terrestrial oxygen absorption at 688m and 760 nm
Continuous line: terrestrial oxygen transmittance curves simulated by Modtran 4
with 10 cm spectral resolution. Dashed line: terrestrial atmospheric transmittance
curves simulated with 10 cmt spectral resolution. Broken line marked with diamond:
the terrestrial atmosphere transmittance curve resampled using the ASD response
functions.
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The canopy CO2 assimilation rate
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