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Light Harvesting Complexes (Photosystems |, Il)
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Absorption Coefficients for Common Photosynthetic Pigments

Phycocyanin
Phycoerythrin ™ Characteristic of:
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Photosynthetic pigments: excitation energy transfer

Visible Spectrum (400-700 nm)
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Stress: Loss of
Chlorophyll & Increase
In Carotenoids

Q! Chemical Structures of Pigments are Known
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B-Carotene
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Leaf Senescence Follows Consistent Pattern of

Pigment Changes
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Pigment Composition Varies between Species,
even Closely Related Ones

Mature Valley Oak (deciduous) vs. Coast Live Oak (evergreen)
Reflectance and Pigment Composition & Concentrations

0 Live Oak
BB vatey Qax

Ustin et al. 1998



Variability in Pigment Composition and
Concentration in Vegetation

CARBON

Reflectance (%)
PIGMENTS

Wavelength (nm)

—White Oak

— Sycamaoare
Shingle Dak
Black Willow

—White Ash

—WWhite Ash

— Pignut Hickory

— Black Cherry

— Blackjack Oak
Boxelder
Blackgum (green)
Blackgum (medium)
Blackgum (red)
Mockernut Hickory
Shumard Oak
Black Locust

— Sikver Maple
Black Oak
Hackberry
Swe etgum
Owvercup Oak

— Pin Dak

—Red Mulberry

—Winged Elm

— Sugar Maple

— Sugar Maple

—Post Oak

— Red Maple

— Southern Red Oak

—— Shaghbark Hickary

—WWillow Oak

— Silktree
Lahlally Dina

Source : Mid-America Remote Sensing Center - Murray State University




Chlorophyll a (ug/g)

Salicornia virginica Pigment Concentration (phenology)
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Spartina foliosa Pigment Concentration (salinity,
phenology)

Chlorophyll a (ug/g)
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Pigment Indexes
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RGB IMAGE:
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BLUE=CAROTENOIDS

See Rahman et al. 2001
Gamon & Colleagues,
From Ustin et al., 2004
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Leaf photochemical reflectance index (PRI)
vVersus
(a)de-epoxidation of the xanthophyll cycle pigments
normalized to chlorophyll and
(b) total xanthophylls cycle pigments normalized to chlorophyll

10 15 20 25 30 8 10 12 14 16 18 20 22
[Chl t)/([Z]+0.5[A]) [Chl t}/[V+A+Z]

Adenostoma fasciculatum (black circles)
Adenostoma sparsifolium (white circles)

José Alfonso Silva Sepulveda,
2006 Honors Thesis

Site: Skye Oaks, California; Chaparral CSU-LA



EO-1 Hyperion Hyperspectral

Physiological Indices :
PRI = photochemical reflectance index e
CRI = carotenoid reflectance index e
NDVI = normalized difference vegetation index ﬁmé

CWR = canopy water retrieval (curve-fitting, not reflectance index)
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Vegetation Indices Related to Vapor Pressure Deficit

.90

.85

.80

re Deficit (k Pa)

75 -

70 A

Hawal'i

- Volcanoes
National
Park

.65 -

Weekly Vapor Pressu

-0.04 —

-0.06 -

Deficit (k Pa)

-0.08 -

4
S
>
%)
c
0
)
=
i}
o
12}
=]
z
<
2
3

-0.10 -

Weekly Vapor Pressure

012 ] | | | | Ohia, Site 1 (native)
.81 - Myrica, Site 1
. . . (n-fixing invasive)
s | 3 Myrica, Site 2
o Mixed Ohia-Myrica

0.0022

0.0020 -

Deficit (k Pa)

0.0014

0.0012

Carotenoid Pigments (CRI)

0.0010 -

Weekly Vapor Pressu

0.0008 -

0.0006 T T T 0.0
8/1/2004 10/1/2004 12/1/2004 2/1/2005 4/1/2005

Vapor Pressure Deficit



Satellite Hyperspectral Physiological Indices vs.
Top-of-canopy Leaf Pigments Measured in the Field
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Fitting Multiple Gaussian to Spectrum to ldentify &
Quantify Multiple Pigments
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Chronic stress - Crown
Transformation
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Norway spruce functional crown parts:
a/ juvenile part
b/ production part
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Spruce Damage from Austria: Acid Deposition

Mean Spruce Needles

N

y = -0.339x + 2.495
R? = 0.8941

=i
[6,]

Chl a/b Ratio

—&®— Seriesi

s Linear
(Series1)

Class

Spruce Needle Damage Class

Spruce Branch Samples from CIiff Banninger, Gratz Austria
CSTARS: Pigment Analysis




Chlorophyll Retrieval from Indexes, ANMB, PROSPECT

-
o0 = ]
1 1 1

RMSE [pgicm’] _.
EC =

Comparison of the RMSE between measured and retrieved Ch_,,

=9 iy | m I | [un] L]
M m m m
1

W]
M

Chgsy by TCARIOSAVI [p_g.-"emz]

sl
M

# current needles (n=24)
& current needles+1 (n=21)
@ current needles+2 (n=18)

RY=063
y=17.35 +0.73 x

45 55 g 85
Chasy measured [p.g cm’]

85

W TCARNDSAY
regression

@ ANMBYO0-800
regression

OFROSPECT
retrieval

all age-
classes
in=63

curremnt
needles
in=24)

current+1  current+2
needles
in=21)

RT
needles
(n=44)

R
needles
in=18)

needles
in=1a)

[Lu]
m

[ma]
m

I 2
/cm
] thq ]
it T

iy
m

Chasp |}£AHMB?nn-enn |

cm?]
[mn]
g}

]
iy ]

Chyw, by PROSPECT

# current needles (n=24)
& current needles+1 (n=21)
o current needles+? (n=18)

R =058
v= 1941 +0.65%

45 o5 § 85
Chaw measured [p.g cm‘]

5

# current needles (n=24)
@ current+1 needles (n=21)
& current+2 needles (n=18)

o
o S

_H_,.H"'
£55
C .
» o
H.f *

y:25 3 +0.53 x

35 45 55 ? B85
Chy+ measured [p.g cm‘]

5




Spectral Based Approaches:

Spectral Identification Methods

Reflectance Wavebands: 430nm - 680nm
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Measured & Predicted Pigments
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Absorption coefficient

Wolar extinction coefficient
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