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•  Leaf	  traits	  &	  spectroscopy	  

•  Image	  processing	  &	  scaling	  

•  SpaLal	  predicLons	  

•  ApplicaLons	  

Major	  Themes	  

Coachella	  Valley,	  California	  
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ANPP = LUE ! APAR
LUEindex =  [Ncanopy /FPAR]/Marea

Data	  from	  Green	  et	  al.,	  (2003).	  	  Ag.	  For.	  Met.	  



Info	  Here	  
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Example	  Scenes	  165	  Plots	  	  120+	  AVIRIS	  Scenes	  
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NASA	  FFT	  Project	  



Info	  Here	  
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Info	  Here	  

(a)	  Fresh	   (b)	  Dry	  
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Where	  we	  are	  today:	  
	  

Standardized	  equaLons	  to	  predict	  foliar	  
consLtuents	  using	  leaf-‐level	  spectroscopy.	  
	  
Also:	  cardenolides,	  condensed	  tannins,	  phenolic	  
glycocides	  

%N 	   	  	  	  	  	  	  	  	  LMA 	   	  	  	  Fiber	  

	  	  	  	  	  	  	  	  %C 	  	  	  	  	  	  	  	  Cellulose 	   	  	  	  	  	  	  	  	  	  	  Lignin	  

δ15N	  
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Also:	  cardenolides,	  condensed	  tannins,	  phenolic	  
glycocides	  

Cal.	  

7	  



%N 	   	  	  	  	  	  	  	  	  LMA 	   	  	  	  Fiber	  

	  	  	  	  	  	  	  	  %C 	  	  	  	  	  	  	  	  Cellulose 	   	  	  	  	  	  	  	  	  	  	  Lignin	  

δ15N	  
Serbin,	  Singh,	  Kingdon,	  McNeil,	  Townsend	  [in	  prep]	  Eco.	  Apps	  

Val.	  

Where	  we	  are	  today:	  
	  

Standardized	  equaLons	  to	  predict	  foliar	  
consLtuents	  using	  leaf-‐level	  spectroscopy.	  
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8	  



500 1000 1500 2000

−30
−20

−10
0

10

Wavelength (nm)
PLS

R C
oef

ficie
nts

500 1000 1500 2000

−30
−20

−10
0

10

waves

coe
fs

Mean
95% CI

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

!

!!!!!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

500 1000 1500 2000

0.0
0.2

0.4
0.6

0.8

Wavelength (nm)

P−v
alu

e

LMA	  (g	  m-‐2)	  

0	  

-‐10	  

10	  

500	  

Mean	  
95%	  CI	  

-‐20	  

-‐30	  
1000	   1500	   2000	   2400	  

NASA	  HyspIRI	  Workshop	  	  	  9	  



Info	  Here	  
%N 	   	  	  	  	  	  	  	  	  	  %C 	  	  	  	  	  	  	  	  	  	  	  	  	  Fiber	  

Lignin 	   	  	  	  Cellulose 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  δ15N	  

LMA	   *Residuals	  by	  species	  
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Scaling:	  Imaging	  Spectroscopy	  
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TAFKAA	  
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Leaf	  Nitrogen	  Conc.	  (%)	  
	  	  	  	  	  	  Leaf	  
	  	  	  	  	  	  Canopy	  
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Leaf	  Mass	  per	  Area	  (LMA,	  g	  m-‐2)	  

NIR	  

NIR	  

	  	  	  	  	  	  Leaf	  
	  	  	  	  	  	  Canopy	  
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Lignin	  (%	  DW)	  
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Spa-al	  Varia-on	  in	  LMA	  

A:	  	  
B:	  	  
C:	  	  
D:	  Baraboo	  Hills,	  WI	  (Hickory/Oak/Pine)	  
E:	  
F:	  	  
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Spa-al	  Varia-on	  in	  LMA	  

A:	  Porcupine	  Mountains,	  MI	  (OG	  Hem/Hdw)	  	  
	  
B:	  Ojawa	  NF,	  MI	  (OG	  Hem/Hardwood)	  	  
	  
C:	  Flambeau	  River	  SF,	  WI	  (N.	  Hardwood)	  
	  
D:	  Baraboo	  Hills,	  WI	  (Hickory/Oak/Pine)	  
	  
E:	  Fernow	  Exp.	  Forest,	  WV	  (Mixed	  Hdw)	  
	  
F:	  Green	  Ridge	  SF,	  MD	  (Mixed	  Oak)	  

Missing	  (urban/cloud)	  
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Spa-al	  Varia-on	  in	  LMA	  
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Porcupine	  Mountains	  

Flambeau	  River	  SF	  

Fernow	  Exp	  Forest	  



R:	  ADL	  
G:	  Nitrogen	  
B:	  LMA	  

Fernow	  Exp.	  Forest	  
Logging	  Disturbance	  

%N	  

Google	  Earth	  
2010	   2011	  
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Model-‐data	  AssimilaLon:	  AVIRIS	  
Willow	  Creek	  EC	  Tower	  Site,	  Wisconsin	  	   Serbin	  et	  al.	  (in	  prep)	  

Dietze	  et	  al.,	  (in	  review).	  JGR-‐Biogeosciences	  

www.pecanproject.org	  

Mean	  
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S.D.	  
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Next	  Steps	  

	  
•  ApplicaLon	  of	  PLSR	  algorithms	  to	  new	  sites	  
– Eastern	  US;	  NEON	  
– HyspIRI	  California	  Campaign	  (cal/val)	  
	  

•  Synthesize	  spaLal	  predicLons	  within	  
ecosystem	  models	  
– Upper	  Midwest,	  HyspIRI	  California	  Campaign	  Leaf	  
morphology,	  phenology,	  chemistry,	  etc	  
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