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Live	  Fuel	  Moisture	  (LFM)	  
•  Water	  content	  of	  living	  
plant	  material	  

•  LFM	  = "↓$ /"↓'  =   "↓( 
− "↓' /"↓'  	  

•  Water	  acts	  as	  a	  heat	  sink	  
for	  combus@on	  and	  heat	  
transfer	  

•  High	  LFM	  reduces	  
probability	  of	  live	  fuel	  
igni@on	  and	  fire	  rate	  of	  
spread	  through	  live	  fuels	  
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Vegeta@on	  Spectral	  Signature	  
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Dry	  Ma:er	  Spectral	  Signature	  

•  Ligno-‐cellulose	  absorp@on	  in	  SWIR	  
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Sagebrush	  Temporal	  Spectral	  Change	  



Assump@ons	  in	  LFM	  Es@ma@on	  

•  Empirical	  methods	  use	  vegeta@on	  indices,	  such	  as	  
NDVI	  and	  NDWI,	  to	  indirectly	  es@mate	  LFM.	  

•  Radia@ve	  transfer	  modeling	  oUen	  assumes	  stable	  
DMC	  and	  fluctua@ng	  CWC.	  

•  Fire	  behavior	  models	  (e.g.	  Rothermel)	  also	  assume	  
stable	  dry	  ma:er	  and	  fluctua@ng	  water	  content.	  
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Research	  Objec@ves	  

•  Examine	  the	  seasonal	  varia@on	  of	  LFM	  and	  dry	  
ma:er	  content.	  

•  Explore	  biochemical	  founda@ons	  of	  LFM	  and	  
dry	  ma:er	  content	  varia@on.	  

•  Understand	  hyperspectral	  expression	  of	  dry	  
ma:er	  content	  and	  biochemical	  cons@tuents.	  
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Field	  Sampling	  of	  LFM	  

•  Lodgepole	  pine	  (Pinus	  contorta):	  new	  and	  old	  
•  Big	  sagebrush	  (Artemisia	  tridentata)	  
•  Dry	  ma:er	  in	  percentage	  of	  fresh	  mass	  (DMP)	  
•  Rela@ve	  water	  content	  (RWC)	  
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Biochemical	  Cons@tuents	  
Name	   Descrip@on	  	  

Neutral	  Detergent	  Fiber	  (NDF)	   lignin,	  cellulose	  

Non-‐structural	  carbohydrate	  
(NSC)	  

sugar,	  starch	  

Neutral	  detergent	  soluble	  fiber	  
(NDSF)	  

hemicellulose	  

Protein	   nitrogen	  bearing	  content	  	  

Fat	   wax	  and	  fat	  

Ash	   mineral	  content	  
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Leaf-‐scale	  Spectroscopy	  
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Sta@s@cal	  Analysis	  

•  Principle	  component	  analysis	  (PCA)	  
	   	  Seasonal	  pa:erns	  of	  biochemical	  cons@tuents	  

•  Semi-‐par@al	  correla@on	  analysis	  
	   	  Contribu@on	  of	  water	  and	  dry	  ma:er	  to	  LFM	  

•  Par@al-‐least-‐square	  regression	  (PLS)	  
	   	  Spectral	  correla@ons	  to	  LFM	  and	  dry	  ma:er	  
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PCA	  of	  All	  Variables	  
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Semi-‐par@al	  Correla@on	  

Species Dry matter (g)  Water (g) Common Variance 

New needles 0.37 0.05 0.45 

Old needles 0.17 0.1 0.45 

Sagebrush 0.24 0.23 0.08 
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PLS	  Results	  
New Needle R2 Old Needle R2 Sagebrush R2 

LFM 0.94 0.72 0.91 

DMP 0.94 0.75 0.8 

RWC 0.15 0.43 0.85 

Protein 0.7 0.4 0.9 

NDF 0.6 0.3 0.4 

Fat 0.8 0.3 0.6 

Ash 0.6 0.5 0.9 

NSC 0.7 0.3 0.5 

NDSF 0.3 0.2 0.1 
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Key	  Finding	  1:	  Temporal	  Trends	  	  

•  New	  needles	  started	  with	  high	  LFM	  and	  
converged	  to	  similar	  LFM	  as	  old	  needles.	  

•  Dry	  ma:er	  increased	  in	  new	  needles	  and	  
sagebrush	  leaves,	  and	  was	  rela@vely	  stable	  in	  
old	  needles.	  

•  Rela@ve	  water	  content	  was	  rela@vely	  stable.	  
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Key	  Finding	  2:	  Biochemical	  Varia@on	  

•  Dry	  ma:er	  was	  more	  important	  than	  water	  
content	  in	  driving	  LFM	  varia@on	  in	  lodgepole	  
pine	  needles.	  

•  LFM	  varia@on	  was	  jointly	  caused	  by	  water	  and	  
dry	  ma:er	  in	  sagebrush.	  

•  LFM	  masks	  what	  may	  be	  ecologically	  
important	  temporal	  varia@on	  in	  water	  
content,	  dry	  ma:er	  content,	  and	  biochemical	  
cons@tuents.	  
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Key	  Finding	  3:	  Hyperspectral	  Signature	  

•  Absorp@on	  features	  of	  mul@ple	  biochemical	  
cons@tuents	  shaped	  spectroscopic	  data.	  
Water,	  chlorophyll,	  and	  NIR	  reflectance	  are	  
the	  dominant	  signals.	  

•  Dry	  ma:er	  content	  absorp@on	  in	  the	  SWIR	  
does	  not	  have	  strong	  changes	  in	  expression	  

•  It	  is	  difficult	  to	  isolate	  spectral	  signatures	  of	  
individual	  cons@tuents.	  	  	  	  
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Conclusions	  

•  New	  and	  old	  lodgepole	  pine	  needles	  have	  
different	  seasonal	  trends	  in	  LFM	  and	  dry	  ma:er	  
content	  	  

•  Dry	  ma:er	  is	  a	  more	  important	  driver	  in	  LFM	  
varia@on	  than	  water	  in	  lodgepole	  pine	  needles	  

•  Dry	  ma:er	  content	  is	  not	  uniquely	  expressed	  
within	  wavelength	  380	  –	  1800	  nm.	  	  

•  HyspIRI	  data	  have	  higher	  poten@al	  for	  es@ma@ng	  
LFM	  in	  sagebrush	  than	  lodgepole	  pine.	  	  
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