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Greening	
  of	
  the	
  ArcHc…


•  Satellite-­‐derived	
  greening	
  of	
  the	
  
ArcHc	
  among	
  the	
  most	
  recognized	
  
changes	
  ongoing	
  in	
  the	
  arcHc	
  

•  ~	
  Increased	
  plant	
  biomass	
  and	
  
producHvity	
  

• Recognized	
  challenge	
  interpreHng	
  
relaHonship	
  between	
  satellite-­‐
derived	
  and	
  ground-­‐based	
  change.	
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Greening	
  of	
  the	
  ArcHc…


•  Explored	
  how	
  the	
  following	
  impact	
  
greening	
  

1.  Land	
  cover	
  change	
  
2.  Successional	
  change	
  
3.  Land	
  surface	
  change	
  
4.  Disturbance	
  
5.  SpaHo-­‐temporal	
  variability	
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1.  Land  Cover  Change  ~  Lin  et  al.  (2011)  ERL
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1.  Land  Cover  Change  ~  Lin  et  al.  (2011)  ERL




2.  Successional  change    
~  Baffin  Island
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300	
  m	
  
N	
  

Barrow	
  
Biocomplexity	
  
Flooding	
  and	
  
Draining	
  

Experiment	
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Flooded	
  

3.  Land  surface  change  studies
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NDVI	
  during	
  peak	
  growing	
  season	
  2008	
  (Goswami	
  et	
  al.	
  2011):	
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FLOODED	
  +10cm	
   DRAINED	
  -­‐10cm	
  

•  Surface	
  water	
  confounds	
  NDVI	
  
•  70%	
  reducHon	
  in	
  surface	
  water	
  cover	
  
can	
  increase	
  NDVI	
  by	
  25%	
  

•  Drying	
  can	
  increase	
  greening	
  
•  Are	
  we	
  missing	
  the	
  drying	
  of	
  the	
  
Arc5c?	
  

•  And/or	
  are	
  we	
  under-­‐es5ma5ng	
  
greening	
  of	
  the	
  Arc5c?	
  



NDVI  decreases  by  almost  25%  when    
surface  water  cover  increases  by  70%.







4.  Disturbance  ~  Herbivory
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2.	
  OrdinaHon	
  of	
  
historic	
  and	
  

destrucHve	
  plots	
  

3.	
  Surface	
  
plots	
  of	
  

ecosystem	
  
funcHonal	
  
traits	
  

4.	
  Time	
  
series	
  of	
  
funcHonal	
  
traits	
  

1.	
  Measure	
  
structural	
  

and	
  
funcHonal	
  
traits	
  on	
  

destrucHve	
  
plots	
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Not	
  Grazed	
  
Since	
  1950’s	
   Grazed	
  

Impact	
  of	
  sustained	
  herbivory	
  
greater	
  than	
  most	
  experimental	
  

manipulaHons	
  

Tundra ecosystem structure and function is altered by a sustained 
absence of herbivory (Johnson et al. 2011; Lara et al. 2017) 



5.  Community-­‐level  spa$otemporal  variability




Digital  Image  Analysis


Patent	
  pending	
  
Phenocam	
  

(RGB,	
  NIR,	
  Thermal;	
  
Comms,	
  Rugged…)	
  



Barrow	
  MISP	
  Grid	
  &	
  
LiDAR	
  ElevaHon	
  Barrow	
  GCC	
  

Atqasuk	
  GCC	
  

Variability	
  in	
  Max	
  Green	
  
ChromaHc	
  Content	
  (GCC)	
  

between	
  plant	
  communiHes	
  and	
  
locaHons	
  2011-­‐2017	
  

•  Wet	
  and	
  moist	
  plant	
  communiHes	
  
demonstrate	
  greatest	
  variability	
  

•  ClassificaHon	
  not	
  joined	
  between	
  
Barrow	
  and	
  Atqasuk…	
  evidence	
  of	
  
variaHon	
  nonetheless	
  



Take  Home  Messages


• MulHple	
  interacHng	
  ecosystem	
  properHes	
  and	
  processes	
  impact	
  
greening	
  trends	
  

• Need	
  for	
  new	
  and/or	
  mulH-­‐index	
  analyses	
  and	
  other	
  RS	
  approaches	
  
to	
  isolate	
  and	
  idenHfy	
  relaHve	
  importance	
  of	
  different	
  drivers	
  of	
  
change	
  

• Ground	
  and	
  mid-­‐scale	
  remote	
  sensing	
  plagorms	
  key	
  to	
  success	
  
• New	
  lost-­‐cost	
  low-­‐tech	
  soluHons	
  increasingly	
  available	
  
•  ITEX	
  sites	
  and	
  partners	
  uniquely	
  poised	
  to	
  catalyze	
  advances	
  in	
  
scaling	
  studies	
  



New  synthesis?

• Build	
  phenocam	
  network	
  
•  Share	
  capacity	
  for	
  analysis	
  
• Acquire	
  high-­‐res	
  imagery	
  
•  Scale	
  to	
  landscape	
  
•  Synthesize	
  findings	
  



Advance	
  understanding	
  of	
  
lower	
  scale	
  ecosystem	
  

properHes	
  and	
  processes	
  
manifest	
  as	
  large	
  scale	
  

change 




(Approx.	
  45	
  Science,	
  400	
  public)	
  



Thanks	
  for	
  Watching!	
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