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1.  Build a model 
•  Ideally, a model would compliment known controls on 

whitebark and limber pine distribution 

2.  Convert the model into a map 



1.  Model à Map software 

2.  Equipment & methods for alpine 
vegetation surveys using UAV 





1.  ACIMS Archive 

2.  Field Campaigns 

3.  Aerial Photo Interpretation 





























Table	
  1.	
  	
  Criteria	
  for	
  determining	
  presence	
  or	
  absence	
  score	
  (SCORE)	
  
Score	
   Trees	
  Dis(nguished	
  

within	
  Kernel	
  
Trees	
  Dis(nguished	
  

within	
  Plot	
   Result	
   Classifica(on	
  
0	
   Yes	
   Yes	
   No	
  WBP	
  in	
  en(re	
  kernel	
   Absence	
  
1	
   No	
   Yes	
   Unlikely	
  to	
  be	
  WBP	
  in	
  kernel	
   Absence	
  
2	
   Yes	
   No	
   If	
  there	
  are	
  WBP	
  in	
  kernel,	
  they’re	
  too	
  small	
  

or	
  their	
  crowns	
  are	
  indis(nguishable	
   Absence	
  

3	
   Yes	
   No	
  
Habitat	
  in	
  representa(ve	
  kernel	
  is	
  different	
  
from	
  regions	
  of	
  confirmed	
  absence	
  and	
  may	
  
contain	
  WBP	
  

Unconfirmed	
  

4	
   No	
   No	
   The	
  plot	
  is	
  likely	
  absence,	
  but	
  not	
  confirmed	
  
in	
  surrounding	
  kernel	
   Unconfirmed	
  

5	
   No	
   No	
   Equal	
  likelihood	
  of	
  presence	
  or	
  absence	
   Unconfirmed	
  
6	
   No	
   No	
   The	
  habitat	
  observed	
  indicates	
  likely	
  

presence,	
  but	
  not	
  confirmed	
   Unconfirmed	
  

7	
   No	
   No	
  
Habitat	
  in	
  kernel	
  is	
  similar	
  to	
  regions	
  of	
  
confirmed	
  presence	
  but	
  may	
  not	
  contain	
  any	
  
WBP	
  

Unconfirmed	
  

8	
   Yes	
   Sort	
  of	
   Confirmed	
  WBP	
  in	
  plot	
  but	
  rare	
  in	
  kernel	
   Presence	
  
9	
   No	
   Yes	
   Confirmed	
  WBP	
  in	
  plot	
  and	
  most	
  of	
  kernel	
   Presence	
  
10	
   Yes	
   Yes	
   WBP	
  in	
  en(re	
  kernel	
   Presence	
  



Table	
  2.	
  	
  Criteria	
  for	
  determining	
  representaFve	
  score	
  (REP	
  SCORE)	
  
Score	
   Certainty	
  
0	
   Unusable	
  Plot	
  
1	
   Absence	
  is	
  obvious	
  
2	
   Plot	
  contains	
  less	
  than	
  25%	
  homogeneity	
  
3	
   Plot	
  contains	
  less	
  than	
  50%	
  homogeneity	
  
4	
   Plot	
  contains	
  less	
  than	
  75%	
  homogeneity	
  
5	
   Representa(ve	
  in	
  plot,	
  kernel	
  contains	
  less	
  than	
  25%	
  representa(ve	
  
6	
   Representa(ve	
  in	
  plot,	
  kernel	
  contains	
  around	
  50%	
  representa(ve	
  
7	
   Representa(ve	
  in	
  plot,	
  kernel	
  contains	
  more	
  than	
  75%	
  representa(ve	
  
8	
   Representa(ve	
  for	
  100m	
  
9	
   Representa(ve	
  for	
  300m	
  
10	
   Representa(ve	
  for	
  500m	
  













1.  Explanatory Variables 

2.  Choosing Model Type 

3.  Converting the Model to a Map 



1.  Spectral variables 
•  Calculated from Landsat ETM 

2.  Topographic variables 
•  Calculated from digital elevation 



Landsat	
  BAND	
   Wavelength	
   Use	
  

BAND	
  1	
   Blue	
   Differen(ates	
  soil	
  and	
  rock	
  from	
  vegeta(on	
  

BAND	
  2	
   Green	
   Covers	
  green	
  reflectance	
  peak	
  from	
  leaves	
  

BAND	
  3	
   Red	
   Senses	
  chlorophyll	
  absorp(on	
  region	
  

BAND	
  4	
   Near	
  Infrared	
   Vegeta(on	
  biomass	
  and	
  vigor;	
  soil	
  moisture	
  

BAND	
  5	
   Mid	
  Infrared	
   Vegeta(on	
  moisture	
  and	
  soil	
  moisture	
  

BAND	
  6	
   Thermal	
   Vegeta(on	
  stress	
  

BAND	
  7	
   Mid	
  Infrared	
   Vegeta(on	
  moisture	
  and	
  rock	
  type	
  

Lillesand, Kiefer, and Chipman, 2004 



1.  Spectral variables 
•  Calculated from Landsat ETM 

2.  Topographic variables 
•  Calculated from digital elevation 



1.  Spectral variables 
•  Calculated from Landsat ETM 
•  Tasselled Cap 

2.  Topographic variables 
•  Calculated from digital elevation 
•  CTI D-Infinity 



Logistic Regression Classification Tree Analysis 



Logistic Regression Classification Tree Analysis 

Discreet classes 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Intuitive 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Makes sense for binary Intuitive 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Makes sense for binary Intuitive 
 
 Boosting 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Makes sense for binary Intuitive 
Thresholding/Sensitivity 
Analysis (ROC) Boosting 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Makes sense for binary Intuitive 
Thresholding/Sensitivity 
Analysis (ROC) Boosting 

Performs Good 



Logistic Regression Classification Tree Analysis 

Continuous surface Discreet classes 
Makes sense for binary Intuitive 
Thresholding/Sensitivity 
Analysis (ROC) Boosting 

Performs Good Performs Better 



Rule 3/6: (182.7/10.3, lift 2.0) 
 BAND4    <=  78 
 NDVI    >  -0.132353 
 LONGCONVEX  <=  0.105444 
 CTIDINF    <=  8.03757 
 ELEVATION   >  1742 

 ->  class Presence  [0.939] 



-­‐-­‐-­‐-­‐-­‐	
  	
  Trial	
  3:	
  	
  -­‐-­‐-­‐-­‐-­‐	
  

Rule	
  3/1:	
  (79.1,	
  liV	
  1.9)	
  
	
  ELEVATION	
  <=	
  1742	
  

-­‐>	
  	
  class	
  Absence	
  	
  [0.988]	
  

	
  

	
  

Rule	
  3/2:	
  (28.4,	
  liV	
  1.9)	
  
	
  BAND4	
  >	
  78	
  

-­‐>	
  	
  class	
  Absence	
  	
  [0.967]	
  

	
  

	
  

Rule	
  3/3:	
  (52.7/3.2,	
  liV	
  1.8)	
  
	
  CTIDINF	
  >	
  8.03757	
  

-­‐>	
  	
  class	
  Absence	
  	
  [0.924]	
  

	
  

	
  

Rule	
  3/4:	
  (37.2/2.7,	
  liV	
  1.7)	
  
	
  NDVI	
  <=	
  -­‐0.132353	
  
	
  LONGCONVEX	
  <=	
  0.105444	
  

-­‐>	
  	
  class	
  Absence	
  	
  [0.905]	
  

Rule	
  3/5:	
  (52/5.7,	
  liV	
  1.7)	
  
	
  LONGCONVEX	
  >	
  0.105444	
  
	
  PLANCONVEX	
  >	
  -­‐0.764402	
  
	
  CTIDINF	
  <=	
  8.03757	
  

-­‐>	
  	
  class	
  Absence	
  	
  [0.877]	
  

	
  

	
  

Rule	
  3/6:	
  (182.7/10.3,	
  liV	
  2.0)	
  
	
  BAND4	
  <=	
  78	
  
	
  NDVI	
  >	
  -­‐0.132353	
  
	
  LONGCONVEX	
  <=	
  0.105444	
  
	
  CTIDINF	
  <=	
  8.03757	
  
	
  ELEVATION	
  >	
  1742	
  

-­‐>	
  	
  class	
  Presence	
  	
  [0.939]	
  

	
  

	
  

Rule	
  3/7:	
  (7.5,	
  liV	
  1.9)	
  
	
  LONGCONVEX	
  >	
  0.105444	
  
	
  PLANCONVEX	
  <=	
  -­‐0.764402	
  
	
  ELEVATION	
  >	
  1742	
  

-­‐>	
  	
  class	
  Presence	
  	
  [0.895]	
  

Default	
  class:	
  Absence	
  



Whitebark Presence 



1.  More/different explanatory variables 
•  Topographic roughness, disturbance index 

2.  Modelling tactics 
•  Reduce variation – stratify sample 

•  Utilize error values 

•  Group stands into objects 

3.  More data 

4.  Better data 



•  Location, location, location 
•  Especially with distance surveys! 

•  Consistency 

•  Need to save money, but clustered sampling is really 
bad for modelling 

•  Fixed wing surveys seem like cheap alternative, but 
can be problematic 

•  Helicopter surveys notoriously expensive, often yield 
poor results 





UAV: 

Mikrokopter 

Zenmuse z15 

V-Map 
Aerius MLR100 

Wookong-M Waypoint 



Thanks!	
  


