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•  Cumula6ve	
  effects	
  	
  “The	
  incremental	
  impact	
  
of	
  ac6on	
  when	
  added	
  to	
  other	
  past,	
  present,	
  
and	
  reasonably	
  foreseeable	
  future	
  ac6ons….	
  
result	
  from	
  individual	
  minor	
  but	
  collec6vely	
  
significant	
  .	
  .	
  	
  .”	
  (NEPA	
  1978)	
  
– Mul6ple	
  drivers	
  
– Mul6ple	
  jurisdic6ons	
  	
  
– non	
  linearity	
  of	
  system	
  behavior	
  /	
  complexity	
  
– Land	
  cover	
  +	
  land	
  use	
  change	
  



•  How	
  are	
  they	
  perceived?	
  	
  
•  How	
  are	
  they	
  best	
  measured?	
  
•  How	
  are	
  they	
  best	
  managed?	
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methods	
  

•  Conceptual	
  Models	
  
•  Modified	
  interac6on	
  matrices	
  
•  Networks	
  
•  Simula6on	
  modeling	
  
•  Adap6ve	
  management	
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Sources:	
  h[p://www.wtrg.com/oil_graphs/oilprice1947.gif	
  

Rapid	
  change	
  is	
  presen.ng	
  challenges	
  .	
  .	
  .	
  



Human	
  dimensions	
  of	
  land	
  cover	
  land	
  use	
  change	
  

•  Social-­‐Ecological	
  System	
  

•  Adapta6on,	
  mi6ga6on,	
  &	
  transforma6on	
  	
  

•  Adap6ve	
  Capacity/adaptability-­‐	
  Capacity	
  of	
  human	
  
actors	
  to	
  respond	
  to,	
  create,	
  and	
  shape	
  change	
  in	
  
the	
  state	
  of	
  the	
  system	
  

•  Adap6ve	
  Management:	
  A	
  strategy	
  for	
  limi6ng	
  and	
  
an6cipa6ng	
  surprise,	
  and	
  learning	
  from	
  them	
  in	
  a	
  
posi6ve	
  manner…	
  	
  

	
  
	
  





Research	
  Ac6vi6es	
  	
  

•  Local	
  knowledge	
  studies	
  with	
  communi6es	
  
•  Review	
  of	
  assessments	
  and	
  records	
  of	
  
decision	
  

•  Interviews	
  with	
  agency,	
  industry,	
  and	
  
indigenous	
  leaders	
  /	
  managers	
  



Land	
  Use	
  Δ	
   Climate	
  Δ	
  

Ins&tu&ons	
  	
  
&	
  	
  	
  

	
  Management	
  

Social	
  System	
  
•  En6tlements	
  
•  infrastructure	
  
•  Livelihoods	
  
•  Well	
  being	
  

Ecosystem	
  
•  Abundance	
  
•  Distribu6on	
  

Ecosystem	
  
Services	
  



Nuiqsut	
  



Types	
  of	
  Income	
  and	
  their	
  returns	
  

$39,542	
  

$86,980	
  

$153,550	
  

Public	
  Assistance	
  	
  
Dividends	
  
Elders’	
  Income	
  
Job	
  Income	
  

Jobs	
  and	
  
Income	
  Data	
  

	
  	
  Wainwright	
   Kaktovik	
  

Per	
  Capita	
  
Job	
  Income	
  

	
  	
  	
  	
  	
  $	
  24,130	
   	
  	
  	
  	
  	
  $	
  26,831	
  

Per	
  Capita	
  Income	
   	
  	
  	
  	
  	
  $	
  41,485	
   	
  	
  	
  	
  	
  $	
  40,613	
  

Employment	
  	
  
months	
  per	
  adult	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  8.2	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8.2	
  

No.	
  jobs/household	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  1.8	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.3	
  

$33,704	
  

$81,592	
  

$141,100	
  

Kaktovik	
  Wainwright	
  



Local-­‐level	
  implica6ons	
  

•  Displacement	
  from	
  tradi6onal	
  use	
  areas	
  
•  Changes	
  in	
  ecosystem	
  services	
  
– Direct	
  –	
  caribou	
  migra6on	
  
–  Indirect	
  (noise	
  and	
  pollu6on)	
  	
  

•  Larger	
  infusion	
  of	
  $	
  to	
  village	
  	
  
•  Greater	
  inner-­‐community	
  conflicts	
  
•  Increased	
  wealth	
  disparity	
  
•  Stressed	
  capacity	
  to	
  engage	
  and	
  shape	
  decisions	
  



Examples	
  of	
  Hunter	
  Observa&ons	
  	
  of	
  Landscape	
  Change	
  	
  
	
  (completed	
  with	
  Alaska	
  EPSCoR	
  Northern	
  Test	
  Case)	
  

Hunters	
  in	
  Nuiqsut	
  given	
  GPS	
  units	
  cameras	
  –	
  documen&ng	
  their	
  observa&ons	
  
of	
  landscape	
  change.	
  	
  Follow	
  up	
  interviews	
  conducted	
  for	
  explana&ons	
  and	
  for	
  
par&cipatory	
  mapping.	
  	
  

Changing	
  water	
  levels	
  

River	
  bank	
  erosion	
  

Lake	
  draining	
  



•  Limita&ons	
  realizing	
  Adap&ve	
  Management:	
  	
  	
  
–  limited	
  staff	
  size,	
  	
  
–  high	
  turnover	
  of	
  agency	
  personnel,	
  	
  
–  limita6ons	
  in	
  handling	
  the	
  high	
  number	
  of	
  applica6ons	
  (i.e.	
  
for	
  permits)	
  received,	
  	
  

–  a	
  lack	
  of	
  standardized	
  policies	
  and	
  guidelines	
  for	
  
addressing	
  applica6ons,	
  	
  

–  limited	
  engagement	
  with	
  a	
  greater	
  community	
  such	
  as	
  
university	
  researchers	
  and	
  regional	
  assessment	
  teams,	
  	
  

–  inadequate	
  GIS	
  capacity	
  	
  

	
   	
   	
  AK-­‐DNR/	
  Northern	
  Regions	
  study	
  (2006)	
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Industry	
  Perspec6ve	
  	
  
on	
  “Adap6ve	
  Management”	
  

•  10	
  middle	
  management	
  par6cipants	
  
•  Cumula6ve	
  effects?	
  	
  
•  Managing	
  aging	
  infrastructure	
  
•  Disconnect	
  between	
  data	
  and	
  regula6ons	
  
•  Wicked	
  problems	
  
•  Cases	
  



Evolu6on	
  of	
  prac6ce	
  
•  Nepng	
  waste	
  pits	
  
•  Strobes	
  to	
  deter	
  bird	
  strikes	
  
•  Waste	
  management	
  (dumping	
  to	
  injec6on)	
  
•  Pipeline	
  heights	
  
•  Polar	
  Bear	
  Hazing	
  (USFW)	
  
•  Tundra	
  rehabilita6on	
  	
  
•  Reuse	
  of	
  gravel	
  
•  Spill	
  response	
  
•  Sedimenta6on	
  near	
  causeways	
  
•  Compliance	
  matrix	
  for	
  regula6ons	
  



Compara6ve	
  Studies?	
  
North	
  Slope	
  Alaska	
  	
   Yamal	
  

	
  

Changes	
  in	
  ecosystem	
  
services	
  for	
  indigenous	
  
people	
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  effects	
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