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RATIC	
  goal	
  

•  Develop	
  an	
  interna-onal	
  ac-on	
  plan	
  to	
  address	
  adap-ve	
  approaches	
  
that	
  u-lize	
  state-­‐of-­‐the-­‐art	
  science,	
  modeling,	
  engineering,	
  educa-on,	
  
involvement	
  of	
  local	
  people,	
  and	
  management	
  methods	
  that	
  lead	
  to	
  
sustainable	
  management	
  of	
  infrastructure	
  development	
  in	
  the	
  Arc-c.	
  



RATIC	
  is	
  a	
  cross-­‐cu1ng	
  IASC	
  ini4a4ve.	
  

IASC	
  Terrestrial	
  &	
  Cryosphere	
  Working	
  Groups:	
  	
  
•  Defining	
  and	
  quan-fying	
  primary	
  changes	
  to	
  landscapes	
  vegeta-on	
  and	
  
permafrost.	
  	
  	
  

	
  
IASC	
  Social	
  and	
  Human	
  Working	
  Group:	
  

•  Examining	
  percep-ons	
  of	
  local	
  people	
  in	
  communi-es,	
  industry,	
  
agencies,	
  and	
  	
  NGOs	
  regarding	
  the	
  ongoing	
  changes.	
  	
  

•  Involving	
  of	
  local	
  people	
  in	
  helping	
  to	
  define	
  the	
  important	
  issues	
  
related	
  to	
  infrastructure	
  

•  Developing	
  effec-ve	
  means	
  to	
  adapt	
  to	
  the	
  changes.	
  	
  

	
  
	
  
	
  



RATIC	
  ac4vi4es	
  at	
  AC	
  2014	
  

•  This	
  Workshop:	
  Tues	
  	
  
•  Two	
  Sessions	
  of	
  oral	
  presenta4ons	
  (Room	
  208):	
   	
  	
  

–  T40A:	
  Thursday,	
  15:30-­‐17:00	
  
–  T40B:	
  Friday,	
  	
  	
  10:30-­‐12:00	
  

•  Posters:	
  Tues	
  and	
  Wed	
  17:00-­‐19:00,	
  Nos.	
  325-­‐341	
  
•  Wrap	
  up	
  to	
  discuss	
  ICARP	
  III	
  white	
  paper:	
  Friday	
  
aVernoon	
  aVer	
  lunch	
  (Room	
  208?)	
  



Today’s	
  RATIC	
  Workshop	
  
	
  

•  A	
  forum	
  for	
  developing	
  and	
  sharing	
  new	
  ideas	
  regarding	
  the	
  best	
  
prac4ces	
  for	
  assessing	
  and	
  responding	
  to	
  the	
  cumula4ve	
  effects	
  
of	
  industrial	
  infrastructure	
  and	
  climate	
  change	
  across	
  the	
  Arc4c.	
  

•  Three	
  case	
  studies	
  from	
  Alaska,	
  Russia,	
  and	
  Canada.	
  
•  Round	
  table	
  discussion	
  to	
  discuss	
  four	
  ques4ons	
  (next	
  slide).	
  
•  Begin	
  developing	
  a	
  RATIC	
  white	
  paper	
  to	
  be	
  presented	
  at	
  ICARP	
  

III	
  in	
  Yohama,	
  Japan,	
  April	
  2014.	
  
	
  



Co-­‐applicants	
  for	
  IASC	
  workshop	
  support	
  

•  Skip	
  Walker:	
  University	
  of	
  Alaska	
  Fairbanks,	
  Alaska,	
  USA	
  
•  Michel	
  Allard:	
  Université	
  Laval,	
  Québec,	
  Canada	
  	
  
•  Timo	
  Kumpula:	
  University	
  of	
  Eastern	
  Finland,	
  Joensuu,	
  Finland	
  
	
  

Co-­‐organizers	
  of	
  the	
  workshop	
  

•  Skip	
  Walker:	
  Terrestrial	
  Working	
  Group	
  
•  Gail	
  Fondahl:	
  Social	
  and	
  Human	
  Working	
  Group	
  
•  Hans	
  Hubberton:	
  Cryosphere	
  Working	
  Group	
  

•  Elena	
  Kuznetsova:	
  SINTEF,	
  Byggforsk,	
  Oslo,	
  Norway	
  	
  
•  Louis	
  Philipp	
  Roy:	
  Yukon	
  Research	
  Center,	
  Whitehorse,	
  Yukon,	
  

Canada	
  
	
  

APECS	
  co-­‐organizers	
  



Financial	
  Support	
  for	
  the	
  Workshop	
  

	
  
NSF	
  Arc4c	
  Science,	
  Engineering,	
  and	
  Educa4on	
  for	
  Sustainability	
  
Program	
  (ArcSEES)	
  
	
  
NASA	
  Land	
  Cover	
  Land	
  Use	
  Change	
  Program	
  (LCLUC)	
  	
  
	
  
IASC	
  Terrestrial,	
  Social	
  and	
  Human,	
  and	
  Cryosphere	
  Working	
  Groups	
  
	
  



Expected	
  outcomes	
  of	
  the	
  workshop	
  	
  

(1)  Summarize	
  the	
  status	
  of	
  interna-onal	
  efforts	
  to	
  examine	
  the	
  cumula-ve	
  
effects	
  of	
  rapid	
  transi-ons	
  in	
  Arc-c	
  social-­‐ecological	
  systems	
  caused	
  by	
  
infrastructure	
  development	
  and	
  climate	
  change.	
  	
  

(2)  Develop	
  a	
  set	
  of	
  shared	
  interna-onal	
  objec-ves	
  focused	
  on	
  effec-ve	
  
means	
  to	
  address	
  the	
  key	
  issues	
  related	
  to	
  rapid	
  transi-ons	
  in	
  Arc-c	
  
social-­‐ecological	
  systems	
  related	
  to	
  infrastructure	
  and	
  climate	
  change.	
  	
  

(3)  Develop	
  a	
  coordinated	
  interna-onal	
  science	
  plan	
  to	
  address	
  these	
  issues.	
  	
  	
  
(4)  The	
  long-­‐term	
  goal:	
  Be\er	
  planning	
  and	
  management	
  of	
  Arc-c	
  

infrastructure	
  in	
  light	
  of	
  concerns	
  of	
  the	
  local	
  indigenous	
  people	
  and	
  the	
  
constraints	
  imposed	
  by	
  ongoing	
  rapid	
  climate	
  change.	
  



Structure	
  of	
  the	
  Workshop	
  
I.   Three	
  case	
  studies	
  (45	
  minutes	
  each):	
  	
  

1.   	
  Cumula4ve	
  Effects	
  in	
  the	
  Prudhoe	
  Bay	
  Oilfield,	
  AK	
  (Chair:	
  Skip	
  Walker)	
  
2.   Russian	
  Arc4c	
  oil	
  and	
  gas	
  development	
  and	
  climate	
  change	
  interac4ons	
  

(Chair:	
  	
  Timo	
  Kumpula)	
  
3.   Canadian	
  Arc4c	
  Development:	
  The	
  ADAPT	
  and	
  IRIS	
  ini4a4ves	
  (Chair:	
  M.	
  

Allard)	
  

II.   Round-­‐table	
  discussion	
  (4	
  ques4ons,	
  15	
  minutes	
  each)	
  	
  
–  Ques%on	
  1:	
  How	
  do	
  we	
  progress	
  toward	
  be\er	
  planning	
  and	
  management	
  of	
  Arc-c	
  

infrastructure	
  in	
  light	
  of	
  concerns	
  of	
  the	
  local	
  indigenous	
  people	
  and	
  the	
  constraints	
  
imposed	
  by	
  ongoing	
  rapid	
  climate	
  change?	
  

–  Ques%on	
  2:	
  How	
  do	
  we	
  develop	
  closer	
  exchange	
  of	
  cumula-ve-­‐effects	
  issues	
  and	
  
solu-ons	
  between	
  the	
  industry,	
  governing	
  agencies,	
  and	
  local	
  communi-es?	
  	
  

–  Ques%on	
  3:	
  Can	
  we	
  develop	
  of	
  a	
  set	
  of	
  shared	
  interna-onal	
  objec-ves	
  focused	
  on	
  
developing	
  effec-ve	
  means	
  to	
  address	
  the	
  key	
  issues	
  related	
  to	
  rapid	
  transi-ons	
  in	
  Arc-c	
  
social-­‐ecological	
  systems	
  related	
  to	
  infrastructure	
  and	
  climate	
  change?	
  

–  Ques%on	
  4:	
  What	
  should	
  we	
  present	
  regarding	
  the	
  RATIC	
  ini-a-ve	
  at	
  the	
  ICARP	
  III	
  
conference,	
  Yohama,	
  Japan	
  2015?	
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Salluit	
  (Nunavik-­‐	
  Canada)	
  
Community	
  management	
  on	
  sensi4ve	
  permafrost	
  

Michel	
  Allard	
  et	
  al.	
  	
  

Skip	
  Walker	
  et	
  al.	
  	
   Timo	
  Kumpula	
  et	
  al.	
  	
  

Three	
  Case	
  Studies	
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  case	
  studies	
  (45	
  minutes	
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  Cumula4ve	
  Effects	
  in	
  the	
  Prudhoe	
  Bay	
  Oilfield,	
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3.   Canadian	
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  Development:	
  The	
  ADAPT	
  and	
  IRIS	
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  (Chair:	
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Allard)	
  

II.   Round-­‐table	
  discussion	
  (4	
  ques4ons,	
  15	
  minutes	
  each)	
  	
  
–  Ques%on	
  1:	
  How	
  do	
  we	
  progress	
  toward	
  be\er	
  planning	
  and	
  management	
  of	
  Arc-c	
  

infrastructure	
  in	
  light	
  of	
  concerns	
  of	
  the	
  local	
  indigenous	
  people	
  and	
  the	
  constraints	
  
imposed	
  by	
  ongoing	
  rapid	
  climate	
  change?	
  

–  Ques%on	
  2:	
  How	
  do	
  we	
  develop	
  closer	
  exchange	
  of	
  cumula-ve-­‐effects	
  issues	
  and	
  
solu-ons	
  between	
  the	
  industry,	
  governing	
  agencies,	
  and	
  local	
  communi-es?	
  	
  

–  Ques%on	
  3:	
  Can	
  we	
  develop	
  of	
  a	
  set	
  of	
  shared	
  interna-onal	
  objec-ves	
  focused	
  on	
  
developing	
  effec-ve	
  means	
  to	
  address	
  the	
  key	
  issues	
  related	
  to	
  rapid	
  transi-ons	
  in	
  Arc-c	
  
social-­‐ecological	
  systems	
  related	
  to	
  infrastructure	
  and	
  climate	
  change?	
  

–  Ques%on	
  4:	
  What	
  should	
  we	
  present	
  regarding	
  the	
  RATIC	
  ini-a-ve	
  at	
  the	
  ICARP	
  III	
  
conference,	
  Yohama,	
  Japan	
  2015?	
  	
  



•  Cumula4ve	
  effects	
  of	
  infrastructure	
  and	
  climate	
  
change	
  at	
  Prudhoe	
  Bay.	
  Funded	
  by	
  NSF	
  ArcSEES	
  
(Arc-c	
  Science	
  Engineering	
  and	
  Educa-on	
  for	
  
Sustainability).	
  (Case	
  Study	
  1)	
  

•  SYN-­‐YAMAL:	
  A	
  synthesis	
  of	
  remote-­‐sensing	
  
studies,	
  ground	
  observa-ons	
  and	
  modeling	
  to	
  
understand	
  the	
  social-­‐ecological	
  consequences	
  of	
  
climate	
  change	
  and	
  resource	
  development	
  on	
  
the	
  Yamal	
  Peninsula,	
  Russia,	
  and	
  relevance	
  the	
  
circumpolar	
  Arc-c.	
  Funded	
  by	
  NASA	
  LCLUC	
  (Land	
  
Cover	
  Land	
  Use	
  Change).	
  (Case	
  Study	
  2	
  in	
  part)	
  

Two	
  currently	
  funded	
  
	
  US-­‐RATIC	
  projects	
  



CASE	
  STUDY	
  1:	
  	
  
Cumula4ve	
  effects	
  infrastructure	
  	
  
and	
  climate	
  change	
  at	
  Prudhoe	
  Bay	
  

1949	
   2010	
  

Courtesy	
  of	
  Lisa	
  Wirth,	
  GINA	
  

U.S.	
  Navy	
  BAR	
  photography	
   NASA	
  Landsat	
  



Just	
  published!	
  	
  
Arc-­‐SEES	
  project:	
  62-­‐year	
  
history	
  of	
  change	
  in	
  the	
  
Prudhoe	
  Bay	
  Oilfield	
  

Available	
  at:	
  h\p://www.geobotany.uaf.edu	
  



	
  Historical	
  change	
  studies	
  at	
  3	
  scales:	
  

•  Regional-­‐scale	
  analysis	
  of	
  infrastructure	
  extent.	
  
•  Landscape-­‐scale	
  analysis	
  of	
  changes	
  to	
  local	
  
landscapes	
  and	
  vegeta4on.	
  

•  Ground-­‐base	
  studies	
  of	
  vegeta4on,	
  soil	
  and	
  
permafrost	
  changes	
  associated	
  with	
  roads.	
  



Regional-scale studies: Time series catalog of infrastructure 
change for the entire North Slope region 1968-2010 
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History	
  of	
  infrastructure	
  change	
  
Number	
  of	
  structures	
  

Number	
  of	
  roads	
   Size	
  of	
  footprint	
  



Landscape-scale studies: Time-series analysis of 
infrastructure-related effects to permafrost and landscapes 

in three 22-km2 areas at Prudhoe Bay 
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Landscape-­‐scale	
  studies	
  

A	
  
C	
  	
  B	
  



Infrastructure	
  
thermokarst:	
  
3.5x	
  since	
  1990	
  

Non-­‐
infrastructure	
  
thermokarst:	
  	
  
1.8x	
  since	
  1990	
  

Big	
  surprise	
  was	
  the	
  sudden	
  increase	
  
in	
  thermokarst	
  aVer	
  1990:	
  

One	
  of	
  three	
  22-­‐km2	
  areas	
  mapped	
  



Also	
  increase	
  in	
  lake	
  shore	
  erosion	
  

Lake	
  shore	
  
erosion:	
  	
  
4x	
  since	
  1983	
  



Annual	
  mean	
  summer	
  warmth	
  index	
  	
  
SWI	
  =	
  annual	
  sum	
  of	
  monthly	
  mean	
  temperatures	
  above	
  freezing	
  (thawing	
  

degree	
  months)	
  

Raynolds	
  et	
  al.	
  2014.	
  	
  
Data	
  from	
  NWS:	
  Prudhoe	
  (1970-­‐1986)	
  +	
  Deadhorse	
  Airport	
  (1987-­‐2012).	
  	
  

1989	
  
1998	
  

2012	
  

Series	
  of	
  excep4onally	
  warm	
  years	
  between	
  1989	
  and	
  2012	
  likely	
  caused	
  
mel4ng	
  of	
  tops	
  of	
  ice	
  wedges	
  leading	
  to	
  the	
  region-­‐wide	
  increase	
  in	
  ice-­‐
wedge	
  thermokarst.	
  



Roadside	
  thermokarst	
   Roadside	
  dust	
  

Combined	
  vegeta4on	
  and	
  ecosystem	
  effects	
  
of	
  dust	
  and	
  thermokarst	
  

Climate-­‐related	
  thermokarst	
  away	
  from	
  
infrastructure	
  

Extensive	
  roadside	
  and	
  climate-­‐related	
  changes	
  since	
  1983	
  



Focus	
  of	
  field	
  study:	
  Change	
  in	
  ice-­‐wedge	
  thermokarst	
  
along	
  roads	
  



Colleen	
  Site	
  A	
  near	
  Deadhorse,	
  AK	
  



Changes	
  at	
  Colleen	
  Site	
  A	
  (1949-­‐2013)	
  



	
  
Ground-­‐based	
  studies	
  in	
  2014	
  of	
  thermokarst	
  changes	
  along	
  

the	
  Prudhoe	
  Bay	
  Spine	
  Road	
  (1949-­‐2013)	
  

Walker	
  et	
  al.	
  2014,	
  AGC	
  Report	
  14-­‐01.	
  

Integrated	
  geomorphology,	
  soil,	
  vegeta4on,	
  and	
  permafrost	
  studies.	
  



Three	
  posters	
  tell	
  the	
  story	
  of	
  the	
  field	
  
inves4ga4ons	
  

•  Buchhorn,	
  Marcel	
  et	
  al.,	
  #339,	
  	
  Effects	
  of	
  45	
  years	
  of	
  heavy	
  road	
  traffic	
  on	
  
permafrost	
  and	
  tundra	
  along	
  the	
  Spine	
  Road	
  at	
  Prudhoe	
  Bay,	
  Alaska	
  	
  

•  Kanevskiy,	
  Mikhail	
  et	
  al.,	
  	
  #337,	
  	
  Degrada-on	
  and	
  recovery	
  of	
  ice	
  wedges	
  
in	
  rela-on	
  to	
  road	
  infrastructure	
  in	
  the	
  Prudhoe	
  Bay	
  Oilfield,	
  AK	
  	
  

•  Raynolds,	
  Martha	
  et	
  al.,	
  #333,	
  Vegeta-on	
  changes	
  related	
  to	
  45	
  years	
  of	
  
heavy	
  road	
  traffic	
  along	
  the	
  Spine	
  Road	
  at	
  Prudhoe	
  Bay,	
  Alaska	
  	
  



Comparison	
  of	
  Prudhoe	
  Bay,	
  AK	
  and	
  Bovanenkovo,	
  RU:	
  	
  
Poster	
  to	
  be	
  presented	
  at	
  AGU	
  2014	
  

	
  



RATIC International initiatives: 

Forbes, B.C., et al., 2009, High resilience in 
the Yamal-Nenets social-ecological 
system, west Siberian Arctic, Russia: 
Proceedings of the National Academy of 
Sciences. 

 

And other papers resulting 
from the ENSINOR project 

Yamal, Russia: 

Arctic Canada: Allard, M. and M. Lemay (Editors). 2012. 
Nunavik and Nunatsiavut: From Science 
to Policy. An Integrated Regional Impact 
Study (IRIS) of climate change and 
modernization. ArcticNet Inc. Quebec 
City, Canada, 3. 

 



Case Study 2: A synthesis of remote-sensing studies, ground 
observations and modeling to understand the social-ecological 
consequences of climate change and resource development on 
the Yamal Peninsula, Russia, and relevance to the circumpolar 

Arctic  
	
  

Photo	
  courtesy	
  of	
  Brian	
  and	
  Cherry	
  Alexander	
  



Case Study 3: Canadian	
  Arc4c	
  Development:	
  The	
  ADAPT	
  and	
  IRIS	
  ini4a4ves:	
  	
  
Community	
  management	
  in	
  a	
  changing	
  permafrost	
  landscape	
  



Thank	
  you!	
   Arc-­‐SEES	
  research	
  team	
  at	
  Prudhoe	
  Bay,	
  AK.	
  	
  


