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  Several	  permafrost	  observatories	  are	  situated	  in	  the	  
immediate	  vicinity	  of	  the	  Prudhoe	  Bay	  Oilfield,	  Alaska	  and	  
provide	  an	  important	  background	  reference	  for	  
understanding	  the	  effects	  of	  oilfield	  infrastructure	  on	  
permafrost	  condiMons.	   
	   
Most	  of	  the	  permafrost	  observatories	  in	  the	  Northern	  
Hemisphere	  show	  a	  substanMal	  warming	  of	  permafrost	  since	  
the	  1980s.	  The	  magnitude	  of	  warming	  has	  varied	  with	  
locaMon,	  but	  was	  typically	  from	  0.5	  to	  3°C.	  During	  the	  second	  
half	  of	  the	  20th	  century,	  permafrost	  has	  been	  already	  thawing	  
within	  the	  southern	  part	  of	  the	  permafrost	  domain.	  However,	  
recent	  observaMons	  documented	  propagaMon	  of	  this	  process	  
northward	  into	  the	  conMnuous	  permafrost	  zone. 
	   
Permafrost	  temperature	  at	  20	  m	  depth	  has	  been	  increasing	  
between	  0.28	  and	  0.47°C	  per	  decade	  since	  2000	  on	  the	  North	  
Slope	  of	  Alaska.	  In	  2013,	  new	  record	  high	  temperatures	  at	  20	  
m	  depth	  were	  measured	  at	  some	  permafrost	  observatories	  
on	  the	  North	  Slope	  of	  Alaska	  and	  in	  the	  Brooks	  Range,	  where	  
measurements	  began	  in	  the	  late	  1970s	  and	  early	  1980s.	  
Changes	  in	  permafrost	  temperatures	  at	  20	  m	  depth	  typically	  
lag	  about	  one	  year	  behind	  the	  changes	  in	  surface	  
temperatures.	  The	  20	  m	  temperatures	  in	  2013	  were	  0.03°C	  
higher	  than	  in	  2012	  at	  West	  Dock	  and	  Deadhorse	  on 

the	  North	  Slope	  and	  0.06°C	  higher	  at	  Coldfoot	  in	  the southern	  
foothills	  of	  the	  Brooks	  Range.	  At	  the	  rest	  of	  the	  North	  Slope	  sites	  
permafrost	  temperatures	  in	  2013	  were	  similar	  to	  those	  in	  2012,	   
except	  at	  Happy	  Valley	  where	  they	  were	  0.06°C	  lower.	  Permafrost	  
temperatures	  at	  20	  m	  depths	  were	  increasing	  steadily	  since	  the	  
beginning	  of	  measurements	  in	  2006	  at	  the	  Imnavait	  Creek	  site	  near	  
Toolik	  Lake	  reaching	  unprecedented	  for	  the	  North	  Slope	  value	  of	  
-‐3.2°C	  in	  2014.	  Long-‐term	  observaMons	  of	  the	  air	  temperature	  and	  
snow	  depth	  available	  from	  our	  three	  North	  Slope	  sites	  (Franklin	  
Bluffs,	  Deadhorse,	  and	  West	  Dock)	  provide	  undoubtable	  evidence	  
that	  the	  changes	  in	  these	  parameters	  are	  the	  main	  driver	  of	  
permafrost	  temperatures	  on	  the	  decadal	  Mme	  scale. 
	   
	  In	  2013,	  a	  majority	  of	  Alaskan	  regions	  reported	  higher	  acMve-‐layer	  
thickness	  (ALT)	  values	  relaMve	  to	  the	  1995-‐2012	  average.	  On	  the	  
North	  Slope	  of	  Alaska,	  for	  example,	  ALT	  was	  on	  average	  11%	  higher	  
than	  the	  1995-‐2012	  average	  of	  0.47	  m.	  This	  is	  6%	  higher	  than	  in	  
2012	  and	  on	  par	  with	  the	  20	  year	  maximum	  recorded	  in	  1998.	  
Changes	  in	  the	  acMve	  layer	  thickness,	  winter	  air	  temperatures	  and	  
snow	  cover	  of	  the	  last	  decades	  substanMally	  increased	  the	  Mme	  that	  
is	  necessary	  for	  the	  complete	  re-‐freezing	  of	  the	  acMve	  layer	  during	  
the	  winter.	  This	  Mme	  was	  steadily	  increasing	  at	  our	  northern-‐most	  
observaMonal	  sites,	  culminaMng	  during	  the	  2013-‐2014	  winter.	  The	  
Mming	  of	  freeze-‐up	  is	  extremely	  important	  for	  many	  biological	  and	  
biogeochemical	  processes	  in	  these	  tundra	  environments	  as	  well	  as	  
for	  the	  diverse	  human	  acMviMes	  in	  this	  region. 

Fig. 2. One of the UAF permafrost observatory visited 
by our collaborators from Denmark and Greenland. 
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Fig. 1 UAF and USGS boreholes locations where long-term permafrost 
temperature observations have been performed for the last 35 to 40 years. 

Fig. 10 (left). Mean annual ground 
temperature were calculated by using our 
calibrated model and Barrow meteorological 
data (air temperature and snow depth) archives 
(NWS) for the period of the available 
meteorological records (1924 – 2002). 
Measured data are shown for 2003-2011. 

Fig. 6. Measured permafrost temperature profiles in the mid 1980s, in 
1996 and in 2011 at two northernmost UAF permafrost observatories 
(West Dock and Deadhorse) in the Prudhoe Bay region, Alaska. 
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Fig. 7. (a) Daily snow depth (1950-2012) and (b) mean 
annual air temperatures (1921-2013) measured at the 
Barrow meteorological station. 

July 28, 2001 

Fig. 3. Schematic diagram showing 
configuration of a typical permafrost 
temperature monitoring station. 

Active Layer Thickness at Barrow (calculated) and West Dock and 
Deadhorse (measured)
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Fig. 4 (a) Map of Alaska showing the continuous and discontinuous 
permafrost zones (separated by the broken blue line) and location of a 
north-south transect of permafrost temperature measurement sites; (b) and 
(c) time series of mean annual temperature at depths 20 m and 15 m below 
the surface, respectively, at the measurement sites. 

Fig. 5. Mean annual air (black squares), ground surface (red diamonds), permafrost surface (blue 
or red circles), and permafrost temperature at 20 m depth (green triangles) at two northernmost 
UAF permafrost observatories (West Dock and Deadhorse) in the Prudhoe Bay region, Alaska. 

Fig. 9 (above). Calculated active layer thickness 
(ALT) for Barrow is compared with measured 
ALT at West Dock and Deadhorse, Alaska. 

Fig. 11 (right). Two 
photos of our Isachsen 
permafrost observatory 
on the Ellef Ringnes 
Island, Canadian 
Archipelago taken in 
2005 (top) and 2013 
(bottom). 

Fig. 8 (left). Average 
active layer thickness 
measured at the Alaska 
North Slope CALM 
sites in 1995-2014. 
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