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WP 2: Open ocean oceanography 
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WP 2 Objectives 

To define the main pathways of the warm 
Atlantic water towards the fjord system.  
•  Describing and quantification of the 

interannual variation of Atlantic and Arctic 
water and freshwater content on the shelf 
from available historical hydrographic data 
and new dedicated observations 

•  Explaining the mechanisms of the AW 
circulation onto the shelf and its interaction 
with the fjords 
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WP 2 Task 

•  T2.3. To investigate topographically 
guided mechanisms of the AW circulation 
onto the West Spitsbergen shelf. To 
develop the analytical model and use 
existing numerical model to study the shelf 
circulation (UNIS). 
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WP 2 Deliverables 

•  D2.3.1 The prognostic model for 
determination of dominating water masses on 
the shelf (UNIS, month 36) 

•  D2.3.2. The scientific paper in the peer 
reviewed journal describing the mechanisms 
of water masses domination on the shelf 
(UNIS, month 36) 
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Atlantic Water on the WSS 

Reprojected MODIS SST data by A. Korosov & S. Sandven (NERSC)  

Two first weeks of January 2008 
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Norwegian Partners 
The University Centre in Svalbard (Leader) 

Nansen Environmental and Remote Sensing 
Center 

International partner 
Polar Science Center, University of Washington 
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REOCIRC	
  main	
  objecDve	
  
To	
   study	
   the	
  Absolute	
  Dynamic	
   Topography	
   (ADT)	
   of	
   the	
  West	
   Spitsbergen	
  Current	
   (WSC)	
   by	
  
taking	
  advantage	
  of	
  advances	
  in	
  satellite	
  gravimetry	
  (GOCE)	
  and	
  alDmetry,	
  and	
  providing	
  ground	
  
truth	
  for	
  satellite	
  gravity	
  soluDons	
  (GRACE)	
  from	
  in	
  situ	
  ocean	
  bo6om	
  pressure	
  measurements.	
  
!

We	
   seek	
   a	
   be6er	
   understanding	
   of	
   the	
   variability	
  
(seasonal,	
   interannual	
   and	
   decadal)	
   in	
   oceanic	
  
volume	
  and	
  heat	
  fluxes	
  towards	
  the	
  ArcDc	
  Ocean	
  and	
  
a	
   unified	
   understanding	
   of	
   mass	
   changes	
   in	
   the	
  
eastern	
  Fram	
  Strait	
  and	
  in	
  Svalbard	
  



For	
   independent	
   and	
  
integrated	
  measure	
  of	
   the	
  
AtlanDc	
  Water	
  volume	
  flux	
  
and	
   heat	
   input	
   to	
   the	
  
ArcDc	
   Ocean	
   we	
   will	
   use	
  
precision	
   OBP	
   recorders.	
  
These	
  will	
  be	
  deployed	
  for	
  
a	
   4	
   year	
   period	
   at	
   the	
  
northwestern	
   corner	
   of	
  
Spitsbergen	
  to	
  capture	
  the	
  
water	
   transport	
   in	
   the	
  
Svalbard	
  branch	
  (SB).	
  

WP1	
  -­‐	
  In	
  situ	
  OBP	
  observaDon	
  and	
  
water	
  column	
  Dme	
  series	
  

Responsible:	
  UNIS,	
  PSC	
  

AWAKE-2 
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OBP	
  moorings	
  at	
  Hornsund	
   2
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  West	
  Spitsbergen	
  Shelf	
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M = ρV = ρHW, H = SSHMass	
  [kg]:	
  



Svalbard	
  Hydrographic	
  Database	
  (SHD)	
  
•  Data	
  collected	
  from	
  1)	
  hydrographic	
  data	
  since	
  1994	
  collected	
  by	
  the	
  

University	
  Centre	
  in	
  Svalbard	
  (UNIS)	
  during	
  student-­‐	
  and	
  research	
  cruises,	
  

2)	
  KongsEorden	
  and	
  Eastern	
  Framstrait	
  hydrographic	
  data	
  from	
  the	
  

Norwegian	
  Polar	
  InsDtute,	
  3)	
  Norsk	
  Marint	
  Datasenter	
  (NMD),	
  the	
  

InsDtute	
  of	
  Marine	
  Research,	
  4)	
  the	
  PANGAEA	
  database	
  of	
  the	
  Alfred	
  

Wegener	
  InsDtute,	
  5)	
  ICES	
  Oceanographic	
  CTD	
  data,	
  and	
  6)	
  hydrographic	
  

data	
  at	
  standard	
  bo6le	
  depths	
  from	
  the	
  NISE	
  database	
  	
  	
  

•  ~30000	
  conducDvity,	
  temperature	
  and	
  depth	
  (CTD)	
  profiles	
  around	
  

Svalbard	
  and	
  eastern	
  Framstrait	
  

•  Time	
  period	
  from	
  1901	
  to	
  2014	
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SHD	
  staDon	
  map	
  

•  More repeated and better data 

coverage in summer (red: 

June-October) than winter 

(blue: November-May) 

•  Some specific sections (~79°N 

and ~78°N) and fjords 

(Isfjorden, Kongsfjorden) 

repeated almost twice yearly 

since 1996 
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Hornsund	
  data	
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Averaged	
  global	
  present-­‐day	
  surface	
  mass	
  
trends	
  (PDMT)	
  NATURE GEOSCIENCE DOI: 10.1038/NGEO938

ARTICLES
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Figure 1 |Average global PDMT estimates including the atmospheric mass in thickness of water equivalent. An optimal averaging function at each grid
point is used with a similar resolution to that of the 300-km Gaussian spatial filter but a smaller uncertainty. AIS (Abbott Ice Shelf), ASE (Amundsen Sea
embayment), DML (Dronning Maud Land), KIS (Kamb Ice Stream), RIS (Ross Ice Shelf), Totten (Glacier), WIS (Whillans Ice Stream), WL (Wilkes Land).

model14,15. These newly determined geocentre velocity components
owing to GIA can be used in future dynamic studies to further
improve our understanding of the ice history and Earth rheology
on a global scale. Our GIA J̇2 estimate is fairly close to that of
the a priori GIA model (�3.9⇥ 10�11 yr�1) and not far from the
long-term (33 years) satellite laser ranging (SLR) observations2 of
�2.75⇥ 10�11 yr�1. As the observed long-term J̇2 is the sum of
GIA and the long-term PDMT contributions, our result indicates
that the latter is limited to around 0.65⇥10�11 yr�1, subject to an
additional uncertainty associated with the removal of the 18.6 year
solid Earth tide28.

Global spatial pattern of present-day surfacemass trend
The inverted PDMT coefficients including the atmospheric mass
are sensed by the GRACE and GPS data, and do not directly
depend on any atmospheric analysis. These coefficients and their
covariance matrix are then used to compute optimal spatial average
values around global 1� ⇥ 1� grid points26 (see the Methods
section). The averaging results and their uncertainties are shown in
Fig. 1 and Supplementary Fig. 1, respectively. Intensive ice melting
can be seen in the southern area of Alaska/Yukon, including
Bering and Malaspina glaciers, Yakutat Icefield and Glacial Bay,
in agreement with recent studies based on local glaciological/GPS
uplift18 and GRACE data6,7. On the other hand, we also find
significant mass loss along the west coast of Alaska with no
appreciable changes in the interior. The mass loss in Greenland
is concentrated along the coastal areas, and is particularly heavy
in the west, and in the southeast with the large Kangerdlugssuaq
and Helheim glaciers. Significant losses can also be seen over

Svalbard and Ellesmere Island where mass losses through calving
and surface ablation have been reported before by surface, radar and
imagery observations9. In contrast, the interior of Greenland shows
significant positive mass balance. The image of inland thickening,
owing to increased precipitation, and coastal thinning, owing
to enhanced surface melting and ice dynamics, is in very good
agreement with recent altimetry studies10,11 and in line with the
predicted ice-sheet response to climate warming. In particular, the
average 24–38mmyr�1 thickening above 2000m elevation during
1993–2004 from laser altimeters10 is very close to our interior
results. Areas of both intensive gain and loss are found in West
Antarctica, including the northern tip of the Antarctic Peninsula,
whereas East Antarctica seems fairly stable. Although independent
and with a lower spatial resolution, our Antarctic mass trends show
similar significant features identified as ice- or snow-mass changes
by a recent European remote sensing (ERS) satellite altimeter
study12 and by Ice, Cloud and land Elevation Satellite (ICESat) laser
altimeter observations11,13. These include the significant drawdown
of the glaciers in the Amundsen Sea sector; the thickening further
inland of the sector confirming the shutdown of Kamb Ice Stream,
in the coastal area east of Amundsen Sea embayment feeding the
Abbott Ice Shelf; and in the Ellsworth Mountains region south of
the Antarctic Peninsula. In addition, our results seem to support
the full ICESat picture of Kamb Ice Stream thickening, and thinning
in the tributary region of Whillans Ice Stream as well as along the
east coast of the Ross Ice Shelf11,13. In other areas of Antarctica
where thickening and thinning are indicated by the ERS and ICESat
data, some qualitative agreements can also be found in our results
(for example, some thickening in the western portion of Dronning
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