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Introduction 

Rapid decrease of summer sea ice in the Arctic 
Ocean has been extending the navigation period in 
the Northern Sea Route(NSR).  

Ice-ocean coupled model description 

Ice-POM Nowcast/Forecast System 

Conclusion 

  Successfully resolved numerical instability issues 
associated with collision rheology 
  Whole Arctic model sea ice extent, thickness and 

velocity reproducibility are very reasonable. 
  High-resolution model reproduced the sea ice extent 

and concentrations reasonably with observation 
  Mesoscale eddies play an significant role in sea ice 

melting/freezing in Northern sea routes. 
  mesoscale eddies and associated vertical mixing are 

not be resolved adequately in the global models in 
which grid size are larger than 5km  

Model Results 

National Snow and Ice Data Center, 2012 report.  

Monthly average Arctic sea ice extent August 1979-2012  

-10.2% per decade 

organisms that have great adaptive potential because of rapid
turnover and universal dispersal. The adaptive capacity of
current Arctic ecosystems is small because their extent is likely
to be reduced substantially by compression between the general
northwards expansion of forest, the current coastline and longer-
term flooding of northern coastal wetlands as the sea level rises,
and also as habitat is lost to land use (see Figure 15.3). General
vulnerability to warming and lack of adaptive capacity of Arctic
species and ecosystems are likely, as in the past, to lead to
relocation rather than rapid adaptation to new climates (see
Figure 15.3).

As air and sea water temperatures have increased in the
Bering Sea, there have been associated changes in sea-ice cover,
water-column properties and processes including primary
production and sedimentation, and coupling with the bottom
layer (Grebmeier et al., 2006). A change from Arctic to sub-
Arctic conditions is happening with a northward movement of
the pelagic-dominated marine ecosystem that was previously
confined to the south-eastern Bering Sea. Thus communities that
consist of organisms such as bottom-feeding birds and marine
mammals are being replaced by communities dominated by
pelagic fish. Changes in sea ice conditions have also affected
subsistence and commercial harvests (Grebmeier et al., 2006).

Many Arctic and sub-Arctic seas (e.g., parts of the Bering and
Barents Seas) are among the most productive in the world
(Sakshaug, 2003), and yield about 7 Mt of fish per year, provide
about US$15 billion in earnings (Vilhjálmsson et al., 2005), and
employ 0.6 to 1 million people (Agnarsson and Arnason, 2003).
In addition, Arctic marine ecosystems are important to
indigenous peoples and rural communities following traditional
and subsistence lifestyles (Vilhjálmsson et al., 2005).

Recent studies reveal that sea surface warming in the north-
east Atlantic is accompanied by increasing abundance of the
largest phytoplankton in cooler regions and their decreasing
abundance in warmer regions (Richardson and Schoeman,
2004). In addition, the seasonal cycles of activities of marine
micro-organisms and invertebrates and differences in the way
components of pelagic communities respond to change, are
leading to the activities of prey species and their predators
becoming out of step. Continued warming is therefore likely to
impact on the community composition and the numbers of
primary and secondary producers, with consequential stresses
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Figure 15.3. Present and projected vegetation and minimum sea-ice
extent for Arctic and neighbouring regions. Vegetation maps based on
floristic surveys (top) and projected vegetation for 2090-2100, predicted
by the LPJ Dynamic Vegetation Model driven by the HadCM2 climate
model (bottom) modified from Kaplan et al. (2003) in Callaghan et al.
(2005). The original vegetation classes have been condensed as follows:
grassland = temperate grassland and xerophytic scrubland; temperate
forest = cool mixed forest, cool-temperate evergreen needle-leaved and
mixed forest, temperate evergreen needle-leaved forest, temperate
deciduous broadleaved forest; boreal forest = cool evergreen needle-
leaved forest, cold deciduous forest, cold evergreen needle-leaved
forest; tundra = low- and high-shrub tundra, erect dwarf-shrub tundra,
prostrate dwarf-shrub tundra; polar desert/semi-desert = cushion forb,
lichen and moss tundra. Also shown are observed minimum sea-ice
extent for September 2002, and projected sea-ice minimum extent,
together with potential new/improved sea routes (redrawn from Instanes
et al., 2005; Walsh et al., 2005).

Projected Arctic ice distribution 2080-2100  

Northern 
Sea 
Route 

Northwest 
passage 

The passages through the Arctic Ocean are the 
shortest sea routes from North American and 
European harbors to Far East Asian harbors. In this 
regard, precise ice distribution prediction is one of the 
key issues to realize safe and efficient navigation in 
the Arctic Ocean. 

From WG2 report 
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In general, however, most of the available numerical 
models have shown high uncertainties in the short-
term and narrow-area predictions, especially marginal 
ice zones like ASR. 
In this study, therefore, we predicted the short-term 
sea ice conditions in Arctic sea routes using meso-
scale eddy resolving ice-ocean coupled model (ice-
POM) with explicitly treating the ice floe collision in the 
marginal ice zones.  

q  Ocean model based on Princeton Ocean Model 
(POM) 
o  3D, Primitive Eqs. and Continuum Eq. with a 

hydrostatic approximation 
o  Vertical 33 sigma layers 

q  Lateral boundary conditions 
o  Radiation and no-slip 
o  Volume, T, S at Bering Strait Woodgate et al. 

(2005a) 
q  Ice model based on Sagawa(2007), Fujisaki et al. 

(2010), and De Silva (2013) 
q  Two state variables (mean thickness and 

concentration) 
q  Semi Lagrangian advection scheme 
q  Ice collision rheology 
q  Thermodynamics model Based on 0-layer model 

proposed by (Semtner 1976) 
q  Snow effect (Zhang and Zhang, 2001) 1.4 
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HadISST observation and model September ice concentration 

Time series of model and observational ice extent from 2001-2011 

Comparison of the observed and simulated sea-ice velocities 
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High-resolution regional model sea ice extent comparison (off Laptev Sea) 

high-resolution model 

AMSR-E  

Whole Arctic model 

Sea ice concentration and average top 100m ocean velocity on 2004-09-13 

Coarser resolution (25km) 
whole Arctic model ice concentration and 

surface ocean velocity 

High-resolution(2.5km)  
 regional model ice concentration and 

surface ocean velocity. Eddies shows in 
the white squares  

Objectives and Model domains 

1.  Predict ice edge zones up to 5 days ahead within 
errors of ±10 km, in regions of NSR  

2.  Investigate the mesoscale and large-scale sea ice 
behaviors in the NSR using high-resolution 
regional models 

Atmospheric Forcing 
ERA-interim 

Regional 
ice-POM 

model  

ice concentration, 
u/v, 

ice thickness 

SST,SSH 

Ensemble 
forecast 

(Historical 
atmospheric 

data)  

Ensemble 
forecast 

(Forecasted 
atmospheric 

data) 
PHC T/S, 

River runoff 
Bathymetry 

ice model 

ocean POM 

coupler Assimilation 
ice/ocean 

Boundary and 
Initial 

conditions 

coupler 

24hr 
forecast 

Model Results 
Grid size effect on sea ice melt due to the mesoscale dynamics 

-6E-12 

-5E-12 

-4E-12 

-3E-12 

-2E-12 

-1E-12 

0 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

M
el

t r
at

e 
(m

/s
) 

days 

0.5km 

2.5km 

5km 

We believed, better results shows in high-resolution 
model is due to the mesoscale eddy resolving 
capability, which may not be resolved in many general 
circulation models. 

Idealized box model is used to investigate the grid 
size effect on sea ice melt due to the mesoscale 
ocean eddies.   


