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Seasonal-to-Decadal Predictions of Arctic Sea Ice:  Challenges and Strategies

Gaps in Our Understanding   17 

 

 

 
FIGURE 2.1 The Arctic system is made up of various components including a complex network 
of process interactions, interdependent feedbacks, and thresholds. There are many 
interconnections among system components and important changes in one component may 
influence numerous other parts of the system, including sea ice. SOURCE: Adapted from the 
Study of Environmental Arctic Change.  
 
 
susceptible to summer melt (Perovich and 
Polashenski, 2012) but it is also likely to be 
more easily ridged, ruptured, and 
transported by winds (Rampal et al., 
2009).The delay in the formation of shore-
fast ice as well as its reduced stability and 
overall duration are also significant changes, 
with implications for stakeholders along the

 Arctic coast (Mahoney et al., 2007). 
Some of the greatest changes to the 

Arctic Ocean are occurring in the Chukchi 
and Beaufort seas, where the increased 
summer ice retreat has created a 
substantially enlarged marginal ice zone 
(Holland and Stroeve, 2011). As a seasonal 
feature contained within the Arctic Basin, 

Integrated  Arctic  System  Science
Schematic  diagram  of  the  Arctic  Ocean  system  showing  a  complex  network  of  processes,  
interactions,  interdependent   feedbacks,  and   interconnections  among  system  components.

Sea  Ice

Extracted  from  NRC  (2012)  Seasonal-
to-Decadal  Predictions  of  Arctic  Sea  
Ice:  Challenges   and  Strategies.
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Diagram  extracted  on  2  June  2016  (red  line)  27  March  2016.    Produced  by  JAXA  Arctic  Data  
archive  System  (ADS)  with:  SMMR,  January  1980  – July  1987;;  SSMI,  July  1987  – June  2002;;  
AMSR-E,  June  2002  – October  2011;;  WindSat,  October  2011  – July  2012;;  and  AMSR2,  July  
2012  – present.
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Fig. 6. Daily Arctic and Antarctic sea ice extents from January 2008 through
December 2008 from QuikSCAT (black line) and ASCAT (red lines) for
Cmix = 1, 2, and 3.

purposes, and produces a sea ice coverage map once a day
on a 12.5 km polar stereographic grid using a 55% thresh-
old to posterior sea ice probabilities in (3). The probability
threshold was set slightly larger than the relaxed a priori sea
ice probability at 50%: mark, however, that the sea ice maps
are only marginally sensitive to this parameter, being mainly
responsive to changes in the tolerance parameter Cmix. The sea
ice maps are filled with normalized backscatter values, which
are a qualitative proxy for sea ice age/thickness [23], [24] (see
Fig. 10) and finally archived.

III. ALGORITHM TUNING AND VALIDATION

As validation data sets, we use the continuous series of
daily sea ice extents recorded by QuikSCAT and the pas-
sive microwave AMSR-E sensor in the period spanning from
January through December 2008. The QuikSCAT sea ice ex-
tents have been derived from the KNMI Bayesian sea ice
detection algorithm [12]. The passive microwave sea ice extents
are defined by the 15% threshold on sea ice concentrations gen-
erated by the Enhanced NASA Team NT2 algorithm (AE SI12
Version 1) [19].

As a preliminary step, the ASCAT sea ice classifier is ad-
justed to a suitable reference using the tolerance factor Cmix

as tuning parameter. Recall that the tolerance factor provides
a margin for the expected (thus acceptable) geophysical de-
partures of sea ice backscatter from the wintertime sea ice
model, which may be legitimately caused by mixed sea ice and
open water conditions in a resolution cell, or else attributed to
rain contamination. The ASCAT sea ice detection algorithm
has been run using a discrete range of tolerance factor values
(Cmix = 1, 2, 3), and the results are shown in Fig. 6 for the
Northern and Southern Hemispheres. The total extent of sea
ice detected by ASCAT naturally increases with the tolerance
factor, but this sensitivity is geographically confined to areas
with frequent mixed sea ice and open water conditions, such as
the Arctic ice edge in the summer, and the Antarctic ice margin
all year round.

The algorithm sensitivity during the winter months is aggra-
vated by a dramatic response to rain contamination over open

Fig. 7. Time varying scheme for the ASCAT tolerance parameter Cmix
featuring high values in the summer and low values in winter.

Fig. 8. Daily Arctic and Antarctic sea ice extents from January 2008
through December 2008 from QuikSCAT (black line), ASCAT (blue lines) and
AMSR-R (red lines). The ASCAT algorithm uses the time-varying Cmix
scheme introduced in the text.

water areas, manifested as false sea ice positives. The volume
scattering signature attributed to rain at C-band, although not
as strong as at Ku-band, masks the directional response driven
by the spectrum of surface waves and brings backscatter closer
to the azimuthally flat signature that is characteristic of sea
ice backscatter. Rain contamination is particularly present over
open water areas subject to frequent and intense storminess like
the Arctic latitudes in winter [20].

In general, we observe that low Cmix values give better
agreement with QuikSCAT sea ice extents during the growth
seasons, but prove deficient during the melt season. On the con-
trary, high Cmix values give better agreement during the melt
season, but prove extremely noisy during the growth season.
That is, the observed departures of sea ice backscatter from the
wintertime sea ice model should remain small during the winter
months, so that an increase in the tolerance parameter would
only bring enhanced levels of misclassification noise (mostly
from rain contamination associated with high latitude storms).
During the summer months, the mixed sea ice conditions that
predominate along the edge (low concentration and melting sea
ice) push the signature of sea ice backscatter away from the
wintertime sea ice model toward the ocean model, producing
larger departures that need to be specially handled. A good
compromise can be reached by using a time varying Cmix

parameter that features low values in the winter (to suppress
rain contamination in the absence of mixed sea ice and open
water conditions) and high values in the summer (to favor the
capture of low concentration and flooded sea ice).

The time-varying Cmix scheme proposed is shown in Fig. 7.
The ASCAT sea ice extents that result from this configuration

Rivas  et  al.  (2012)

Daily  Sea  Ice  Extent

-‐E Passive  microwave
measurements  
underestimated   sea  
ice  extent  
compared   to  
scatterometer  
observations.
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(b) Submarine, ICESat, and CS-2 records in the DRA (1980–2012)
The combined submarine, ICESat and CS-2 data, within the data release area (DRA) of declassified
submarine measurements (covering approx. 38% of the Arctic Ocean), are shown in figure 8.
When Kwok & Rothrock [38] concatenated the ICESat thickness in the DRA with the regression

 on March 18, 2016http://rsta.royalsocietypublishing.org/Downloaded from 

ICESat and  CryoSat-2  Arctic  Ocean  Sea  Ice  Volume

Arctic  sea  ice  volumes  in  February-March  and  October-November  with  ICESat and  CryoSat-2  
data.    Two  values  of  sea  ice  bulk  density,  with  “1”  and   “2”  representing  upper  and  lower  
estimates,  respectively.

Kwok  et  al.  (2015)
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FIGURE 1.2 The 20th to 21st century September ice area in the Northern Hemisphere from a 
single CCSM3 ensemble member (black line) compared with the observed time series of 
September ice area from Fetterer et al. (2009, red line). It demonstrates the model’s success in 
capturing the decadal-scale pace of ice loss and realistic interannual variability SOURCE: 
Adapted from Holland et al. (2011). 
 
 
the realism of simulated sea ice area in 
response to anthropogenic and natural 
forcing has improved in comparisons with 
satellite observations available since 1979 
(Massonnet et al., 2012; Stroeve et al., 2012). 

Many climate models still simulate an 
Arctic ice pack at odds with observations. 
Figure 1.3 displays dozens of model runs 
from CMIP5 under two different future 
forcing scenarios termed “representative 
concentration pathways” (RCPs; Moss et al., 
2010) including RCP4.5 and RCP8.5, which 

reach 4.5 W∙m−2 (watts/square meter) and 
8.5 W∙m−2 radiative forcing by 2100, 
respectively. Most simulations capture a 
long-term reduction in ice extent that is 
driven fundamentally by external forcing—
primarily increasing concentrations of 
greenhouse gases. The spread among the 
runs, however, has not decreased 
appreciably since the IPCC-4 generation, 
suggesting that basic challenges remain to be 
overcome. Because so many variables affect 
the ice evolution, identification of the causes  

CCSM  – National  
Center  for  
Atmospheric  
Research  (NCAR)  
Community  Climate  
System  Model  
version  3

CCSM3

Observations

NRC  (2012)

Arctic  Ocean  Sea  Ice  Extent  in  September
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Figure 4b. Distributions of Outlook estimates for September 2013 arctic sea ice extent for the July report (based on June data).

Download high resolution version of Figure 4b.

Larry Hamilton (University of New Hampshire) has provided a summary plot for the 2013 Outlook and will

provide a historical review in the future (Figure 5).

3/31/16, 12:36 PMSea Ice Outlook: Post-Season Report | ARCUS

Page 4 of 6https://www.arcus.org/search-program/seaiceoutlook/2012/summary

Figure 3a. Distributions of Outlook estimates for September 2012 arctic sea ice extent for the June report
(based on May data).

Figure 3b. Distributions of Outlook estimates for September 2010 arctic sea ice extent for the July report
(based on June data).

Contributors to this final summary for 2012 are in qualitative agreement with NSIDC statement;

short excerpted statements are below, and the full individual contributions are available as PDFs

at the bottom of this page.

The Canadian Ice Service notes: The reduced overall sea ice thicknesses and the greater

proportion of seasonal (first-year) ice were the primary reasons for this year’s record-breaking

minimum. Multi-year ice never fully recovered after the 2007 minimum. Seasonal ice is also more

susceptible to destruction by the winds and waves associated with summer storms passing over

the Arctic Ocean.

LEFT:  https://www.arcus.org/search-program/seaiceoutlook/2012/summary

RIGHT:  https://www.arcus.org/search-program/seaiceoutlook/2013/summary
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To	  be	  considered	  by	  CGMS:

Recommendation   1: Enable   sustainability  of  satellite  passive  microwave  sea  ice  extent  
measurements  begun   in  1978.

Recommendation   2:    Promote   the  implementation   of  sustained  satellite  scatterometer  sea  ice  
observations  with  scatterometer  to  provide  an  independent   source  of  information   concerning  
climate  change   impacts  on  the  marine  cryosphere.  

Recommendation   3:    Enable   sustainability  of  satellite  frequent  high-spatial  marginal  ice  zone  
measurements   for  navigation  and  other  near-real  time  applications.

Recommendation   4:    Promote   the  implementation   of  sustained  satellite  measurements  of  
Arctic  Ocean  sea  ice  thickness.

Recommendation   5: Encourage   Joint  CEOS/CGMS  Working  Group  on  Climate,  in  
consultation  with  WMO  PSTG,  to  establish  a  CEOS  Virtual  Constellation  on  GCOS  ECV  Sea  Ice  
Measurements.     

Thank  You


