IMPROVING PREDICTIONS
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By Julienne Stroeve, Ed Blanchard-Wrigglesworth, Virginie Guemas,
Stephen Howell, Francois Massonnet, and Steffen Tietsche

Scientists study Arctic sea ice and melt ponds in the Chukchi Sea in 2010. Sea ice observations from
studies like this one by NASA’s Impacts of Climate Change on Eco-Systems and Chemistry of the Arctic
Pacific Environment (ICESCAPE) project and many other Arctic investigations are providing new data
that may help improve the forecasting skill of models that predict the extent and other characteristics of
Arctic sea ice cover.
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n Arctic regions, marine transport operations, tour-
ism businesses, resource extraction operations,
and local communities rely on accurate reporting
and forecasting of sea ice conditions. For example,
recently, several coastal communities experienced
critical shortages of heating fuel and gasoline during
the winter months because an unforeseen early freeze-up
cut short barge delivery of fuel.

Arctic sea ice reaches its maximum extent each March
and its minimum extent each September. In addition to the
yearly trends, routine satellite monitoring of polar regions
has documented a decline in total Arctic sea ice extent
since 1979. The largest and most widespread losses, which
occur in September, affect an area as large as Ireland (a loss
of 86,000 square kilometers per year, or 13.3% per decade).

The eight lowest September sea ice extents have all
occurred within the past 8 years. As a result, Arctic

Eos.org // 11

NASA/Kathryn Hansen




NASA/Goddard Scientific Visualization Studio

Shipping and hydrocarbon industries in Alaskan and
Canadian waters are particularly interested in improved
sea ice information and predictions.

resource extraction and ship traffic have increased [Pizzo-
lato et al., 2014], leading to growing interest in developing
reliable methods to predict the summer minimum sea ice
extent a few months in advance.

Starting in 2008, the Study of Environmental Change
(SEARCH) program began collecting, from the sea ice
forecasting community, summertime estimates of the
upcoming September Arctic sea ice extent and synthesiz-
ing them in monthly reports called the Sea Ice Outlook
(SIO). Contributors to the reports use a wide variety of
methods to generate their estimates, including heuristic
forecasts, statistical and/or dynamical models, ice-ocean
coupled models, and fully coupled ice-ocean-atmospheric
models.

Results from the SIO are shared with other researchers
and interested members of the general public through the
Arctic Research Consortium of the United States.

Interest in the SIO is substantial, with more than
192,740 unique views since the outlook began. In 2013, a
newly funded interagency project, the Sea Ice Prediction
Network (SIPN), took over SEARCH’s synthesis effort.

The Need for Forecasts of Sea Ice Conditions
Information on ice conditions is extremely important to
local communities and industries. Because of this, spatial
maps on the probability of timing of ice-free conditions
provided in the 2014 SIO were an important addition to
the standard pan-Arctic sea ice extent forecasts originally
solicited for the SIO. In 2015, SIPN will consider adding

additional metrics, such as the timing of ice breakup,
freeze-up, and thickness.

Shipping and hydrocarbon industries in Alaskan and
Canadian waters are particularly interested in improved
sea ice information and predictions over several time
scales. For example, barge and vessel traffic and oil fields
on the North Slope rely on forecasts of ice conditions and
potential hazards on synoptic time scales (a few days to a
week), as they are relevant to ice closing in toward the
coast.

Variations in the distribution of ice thickness and
perennial ice—ice remaining from previous years—are
hazards of particular concern, requiring forecasts at the
onset of the operational season as well as synoptic and
subseasonal forecasts over the course of the season. Sea-
sonal predictions of breakup, freeze-up, and overall ice
regimes provide an overview for conditions lasting several
months. The need for ice thickness assessments,
multiyear-ice assessments, and seasonal-scale forecasts
dovetails with data needs for initialization and validation
of predictions based on coupled ice-ocean and ice-ocean-
atmosphere models.

Stakeholders in coastal communities place a high prior-
ity on improved predictions of fall freeze-up at the sea-
sonal to submonthly scale. The presence of sea ice in the
fall is a key constraint for a range of activities, including
resupplying northern communities. Sea ice also affects
potential hazards such as the exposure of coastlines to fall
storms.

Arctic sea ice hit its annual minimum on 17 September 2014. The red line in this image shows the 1981-2010 average minimum extent. Data provided

by the Japan Aerospace Exploration Agency GCOM-W1 satellite.
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Searching for Meaningful Diagnostics
In April 2014, SIPN hosted its first sea ice pre-
diction workshop. Scientists from around the
world attended, with representation from the
modeling and observation communities, as
well as operational forecast centers. These sci-
entists put forward several recommendations
to improve predictions. They placed the high-
est priority on model intercomparison projects,
improvements in ice thickness data retrieval,
and assimilation of observations into models.
The need for more-sophisticated diagnos-
tics was a recurring theme in the discussions.
For the first few years of the SIO, ice extent was
almost exclusively the only metric considered,
yet it is clear that such a spatially integrated 5
metric is of little use to most stakeholders.
Five groups responded to a 2014 request for
submissions of spatial predictions of the date
of ice loss and the probability that September
sea ice concentration (the fraction of a given
area that is covered by ice) will be greater
than 15%. Although these results show varying
degrees of skill in capturing the ice edge loca-
tion (Figure 1a), the multimodel mean yields a
more skillful outlook than any individual
dynamical model, a feature also seen in other
climate forecasts [e.g., Krishnamurti et al., 1999].
General agreement across models shows
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that the most unpredictable feature of the
September 2014 ice cover was the significant
loss of ice in the Laptev Sea and the above-
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average ice cover in the Barents Sea (Fig-

ure 1b). It is telling that these are the regions
within the Arctic where summer atmospheric
forcing was most extreme, with warm south-
erly winds over the Laptev Sea and cold north-
erly winds over the Barents Sea. Because the
atmosphere is mostly unpredictable beyond

1 or 2 weeks, the sea ice forecasts initialized in
late spring may not be able to accurately pre-

Fig. 1. (@) Multimodel ensemble mean sea ice probability. A value of O represents 0%
probability that September sea ice concentration will be greater than 15%, and 1 rep-
resents 100% probability. The black contour indicates the observed September 2014
sea ice edge. (b) Depiction of forecast skill of the multimodel ensemble mean. Colors
represent skill ratings calculated as Brier scores (see http://bit.ly/1fcFx71). A value of O
(shown as white) represents a perfect forecast, and 1 (dark red) represents a completely
erroneous forecast. (Credit for models that contributed to Figure 1a and 1b: Blanchard-
Wrigglesworth et al., NCAR CESM; Cullather et al., NASA GMAO; Wang et al, NOAA
CFS; Zhang and Lindsay, UW PIOMA; Slater) (c) Median and interquartile range (IQR) of

dict sea ice features that develop as a result of
extreme summer atmospheric conditions.

July Sea Ice Outlook (SIO) predictions compared to observed September extent.

Which Models Are Most Accurate?

We evaluated SIO contributions from 2008 to 2013 and
found that median predictions tended to be accurate in
years when the extent followed the long-term accelerating
trend [Stroeve el al., 2014]. For example, the observed Sep-
tember 2014 extent was 100,000 square kilometers less
than that observed in 2013, and the median of the current
sea ice extent estimations in the SIO is closer to the
observed sea ice extent than the median for contributions
in 2013 (Figure 1c).

In 2014, about one third of contributions came from
dynamical climate models that, as a multimodel ensemble,
bracketed the observed value for each month the forecasts
were issued. These forecasts were more accurate for start
dates closer to September, that is, when the models were
initialized using the most recent observations.

An analysis of the differences between predicted and
observed sea ice extents using various methods suggests
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that the SIO forecasts capture accelerating rates of ice loss
better than a linear trend approach, although only slightly
better.

Limitations of Predictability

Given inherent uncertainties, what are the limits that
determine how well any predictive model can perform?
Several studies have used a “perfect model” approach to
estimate the limit of Arctic sea ice predictability. These
idealized prediction studies suggest that skillful forecasts
for monthly pan-Arctic sea ice extent should be possible
up to 24 months in advance (see Guemas et al. [2014] for a
review).

However, skillful forecasts extend only 2 to 5 months
during summer, when scientists use the same type of
dynamical models and statistical forecast systems to pre-
dict observed ice conditions. This gap may originate from
limitations of the forecast systems, such as insufficient or

Eos.org // 13



14 /| Eos

To improve Arctic models, scientists conduct fieldwork to record observations under shifting arctic baselines. Here a scientist readies instruments for

a surface-based passive microwave survey on Daring Lake in Canada’s Northwest Territories. The survey will help researchers learn more about

snow cover properties over multiple years at a scale appropriate for comparison with satellite passive microwave remote sensing data and regional

climate and hydrological models.

poor-quality initial conditions for data assimilation, insuf-
ficient or inadequate model physics, and a potential for cli-
mate models to drift toward a state that’s not a real feature
of the climate system.

Ultimately, inherent predictability may be quite a bit
lower in nature than in dynamical models. However, new
model physics developments that address important sea
ice processes, such as the life cycle of melt ponds on sea
ice, demonstrate promising results in enhancing predictive
skill in a statistical forecast model [e.g., Schrdder et al.,
2014]).

How Do Shifting Baselines Further Limit Predictability?
Additional complexity arises from the lack of knowledge
about how the intrinsic predictability may be affected by a
change in the climate’s mean state [Holland et al., 2010].
Scientists find this question particularly relevant given the
fast pace of change in the Arctic.

Despite the fairly short satellite sea ice record, it is suffi-
ciently long to conclude that the summer ice loss has
accelerated [Stroeve et al., 2012). Yet superimposed on this
accelerating downward trend are large year-to-year varia-
tions. Interannual variability of summer sea ice extent will
likely increase in coming decades, and some scientists sug-
gest that this might lead to a reduction in predictability

[e.g., Tietsche et al., 2013). However, few modeling studies
of future potential predictability have been performed to
date.

Future Directions

The sea ice prediction modeling community must act on
several fronts to analyze future contributions efficiently
and extract reliable information relevant for stakeholders.
Priority lies in designing a stringent common protocol for
seasonal prediction systems so that the uncertainty contri-
butions from imperfect knowledge of initial conditions,
chaotic summer atmospheric forcing, and imperfect model
physics can be quantified in a realistic framework. Eventu-
ally, this will help identify where efforts should be placed
to improve SIO forecast skill.

Modeling groups must also be prepared to incorporate
an increasing number of available sea ice observations in
their models for initialization. Data on ice concentration
and thickness, snow cover, spring melt pond fraction, and
ice drift are already available or will become routinely
available in the near future.

Evaluation of statistical models is also complex because
there is no consensus on the overall structure of these
models. Currently, statistical model users favor ordinary
regression, but there are a number of alternatives. Because
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statistical models are fixed mathematical relationships
between climate variables constructed from past data, sci-
entists will need to address if and how these relationships
might change under a changing climate.

In addition, a framework should be designed so that sta-
tistical model predictions can be compared with predic-
tions from coupled models. We have received statistical
predictions of regional and stakeholder-relevant sea ice
parameters, such as the Barnett severity index [Drobot,
2003]. Comparing these with coupled model predictions is
a challenge.

Statistical modelers should also work toward producing
spatial maps so that these can be interpreted relative to
the coupled models. A noteworthy result of the 2014 SIO is
that a statistical model yielded the best spatial forecast
skill. Whether this result holds only for 2014, when the
extent fell near the long-term trend, remains to be seen.

Finally, there is substantial value in fostering communi-
cation between observers, modelers, and various stake-
holder groups to better define data utility, information
needs, and priorities. This requires effective communica-
tion pathways, such as presentations directly to stake-
holder groups, translation of research findings into brief
summaries, and the creation of a forum for informal
exchange. Toward that end, SIPN has begun hosting
bimonthly webinars (http://www.arcus.org/sipn/meetings/
webinars) and has created a LinkedIn forum (http://linkd
.in/1TgpzIE) for informal exchange among stakeholders
and climate forecasters.
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International Ocean Discovery Program
CALL FOR APPLICATIONS

Apply to participate in
JOIDES Resolution Expeditions

Application deadline: 15 August 2015

Note: These expeditions subject to the availability of funds.

WESTERN PACIFIC WARM POOL EXPEDITION
September - November 2016

The Western Pacific Warm Pool (WPWP) Expedition
(based on IODP Proposal 799-Full2) aims to
understand the interaction between climate and the
WPWP from the middle Miocene to Holocene. A series
of sites will be drilled in the western equatorial Pacific
and eastern Indian Ocean to investigate (1) the role and
response of the WPWP to millennial climate variability
during the late Quaternary, (2) changes in the WPWP
and relation to monsoon activity on orbital timescales
during the Pliocene-Pleistocene, (3) changes in the
Indonesian Throughflow during the Pliocene-
Pleistocene, and (4) the long-term evolution of WPWP
sea surface temperature (SST) and water chemistry
since the middle Miocene.

MARIANA CONVERGENT MARGIN EXPEDITION
December 2016 to January 2017

The IODP Mariana Convergent Margin Expedition
(based on IODP proposals 505-Full5 and 693-APL) will
investigate geochemical, tectonic, and biological
processes at intermediate depths of an active
subduction zone. This expedition will core the summits
and flanks of serpentinite mud volcanoes on the forearc
of the Mariana system, a non-accretionary convergent
plate margin in the western Pacific. In addition, a
reentry cone and casing system will be installed at three
of these sites to provide the infrastructure for post-
cruise installation of long-term monitoring; the existing
Hole 1200C borehole observatory (CORK) will also be
removed.

For more information about the expedition science
objectives and the JOIDES RESOLUTION
EXPEDITION SCHEDULE see
http://iodp.tamu.edu/scienceops/. Links to the individual
expedition web pages provide the original IODP
proposal and expedition planning information.

WHO SHOULD APPLY: Opportunities exist for
researchers (including graduate students) in all
specialties — including but not limited to -
sedimentologists, structural geologists, paleontologists,
petrologists, biostratigraphers, paleomagnetists,
petrophysicists, borehole geophysicists, microbiologists,
and inorganic/organic geochemists.

WHERE TO APPLY: Applications for participation must
be submitted to the appropriate IODP Program Member
Office — see
http://iodp.tamu.edu/participants/applytosail.html
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