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History and Motivation

• Arctic sea ice forecasts using the
operational Climate Forecast
System version 2 (CFSv2) model
do not capture the seasonal
cycle, interannual variability,
and long-term trend of sea ice
• An experimental version of the
CFS model, which uses initial
sea ice thickness from the PanArctic Ice Ocean Modeling and
Assimilation System (PIOMAS)
along with other small
modifications to
parameterizations improves on
all of these features

Shaded region denotes 5member ensemble spread

• As a result, the NOAA Climate
Prediction Center (CPC) began
issuing seasonal sea ice
outlooks with the experimental
system starting in March 2015.

Rationale for a new sea ice reanalysis
1. Forecast model consistency
CFS uses the Geophysical Fluid Dynamics Laboratory (GFDL) Modular
Ocean Model (MOM) so we want an initialization product that uses the
same model. PIOMAS uses the Parallel Ocean Program.

2. Remove dependency on external source to
improve operational reliability.
PIOMAS data are created at the University of Washington and sent to
CPC. Therefore, we are depending on an outside source for data that
we need for real time operations. Having an in-house product
eliminates this concern.

3. Better representation of sea ice concentration
and thickness through data assimilation
Although PIOMAS assimilates sea ice concentration, it does not
assimilate sea ice thickness. The current version of our product only
assimilates concentration as well, but experiments to test sea ice
thickness assimilation are planned.
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Left: Sea ice extent comparison between CFSR and
NASA Team
Above: 1 March 2017 sea ice thickness from CFSR,
PIOMAS, and VIIRS.

CPC Sea ice Initialization System (CSIS)
• MOM start up: 00z January 1, 2005
• First year is treated as spin-up, we start saving
data January 1, 2006
Start
00z

Run model forward 24 hours

Sea Ice
concentration
(NASA Team) Sea surface
temperature
(NCEI OISST)

Stop
00z next day

Produce new
restart file
(Restart file contains ocean/ice initial conditions)
Restart file

Repeat process

Used for coupled model
sea ice hindcast/forecast
initialization

Sea ice assimilation Procedure
•

Simple nudging technique introduced in Lindsay and Zhang (2006).

•
•

For each grid point with defined sea ice concentration (C)
Cmod’ = Cmod + K*(Cobs – Cmod) mod=model, obs=NASA, mod’=nudged value, K=weighting factor

•

K = [|(Cobs – Cmod)|α] / [|(Cobs – Cmod)|α + R2obs ] α = 1,3,6,9; R2obs = 0.0025

•

For CSIS, we set α=1 to give the most weight to the observations

•

Sea ice concentration is first changed in the lowest thickness category. If needed, the residual difference is
removed from the next lowest category and so on until the total amount changed equals the original
nudged value. Newly added sea ice is initially assigned a sea ice thickness of 0.30 m.

Initial testing: seasonal cycle
CFSR, CSIS with no ice
assimilation: too high

CFSR, CSIS with no ice
assimilation: too high

PIOMAS:
too low in
winter

CSIS with
assimilation:
improved

CSIS with ice
assimilation
closely matches
PIOMAS

Initial testing: Bering Strait sea ice
Left: Mean December sea ice
concentration (%), 2007-2016
• CFSR has a positive bias in sea ice
concentration
• The error is not present in
PIOMAS
• Not assimilating sea ice into CSIS
causes a large negative bias
• Assimilating sea ice into CSIS
eliminates this bias, making the
product similar to PIOMAS.

Coupled model runs
Run CFS coupled model with initial
ice/ocean conditions from CFSR, PIOMAS,
and CSIS.
The model was initialized on June 21 for
the years 2012-2016.
Right: Arctic sea ice extent mean seasonal
cycle for each model initialization
• CFSR initialization has much higher
September sea ice extent compared to
using PIOMAS and CSIS initialization
which is more in line with the NSIDC
observations.

Coupled runs (cont.)
Left: Year to year variability of September sea ice
extent in CFS coupled simulations
• CFSR initialized runs show poor year to year skill
• CSIS and PIOMAS initialized runs closely
followed the observed
Below: Mean sea ice concentration bias with
respect to NASA Team data
• Very large positive bias from CFSR initialization
• Still some positive bias from PIOMAS and CSIS
initialization, but not as robust as in CFSR.

Summary
•

•

•
•

Experimental sea ice outlooks at NOAA CPC have greatly benefited from
the use of initial sea ice conditions from PIOMAS. Improvements exist
in the seasonal cycle and year to year variability.
An in-house product, CSIS, was created at CPC to maintain consistency
with the CFS forecast model, remove reliance on an outside source, and
further improve on current sea ice reanalysis systems.
CSIS produces similar results in terms of seasonal cycle and interannual
skill as PIOMAS and is substantially improved over CFSR.
Starting in 2018, CSIS is now being used to initialize CPC’s experimental
seasonal and week 3-4 sea ice forecasts.

September 2018 early sea ice
forecast
Based on initial conditions from CSIS, model initialized
April 21-25, 2018 (20 ensemble members)
Hindcasts initialized April 21-25, 2006-2016 are used
to correct systematic biases

September 2018 Arctic sea ice extent

Predicted value = 4.50 * 106 km2
Error = +/- 0.29 106 km2
LOW (Below 2009-2017 median)
Confidence: Somewhat confident
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f. Greenland Sea

September 2018 Arctic sea ice
concentration
Region

Area
*1012 km2

Category

Beaufort/
Chukchi

0.32

HIGH

Canadian
Archipelago

0.18

LOW

Barents/
Kara

0.16

LOW

Laptev/
E. Siberian

0.15

LOW

Baffin Bay

0.002

RECORD
LOW

Greenland
Sea

0.15

LOW

Thank you!
Questions or comments?
Contact: thomas.collow@noaa.gov

