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Figure 1. Annual mean forecast skill in predicting the sea ice edge location in terms of the SPS of the different S2S systems (colored-solid lines), the
climatological benchmark (constant gray-solid line), and the persistence benchmark (growing gray-solid line) as function of forecast lead time for the Antarctic
(left) and Arctic (right) regions. Note the different scales for the SPS. The averaging is performed over the common 12-year reforecast period (1999–2011). The
shading and dashed lines indicate ∼95% confidence intervals, based on standard errors obtained from the 12 individual annual means. SPS = Spatial Probability
Score; S2S = Subseasonal to Seasonal; NCEP = National Centers for Environmental Prediction; CMA = China Meteorological Administration; MF =
Météo-France; ECMWF = European Centre for Medium-Range Weather Forecasts; UKMO = UK Met Office; KMA = Korea Meteorological Administration.

The NCEP forecast system (light blue line) shows a rapid growth of the forecast error and has on average no
predictive skill over the benchmarks. The wide uncertainty band is the result of large interannual variability
of the NCEP forecast error. The MF forecast system exhibits an error 30% larger than CLIM already at initial
time, growing further with lead time. Finally, the CMA forecast system (not visible in Figure 1 because out of
range for all lead times) is affected by strong biases related to the lack of assimilation of sea ice observations
as well as to significant model biases in the polar regions. In the Antarctic, the ice edge extent is almost
always and everywhere underestimated (Figure 3), pointing to a widespread warm bias in the CMA system.

The results indicate some similarities between the two hemispheres. First, the model ranking in the Antarc-
tic is comparable to that in the Arctic. The only exception is the NCEP forecast system, which shows a
degradation of its predictive skill in the Southern Ocean relative to the skills of the other systems and bench-
marks. With the exception of April and May, the NCEP sea ice edge extent tends to be overestimated in most
places (Figure 3), pointing to a prevailing cold bias. Since the same sea ice model physics are implemented
for both hemispheres, our results suggest that the NCEP forecast system would benefit from a more careful
tuning of its parameters to match better the observed state in the Southern Ocean. A second feature common
to the two hemispheres is the large initial error, which amounts to ∼50% of the CLIM error in the decently
initialized systems (ECMWF, UKMO, KMA). As described in Zampieri et al. (2018), the initial error can
have multiple sources, such as the adjustment of the sea ice edge to the sea surface temperature during the
data assimilation, employment of different sea ice observations in the assimilation and verification phases
and finally interpolation errors due to the regridding of the model and observational data to the coarse S2S
grid. Understanding the relative contributions of different sources to the total initial error is challenging and
beyond the scope of the present study.

Selected forecasts users might be interested in the verification of different sea ice concentration contours
rather than the usual 15% threshold that defines the ice edge. Figure S2 shows a moderate error reduction
when considering a higher threshold (50%), both for the forecast systems (only ECMWF is displayed) and
for the climatological benchmark. This leads to a slight increase of the predictive skill at longer lead times
(the forecast loses predictive skills at day 39 instead of day 37) that could be explained by a reduced sen-
sitivity of the compact ice to weather events. Moreover, we observe a substantial reduction of the initial
error (∼40%), suggesting that this error is in part caused by a misrepresentation of dispersed sea ice in the
marginal ice zone.

Finally, an obvious difference between the annual mean forecast errors in the two hemispheres is their
overall magnitude. The Antarctic SPS is on average ×2.6 larger than the Arctic SPS. This difference is in part
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Methodology

• All data remapped to 
common grid (25 km EASE-2) 
and land mask for equal 
coverage.
• Ice presence using 15% SIC 

threshold (except IMS)
•Measure Integrated Ice Edge 

Error (IIEE) for each pair at 
each date

Geophysical Research Letters 10.1002/2015GL067232

Figure 1. The sea ice edges (15% ice concentration contours) for two members of an AWI-CM idealized forecast
ensemble on 15 September (initialized on 1 July of the same arbitrary year). Interpreting the blue contour as forecast
and the red contour as truth (observations), the IIEE is the sum of all light blue (ice extent overestimated; O) and light
red (ice extent underestimated; U) areas, compare equations (1)–(3). The depicted land-sea distribution corresponds to
the AWI-CM ocean grid.

the area where the forecast and the truth disagree on the ice concentration being above or below 15%, that
is, the sum of all areas where the local sea ice extent is overestimated (O) or underestimated (U):

IIEE = O + U (1)
with

O = ∫A
max(cf − ct, 0)dA (2)

and

U = ∫A
max(ct − cf , 0)dA (3)

where A is the area of interest, here the Northern Hemisphere, c = 1 where the sea ice concentration is above
15% and c = 0 elsewhere, and subscripts f and t denote the forecast and the truth (Figure 1). The definition
of the IIEE is equivalent to the so-called symmetric difference between the areas enclosed by the forecasted
and the true ice edge.

The IIEE has a number of properties that make it a useful verification metric. (i) The IIEE is conceptually simple
and straightforward to derive from modeled and observed gridded sea ice concentration data. (ii) Remote
sensing data reveal the approximate ice-edge position for the past ∼35 years, enabling evaluation of sea ice
forecasting systems with retrospective forecasts. (iii) The ice-edge position is an important characteristic of
the sea ice cover and, accordingly, the IIEE much more relevant to potential forecast users than just the sea
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(Halfway) Summary

• Daily analysis from ORAS5 shows considerable ice edge error 
against several observations
• Mismatch (measured as IIEE)  is highest during the summer in 

both hemispheres, led by underestimation of ice (negative bias).
• Some regions have consistent issues (e.g. Ross and Weddell Sea).

• ..but some observations showed more error than others.. Do they 
actually agree? 
•🤔
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Summary 

• There are considerable differences in sea ice presence between 
different observational datasets, highest in the summer.
• Comparing the mean bias maps between different pairs suggests 

where certain datasets have issues (e.g. overestimation by OSISAF in 
the Gulf of Finland, Underestimation by AMSR in Cape Poinsett/West 
Antarctica)
• It is likely that disagreement and errors in observations persist as 

disagreement with analysis and eventually forecasts.  Addressing 
these differences will most likely improve forecast performance, in 
this case for ECMWF.
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Thank you for your attention J 
bimochan.niraula@awi.de
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Sea ice presence and ice edge between 
different observational datasets have 
considerable differences.

Mean bias maps suggest issues in 
particular location for some datasets.

Forecast skills might improve if 
observational biases are accounted for.

Summary 
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