
1 
 

2018 Sea Ice Outlook Full Post-Season Report  1 
Review Draft per 22 February 2019 2 
 3 
TABLE OF CONTENTS  4 

Section 1. POST-SEASON HIGHLIGHTS (to be developed) 5 
Section 2. INTRODUCTION/OVERVIEW 6 
Section 3. REVIEW OF OBSERVED ARCTIC 2018 CONDITIONS 7 

Section 3a. Observed Arctic Sea Ice 8 
Section 3b. Ocean Heat  9 
Section 3c. Atmospheric Conditions 10 

- PanArctic Discussion 11 
- Alaska Discussion 12 

Section 4. REVIEW OF THE 2018 SEA ICE OUTLOOKS 13 
Section 4a. Overview of the 2018 Sea Ice Outlook (SIO) 14 
Section 4b. Review of Statistical Methods 15 
Section 4c. Review of Dynamical Models and Methods of Forecast Initialization 16 
Section 4d. Spatial Forecasts of September Sea Ice Extent Probability (SIP) 17 
Section 4e. Review of Regional Alaska Forecasts 18 

Section 5. FURTHER ANALYSIS 19 
Section 5a. Probabilistic Assessment of the 2008-2018 Outlooks and 20 

Evaluation of SIO Forecast Skill Relative to Control Forecasts 21 
Section 5b. Discussion of Spatial 2018 Ice Advance  22 

Section 6. ANTARCTIC CONTRIBUTIONS 23 
Section 7. SEA ICE DRIFT FORECAST EXPERIMENT (SIDFEx) RESULTS  24 
Section 8. SEA ICE FORECASTS FOR THE ALASKA MARINE SHIPPING INDUSTRY 25 
Section 9. THOUGHTS FROM THE 2018 SIO 26 
Section 10. REFERENCES (to be developed) 27 
Section 11. REPORT CREDITS (to be developed) 28 
 29 
__________________________________________________________________________ 30 
Section 1. POST-SEASON HIGHLIGHTS (to be developed) 31 
 32 
Section 2. INTRODUCTION/OVERVIEW 33 
 34 
This Sea Ice Outlook (SIO) Post-Season Report of the Sea Ice Prediction Network-Phase 2 35 
(SIPN2) centers around forecasts of pan-Arctic September minimum sea ice extent, while also 36 
including spatial sea ice forecast information and a synthesis of observed Arctic conditions from 37 
June to September 2018. SIPN2 is a community of scientists and stakeholders with the goal of 38 
advancing our understanding of the state and evolution of Arctic sea ice cover. The SIO is a 39 
community network activity that is led by the SIPN2 project team with contributions from key 40 
partners and the community.  41 
 42 
We heartily thank the participants who contributed to the 2018 SIO to make it the year with the 43 
greatest number of contributions for all categories. This year we received a total of 112 44 
submissions of pan-Arctic (full field) September extent forecasts, with 34 in June, 39 in July, and 45 
39 in August. The full field analysis was significantly advanced this year by the SIPN forecast 46 
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data portal (https://atmos.uw.edu/sipn/) that continuously collects forecasts, expanding the 47 
forecasts to other seasons beyond the September minimum. The portal now provides access to 48 
datasets and the means to perform analysis using a Jupyterhub. Starting in 2016, SIPN has 49 
also been collecting forecasts of the extent in the combined Chukchi, Bering, and Beaufort seas, 50 
which are referred to as the "Alaskan Region." Participation in Alaska regional evaluation 51 
continues to increase each year, and for the 2018 SIO we received 11 contributions in each of 52 
the months of June, July and August. SIPN2 has a component that focuses on evaluating the 53 
economic value of sea ice forecasts to stakeholders, in particular the Alaska marine shipping 54 
industry. This new component is briefly discussed in this report. Other new topics covered in this 55 
2018 SIO Post-Season Report include: ocean heat content, spatial patterns of ice advance, and 56 
an expanded discussion of the Sea Ice Drift Forecast Experiment (SIDFEx). The report also 57 
includes sections on observed Arctic conditions, a review and discussion of SIO forecasts, 58 
Antarctic contributions, and lessons learned in 2018.  59 
  60 
 61 
Section 3. REVIEW OF OBSERVED ARCTIC 2018 CONDITIONS 62 
 63 
Section 3a. Observed Arctic Sea Ice 64 
The 2018 September monthly mean sea ice extent of 4.71 million square kilometers according 65 
to the National Snow and Ice Data Center’s (NSIDC) Sea Ice Index (SII, 66 
http://nsidc.org/data/seaice_index) is tied with 2008 for the 6th lowest in the satellite record that 67 
began in 1979. The September linear trend through 2018 is now -82,300 square kilometers per 68 
year (12.8% per decade, relative to the 1981–2010 average) (Figure 3.1). The absolute 69 
minimum extent (based on a 5-day running average) was 4.59 million square kilometers 70 
according to the SII; which was also tied for the 6th lowest with 2008 and 2010. The minimum 71 
extent was reached twice, on September 19 and 23, which was later than the median minimum 72 
date of 14 September. September 23 tied with 1997 for the latest minimum in the satellite 73 
record. 74 
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 75 
 76 
Figure 3.1. September average sea ice extent for 1979–2018 (black line) and linear trend line (blue line). 77 
Data from the NSIDC Sea Ice Index. 78 
 79 
Several organizations now estimate sea ice extent from a variety of sources, most based on 80 
passive microwave satellite imagery. Differences in processing and data sources result in 81 
different extent values (Figure 3.2). However, these differences are generally offsets that are 82 
consistent for a given time of year, long-term trends and variability are in better agreement. 83 
Table 1 provides estimates of minimum and September average extent from selected sources. 84 
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 85 
Figure 3.2. Sea ice extent estimates from several different products showing differences in estimates 86 
through the melt season, June through September 2018. Products are described in Table 1 below. 87 
 88 
 89 
 90 
 91 
 92 
 93 
 94 
 95 
 96 
 97 
 98 
 99 
 100 
 101 
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Product Sep. 
Avg. 
Extent 

Minimum 
Extent 

Sensor Algorithm Website 

NSIDC Sea 
Ice Index 

4.71 4.59 SSMIS NASA Team nsidc.org/data/seaice_index/ 

Goddard 
Bootstrap 

5.01 4.86 SSMIS Bootstrap neptune.gsfc.nasa.gov/csb/ 
index.php?section=234 

JAXA 
Bootstrap 

4.62 4.48 AMSR2 Bootstrap ads.nipr.ac.jp/vishop/#/extent 

NERSC 
Arctic ROOS 

5.36 5.22 SSMIS Norsex arctic-roos.org/observations 

Bremen 4.44 4.31 AMSR2 ASI seaice.uni-bremen.de/sea-ice-
concentration/ 

NSIDC/NIC 
MASIE 

4.60 4.49 Multi-
sensor 

Manual 
analysis 

nsidc.org/data/masie/ 

Table 1. Monthly mean September sea ice extent and minimum sea ice extent from seven different data 102 
providers. Thanks to Robert Gersten, NASA Goddard, for providing Goddard Bootstrap data. 103 
 104 
 105 
Arctic sea ice from January to April 2018 was lower than the corresponding months in 2012, the 106 
record minimum September ice extent (Figure 3.3). In 2018, Arctic ice extent reached record 107 
lows during the first half of the year, with a rank of first lowest in January and February and 108 
second lowest from March to May. The sea ice extent retreat during June and July was similar 109 
to 2012 and 2007, but was slower in August and September. Low May extent was due in large 110 
part to the lack of ice in the Bering Sea (Figure 3.4), where 2018 was the lowest on record for 111 
nearly all of 2018 (Figure 3.5). Sea ice in the Beaufort Sea on the north coast of Alaska 112 
persisted in July and into August slowing down the summer retreat (Figure 3.3). September sea 113 
ice extent in the Canadian (or eastern) Beaufort was also above normal (Figure 3.4). Sea ice 114 
extent in August and September had retreated well below the climatological median throughout 115 
the Arctic with the exception of the Laptev Sea (Figure 3.4).  116 
 117 
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 118 
Figure 3.3. Seasonal Cycle of Arctic sea ice extent for 2018 (purple), 2007 (blue), 2012 (black dashed), 119 
and climatological median (grey).  120 
 121 

 122 
 123 
Figure 3.4. Arctic sea ice extent for May, August, and September 2018 along with corresponding 124 
climatological median ice edge (1981–2010).  125 
 126 
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 127 
Figure 3.5. The seasonal cycle of Bering Sea ice extent for 2017 to 2018 (blue), and the median (black) 128 
and range (grey shading) over the 1979–2017 period. Graphic provided by NSIDC and credited to Walt 129 
Meier.  130 
 131 
Section 3b. Ocean Heat 132 
Sea surface temperatures (SSTs) in summer 2018 were quite high, especially in the Chukchi 133 
and eastern Laptev seas. The Chukchi Sea warming started relatively early in the season (i.e., 134 
in May), partly in response to northward warm ocean advection from the unusually ice-free 135 
Bering Sea of winter 2018-2019. Laptev Sea warming was strong but matched by some 136 
previous years (e.g., 2011) and did not start unusually early. Figure 3.6 shows conditions in 137 
early August, when a large patch of ice remained north of Alaska, separate from the main pack.  138 
This area is often the last to melt along the North American Arctic coast (Steele et al., 2015), 139 
leading to cool temperatures by the end of summer (Steele and Dickinson, 2016). The northern 140 
Chukchi Sea was quite warm by early August; drifting WARM buoys measured surface 141 
temperatures above 6°C (http://psc.apl.washington.edu/UpTempO/Data.php). In September, an 142 
UpTempO buoy deployed to the west (i.e., along 150W north of Alaska) found similar warm 143 
temperatures at 40–60 m depth, below the ice-patch-cooled surface layer. This was confirmed 144 
by ship observations carried out on the research vessel, Sikuliaq, as part of the Office of Naval 145 
Research (ONR) Stratified Ocean Dynamics in the Arctic (SODA, 146 
http://www.apl.washington.edu/project/project.php?id=soda) program. The UpTempO 147 
(http://psc.apl.washington.edu/UpTempO) buoy drift crossed several alternating streams of 148 
warm and cool water in the southwestern Beaufort Sea (Figure 3.7), indicating a patchiness of 149 
subducting warm Pacific water coming from the Chukchi Sea. After the sea ice minimum, SSTs 150 
cooled at a pace comparable to previous years; by November ocean heat content in the 151 
Chukchi and Laptev “warm spots” was similar to that found in previous years. This indicates that 152 
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the timing of sea ice advance depends on both end-of-summer ocean heat as well as fall 153 
atmospheric conditions that dictate air-sea heat fluxes. 154 

 155 
Figure 3.6. Sea Surface Temperature (SST, color scale) and ice concentration (gray scale) on 5 August, 156 
2018. SSTs are from NOAA’s OISST daily AVHRR product; ice concentration is from NSIDC’s NASA 157 
Team1 near real time daily SSMIS product. Also shown are the positions of drifting buoys that measure 158 
ocean temperature from the UpTempO and WARM buoy programs at this time.   159 
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160 
Figure 3.7. UpTempO buoy temperatures from 0–60 m depth (color bar) deployed during the ONR-161 
sponsored September SIZRS flight at 72N, 150W. The drift of the buoy through the fall is shown in the 162 
inset from September–December 2018. Surface waters (purple/blue colored lines) are generally cooler 163 
than the very warm subsurface values of >6°C, which WARM buoys and satellite IR sensors indicate 164 
came from the Chukchi Sea. The buoy drift shows that these warm subsurface conditions are patchy, i.e., 165 
with alternating cool and warm filaments. 166 
 167 
Section 3.b References: 168 

Steele, M., and S. Dickinson. 2016. The phenology of Arctic Ocean surface warming, J. Geophys. 169 
Res. Oceans, 121, 6847–6861, doi:10.1002/2016JC012089. 170 

Steele, M., S. Dickinson, J. Zhang, and R. Lindsay. 2015. Seasonal ice loss in the Beaufort Sea: 171 
Toward synchrony and prediction, J. Geophys. Res. Oceans, 120, 1118–1132, 172 
doi:10.1002/2014JC010247. 173 

 174 
Section 3c. Atmospheric Conditions  175 
Summer (June–August) 925-hPa air temperatures (approximately 2500 feet above the surface) 176 
were above average over the Arctic Ocean and Eurasia and were below average over coastal 177 
North America (Figure 3.8, left panel). The 850-hPa geopotential height (Figure 3.8, right panel) 178 
was anomalously low over the central Arctic Ocean, North America, and the Atlantic sector of 179 
the Arctic. Heights were above average over much of northern Eurasia. Seasonal anomalies in 180 
sea level pressure were similar to those of 850-hPa geopotential height. The June–August SLP 181 
pattern in 2016 and 2017 featured anomalously low average pressure centered over the Arctic 182 
Ocean whereas in 2018 there were two low pressure centers, one in the Barents Sea and one 183 
closer to the Canadian Arctic Archipelago. Seasonal 925-hPa temperature averaged from 70–184 
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90 degrees N over the 1979–2018 period shows an increase in temperature starting in 1997 185 
peaking around 2007 and declining until 2018. Temperatures in 2018 rank as the 6th warmest 186 
over the 1979–2018 period (Figure 3.9). Seasonal SLP for 2018 for this region ranked at the 3rd 187 
lowest and was lower than for the past two years (Figure 3.9). One interesting feature of the 188 
summer was the variability between months. July was a cool month, while June and particularly 189 
August were warm. August 925 mb temperatures were actually higher than July, something not 190 
seen in the past 40 years (Figure 3.10). Despite the summer variability and the warm August, 191 
given that the atmospheric seasonal temperatures were overall high but not extreme, they are 192 
broadly consistent with the ranking of sixth lowest sea ice minimum in 2018. 193 

 194 

 195 
 196 
Figure 3.8. June–August 2018 anomalies of Arctic 925 mb air temperature (left panel) and geopotential 197 
height field at 850 mb (left) - 15 % of the atmosphere above the surface. Plots created on ESRL web 198 
plotting site using NCEP reanalysis. 199 
 200 

 201 
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 202 
Figure 3.9. June–August time series of Arctic (70–90N) sea level pressure (blue) and 925 mb air 203 
temperature anomalies (red). Raw data from NCEP reanalysis provided by ESRL on their time series site 204 
(https://www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl). 205 
 206 
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207 
Figure 3.10. Air temperatures at the 925 mb level for July and August for the region poleward of 70 N. 208 
Raw data from NCEP reanalysis provided by ESRL on their time series site 209 
(https://www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl). 210 

Summer conditions around northern Alaska were generally cooler than in the Eurasian Arctic. 211 
After an extremely early start to the melt season in the southern Chukchi Sea, summer ice melt 212 
near Alaska was much slower than recent years. June featured persistent cloudy and cool 213 
weather, slowing melt. July was milder with more storminess which increased ice melting, but it 214 
was not until August that melt really accelerated. Sea ice in the Beaufort remained close to the 215 
northern Alaska coast until late July. There was still considerable ice in the Beaufort Sea near 216 
the Alaskan coast, east of Cape Halkett by late August. The ice was sufficiently consolidated 217 
that non ice-hardened vessels had to wait for open channels to develop. The ice was well north 218 
of the Alaska coast in the Chukchi Sea at the end of August. Sea ice north of Alaska continued 219 
to melt back during September and did not reach the lowest extent of the season until the first 220 
week of October. Thereafter, sea ice increased in the Chukchi Sea but there was no 221 
appreciable ice anywhere in the Bering Sea until the first days of November. Although sea ice 222 
growth was faster in the Chukchi Sea during November 2018 than in November 2017, ice extent 223 
remained far below historical normal. The Bering Sea remained at or near record low ice extent 224 
due to the combination of significantly warmer than average ocean surface temperatures and a 225 
weather pattern that did not allow ice to set up and thicken. 226 

 227 
 228 
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Section 4. REVIEW OF THE 2018 SEA ICE OUTLOOKS (SIO) 229 
 230 

Section 4a. Overview of SIO 231 
The medians of the Outlook contributions for June (Figure 4.1), July, and August were 4.60, 232 
4.70, and 4.57 million square kilometers, respectively. Thus, the July ensemble Outlook was 233 
nearly perfect in terms of total observed extent (4.71 million square kilometers as reported by 234 
the NSIDC). The August median projection was lower than the observed September extent, 235 
likely due to an above average rate of ice loss during July; this caused contributors to revise 236 
their projections downward. However, as discussed further below, the August rate of decline 237 
was near average, which caused the observed September extent to diverge from the August 238 
projection. Regardless, the inter-quartile range of the projections of 4.4–4.9 million square 239 
kilometers bracketed the observed September extent. This fits a pattern noted before—outlooks 240 
perform well when the observed extent is near the trend line as it was this year (Figure 4.2). 241 
Outlier years tend to be more difficult to predict.  242 
 243 
In comparing the different methods, dynamic models performed well overall, with the observed 244 
extent within the model inter-quartile range from all three Outlooks (June, July, August), though 245 
the July and June medians were closer to the observed extent than the August median (Figure 246 
4.2). In outlooks from statistical methods, the median of July contributions was very close to 247 
observations and their inter-quartile range bracketed the observed extent. Mixed and heuristic 248 
methods had a limited number of contributions, making assessments more difficult. In general, 249 
mixed methods projected higher September ice extent than observed, while heuristic methods 250 
projected lower ice extent. Figure 4.3 shows additional details about how individual forecasts 251 
evolved over the season. The dynamical forecasts for all months were spread more evenly 252 
around the observed sea ice minimum (Figure 4.3), while the statistical forecasts had more 253 
realizations below the observed value. The dynamical methods performed slightly better than 254 
the statistical methods and the greater spread in the dynamical compared to the statistical 255 
suggest the dynamical provides slightly more accuracy at the expense of precision.  256 
  257 
 258 
 259 
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 260 
Figure 4.1. Distribution of Sea Ice Outlook contributions for June estimates of September 2018 sea ice 261 
extent. Public/citizen contributions include: Frank Bosse, Rob Dekker, Nico Sun, Christian John, and 262 
Sanwa Elementary School. Figure courtesy of Bruce Wallin, NSIDC. 263 
 264 
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 265 

 266 
 267 
Figure 4.2. 2018 Outlook contributions for (from left to right for each group) June, July, and August as a 268 
series of box plots, broken down by general type of method. The box color depicts contribution method 269 
and the number above indicates number of contributions for each type of method. Figure courtesy of 270 
Bruce Wallin, NSIDC. 271 
 272 
 273 

 274 
 275 
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 276 
Figure 4.3. 2018 Outlook contributions by group for June (blue dot), July (green triangle), and August 277 
(orange diamond) are organized by general type of method. The 2018 observed September sea ice 278 
minimum is shown by dotted grey line.  279 
 280 
Section 4b. Review of Statistical Methods 281 
The averaged September sea-ice extent predicted by 19 statistical models is 4.52, 4.64, and 282 
4.64, respectively for their June, July, and August forecast. A total of 52 September predictions 283 
were submitted in the 2018 summer season: 16 in June, 18 in July, and 18 August. Figure 4.4 284 
summarizes errors in predicted sea-ice extent at three lead times. They are based on linear 285 
models (14), nonlinear models (4), and a probability model (1). Statistical models have two 286 
characteristics that are fundamentally different from dynamic models. First, they can be 287 
developed with a single time series of sea-ice extent without spatial information on ice 288 
concentration. Second, they can be built to use monthly or yearly time series without integrating 289 
through small time steps. These two characteristics give statistical models a tremendous 290 
advantage on resource demands, compared to dynamic models. The standard deviation of the 291 
52 predictions of September extent is 0.30 million square kilometers with a mean absolute error 292 
of 0.26 million square kilometers and a median error of -0.11million square kilometers (Table 2).  293 

  294 
Among the 14 linear models, ten use atmospheric and/or oceanic variables as predictors. These 295 
include sea surface temperature, ocean heat content, surface air temperature, pressure fields, 296 
reflected solar radiation at the top of the atmosphere, melt ponds on sea ice, snow area on land, 297 
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and sea ice concentration at various lead times. Four linear models only use sea ice information 298 
as predictors. Two models were initialized with ice thickness information.  299 

  300 
Most statistical models (13 out of 19) are designed to predict September extent without the 301 
knowledge of concentration evolving through space. Six models made concentration predictions 302 
at grid points (five linear models and one probability model) and then calculated extent, but only 303 
two groups provided predicted concentration maps (Figure 4.5). These six models yield 304 
standard deviation and mean absolute error in extent of 0.25 and 0.19 million square kilometers, 305 
respectively. The latter is the smallest mean absolution error in all types of prediction methods 306 
(see Figure 4.2 for the four categories of methods). Although the sample size is limited, the 307 
result suggests that the information on the spatial distribution of ice concentration is 308 
advantageous for predictions among statistical models. 309 

  310 
All four nonlinear models use the extent time series alone. They all underestimate the 311 
September extent with the largest bias and mean absolute error among different types of 312 
statistical models, although the standard deviation is the smallest (Table 2). It appears that the 313 
linear models outperformed the nonlinear models in terms of the bias and the mean absolute 314 
error. 315 

 316 
Table 2. 2018 September Extent Prediction errors as function of different types of statistical 317 
models. 318 

Types of Statistical 
models 

# of 
models 

sample 
size 

standard 
deviation 

mean 
absolute 

error 

median error 

All statistical models 19 52 0.30 0.26 -0.11 

Linear models (both 
at grid points and for 

SIE alone) 

14 39 0.30 0.25 -0.07 

Nonlinear models (all 
applied to SIE alone) 

4 10 0.19 0.36 -0.41 

Probability Forecast 1 3     -0.37 

Predictions made at 
grid points (all linear 

models) 

6 18 0.26 0.19 0 

 319 
  320 
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 321 
Figure 4.4. Forecast errors in September extent from each of the statistical models with lead time of four 322 
(top), three (middle), and two (bottom) months. The bars are arranged based on their size of the error, so 323 
the orders can be different for the same model in different months. 324 
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 325 
Figure 4.5. September sea-ice probability (top panels, Horvath) and sea-ice concentration forecast from 326 
two statistical models (middle and bottom): Nico Sun, and Yuan (Lamont). From left to right panels show 327 
the lead forecast time.  328 
 329 
Section 4c. Review of Dynamical Models and Methods of Forecast Initialization  330 
The mean September extent forecast from all dynamical models was 4.74+/-0.42 million square 331 
kilometers, with only slightly changing mean forecasts through the summer (mean dynamical 332 
model forecasts of 4.81, 4.75, and 4.69 million square kilometers in June, July, and August 333 
respectively (see Figure 4.2 in Section 4a above). The 2018 SIO forecasts from dynamical 334 
models are assessed based on their forecast initialization of sea-ice concentration and sea-ice 335 
thickness observations. Figure 4.6 shows the September extent forecasts throughout the 336 
summer from the models split by initialization: models that do not assimilate either extent or 337 
thickness, models that only assimilate concentration, and models that assimilate both 338 
concentration and thickness. 339 
 340 
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 341 
Figure 4.6. 2018 September extent forecasts from dynamical models based on their assimilation of sea 342 
ice in the forecasts initialization: No assimilation of sea ice extent or thickness (No), assimilation of sea 343 
ice concentration only (SIC), or assimilation of both sea ice concentration and sea ice thickness 344 
(SIC&SIT). 345 
 346 
Most models either do not assimilate sea ice or only assimilate sea ice concentration (SIC) 347 
observations, and only two models assimilated both sea ice concentration and sea ice thickness 348 
(SIT). The mean extent across all summer forecasts is 4.62+/-0.4 million square kilometers (no 349 
assimilation), 4.88+/-0.34 million square kilometers (SIC assimilation), and 4.70+/-0.72 million 350 
square kilometers (SIC and SIT assimilation). Given the relatively small sample size, differences 351 
across the initializations should be interpreted with caution. Note the large spread in how 352 
models in the ‘no’ category initialize their ocean/sea ice components. For example, some 353 
models use output from ocean reanalysis and observed sea surface temperatures, which should 354 
give a realistic representation of the ice edge, while others use climate model output from 355 
historically forced runs that do not assimilate ocean information.  356 
 357 
Section 4d. Spatial Forecasts of September Sea Ice Extent Probability (SIP) 358 
As we have done since 2014, participants were invited to submit forecasts of sea-ice extent 359 
probability (SIP – forecast probability of concentration greater than 15%). This year we received 360 
a record number of extent probability forecasts: 10 in June, 14 in July, and 12 in August. Figure 361 
4.7 shows the June forecast, with the observed September sea-ice extent edge overlain, 362 
together with the ensemble mean of individual models' SIP, and the model uncertainty in the 363 
SIP forecast (as represented by the standard deviation across the forecasts). 364 
 365 
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 366 
Figure 4.7. June 2018 Forecast of September SIP, the ensemble mean from the individual models and the 367 
standard deviation (σ) of the individual model forecasts. Black contour shows the mean September ice 368 
edge. Figure made by Nic Wayand and Ed Blanchard-Wrigglesworth. 369 
 370 
Overall, in 2018, models were more successful and consistent in their ice probability forecasts 371 
along the 'European' Arctic (Svalbard, Barents/Kara seas), and less so in the East Siberian and 372 
Beaufort seas. Interestingly, the observed sea ice edge lies almost entirely within the region of 373 
model uncertainty (bottom right panel), a positive result which indicates that overall the model 374 
ensemble is not consistently over-or-under predicting sea ice conditions. 375 

To quantify the skill of ice probability forecasts, Figure 4.8 shows the Brier scores (a metric 376 
constructed so that zero indicates a perfect forecast and 1 indicates an erroneous, or no skill, 377 
forecast) from each probability forecast and the multi-model mean. The value on the x-labels 378 
shows the pan-Arctic, spatially averaged Brier score (lower values indicate more accurate 379 
forecasts). 380 
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  381 
Figure 4.8. Brier scores for the June 2018 sea ice probability forecasts. The numbers on the x-label of 382 
each panel show the Arctic-wide spatial mean Brier score. Black contour shows the mean September ice 383 
edge. Figure made by Nic Wayand and Ed Blanchard-Wrigglesworth. 384 
 385 
How did the sea ice probability forecast accuracy evolve from the June to the August outlooks? 386 
Figure 4.9 shows the spatial mean Brier scores for all model submissions and that of the model 387 
mean ice probability from June to August. Several interesting features arise. One, we see that 388 
there is generally little change from June to August, and the spread in Brier scores does not 389 
decrease (one would expect forecasts to converge with shortening forecast lead times resulting 390 
in reduced Brier score spread). Secondly, the multi-model forecast was not the best overall, as 391 
previously found (2017), but is still one of the best performing forecasts. 392 
 393 
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 394 
Figure 4.9. Pan-Arctic spatial mean Brier score of models’ SIP forecasts for the June, July, and August 395 
SIO outlooks, together with the multi-model mean Brier score. Figure made by Nic Wayand and Ed 396 
Blanchard-Wrigglesworth. 397 

 398 
Section 4e. Review of Regional Alaska Forecasts  399 
This year we again invited participants to optionally submit an estimate of the sea ice extent for 400 
the Alaskan region, defined here as the combination of the Bering, Chukchi, and Beaufort seas. 401 
Contributors were asked to take the boundaries for these seas from the NSIDC Arctic sea ice 402 
regional graph (for details, see June calls for submissions: https://www.arcus.org/sipn/sea-ice-403 
outlook/2018/june/call). This year we received 11 forecasts in June, 12 in July, and 11 in 404 
August, a record number of regional Alaska contributions.  405 
 406 
The observed 2018 September extent in the Alaska region was 0.52 million square kilometers, 407 
an increase from the past couple of years (0.32 million square kilometers in 2017 and 0.27 408 
million square kilometers in 2016). Figure 4.10 shows a boxplot of Alaskan extent forecasts split 409 
by type (statistical, dynamical, and mixed forecast). 410 
 411 
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 412 

 413 
Figure 4.10. June, July, and August SIO contributions of Alaskan-region September sea ice extent. 414 
Colors identify method types. Horizontal bar is median and top/bottom of boxes is 3rd/1st quartile. The 415 
heavy horizontal gray line indicates the 2018 observed September sea ice extent from the near real-time 416 
NASA Team daily concentration. ‘N’ in the x-axis labels indicates number of forecasts for each month 417 
and type.  418 
 419 
The statistical forecasts were very close to the observed value and to each other (small forecast 420 
spread), whereas the dynamical models as a whole slightly under-predicted Alaskan extent 421 
(model mean forecast = 0.50), but unlike statistical forecasts, showed a large spread across 422 
forecasts. Interestingly, we saw a very similar pattern in 2017 Alaskan forecasts.  423 
 424 

Section 5. FURTHER ANALYSIS 425 
 426 

Section 5a. Probabilistic Assessment of the 2008-2018 Outlooks and  427 
Evaluation of SIO Forecast Skill Relative to Control Forecasts 428 
Key metrics of the skill of forecasts are the improvement (or reduction of error) relative to control 429 
forecasts. As in weather and climate forecasting, persistence (a prediction of the same ice 430 
extent as the preceding September) is a natural control forecast. Given the strong trend of 431 
September ice extent in recent decades, an additional control forecast is the simple 432 
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extrapolation of the linear trend or other representation of the trend (e.g., quadratic fit to the 433 
post-1979 time series). Another control forecast is the trend-line anomaly persistence, which is 434 
a forecast that the departure from the trend line will be the same as the preceding September.  435 
The following is a summary of the 2018 SIO forecasts relative to these control forecasts of the 436 
2018 September mean ice extent (millions km2): 437 
 438 
                               2018 observed extent                   4.71 439 
                               June SIO median outlook        4.60 440 
                               July SIO median outlook         4.70 441 
                               August SIO median outlook      4.57 442 
                               Persistence                       4.80 443 
                               Linear trend extrapolation        4.45 444 
                               Quadratic trend extrapolation    4.48 445 
                               Linear trend anomaly persistence 4.73 446 
 447 
It is apparent that the SIO median outlook generally outperformed the control forecasts in 2018, 448 
especially in the case of the July outlook. The most formidable competitor among the control 449 
forecasts was the linear trend anomaly persistence, which combines information from both the 450 
trend and persistence. 451 
 452 
The September sea ice forecasts available from SIPN2 and its predecessors (SIPN1 and the 453 
Sea Ice Outlook) span 2008–2018, providing an 11-year sample for which the skill can be 454 
compared with the control forecasts listed above. Figure 5.1 summarizes the two skill metrics 455 
over the 11-year period (All numerical values are millions of square kilometers). 456 
 457 
                   Root-Mean-Square Error                                      Mean Absolute Error 458 
 459 

460 
Figure 5.1. Comparison of errors (millions of square kilometers) of September sea ice extent forecasts 461 
issued in July and the year-to-year persistence-based control forecasts for the 2008–2018 period. Left 462 
panel shows the root-mean-square errors, right panel shows the mean absolute errors.   463 
 464 
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Over the 11-year sample, the SIO/SIPN forecasts have outperformed all the control forecasts.  465 
The improvement is modest: The reduction of error ranges from 10–19% for the root mean 466 
square error and 13%–30% for the median absolute error. Of the various control forecasts, 467 
those that utilize the linear trend generally have the smallest errors. In particular, consistent with 468 
its strong performance in 2018, the linear trend anomaly persistence has a median absolute 469 
error that is only 0.05 million square kilometers greater than the corresponding SIO/SIPN error.   470 
 471 
It should be noted that all the control forecasts are available for the next year as soon as the 472 
current year’s September ice extent is available. For example, the control forecast for 473 
September 2019 based on the linear trend anomaly persistence is 4.63 million square 474 
kilometers. 475 
 476 
Section 5b. Discussion of spatial 2018 Ice Advance  477 
The 2018 early ice-growth (October) season was particularly slow, and in mid-October total 478 
Arctic sea ice extent (SIE) was tracking below all years except 2016. However, toward the end 479 
of the month, the pace of ice growth increased. 480 

 481 
Figure 5.2. Daily Sea ice extent over the fall freeze-up.  482 
 483 
During October 2018, SIE was particularly low (a record) in the Laptev Sea and the Barents 484 
Sea. It is possible to test how predictable these conditions were by inspecting October forecasts 485 
obtained from the year-round sea ice forecast portal (https://atmos.washington.edu/sipn/). 486 
Figure 5.3 shows spatial 5-week forecasts of sea ice probability for late October. Models 487 
successfully forecasted the low sea ice conditions in the Laptev and Kara seas, unlike the 488 
climatology trend or damped trend forecasts. This suggests that the late sea ice growth was at 489 
least in part due to anomalous September ocean warmth (and thus predictable), rather than 490 
unpredictable atmospheric forcing.  491 
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 492 
Figure 5.3. Sea ice concentration forecast for the 3rd week of October initialized a month earlier. The 493 
‘Clim. Trend’ is the forecast taking a best-fit linear trend of SIC for every grid point using 1979–2017, 494 
while the ‘Damped Trend’ is an AR-1 forecast of the ice concentration anomaly at initialization, damped 495 
toward the climatology trend using a lag-1 week autocorrelation. The ‘MME Mean’ is the multi-model 496 
ensemble forecast. 497 
 498 
Note: For figure 5.3, Forecasts and model information are available on the SIPN forecast data 499 
portal (www.atmos.uw.edu/sipn/) that contains modified Copernicus Climate Change Service 500 
information 2018. Neither the European Commission nor ECMWF is responsible for any use 501 
that may be made of the Copernicus information or data it contains. 502 
 503 
Section 6. ANTARCTIC CONTRIBUTIONS  504 
Since 2017, the Sea Ice Outlook has also accepted Antarctic contributions. We first review the 505 
2018 conditions and then provide a basic assessment of the predictions that were collected. 506 
 507 
Conditions in context.  508 
September coincides with the climatological sea ice extent maximum in the Southern Ocean. At 509 
that time of the year, sea ice covers on average 18.49 million square kilometers (1981–2010 510 
mean value, NSIDC sea ice index data) and extends up to 55°S latitude (Figure 6.1). The 511 
northward extension of Antarctic sea ice is limited in large part by the position of the Antarctic 512 
Circumpolar Current, a strong eastward oceanic current that marks the separation between cold 513 
and warm surface waters in the Southern Ocean. 514 
 515 
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In 2018, September sea ice extent reached 17.88 million square kilometers (−0.61 million 516 
square kilometers or −3.3% with respect to climatology). This is the second lowest value on 517 
record after 1986 (17.68 million square kilometers; Figure 6.2). This anomaly is chiefly the result 518 
of sea ice retreat in the South Atlantic sector (Figure 6.1).  519 
 520 
Since 2014, the all-time high record of Antarctic sea ice (19.76 million square kilometers; 521 
Massonnet et al., 2016), September sea ice extent has rapidly decreased each year, contrasting 522 
with the slow, yet significant, increase that had been noted between 1979 and 2014. Whether 523 
such a rapid drop in extent is part of the internal dynamics of the system or is an early warning 524 
sign of an external forcing is unclear as of now. 525 
 526 
Predictions 527 
Groups were solicited to forecast the September monthly mean total Antarctic sea ice extent. 528 
While (as with the Arctic) this diagnostic is useful to appreciate whether the large-scale 529 
conditions are correctly predicted or not, it is of limited use for more in-depth analyses. Groups 530 
had the opportunity to contribute three predictions (June, July, and August initializations), 531 
aligned with the timing of the Arctic contributions. As for Arctic predictions, the method of 532 
forecasting was left at the discretion of the contributing groups. 533 

 534 
Figure 6.1. September 2018 mean sea ice concentration (colored shading) and 1981–2010 median ice 535 
edge (15% concentration contour) from the NSIDC sea ice index (G02135). 536 
 537 
Forecasts were received from 10 groups. To benchmark these predictions, we also added three 538 
“trivial” forecasts: a climatological forecast (the 1979–2017 September sea ice extent average), 539 
an anomaly persistence forecast (the 2018 May, June, July sea ice extent anomaly with respect 540 
to 1979–2017 climatology, added to the September climatology), and a damped anomaly 541 
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persistence forecast (same but the anomaly is weighted by the correlation of May, June, or July 542 
extents with September extents). Results follow in Figure 6.2. 543 

 544 
Figure 6.2. Observed September Antarctic sea ice extent from 1979 to 2018 (blue line); the June, July, 545 
and August forecasts for September 2018 (colored crosses); and three benchmark forecasts: 1979–2017 546 
climatology (black square), anomaly persistence (grey stars), and damped anomaly persistence (grey 547 
triangles). The horizontal red dashed line is the verification data, that is, the September 2018 target 548 
value. The benchmark forecasts and verification data are based on the NSIDC sea ice index. 549 
 550 
The first striking result is that, as for 2017, the full ensemble range exceeds (by a factor of 2) the 551 
historical range, regardless of initialization date. It is possible that the forecasting systems are 552 
not configured or trained for Antarctic sea ice prediction, which could explain the large spread. 553 
Alternatively, it could be that dynamical models, which constitute the bulk of the 10 predictions, 554 
overestimate the variance in winter sea ice extent (Zunz et al., 2013; Holland and Raphael, 555 
2006). The second important result is that forecasts are too high compared to observations, and 556 
that this positive bias does not appear to reduce as one progresses over initialization dates. The 557 
origin of the positive bias is still unclear; a spatial analysis would be required which is not in the 558 
scope of this short report. The final remark is that the mean and median SIPN forecasts (18.95 559 
and 18.32 million square kilometers for the August prediction, respectively) do not bring 560 
substantial added information compared to benchmark forecasts. In summary, it is fair to say 561 
that current predictions do not appear to be very informative, being at the same time collectively 562 
over dispersive and not different from simple forecasts. More hindcasts will be required to 563 
confirm this statement, but recall that the same results were obtained in 2017.  564 
 565 
The sister project of SIPN2, the Sea Ice Prediction Network South (SIPN South), was initiated in 566 
2017 to give a closer look at Antarctic sea ice predictions with focus on the summer season. A 567 
total of 13 groups contributed 160 forecasts last year, and it was found that the forecasting 568 
systems struggled to predict sea ice extent in the Ross Sea. The analysis is being repeated this 569 
year in conjunction with the Year Of Polar Prediction Special Observing Period that runs from 16 570 
November 2018 to 15 February 2019. An initial look at the SIPN South forecasts for December-571 
January-February can be downloaded from “An initial outlook at the austral summer 2018-2019 572 
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sea-ice forecasts in the Southern 573 
Ocean.”(http://www.climate.be/users/fmasson/SIPNSouth_initialassessment_2018-2019.pdf) 574 
Like winter predictions, summer predictions are far from being satisfactory for operational 575 
purposes and should be interpreted with caution. However, this gives scientists a chance to 576 
identify limitations in their prediction systems and eventually to try fixing them. 577 
 578 
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Section 7. SEA ICE DRIFT FORECAST EXPERIMENT (SIDFEx) RESULTS 592 
 593 
This is the second year of the Sea Ice Drift Forecast Experiment (SIDFEx), a contribution to the 594 
Year of Polar Prediction (YOPP, https://www.polarprediction.net/). SIDFEx is a community effort 595 
to collect and analyze Arctic sea ice drift forecasts at lead times from days to a year, based on 596 
arbitrary methods, for a number of sea-ice buoys and, ultimately, for the MOSAiC Drift 597 
(https://www.mosaic-expedition.org), on a regular basis. 598 
 599 
 600 
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 601 
Figure 7.1. SIDFEx seasonal ice drift forecasts associated with the SIO 2018 for three buoys of the 602 
International Arctic Buoy Program (IABP). Initial positions on the 1st of subsequent months from June 603 
through August 2018 are marked by grey-black dots on the observed drift trajectories (black curves). 604 
Ellipses enclose 90% probability of a bivariate normal distribution fitted to the respective positions 605 
comprising the ensemble forecasts, all valid for the target time 15 September 2018. Missing ellipses imply 606 
either that no forecast has been received, or that less than three ensemble members have remained until 607 
15 September because trajectories were terminated, e.g., because the forecast sea-ice concentration fell 608 
below some threshold. The latter is method-dependent and affected in particular AWI (sat_past) which 609 
has an initial ensemble size of 10 (and for which no data are available for buoy 830700). N denotes the 610 
ensemble size (range) on 15 September. 611 
 612 
Six of the 11 groups contributing to SIDFEx submitted seasonal ice drift forecasts for Arctic 613 
buoys aligned with the SIO 2018. Three of these are directly linked with SIO dynamical-model 614 
forecasts described above, namely AWI (past_forced = Kauker et al.), NESM, and MPAS-615 
CESM. The European Centre for Medium Range Weather Forecasts (ECMWF) product is 616 
based on drift fields of the operational seasonal forecast system SEAS5 617 
(https://www.ecmwf.int/en/newsletter/154/meteorology/ecmwfs-new-long-range-forecasting-618 
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system-seas5). The  Pan-Arctic Ice Ocean Modeling and Assimilation System (PIOMAS) 619 
product is based on drift fields of an ice-ocean model forced with NOAA-CFSv2 forecasts; 620 
however, the forecasts are under revision and they are therefore not included in this analysis. 621 
The AWI (sat_past) product comprises ten-member ensembles that are based on satellite-622 
derived drift fields of the previous 10 years and can thus be regarded as a climatological 623 
reference forecast. 624 
 625 
The brief analysis of SIDFEx results presented in the 2017 post-season report considered only 626 
ensemble-mean forecast trajectories and associated errors, ignoring the explicit uncertainty 627 
information that the ensemble forecasts provide. However, due to the limited range of numerical 628 
weather prediction and hence wind patterns that drive ice motion, seasonal ice drift forecasts 629 
are highly uncertain and hence of limited value. This year we make a first attempt at a 630 
probabilistic assessment, although the analysis is kept mainly qualitative given that only three 631 
SIDFEx-targeted buoys that stayed in the ice cover and continuously provided data from 1 June 632 
through 15 September (considered here as the target date) can be evaluated. 633 
 634 
To reduce complexity, we spatially “dressed” each forecast by fitting a bivariate normal 635 
distribution to the point cloud. While an isotropic (circular) distribution might be more appropriate 636 
for very small ensemble sizes, non-isotropic (elliptic) distributions are well suited to account for 637 
dominant ice drift directions which often occur, for example in parallel to coasts. We thus use 638 
ellipses and focus on those that enclose 90% of the integrated forecast probability density. If the 639 
forecasts were reliable, these ellipses would contain the verifying observed position in 640 
approximately 90% of all cases. Not surprisingly, it is found that the spatial uncertainty in the 641 
position forecasts for 15 September tends to decrease as the initial time approaches the target 642 
time for all buoys (Figure 7.1). 643 
 644 
Combining all initial dates, a hit ratio of approximately 90% is achieved for buoy 830700, which 645 
was located close to the North Pole and overall did not move far from its initial position on 1 646 
June. Ten out of the 11 ellipses contain the verifying observed position on 15 September 647 
(Figure 7.1). In contrast, the hit ratio is considerably lower for buoy 803010 (5 out of 13) and 648 
even lower for buoy 991680 (1 out of 12). This hints at biases and/or insufficient dispersion of 649 
the forecast methods. However, the small sample size and the strong statistical dependence 650 
between the forecasts hampers robust conclusions. After all, the different models/methods 651 
attempted to forecast the same three trajectories (from three initial times), and even these three 652 
are not independent. For example, the persistent eastward drift of the two buoys in the Pacific 653 
sector, only about 1,200 km apart, was caused essentially by the same large-scale pattern of 654 
atmospheric circulation anomalies with low surface pressure over northern Greenland and 655 
Alaska and high surface pressure over Siberia (see Figure 3.8, right panel). 656 
 657 
The very small effective sample size also prevents a meaningful ranking of the different 658 
models/methods, or to draw conclusions related to methodological differences. A proper ranking 659 
of probabilistic forecasts would also need to consider more aspects besides reliability, in 660 
particular a measure of sharpness. We expect that with an increasing sample size it will be 661 
possible to identify models/methods that tend to generate unreliable forecast distributions. For 662 
these it will be particularly interesting to track down model errors causing unrealistic ice drift, 663 
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and/or consider forecast calibration methods which are common practice for subseasonal-to-664 
seasonal forecasting in general. 665 
 666 
Section 8. SEA ICE FORECASTS FOR ALASKA MARINE SHIPPING INDUSTRY 667 
 668 
A recent assessment of Arctic maritime traffic by the Ocean Conservancy estimates that 2,300 669 
vessels operated in the polar code region in 2014. Fishing related maritime activity was the 670 
most prevalent. Of the 2,300 vessels identified, approximately 721 (31%) were fishing vessels 671 
with gross tonnage of 10,000 and less. If measured by days of operation, fishing vessels 672 
accounted for 89,592 operational days which comprised 46% of the total operational days 673 
(193,756) in 2014. Enhanced seasonal sea ice forecasting has practical applications to the 674 
management of Arctic maritime activity. Given the prevalence of fishing related activity, our 675 
initial efforts have focused on identifying how seasonal sea ice forecasts can be used by 676 
vessels operating in the Bering Sea crab fishery.  677 
  678 
The Bering Sea crab fishery is economically important with harvest values first off the boat of 679 
$249 million in 2016 (McDowell 2017). Snow crab are of particular interest. Since 2005 the 680 
snow crab fishery has been managed as a limited entry program through the use of an 681 
individual fishing quota (IFQ). During a typical season approximately 70 vessels operate in the 682 
region. Vessels pursuing snow crab must frequently operate near the sea ice edge owing to the 683 
movement of crab stocks. 684 
  685 
As a consequence, there is a defined need for information about the location of the sea ice edge 686 
as well as the speed and direction of sea-ice movement. Given that crab harvest quantities are 687 
quota constrained, the objective is to identify how the industry can use enhanced sea ice 688 
forecasts to reduce operations costs and ensure the continued safe operation of their vessels. 689 
Short-term forecasts on the movement of ice and position of the ice edge (up to a week) are 690 
outside of the purview of SIPN2 with its focus on (sub)seasonal forecasts. However, enhanced 691 
forecasts on timescales of weeks to possibly months may be relevant from the perspective of 692 
equipment staging, timing of operations, and identifying target areas. SIPN2 Project Team 693 
members, in collaboration with the industry, will examine whether the forecasts can help reduce 694 
the costs associated with the movement harvest equipment.      695 
  696 
The type of information product that may be of potential value is illustrated in Figure 8.1, 697 
showing output from the suite of models that are part of SIPN2 efforts and aggregated at the 698 
SIPN forecast data portal (https://atmos.uw.edu/sipn/). Such long-range forecasts of ice 699 
distribution and ice edge location could be combined with broader, index-type predictions that 700 
consider the total ice extent in the region (Figure 8.2). As illustrated for the 2018/19 fall and 701 
winter seasons, model predictions may provide longer-range (1-3 months) guidance on whether 702 
to expect well above or below normal ice extent in the Bering Sea. This requires further study, 703 
including an assessment of the predictive skill of late fall forecasts and persistence of fall ice 704 
extent anomalies into the crabbing season.      705 
  706 
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 707 
 708 
Figure 8.1. Long-range (4 weeks) prediction of location of sea ice edge on March 29, 2018 from several 709 
models that are part of SIPN cluster of models featured in the SIPN portal 710 
(https://atmos.washington.edu/sipn/index.html). 711 
 712 

 713 
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Figure 8.2. Long-range (up to 12 months) prediction of total Bering Sea ice extent (same source as 714 
Figure 8.1, https://atmos.washington.edu/sipn/index.html). 715 
 716 
 717 
Section 9. THOUGHTS FROM THE 2018 SIO 718 
 719 
The SIO 2018 Post Season Report attempted to bring together more sources of information and 720 
analysis than we have in the past to enhance our understanding of the predictability of sea ice. 721 
What started out as a record low winter did not result in a record September minima. Ideas are 722 
provided below on how to improve our understanding of sea ice predictability, communication of 723 
this science, and how it can be applied for societal benefit. 724 
 725 

• Ocean heat at the end-of-summer was shown to be important for the timing of sea ice 726 
advance.  727 

• Statistical vs dynamical models compare/contrast pan-Arctic to Alaska region. Possible 728 
explanations? 729 

 730 
Further ideas from the community are welcomed. 731 
 732 
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