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SIO 2019 Full Post-Season Report— Preliminary Draft for Community Review 44 
 45 
Section 1: Post-Season Highlights (to be developed) 46 
 47 
Section 2: Introduction/Overview  48 
This Sea Ice Outlook (SIO) Post-Season Report of the Sea Ice Prediction Network-Phase 2 49 
(SIPN2) centers around forecasts of pan-Arctic September minimum sea ice extent, while also 50 
including spatial sea ice forecast information and a synthesis of observed Arctic conditions from 51 
June to September 2019. SIPN2 is a community of scientists and stakeholders with the goal of 52 
advancing our understanding of the state and evolution of the Arctic sea ice cover. The SIO is a 53 
community network activity led by the SIPN2 project team with contributions from key partners 54 
and the community. 55 

We are grateful for the excellent participation by contributors to the 2019 SIO to sustain this 56 
activity. This year we received a total of 112 submissions of pan-Arctic September extent 57 
forecasts, with 31 in June, 39 in July, and 42 in August. The full field analysis was facilitated by 58 
the SIPN sea ice forecast data portal that continuously collects forecasts, expanding the 59 
forecasts to other seasons beyond the September minimum. The portal provides access to 60 
datasets and tools to perform analysis using a Jupyterhub. For SIO forecasts for the "Alaskan 61 
Region" (extent in the combined Chukchi, Bering, and Beaufort seas) we received 6 62 
contributions in each of the months of June, July, and August. This year forecasts were 63 
collected for Hudson Bay for the first time and we received 6 in each of the months of June, July 64 
and August. The report updates efforts to understand stakeholder needs in the Alaska maritime 65 
and fishing industry for sea-ice forecast information. The 2019 SIO Post-Season Report 66 
includes: observed Arctic conditions, a review and discussion of SIO forecasts, Antarctic 67 
contributions, ocean heat content, spatial patterns of ice advance, an update on the Sea Ice 68 
Drift Forecast Experiment (SIDFEx), and lessons learned in 2019.  69 

Section 3: Review of 2019 Observed Arctic Conditions 70 
3a: Observed Arctic Sea Ice   71 
Arctic sea ice extent was well below average throughout 2019, but with substantial variability 72 
throughout the year. Winter 2019 extent was not as extreme compared to the previous four 73 
years (2015 to 2018), which were the four years with the lowest winter extent in the satellite 74 
record (since 1979). The seasonal daily maximum extent for 2019 of 14.78 million square 75 
kilometers was reached on March 13, which was the seventh lowest in the satellite record and 76 
the highest since 2014. After the maximum, the seasonal onset of melt and retreat of the ice 77 
was particularly early, contributing to record low extent during April. Throughout May and June, 78 
the rate of ice loss remained well below average. Extent dropped to record low levels in mid-79 
July through early August but the loss then slowed considerably compared to average. The 80 
seasonal minimum extent, reached on September 18, tied with 2007 and 2016 as the second 81 
lowest extent in the satellite record at 4.15 million square kilometers (1.60 million square miles). 82 
The SIO collects September monthly averaged sea ice extent, which was observed to be 4.32 83 
million square kilometers, based on data from the National Snow and Ice Data Center (NSIDC) 84 
Sea Ice Index (SII).  85 
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86 
Figure 3a-1: Daily (5-day running average) sea ice extent for 2019, the 1981-2010 climatological average 87 
and decadal averages. Data are from the NSIDC Sea Ice Index (Fetterer et al., 2017), based on gridded 88 
NASA Team algorithm sea ice concentration products (Cavalieri et al., 1996; Maslanik and Stroeve, 89 
1999). 90 

Autumn freeze-up was initially slow, particularly in the Chukchi Sea, which retained open water 91 
until late December, far later than normal. 2019 saw the third latest freeze-up in the Chukchi 92 
Sea, surpassed by 2016 and 2017. The lack of ice in the Chukchi Sea was a significant 93 
contributor to satellite-era record low Arctic extent during October and November. For a period 94 
in October, the extent was further below average for a given day than any previous day in the 95 
satellite record. In other words, October 2019 saw record low extent that was more than 3 96 
million square kilometers below the 1981 to 2010 climatological average. The most extreme 97 
anomaly occurred on October 18, with an extent that was 3.08 million square kilometers below 98 
average. One of the key factors in driving slow freeze-up and low extent was the significant 99 
retention of heat in the upper ocean, which is discussed in the next section.  100 

As was also the case in 2018, the Bering Sea had extremely low sea ice cover during the winter 101 
of 2019, though the details were quite different. In 2018, the Bering Sea extent remained low 102 
throughout the winter months (January through March). In 2019, extent was low, but not 103 
unusually so through late-January. Thereafter, the Bering Sea saw rapid reduction in ice extent 104 
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throughout February and into early March, by which point extent in 2019 was lower even than 105 
during the same time period in 2018. There was some recovery thereafter, but the extent 106 
remained near or below the record low 2018 levels through the spring.  107 

 108 

Figure 3a-2: Bering Sea ice daily extent (top) for 2017-2018 and 2018-2019, the 1981-2010 median and 109 
the pre-2017 minimum and maximum extent. Daily extent image for the Bering Sea (bottom) for April 1, 110 
2018 and 2019 compared to April 1, 2013; April 1 is typically at or near the annual maximum Bering Sea 111 
ice extent. Image from the NSIDC Sea Ice News and Analysis. Data is from the NSIDC Sea Ice Index 112 
(Fetterer et al., 2017) and NASA sea ice concentration products (Cavalieri et al., 1996; Maslanik and 113 
Stroeve, 1999). Note: See NSIDC Sea Ice News and Analysis web page. 114 

3b: Ocean Heat Conditions 115 
Strong ice retreat in spring and summer 2019 led to anomalously high sea surface temperatures 116 
(SSTs). The pace of this ocean warming was rapid but not unusual in most locations (within the 117 
context of recent years). An exception was the western Beaufort Sea. Sea ice retreat and 118 
associated ocean warming occurred with its usual pattern along the North American Arctic 119 
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Ocean coast, with early retreat and warming in the eastern Chukchi and Beaufort Seas. 120 
However, ice retreated completely by early June, allowing ocean warming to begin along the 121 
Alaskan Beaufort Sea coast 4-6 weeks earlier than usual. The resulting SST anomaly map for 122 
July, 2019 (Figure 3b-1) shows warm conditions relative to climatology from the Gulf of Alaska 123 
north into the Bering and Chukchi Seas and around to the Alaskan Beaufort Sea, tapering 124 
toward a more mixed condition of high and low values compared to average in the Canadian 125 
Eastern Beaufort and East Siberian Seas. 126 
 127 

 128 
 129 
Figure 3b-1: Sea surface temperature (SST) anomaly for July 2019 in Alaskan and adjacent waters (K. 130 
Frey, Clark University), from NOAA’s OISST data set (Banzon et al., 2016). 131 

As noted in Section 3a, autumn ice advance in the Chukchi Sea was strongly delayed this year.  132 
Figure 3b-2 shows unusually warm waters persisting along the Alaskan Beaufort and Chukchi 133 
Seas even by the end of October.  Even more unusual is the northward extent of ocean heat at 134 
this time, with unprecedented values up to 2ºC north of 75ºN, which significantly delayed ice 135 
growth. This ocean heat was gained largely in July, and attained maximum values by early 136 
August, in keeping with the idea of the Late Summer Transition described in Steele and 137 
Dickinson (2016). The idea is that by mid/late August, atmospheric warming is present but 138 
weak, while surface winds begin to accelerate and mix surface heat downward. This wind-139 
forced mixing eventually overcomes the net atmospheric warming, resulting in a gradual SST 140 
cooling during late summer that accelerates in autumn when the net surface energy balance 141 
changes from positive to negative.  142 

By mid-December, most of this ocean heat had been lost to the overlying cold atmosphere and 143 
outer space (although there was still an unusual amount of open water in the Chukchi Sea that 144 
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remained just above freezing).  By the following week, ice concentrations were above 50% and 145 
SSTs were uniformly at the freezing point throughout the western Arctic Ocean. 146 

 147 

Figure 3b-2: Sea surface temperature (SST) (color contours) from NOAA’s Optimum Interpolation Sea  148 
Surface Temperature (OISST) data set (Banzon et al., 2016), and ice concentration (gray contours) from 149 
NSIDC’s near-real-time SSMIS data set (Maslanik and Stroeve, 1999) for October 29 (left) and December 150 
15, 2019 (right). Colored dots indicate drifting UpTempO buoy SSTs. 151 

 Note: See UpTempO web page.  152 

3c: Discussion of 2019 Fall Ice Advance 153 
In 2019, like other recent years, Arctic sea-ice extent (Fetterer et al. 2017) was well below 154 
average in all seasons (Figure 3c-1). At the beginning of the fall freeze-up on September 18, 155 
sea-ice extent was tied with 2007 and 2016 as the second lowest in the satellite record at 4.15 156 
million square kilometers (NSIDC 2020) (See Section 3b). This extent is 2.18 million square 157 
kilometers below the median climatology (1981-2010). The rate of ice advance was also near 158 
record minimum in the early part of the season, but later accelerated as residual summer heat 159 
was removed from the ocean by the onset of colder winter weather (See Section 3b). At the 160 
beginning of freeze-up the delay in reaching median extent (6.33 million square kilometers) was 161 
39 days, converging to a delay of 13 days to reach 12 million square kilometers.  162 
  163 

  164 
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 165 
Figure 3c-1: Daily Arctic sea-ice extent from satellite passive microwave data (NSIDC Sea Ice Index; 166 
Fetterer et al. 2017). Sea-ice extent in 2019 is shown in red; dashed lines show the maximum and 167 
minimum daily sea-ice extent during the satellite era (1978-present), and the median (climatology) is 168 
indicated by the solid black line.  169 
  170 
This pattern of low sea-ice extent and delay in ice advance in 2019 was particularly notable in 171 
the Chukchi Sea (Figure 3c-2). From early May until mid-August, and again from mid-October to 172 
mid-November, sea-ice extent was the lowest observed in the satellite era. The time required for 173 
the sea-ice to advance from nearly ice-free conditions to the once normal minimum of 320 174 
thousand square kilometers was 70 days. The rate of advance was especially low in October 175 
and November. This period is congruent with a large open water area observed in the central 176 
and northern Chukchi Sea. The Chukchi was not fully ice-covered until the latter part of 177 
December, about 25 days later than normal. Sea ice characteristics in the Chukchi Sea, 178 
including the timing of melt and freeze, and the area of open water in the summer, are entirely 179 
different compared to the first decade (1979-88) of the satellite record (Perovich et al. 2019). 180 
 181 
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 182 
 183 
Figure 3c-2: Daily sea-ice extent in the Chukchi Sea from satellite passive microwave data (NSIDC Sea 184 
Ice Index; Fetterer et al. 2017). Sea-ice extents are shown for 2012 (blue), 2018 (yellow) and 2019 (red). 185 
Shaded areas indicate the daily maximum and minimum range for the first complete decade of the 186 
satellite era (1979-1988) and for a recent equivalent period (2008-2017). The median (climatology) is 187 
indicated by the black line.    188 
  189 
3d: Atmospheric Conditions 190 
Summer 2019 Arctic temperatures were anomalously high. Seasonal (June-August) 925 hPa air 191 
temperature anomalies (Figure 3c-1, left) ranged from 2.5 to 4 ̊C over the central Arctic Ocean, 192 
the Canadian high Arctic, the Laptev Sea, and Chukotka (See Map of Arctic Seas pdf on SIO 193 
website) 194 
 June to August 925 hPa temperatures were the highest recorded over the 1979-2019 period 195 
(Figure 3c-2, left). Seasonal (June-August) sea level pressure anomalies (Figure 3c-1, right) were 196 
positive over the Arctic Ocean, consistent with reduced cloud cover and above average lower 197 
tropospheric air temperatures. Sea level pressure from 70-90˚N tied for third highest over the 198 
1979-2019 period (Figure 3c-2, right). The Arctic Oscillation Index averaged over June-August 199 
2019 was -0.74 and among the lower values seen over the satellite record (Figure 3c-2, right). 200 
The negative AO phase favors a reduction of sea ice extent by convergence of the ice edge (Ogi 201 
and Wallace, 2007). The low 2019 sea ice extent is associated with these Arctic summer 202 
temperatures and circulation patterns that were favorable for ice loss. Given the temperature 203 
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anomalies, the ice loss may have been greater if the summer of 2019 experienced any significant 204 
storminess.  205 
 206 
Within the Arctic, positive sea level pressure anomalies extending from the Greenland Sea 207 
westward across northern Canada combined with negative pressure anomalies across the 208 
Russian Arctic seas to produce the positive phase of the Arctic Dipole pattern (Wang et al., 2009). 209 
This pattern favors stronger-than-normal wind-driven ice transport from the Pacific sector to the 210 
Atlantic sector of the Arctic. In addition, temperature advection associated with this pattern favors 211 
the large positive temperature anomalies over the Pacific subarctic and the absence of such 212 
anomalies over the Atlantic side of the Arctic Ocean (Figure 3c-3, right).   213 
 214 
This dipole pattern resulted in large poleward departures in the location of the ice edge in the 215 
Pacific sector of the Arctic. In the Beaufort, Chukchi, East Siberian, and Laptev Seas, the ice edge 216 
was up to several hundred kilometers poleward from the historical (1981-2010) median ice edge 217 
location. By contrast, the ice edge was generally close to its historical median position in the 218 
Atlantic sector from Fram Strait to the region north of the Barents Sea. Small southward 219 
departures were even observed immediately east of Svalbard.  This pattern of departures from 220 
average is consistent with the wind-forcing and associated ice drift over the January—August 221 
period of 2019, as shown by the departures from average sea level pressures during this period 222 
(Figure 3c-3, left). While the temperature anomalies (Figure 3c-3, right) in the Bering, Chukchi, 223 
and Beaufort Seas were amplified by the absence of sea ice, the large-scale atmospheric 224 
circulation clearly shaped the spatial pattern of sea ice anomalies in 2019. 225 

 226 
Figure 3d-1: June-August 2019 anomalies of Arctic 925 hPa air temperature anomalies (left panel) and 227 
sea level pressure (right). Plots created on ESRL web plotting site using NCEP reanalysis.  228 
 229 
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 230 
 231 
Figure 3d-2. June-August 2019 anomalies averaged from 70-90˚N for sea level pressure (blue) and 925 232 
hPa air temperature anomalies (red) (left panel). Data extracted from ESRL web plotting site using 233 
National Centers for Environmental Prediction (NCEP) reanalysis. June-August Arctic Oscillation series 234 
from National Centers for Environmental Information (NCEI) (right panel). 235 
Note: See Arctic Oscillation NCEI web page. 236 
 237 
 238 
 239 

 240 
Figure 3d-3: Jan-August 2019 anomalies of sea level pressure (left panel) and 1000mb air 241 
temperature (right panel). Plots created on ESRL web plotting site using NCEP reanalysis. 242 
 243 
Section 4: Review of the 2019 Sea Ice Outlooks (SIOs) 244 
 245 
4a: Overview of the 2019 SIOs  246 
The medians of the Outlook contributions for June, July, and August were 4.40 +/- 0.58, 4.28 +/- 247 
0.49, and 4.22 +/- 0.46 million square kilometers, respectively, with the July median SIO coming 248 
closest to the observed September extent of 4.32 million square kilometers. The standard 249 
deviation of the 112 predictions was 0.52 million square kilometers. Forecasts made in August 250 
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were for slightly lower ice extent (Figure 4a-1), which may reflect the fast pace of ice loss 251 
observed in July. However, after the beginning of August, the rate of ice loss slowed 252 
significantly in response to changing atmospheric conditions, and the August Outlook forecasts 253 
estimated the mean September extent within the uncertainty range of the observations. 254 
Regardless, the interquartile range of the projections from June (4.2 to 4.8 million square 255 
kilometers), July (4.0 to 4.6 million square kilometers), and August (4.0 to 4.4 million square 256 
kilometers) bracketed the observed September extent. While the August median was less 257 
accurate than in July, the interquartile range was narrower and thus provided a more precise 258 
forecast. An important aspect of forecasting is providing useful uncertainty ranges; the narrowed 259 
range in August thus has a beneficial impact for stakeholders. The observed September 2019 260 
extent fell very near the long-term linear trend line. In the past, Outlooks have performed well 261 
when the observed extent is near the trend line (Stroeve et al., 2014). Outlier years are more 262 
difficult to predict and the performance of Outlooks in such years has generally been less 263 
skillful. 264 
 265 

 266 
 267 
Figure 4a-1: Distribution of SIO contributions for August estimates of September 2019 pan-Arctic sea-ice 268 
extent. The PolArctic LLC method used the ICE3 model and artificial intelligence. Public/citizen 269 
contributions include: Dekker, John, Simmons, Sun, and Sanwa Elementary School. Image courtesy of 270 
Molly Hardman, NSIDC. 271 
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 272 

Comparing the different methods, the best performing method varied by month (Figure 4a-2). 273 
For example, statistical methods performed best in June and July, with the two estimates 274 
interquartile range bracketing the observed extent. However, the statistical methods forecasted 275 
too low extent in August, while the dynamic models honed in most closely to the observations. 276 
The dynamic model interquartile range just barely bracketed the observed extent in all three 277 
months, with the median extent falling above observed. Conversely, the decrease in the spread 278 
of dynamic models in the August outlook follows from earlier discussion: the changing 279 
atmospheric conditions strongly influenced the ice retreat at the end of summer, which the 280 
dynamic models may have been able to capture. The statistical interquartile range brackets the 281 
observations well in June and July, but not in August. Heuristic and other prediction methods 282 
had a limited number of contributions, making assessments more difficult. In general, heuristic 283 
methods forecasted a lower September ice extent than observed. Figure 4a-3 shows additional 284 
details about how individual forecasts evolved over the season. The dynamical forecasts had 285 
more forecasts above the observed ice extent (Figure 4a-3), while the statistical forecasts had 286 
more realizations below the observed extent. The dynamical methods performed better as the 287 
lead time decreased, having the smallest forecast error in August. The statistical methods had 288 
the smallest error in July.  289 

 290 

 291 
 292 
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Figure 4a-2: June, July, and August 2019 Pan-Arctic Sea Ice Outlook submissions, sorted by method. 293 
The "Other" method used the ICE3 model and artificial intelligence. Image courtesy of Hamilton. 294 
 295 
 296 
 297 

 298 
 299 
Figure 4a-3: 2019 Outlook contributions by group for June (blue circle), July (green triangle), and August 300 
(red diamond) are organized by general type of method. The 2019 observed September sea ice is shown 301 
by dotted grey line. 302 
 303 
4b: Review of Statistical Methods 304 
The mean September sea-ice extent (SIE) predicted by statistical models was 4.44, 4.26, and 305 
4.13 million square kilometers, respectively for the June, July, and August forecasts.  Fifty-two 306 
September SIE predictions from 20 statistical models were submitted in the 2019 summer 307 
season: 13 in June, 19 in July, and 20 in August, respectively.  Out of the 52 predictions, 16 308 
remained unchanged through the season (i.e. the August forecast is the same as the 309 
corresponding June and July forecasts). The standard deviation of the 52 predictions was 0.34 310 
million square kilometers with a mean error of -0.04 million square kilometers. The individual 311 
model input from each month is summarized in Figure 4a-3 (pink section) and is shown in 312 
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Figure 4b-1 as errors relative to observed extent. Overall, statistical models tended to 313 
underpredict September sea ice extent, and both the July (green) and August (blue) mean 314 
forecasts had negative forecast errors (green and blues bars in the last two columns), while the 315 
June forecast (red) ended with positive errors. Although the mean anomalies tend to be very 316 
small, the spread is considerable, shown by the standard deviation of the three month’s 317 
forecast: 0.46, 0.281, and 0.25 million square kilometers, respectively. Nevertheless, this spread 318 
is smaller than the spread among dynamical models described above. 319 

 320 
Out of the 20 statistical models, three (NSIDC-CU-Boulder, Lamont (Yuan), and Sun, Nico) also 321 
provided a spatial sea-ice probability forecast, their contribution is summarized in the following 322 
section, together with other dynamical models.  323 

 324 
Statistical methods included linear models, nonlinear models, and one probability model. 325 
Statistical models have two characteristics that are fundamentally different from dynamic 326 
models. One is that they can be developed with a single time series of sea ice extent without the 327 
spatial information on ice concentration. Second, they can be built with monthly or yearly time 328 
series without integrating through small time steps. These two characteristics give statistical 329 
models tremendous advantage in terms of computing resource demands, compared to dynamic 330 
models.  Compared to predictions from other methods submitted to our monthly SIO in 2019, 331 
the forecasted September sea ice extent from these statistical models actually had the least 332 
spread in all three months.  333 

 334 
Figure 4b-1: Forecast errors in September sea ice extent by statistical methods for the  June (red), July 335 
(green), and August (blue) submissions. The last group of bars shows the mean of all inputs for each 336 
month, with error bars indicating one-standard deviation. 337 
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 338 
4c: Review of Dynamical Models and Methods of Forecast Initialization 339 
The mean September extent forecast from all dynamical models was 4.51+/-0.59 million square 340 
kilometers. As shown in Figure 4a-2 above, forecasted September extents decreased from June 341 
to August (mean dynamical model forecasts of 4.73+/-0.57, 4.52+/-0.59, and 4.34+/-0.58 million 342 
square kilometers in June, July, and August respectively), thus the model-mean forecast 343 
improved with shorter lead time (observed extent =4.32), yet the model forecast spread was 344 
unchanged throughout the summer (i.e., forecasts did not converge with shortening lead time as 345 
one would expect). The 2019 SIO forecasts from dynamical models were assessed based on 346 
their forecast initialization of sea-ice concentration and sea-ice thickness observations. Figure 347 
4c-1shows the September extent forecasts through the summer from the models grouped by 348 
initialization: models that do not assimilate either extent or thickness, models that only 349 
assimilate concentration, and models that assimilate both concentration and thickness. 350 
 351 

 352 
Figure 4c-1: 2019 September extent forecasts from dynamical models based on their assimilation of sea 353 
ice in the forecasts initialization: No assimilation of sea ice extent or thickness (No), assimilation of sea 354 
ice concentration only (SIC), or assimilation of both sea ice concentration and sea ice thickness 355 
(SIC&SIT). 356 
 357 
The mean extent across all summer forecasts was 4.30+/-0.42 million square kilometers (no 358 
assimilation), 4.47+/-0.61 million square kilometers (SIC assimilation), and 4.79+/-0.65 million 359 
square kilometers (SIC and SIT assimilation). While this is a small sample size, it is interesting 360 
that the forecast spread among models that assimilate either ice concentration or concentration 361 
and thickness tends to be larger than the spread among models that assimilate neither. 362 
 363 
4d: Spatial Forecasts of Septembers Sea Ice Extent Probability 364 
As practiced since 2014, participants were invited to submit forecasts of sea-ice extent 365 
probability (SIP – forecast probability of concentration greater than 15%). This year we received 366 
a total of 36 probability forecasts: 12 in June, 12 in July, and 12 in August. This equals the 367 
record high number of forecasts collected in 2018. Figure 4d-1 shows the probability forecasts 368 
from June 2019, and the model mean probability forecasts for June, July and August. 369 
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 370 
Figure 4d-1: June 2019 forecast of September SIP, the ensemble mean from the individual models and 371 
the standard deviation (σ) of the individual model forecasts. Black contour shows the mean September 372 
ice edge. Figure made by Cecilia Bitz and Ed Blanchard-Wrigglesworth. 373 
 374 
Comparing the right hand panels reveals that the reduction in model-mean extent forecasts in 375 
Figure 4d-1 throughout the summer was mainly a result of reduced forecasted sea ice 376 
concentration (and hence SIP) along the East Siberian-Chukchi-Beaufort regions, while 377 
forecasts of sea ice west of 90 degrees E (Kara/Barents/East Greenland) did not change much 378 
through the summer. 379 
 380 
To further quantify how forecast skill evolved from June to August initializations, Figure 4d-2 381 
shows the spatial mean Brier scores for all model submissions and that of the model mean ice 382 
probability from June to August. Several interesting features arise. Notably, there is an 383 
improvement in the multi-model forecast skill (MME mean) from June to August, and this 384 
forecast is in the top two for skill (a similar feature is seen in past years). However, individual 385 
model skill does not always improve with lead time, and the spread in skill also does not reduce 386 
with shortening lead times as might be expected.  387 
 388 
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 389 
Figure 4d-2: Pan-Arctic spatial mean Brier score of models' SIP forecasts for the June, July, and August 390 
SIO outlooks, together with the multi-model mean Brier score. Figure made by Cecilia Bitz and Ed 391 
Blanchard-Wrigglesworth. 392 
 393 
4e: Review of Regional Forecasts 394 
This year we again invited participants to submit forecasts of sea ice extent for the Alaskan 395 
region, defined as the combination of the Bering, Chukchi, and Beaufort seas. We received 12 396 
forecasts in June, 10 in July, and 8 in August. Among these, 13 forecast inputs were based on 397 
statistical methods, and another 17 were based on dynamical models. The mean forecasted 398 
value for the Alaskan Arctic was 0.36 million square kilometers with a standard deviation of 0.17 399 
million square kilometers. The observed 2019 September extent in the Alaskan region was 0.35 400 
million square kilometers according to NSIDC, mainly due to extremely low sea cover in the 401 
Chukchi Sea. Sea-ice extent in the Chukchi Sea was the lowest in the satellite era for March 402 
and for May through August, 2019, and second lowest in April. However, September was 403 
ranked as the 5th lowest. The 2019 value is significantly lower compared with the value of 2018 404 
(0.56 million square kilometers).  405 
 406 
With limited number of inputs, the dynamic models on average showed higher ice extent 407 
compared with observations—this is the opposite of their 2018 forecast, in which the median of 408 
the dynamic models under-predicted Alaskan sea-ice extent. The statistical models had lower 409 
ice extent in their July and August forecast, but higher extent in their June forecast.  410 
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 411 
Figure 4e-1: June, July, and August SIO contribution of Alaskan-region September sea ice extent. The 412 
left three bars are based on statistical models, and the right three bars are based on dynamic models. 413 
Horizontal bar is median and top/bottom of boxes is 3rd/1st quartile. The heavy horizontal gray line 414 
indicates the 2019 observed September sea ice extent obtained from NSIDC. 415 
 416 

 417 
Figure 4e-2: Scatter plot of the June (blue circle), July (green triangle), and August (red diamond) SIO 418 
contribution of Alaskan-region September sea ice extent from 7 statistical models (left) and 6 dynamic 419 
models (right). The solid grey line is the observed value of 0.35 million square kilometers. 420 
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  421 
 422 
Section 5: Further Analysis 423 

 424 
5a: Probabilistic Assessment of the 2008-2019 Outlooks 425 
Comparison between SIO Contributions and Control Forecasts 426 

A key issue with regard to the SIO forecasts is their skill relative to simpler control forecasts.  A 427 
compilation of SIO results from 2008 to 2018 enabled a quantitative comparison of the skill of 428 
the SIO forecasts against persistence-based forecasts.  (In this case, persistence was 429 
evaluated from the mean ice extents in the National Snow and Ice Data Center’s Sea Ice Index 430 
(https://nsidc.org/data/g02135). The median absolute error of the all-forecaster average SIO 431 
outlooks issued in July of 2008–2018 was 0.32 million km2, while the corresponding median 432 
absolute error of forecasts of persistence of the departure from the trend line of the pan-Arctic 433 
ice extents of May, June, July, and August were 0.43, 0.22, 0.25, and 0.09 million km2. Thus, 434 
the SIO forecasts issued in July of 2008-2018 outperformed the trend-line anomaly persistence 435 
forecasts from May, but not from June, July, or August. Persistence of the previous September’s 436 
deviation from the trend line had a median absolute error of 0.37 million km2, while simple 437 
persistence of the previous year’s actual value has an error of 0.40 million km2.  The 438 
corresponding root-mean-square errors (in millions of square kilometers) are 0.57 for SIO; 0.67, 439 
0.46. 0.42, and 0.18 for persistence of the trend-line departures of May, June, July, and August; 440 
0.68 for persistence of the trend-line departure from the previous September; and 0.67 for 441 
persistence of the actual extent from the preceding September.  The relative skill levels of the 442 
trend-line-departure forecasts and the SIO forecasts are similar when the metric is the median 443 
absolute error over the 2008-2018 period as shown in Figure 5a-1, which compares the June 444 
SIO median forecasts with the persistence-from–trend forecasts. The SIO forecasts used in this 445 
comparison were averages of all forecasts submitted to the SIO, so it is quite possible that 446 
some individual forecasts were considerably better. Nevertheless, it is apparent that sea ice 447 
anomaly persistence has historically been a challenging control forecast and a respectable 448 
competitor for forecasts issued by the scientific community. 449 

With this background, we can evaluate the 2019 SIO outlooks relative to the benchmark 450 
forecasts. The 2019 SIO median forecasts issued in June, July and August were 4.40, 4.28 and 451 
4.22 million km2, respectively, corresponding to errors (relative to the observed 4.32 million km2) 452 
of +0.08, -0.04 and -0.10 million km2. The persistence forecast based on the 2018 mean 453 
September extent was 4.71 million km2, for which the error was 0.39 million km2. The linear 454 
trend line forecast of 4.37 million km2 had an error of +0.05 million km2.  The forecast based on 455 
persistence of the 2018 departure from the trend line was 4.63 million km2, corresponding to an 456 
error of +0.31 million km2. Considering the various benchmarks, only the forecast of the linear 457 
trend line value was comparable in accuracy to the SIO median forecasts in 2019. In this case, 458 
despite the historical superiority of the departure from the trend line as illustrated in Figure 5a-1, 459 
the persistence of the 2018 departure from the trend line was outperformed by not only the SIO 460 
median but by the majority of the individual SIO submissions of June, July and August. 461 
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  462 

Figure 5a-1: Median absolute errors of the SIO median forecasts (grey shaded bars) with the forecasts 463 
based on persistence of departures from the linear trend line.  Evaluation is based on forecasts for 2008 464 
through 2018. 465 

5b: Evaluation of SIO Forecast Skill Relative to Control Forecasts  466 
Those years in which unusual weather conditions caused a sharp departure in sea ice extent, 467 
compared with the previous year, are also the years when SIO prediction errors are large. 468 
Figure 5b plots SIO ensemble errors, defined as observed September extent minus the median 469 
July SIO prediction, against the change in observed extent compared with the previous year. 470 
When there is a large change in sea ice extent compared with the previous year, the median 471 
SIO predictions are likely to be far off as well, and in the same direction. Change from the 472 
previous year explains 85% of the variance in SIO median errors. 473 
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 474 

Figure 5b: SIO prediction error (median July SIO minus observed September extent) versus observed 475 
change from September the previous year, 2008–2019. 476 

The strong correlation (Figure 5b) suggests that expecting “persistence,” or guessing that this 477 
year’s ice extent will be the same as last year’s, might yield predictions competitive with the 478 
median SIO. An alternative, climatological null hypothesis could use predictions from either 479 
linear or quadratic extrapolation, representing the overall trends to that date. Table 5b compares 480 
the accuracy of median SIO predictions with these other strategies in terms of their root mean 481 
squared errors (MSE), or their more outlier-resistant median absolute errors. By either criterion, 482 
over the period 2008–2019, the median of July SIO predictions performed better than guessing 483 
the previous year’s value, and performed better than extrapolating the downward trend (whether 484 
linear or quadratic) up to but not including each year. 485 

The root MSE and median absolute errors shown here are in millions of km2. Thus, taking the 486 
July SIO median as our prediction each year yields a median absolute error of 287,000 km2. 487 
Although lower than the median absolute errors from linear extrapolation (357,000 km2), 488 
quadratic extrapolation (459,000 km2) or persistence (408,000 km2), that still leaves much room 489 
for improvement in predicting the interannual variations of sea ice extent. 490 

Table 5b: Comparison of median July SIO predictions with predictions based on linear or quadratic 491 
extrapolation (using data from 1979 to the previous year) or persistence (extent same as previous year), 492 
over 2008–2019, in millions of km2. 493 

         Prediction method              Root MSE     Median absolute error 494 

SIO July median                   0.542            0.287 495 
         Linear extrapolation            0.604            0.357 496 
         Quadratic extrapolation      0.682            0.459 497 
         Persistence                          0.654            0.408 498 
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Section 6: Antarctic Contributions 499 
Since 2017 the Sea Ice Outlook has accepted Antarctic contributions, expressed as a pan-500 
Antarctic September sea ice extent forecast. September is the month of maximum sea ice 501 
extent according to observations, and the climatological mean (1979-2018) for that month is 502 
18.52 million km², according to the NSIDC G02135 Sea Ice Index. In 2019, sea ice extent 503 
reached 18.24 million km² in September, which is the 13th lowest out of 41 years and 0.28 504 
million km² below climatology. 505 
 506 
We received contributions from seven groups. Three followed a statistical approach (Lamont, 507 
Meier NSIDC, NASA GSFC) and four followed a dynamical model-based approach (UCLouvain, 508 
Navy ESPC, Wu et al., Met Office). These groups are also regular contributors to the SIPN 509 
South activity, which aims at collecting summer Antarctic forecasts. Initial analyses conducted in 510 
the framework of SIPN South indicate that while forecasts of pan-Antarctic extent are in 511 
reasonable agreement with the observations, regional errors exist. It is furthermore unclear at 512 
this stage if SIPN South forecasts beat a simple climatological forecast. 513 
 514 
Figure 6-1 shows the Sea Ice Outlook forecasts for September 2019 as submitted in June, July 515 
and August 2019, together with the contextual historical time series and the value for 2019 516 
(18.24 million km² according to NSIDC Sea Ice Index). There are several interesting points, in 517 
particular because they were already raised over the past two years: 518 

1. The forecast ensemble range exceeds the observed historical range by a factor of two. 519 
This was already the case in previous Sea Ice Outlook reports. The large range results 520 
from the combination of two factors: three dynamical model contributions forecasting 521 
overly high sea ice extent, and two statistical contributions forecasting low sea ice 522 
extent. Regarding dynamical model contributions, a similar result was found in the SIPN 523 
South summer forecasts and this seems to be related to initialization issues. Regarding 524 
statistical model contributions, forecasts for 2019 were tracking low in April and May, but 525 
then observed sea ice grew quickly until September. This can help explain why two of 526 
the three statistical methods forecasted record low sea ice extent in their June 527 
submissions. 528 

2. The Met Office (dynamical model) contribution not only provided a better forecast than 529 
other dynamical contributions, it was also able to integrate information better as time 530 
advanced. The other dynamical contributions either update the forecasts in the wrong 531 
direction, or with not enough change. (Note that the UCLouvain is a mere repetition of 532 
the forecast submitted in June). 533 

3. Similar to SIPN South findings, statistical approaches appear in general to provide better 534 
skill than dynamical models for pan-Antarctic sea ice extent. This statement might not 535 
hold at the regional scale, and needs to be verified with predictions from at least several 536 
more years. 537 
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 538 
Figure 6-1: Forecasts submitted in June, July and August 2019 and the historical time series of 539 
September sea ice extent. 540 
 541 
Section 7: Sea Ice Drift Forecast Experiment (SIDFEx) Results 542 
The year 2019 was the third year of the Sea Ice Drift Forecast Experiment (SIDFEx), a 543 
contribution to the Year of Polar Prediction (YOPP). SIDFEx is a community effort to collect and 544 
analyze Arctic sea ice drift forecasts at lead times from days to a year, based on various 545 
methods, for a number of buoys and other objects drifting with the ice. Since October 2019, 546 
SIDFEx has also been providing real-time consensus forecasts for the MOSAiC drift campaign. 547 
Here we only consider the seasonal buoy drift forecasts aligned with the 2019 Sea Ice Outlook, 548 
in continuation of the SIDFEx analysis presented in the 2018 Sea Ice Outlook Post-Season 549 
report. 550 
 551 
Six of the thirteen groups contributing to SIDFEx have submitted seasonal drift forecasts for 552 
Arctic buoys aligned with the SIO 2019. Five of these are directly linked with SIO dynamical-553 
model forecasts described above, namely AWI (past_forced = Kauker et al.), NavyESPC (US 554 
Navy, Metzger et al.), ECMWF (SEAS5), UCL (UC Louvain, Massonnet et al.), and UW (Zhang 555 
and Schweiger). The AWI (sat_past) product comprises ten-member ensembles that are based 556 
on satellite-derived drift fields of the previous 10 years and can thus be regarded as a 557 
climatological reference forecast. 558 
 559 
The analyses presented in previous post-season reports considered only two (2017) and three 560 
(2018) buoys, whereas this time we can analyze forecasts for six SIDFEx-targeted buoys that 561 
stayed in the ice cover and continuously provided data from June 1st through September 15th 562 
(Fig. 7-1, bottom left). Consistent with unusually strong ice drift from the Pacific to the Atlantic 563 
sector associated with a predominantly negative phase of the Arctic dipole pattern (see Section 564 
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3d), four of the buoys (991680, 880820, 872720, 802030) drifted considerable distances (up to 565 
450 km) along the Transpolar Drift Stream; one of these (802030) ended up close to the 15th 566 
September ice edge east of Svalbard. In contrast, the buoy north of the Canadian Arctic 567 
Archipelago (495020) remained within 60 km of its initial (1st June) position. Despite the 568 
increased number of buoys, the analysis remains largely qualitative. 569 
 570 
We depicted and evaluated the forecasts based on ellipses obtained by “spatial dressing” the 571 
forecast ensembles (Figure 7-1). As expected, spatial uncertainty in the position forecasts for 572 
September 15th tends to decrease as the initial time approaches the target time for all buoys. 573 
Forecast ellipses for the buoys closer to Canada and Greenland (495020 and 030330) tend to 574 
be more eccentric, with their main axis parallel to the coast. The way the ellipses are 575 
constructed, the forecasts are reliable when the corresponding ellipses contain the verifying 576 
observed position in approximately 90% of all cases. Combining all initial dates and forecast 577 
systems, hit ratios range from around 70% for the two buoys close to Canada and Greenland to 578 
around 90% for the remaining buoys. This spatial gradient of forecast reliability is consistent 579 
with remaining challenges sea-ice models are facing in situations where ice motion is strongly 580 
influenced by internal ice stresses. Although these results are an improvement relative to 2018, 581 
where the forecasts for two out of three buoys exhibited overall hit ratios below 40%, this 582 
increase is likely more a result of the less anomalous drift pattern rather than improvements in 583 
forecast systems. 584 
 585 
The limited effective sample size still prevents a meaningful ranking of the different 586 
models/methods, to draw conclusions related to methodological differences, or to track down 587 
model errors. A SIDFEx community paper that will provide more detailed analyses for all years, 588 
targets, forecast methods, and time scales is planned to be published later in 2020. 589 
 590 
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Figure 7-1: SIDFEx seasonal ice drift forecasts associated with the SIO 2019 for six buoys of the 592 
International Arctic Buoy Program (IABP). Initial positions on the 1st of subsequent months from June 593 
through August 2019 are marked by grey-black dots on the observed drift trajectories (black curves). 594 
Ellipses enclose 90% probability of a bivariate normal distribution fitted to the respective positions 595 
comprising the ensemble forecasts, all valid for the target time 15 September 2019. N denotes the 596 
(maximum) ensemble size; for some methods and cases the ensemble size decreases with lead time 597 
because trajectories are terminated, e.g., when sea-ice concentration drops below some threshold. This 598 
can lead to exaggerated eccentricity of the corresponding ellipses, as for buoy 802030 close to the 599 
September ice edge for the two AWI methods where the sample size dropped to three. 600 
 601 
Section 8: Sea Ice Forecasts for the Alaska Marine Shipping Industry 602 
The Bering Sea crab fleet makes a significant contribution to the economic well-being of the 603 
State of Alaska and communities in the Bering Sea and Aleutian Islands region (BSAI).  Recent 604 
estimates indicate that, in terms of ex vessel value, the harvest of Bering Sea crab was worth 605 
approximately $230 million in 2015.    Access to the fishery is gained through the purchase or 606 
lease of a quota share. Approximately 90 vessels operate in the Bering Sea crab fishery, 607 
representing roughly 500 crab quota shareholders (BSFRF 2020).  Crabbing is a dangerous 608 
occupation.  Participants face a number of risks including winter storms and vessel icing.  Along 609 
with these challenges, the fishing season for key species such as Snow Crab occurs during the 610 
later months of winter and early months of spring when sea ice is typically at its maximum 611 
extent. As a consequence, members of the fishery must be mindful and plan for the likelihood of 612 
encountering sea ice during harvest operations. To date little attention has been devoted to 613 
evaluating how seasonal sea ice forecast might serve to support the safety of fishing operations.  614 
An online survey is being used to identify what role seasonal sea ice forecasts can play in 615 
supporting safe crab fishing operations. 616 

The online survey has been developed in collaboration with representatives from the Bering Sea 617 
crab organization. The principal collaborator who reviewed questions and suggested revisions 618 
has over 26 years of experience working in the Bering Sea running a crab boat and continues 619 
as an active member of the community. Initial design of the questions occurred through Spring 620 
of 2019, refinement and revision, and testing was completed in the autumn of 2019. A key 621 
insight shared during the development process is that sea ice can present a significant 622 
challenge to logistics and supply efforts of fleet members. The survey is now active online. A 623 
weblink to the survey has been provided to participants through an industry newsletter and 624 
organizational email list serve. The survey will run through the middle of March. Preliminary 625 
findings will be presented during a poster session at the 2020 Clivar workshop.   626 

Broken down into three sections, the survey seeks to assess prior experience with and 627 
perceptions of sea ice in the Bering Sea, how sea ice can and has impacted operations, and 628 
how fishery participants utilize synoptic sea ice forecasts provided by the National Weather 629 
Service. The survey gauges potential interest in utilizing seasonal scale sea ice forecasts; uses 630 
heat mapping (Figure 8-1) to identify preferred locations where seasonal scale forecasts would 631 
be most useful; and asks fishery participants to rank, in order of priority, which months they 632 
would like to have a seasonal scale forecast. Seasonal scale sea ice forecasts can potentially 633 
help address a number of key challenges which impact fleet logistics and operations. Based on 634 
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input provided by our collaborating partner, sea ice events can limit access to the harbor at St. 635 
Paul Island during critical harvest periods.  St. Paul Island serves as a location for resupply and 636 
harvest delivery. Restricted access to the port impacts fleet logistics and can increase 637 
operations costs of fishery participants.   638 

 639 

Figure 8-1:  Heat mapping exercise used in the online survey and preview of question formatting on 640 
handheld device. 641 

 642 
Section 9: Lessons Learned & Recommendations from the 2019 SIO (to be developed) 643 
Section 10: References (to be developed) 644 
Section 11: Report Credits (to be developed) 645 


