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Money mean s exen Inseember wil b ot 308 mlkonsaae | DL e e coer it
Sanwa Elementary School (hoshi etal) | Heuristic 306 We estimated the minmun lx spes hrough discusion among 22 triangle or trapezoid. Sitis not used.
Based on this rough estimation, we discussed a yearl change of the ice area and SICis not used.
tudents based on the ice map from 2004 to 2018,
calculted the ice area of this September.
email recd 11:00 pm (AKDT) on12 June: Hi Betsy, Well we just got back
from the istoric ast C-1306 mission from USCG Air Station Kodiak. The
long serving Hs are being replaces by the C-1301 model. Our Seasonal lce
jght ful. We flew up
150°W making oceanographic stations with expendable probes every
degree fro 72 to 76 and then flew back at higher ltitude doing
atmospheric cropsonde drops. Notable ice observations are that the ice
edge has already retreated to 72°N and there was a ot of ofen water even|
orison — e Up 10 76", The snow i alreacly gone. | usuallytry to do a ltle more.
analysis oftrends for the year around the Arctic Ocean and look at the AO,
but no time for that; it already midrigh Pacifc Daylght Time. To be any
Iater and stll be on the 12th, d have to be in Hawaii So after exhausting
if ot exhaustive deliberation with my SIZRS colleges over pizza a the last
eatery still open Kodisk,and considering the ice we saw today, my fresh
from looking out the window is 3.8 million square km average Sept 2019
ice extent. Method would be politely called heuristic, and as ever the
outlook recogrizes that this summer's weather trumps everything else and|
s for the most part unknowable. Best regards, Jamie
Grsessoml ST T A
Ocean, using observations-based approaches. We are interested in the
winter preconditionin effect on the pack ce before the summer melt,
Specifcaly, we investigate how dynamic processes affect precondtioning,|
i other words, we ask how anomalies in the general ircuiation of sea ice
willnfluence ater conditions of the Arctic Ocean pack ce under a typical
melt season. We investigate the kil of cifferent sea ice precictors,
including atmospheric foring parameters that physically comnect to. | 11, oo preciction for the minimum September ice extent is 3.9 million
wintertime sea ice dynarmics. square Kilometers. The dovelSIE predictin is computed as a sum of the linear
e oS mthod s nthecorlatonween s Fram s g 3o and e o therond el i) e ke
RMSE: 0.50 millon square Kilometers. From | _ 352 €€ export and the following September minimum sea ce extent, | o, ey oyer the 19932018 period. A negative departure from the trend i projected NOAN/NSIDG, Sea e Index, Version 3
Ml Team staistical 399 comparison of hindcasts to the observed minimum | Presented in Williams et al, 2016, A positive anomaly of the winter Fram | ., sea ce extent, We use level it/ doi.org/10.
ptember sea ce extent strat sea ce expot i assocated with enhanced cireulation of ice thoUBh (L trence across Fram Stait from Novermber 1to May 31 i inar east
the Transpola Dt tream and posive anomalies of oastl NETEEnce | " oseee g e o Bl .
of s e lon he i comtines < comtal derrc e | e e s o Usng s method e S men s e
extent predictions are only marginaly different from the minimum sea ice extent
peripheral seas, which is more wilnerable to melting in the summer. ety
The dovekSIE forecasts are generated usin the sea level pressure
ifference between Greenland and Svalbard as 3 prosy for area of ice
exported through Fram Sttt Sea ce tends to flow parale t isobars and
the pressure diference across Fram Strat correlates with sea ice export
(r=0.44). Sea level pressure fields are available in near-real-time and
update of during
inter i the web aoo
Ithas
mean Arcic index during
the previous winter. The mean AO provides a characterizaton o the | sresion between S an
mean atmospheric circulation pattern which in turn drives the sea-ice | yinver mean (DJFMA) AQ index during the period 1993-2018. This allows us to
““:;:i::"v:;"‘w"z ':h:::':'E:M‘"A‘;':':;:“";d‘Z’(::::’;":;:::'";:Ssi:":;d form a prediction for the 2019 September sea-ice extent anomaly using this past
ol e mepeas [ Var's AD indes, derivecfro SLP bsenations. Fo s yea,th winter mean AO
|An error analyss of a hindcast using this method was| °f ¥clones penetrating deep into the Arcti region) lead to enhanced sea- | %oy 0,481, which translates into a Sept SIE anomaly of -0.14 millon k2. NSIDC Sea Ice Index Version 3:
NASA GISS / McGill University Statistical 4 0.4 millon sqr km done in Willams et al (2016) ice export through Fram strat, and an anomalously younger / thimnerice | 1 omaly forecast s then added to an extrapolation of the linear trend line httpsinsicc org/data/ GO2135/versions/3
in'the Siberian shelf seas. These two processes provice a
from 1953-2018. The linear trend forecast for 2013 s 414 millon km2. Summing
precondiionin efect wichses hestagefo aditionl celoss when [T 1995 2019 T fon
compared to. typical meltseason. We, therefore, use the winter mean | %
A0 index as a precictor for the September sea-ce extent anomaly. This
anomaly forecast is then superimposed on the longer term trend of
September sea-ice 105 to form a seasonal forecast of the Pan-Arctic
September sea-ice exten.
We do not use SIC nor SIT. We use the following data sources:
Average monthly northern hemisphere snow area
This i 3 variant of Rob Dekders predition. o on Y -area.phy
We loosely matel the contribtions of cean heatand nsoltion o sea | "OTer emisphere snow area, sea ic ares,and sea ice et Predction of
05 millon square ice melting. To model insolation, we use measurements of northern | MO O 656 similar quality can be obtained by substituting Extent with anather Average monthly northern hemisphere sea ice area:
Simmons statistcal 026 iion sq Standard Error of Linear Regression e e o e ma | 561 that tends 0 Increase o decease over time, ncudig the year. We choose |, £+ M
esstemont o 03 concnations lose e coR corcnttonssmesred oo o s ot JC RN o i sttt 6715
available data, we use all the available data
rage monthly CO2 concentration at Moana Loa
ot emlens Soracussenes/ oo
Drive by the NCEP CFS forecast atmospheri forcng, PIOMAS is used to
predictthe total September 2019 Arctic sea ice extent as wellas ce
o[ orancvwss | st | 1 P— Sormsttric bt b b Tt st oz A | s s i 09 or
predicte ice thickness ields and ice edge locations fo September 2019
are also presented.
A Gaussian Process model, with a squared exponential ovariance funcion, s used
tomedel hefsorlNSIDC Setember AT s e oent dat. The per
the marginal el
setonalpredicve
s34 s250 ossanrses ol o ot |38 Dl s metd et okaggg ot ot o e wa e e (o i s o), e g, 01
Uriversity of East Anglia (Cawley) | Statistical 152 41452 (Bayesian credible predictive distrbuton. Doesn'tncludemyper. | o0 17, T OB SR ons L Sepremier AEEE R o0 implemented in MATLAB using the GPML A A NSIDC September average Arctic sea ice extent data.
eion) parameter uncertainty alered by observations made during the Summer of 201 A images tps://doi org/10. )
has how the precictive
e model exrapolates it tefuture. Fotam arimation showing how he model
changes as the amount of calibation dataincreases, see
The prediction for the sea ice outlook June 2019 was carred out on China's
fanhe- witha as
FGOALS-f2 525 V1.2 . The dynamic model prediction system, named!
PO e s i s e FGOALS-12 525 V1.2 s a global coupled dynamic prediction system. The
(e | e his is based on 2 nudging scheme, which
e , . R oy oo ar Ot | 35sMlates wind ompeonents (U and V), Temperature (T) i atmosphere and
res Oynamic Model | Coupled 415 371 22004572 06 b e potential temperature in ocean from 1 Jan 19800 1 June 2019, and 40 ensemble None None

both LASG Institute of Atmospheric Physics Chinese Academy of Sciences.
and PAEKL Chengdu University of Information Technology. The FGOALS-f2
525 prediction results are used in two major national climate operational
prediction centers in China. Basing on the 6-month lead dynamic model
prediction from June 1st, 2019 the outlook predictions of Sea Ice Extent
are 4.15 million square Kilometers for pan-Arctic in September 2019.

members are generated by a time-lag method. The predictions are available here
for & months. This real-time 525 prediction system is fully operated on China’s
Tianhe-2 supercomputer.




The uncertainty is based on the standard deviation of|

This methad applies daily ice 1o rates to extrapolate from the start dote
(lune 1) through the end of September. Projected September daiy extents
are averaged to calculate the projected September average extent.
il s fom 200510 201 e e 3 wel s veraes o

Tis methad spoes davly ice loss rates to extrapolate from the start date (June 1)

8. The 2007-201 are used to

estimate the official submitted estimate.

The redicted September average extent fo 2019 s .20 (£056) milion

mber. Projectet weraged to
calculate the pm‘anediamemb!vavﬂiga stent. il years from 2007 to
2018 are used, as well as averages over 1981-2010 and 2007-2018, The 2007-2018

Maslanik, J. and J. Stroeve. 1999, updated daily. Near-Real-
Time DMSP SSMIS Daily Polar Gridded Sea Ice Concentrations,
version 1 Buider, olaado USA, WASA Natoral Srow andlce

average daily rates are used to estimate the official . The
n be expected

square kilometers. The minimum daily

the range of

Archive Center. doi:
MIDS //doi.org/10. 5057/u3cwsnwvx9 M.

Meier NSIDC statistical a2 17.05 066 ";‘”'“’: SOUATe | ectons using the declne ates from years 2007 | (+0.66) milon square ilometers and occurs on 14 September. The lrge | based on how the ice has declined n pas years, though t s pms\hlz that record SITis not used in this method
tometers through 2018, range of estimates reflects the large variability in ice loss rates over the | fast or slow daily loss rates may yield a value outside the projected range. It also | Fetterer, F., K. Knowles, W. Meier, M. Savoie, and A. K.
final 3+ months of the melt season. Based on the last 14 years, there is a | - can provide a probabilty of a new record by comparing how many years of loss | Windnagel. 2017, updated daily. Sea Ice Index, Version 3.
7% chance that 2019 will be lower than the current record low extent of | rates Vve\d a record relative to al years. It has the benefit that it can easily and | Boulder, Colorado USA. NSIDC: National Snow and Ice Data
2012 desired) be updater and Center. doi: https://doi org/10.7265/NSK072F8,
singthe same method,th prdicted Anarctic average exten or 201 s probabiles and as the minimum approaches the “window” of possile outcomes
17,05 (20.61) millon sauare klometers. The maximum daily extent s
16 (20.63) nd 2
October.
The forecast uses a prototype the GEOS_525 version 3 coupled system that was
moifie for this forecast. The model has an approximate grid Spacing of A" nboth| (v eRRA
An experiment of forecastng system the d the ocean. is driven by a "y e CrY05at2 Level-4 Sea Ice Elevation, Freeboard, and
par-Aretic: 36410 | oo prctic:0.38; derived ice thickness predicts 2 September average Arcic ice extent of | "2 €21time atmospheric analysis that i similar to MERRA-2, and uses the Local |4 garth ciences Data and Information Services Center hickness, version 1,
pan-Arctici 4.28; | 4.99; Aaska regon: |y, 1, region: 0,23 The given uncertainty s the standard deviation of the | 4.27 038 million km2. The experiment tests the application of ice Ensemble Transform Kalman Filter (LETK) for assimilation of available | e pisc). The MERRA-2 sea ice concentration i derived from hitpss//nsidcong/data/ROEFTY/,
NASA GMAO Dynamic Model | Coupled 427 041 | 000294 | Alaska region: 0.42; [ 0.07 to 0.81; Hudson Bl 0.23|The Y < ne o P observations and along: track ocean altimetr 401:10.5067/96I00KIFDASS, The data were
Hudson Bay: member ensemble. thickness data in a near-real time setting for the seasonal forecast the Operational Sea Surface Temperature and Sea Ice Analysis
Hudson Bay: 0.00299 | Bay: 0.00000 to 000225 syt The forecast suggests  redused i cover for 2016 a5 compared | /A branch of the ODAS system was integrated from 1-December 2018 to 26-Apr | PR L S50 S TIRRe TERBVRLHE RGO SRR | fncorporated ino the ODAS over a four manth
000599 o e preiont yoo 2019 that included nudging to Cryosat-2 sea ice thickness fields over the available | *¥i =11 W21 B8N 2 SO0 L RIS LT L) | period. The ODAS integrated for an additional 14
ime period unl 124 Th ensemble used a staggered iniilzation of 1401, 16 days after the end of the CryoSat-2 data period.
ication Facil Ice (051 SAL
o st apn and s Application Facility on Ocean and sea Ice (01 SAF).
condition permrbwons of the atmosphere and ocean states
“This is a statistical prediction based on the correlation between the ice area
derived from a simulation with the sea ice model CICE in which we incorporated a
physicallybased melt-pad model,Seeaur publcatonin Natue Climate Crange
ten for
We predict the September 2019 ice extent will be 4.3 +/- 0.5 million k2. oy
he given uncertainty s the mean forecast error | TS Means there is a 68% lkehood it will be among the lowest 3, 50%
CPOM (David Schroeder) statistical 43 3848 o0s b v ‘among the lowest 2, and 6% it wll be a new mininum record. May 2019
based o forecasts for theyears 1984102013, | o0 108 1owest 2 d 8% il be 2 new mimnum record oy 20 References:
e ot pond fraction sbove sverage <247 1. Flocco, D, Schroder, D, Feltham, D, L & Hunke, €. C, 2012: mpact of melt ponds
‘o melt pond fraction above average. on Arctic sea ice simulations from 1990 to 2007. J. Geophys. Res. 117, CO032.
2.5chrder D, . L. Feltham, D. Flocco, M. Tsamados, 2014: September Arcic sea-
ice minimum predicted by spring melt-pond fraction. Nature Clim. Change 4, 353-
357, DOI: 10.1038/NCLIVIATE2203.
Qur forecast is based on the GFDL Forecast-oriented Low Ocean Resolution (FLOR)
model (Vecchi et al., 2014], which is a coupled atmosphere-land-ocean- sea ice
model. The model s initialized from an Ensemble Kalman Filter coupled data
assimilation system (ECOA; Zhang et al., 2007), which assimilates observational
Our June 1 prediction fo the September.averaged Arctc sea-ice extentis | e ang subsurface ocean data and atmospheric reanalysis data. The system
431 million k"2, with an uncertainty range of 381-5.01 million km"2. | " 400. ot assimilate any sea ice concentration or thickness data. The FLOR
crounom(bumetaty | ool | Netsnecies | 41 o | o - Sersor s | e staistics e computeuing cur 12 memoer | OV pedition s aseden the GFOLFLOR ersmble forecas syt o wie NoSICis asimiated,bu the sea e sat s constrined by | NoSITis sssmilte, but the sea e stte i
. : - s redcionensembl. i 2l couled amoshore o ocea e e model e | 55T and e e Hstocal et g i s o 10200 and e P4 ccean and stmosphere sssmiaton contained by oceanand amosphere sssmlton
using 2 coupled cata assimilation system. Our predictionis the bias- | ot oo e e
‘°"°“°:"Z";“':f:$:a:e' ::i‘n';i ‘:‘f::;;"z;:‘::{':ﬁ::ﬁ;:e IOWESE | 2504, the acrosols are fxed at he RCPA. sce- naric year o 2004, The performance
e i k of this model in seasonal prediction of Arctic sea ice extent has been documented
in Msadek et al. (2014), Bushuk et al. (2017), and Bushu et al. (2018). For an
evaluation of the model's September sea ice extent prediction skil from  June 1
initialization, see attached pdf.
Our estimate is based o results from ensemble runs with the global acean-sea ice
coupled model NEMO3.6-LIM3. The ensemble members are expected to sample
Our estimate is based on results from with the global imer. I practice, the model is
Arctic: 2.86-5.02 (min The projection uncertaint e ccean-sea ce coupled model NENIOS.6-LIVE. Each memberis niilzed |  forced with1RA-55 atmasphere reanales data from 1948 tDec 31, 2018 N
U Lowin cetal) | Omamic Model | o . 200 o0s o8t - max); Antarctc: e 02 | e e e e  run on Jan 1, 2019, then forced with the JRA-55 data are assimilated during this simulation. Ten ensemble members are then | Initial sea ice concentrations come from a model free run on | Initia sea ce thicknesses come from a model free
owain (Massomnet et pamicodel | Oceamss ce : : 20162152 min- | Antrei: 50 | OSEEn minmum and maximum extents 116 |11y reanayis rom one yer betwen 2009 nd 2018 Our iral | stre fro he tine model tte, each using atmosphrc forcig rom one St unonand, 20
max) e W wide: estimate s the ensemble median, and the given range corresponds to the | vear between 2009 and 2018, This choice is a compromise between a sufficiently
lowest and highest extents in the ensemble. and the rapi in recent
decades. P monthly
September extent. No bias-correction s applied.
Aniformal poolof 29 imate sttt 1 sl e 2019 estrates
the September 2019 ice extent will be 4.38 mil o
i 314, . 509, Sice 1 ception 2008 e NCAR/CU 53 0
sm‘s":;‘I"':‘e:::iza""V;'::w"“c‘;‘l"m'zz’:‘;:‘:Z‘(‘e';:“‘l::g:x;?m“;‘mw Aninformal pool of 29 climate scientists in early June 2019 estimates that the
3.4 (min) to 5.03 The uncertainty estimate is based on the scatter in September 2019 ice extent will be 4.38 million sq. k. (stddev. 0.40, min. 3.14,
NCAR/CU (K, Bailey, and Holland) Heuristic 438 a4 (min) 040 ey esomat mean Arcicsea ice extent (e5. see appendix f Stroeve et al. 2014 in GAL| 57" " ok ' 4
(max) entries in our informal poo max. 5.03). Guesses were collected by sending an e-mail out to the scientists and
40i:10.1002/2014G1059388 ; Witness the Arctic article by Hamilton et al
2014 he W tempting them with local bragging rights and with local ice cream.
think our informal pool provides a useful benchmark and reality check for
Sea lce Prediction efforts based on more sophisticated physical models
and statistical techniques.
Each griccel is intialzed with a thickness derived from the AMSR2 Sea lce
Volume model (VL5 https://cryospherecomputing.tk/SIT). For each day the model
The forecast model is based on ice persistence. It uses incoming solar
calculates average thickness loss per grid cell sing the exact solar radiation energy
radiation and sea ice albedo derived from a predicted Sea Ice i the precieted sea e foncentration as am albedo value
Concentration (SIC) value to calculate daly thickness losses for every .
eeniration (S0) value o coul pibiosrhameivins Ice-loss(m) = Energylolar in MJ)*(1-5IC) / icemeltenergy
m g cel. The il thickess s clelated from AMSR2 sea NSIOCNASA Team, s de e dta/ e 0081, |~ AMSR S e Volume model (11.5), 31st iy
The uncertainty i based on the 2007-2018 remaini volume an ata SiC=sea i trati hitps://do. org/10.5067/UBCOSDWVXSLM, Initial SIC 15t J 19, developed by Nico Sur
s sl “ o | o a0 3mam e coniton v, | e mean forcat uesth 2072018 mean S (/3 eigh) and mean cemelienegy - Mikenrgypr m, (33355 o e el o St T e 5 | emomecomnrg ST
SIC change per day (2/3 weight) to predict future SIC. The low forecast /g 000 OS2t 0OMIC) Py
reduces the predicted SIC by 0.385tdy for previously observed SIC for this
v and 10% igher bottom et The Hgh forecas €35 1 | 201 the model was ugraded witha Botom-mlt e and  raciaion of
predicted SICby anda 12% decreased bottom mel thermal energy back to space. This allowed the model to forecast the ititial
refreczing period during late September.
053 millon sauare e 10| 7S estimate is based on polling NSIDC employees for thir estimates of No specific dataset was used for nitialization, but contributors
NSIDC (Group) Heuristic 44 i e e the is the average of 10 The method s to simply average 10 individual Ice Index extent values to inform their SIT was not used in this method.
individual contributions.
The projected Arctic minimum sea Ice extent from the NCEP CFSv2 model | We ran the NCEP CFSv2 model with 31-case of May 2019 revised inital conditions
with revised CFSv2 May initial conditions (ICs) using 31-member ensemble | (ICs) The IC was modified from real time CFSv2 of each day at 002 by thinning the
forecati 41 illonsuare lometers with 3 tadarddeationof | Aretc e ac s o et fom prevous years e ce oo, i thiin | NCEP S ce Concentration Al o th G52 (1 May NCEP 7512 mode s with s corectonfor the
Wu, Tallapragada, and Grumbine | Dynamic Model | Coupled aa 1972 e b e e 2 i o a0i0) et (Mo iy 31 20181
Antarctic (maximum) s 19.72 million square kilometers with a standard it of 20 emne e p\ace for the ice ICs. Bias correction was applied to
deviation of 0.43 million square Kiometers. the Antarctic sea ice extent.
Our statistical model uses the NCEP/NCAP (R1) Reanalysis data sets to develop | Our model prior knowledge of
s developed analog matches of atmospheric variables that correlate with sea ice extent. The R1 | of Arctic sea ice. It does, however, rely on the NSIDC published
e et . e oue!| data covers the time period of 1948-present, The model generates an estimated | monthly September sea ice extnts to estimate the long-term
Uoper: 4965 mill ke ot i e e et st ey | eViation from the 19752018 September sea ice linear trend lie by identifing the - trend line. We use the same linear trend that NSIDC adds to
per: 4.965 million approach looks at prior years and finds the best matches that most closely
" represen ch years for 2 ric var i " publi hly extent graphics. r madel il 1
ARC (rettschneider et o) statstcal et eat prignivativen The range assessments represent Ssthand st |21 100 Yot e e e ol rn | (9P Ma(ER years for a number of oceanic an atmospheric variabls using the June their published monthly extent graphics. Our model does not utlize sea ice thickness,

million sq. km.

percentile confidence intervals.

early June 2019 indicates September sea ice will be nearly identical the
extrapolated linear trend of the previous four decades. We estimate a
monthly extent of 4.441 million square kilometers.

through July time periods of each year, and then follows the seasonal decline in sea
ice through the following September. The variables used are: 1) sea level pressure,
2) 500 mb heights, 3) 2-meter temperatures, 4) 925 mb temperatures, and 5) sea
surface temperatures. A composite forecast s developed from a regression-
weighted model

Data source: Chapman, W. L and J. E. Walsh. 1991, updated
1996. Arctic and Southern Ocean Sea Ice Concentrations,
Version 1. (Indicate subset used]. Boulder, Colorado USA.

SIDC: National Snow and lce Data Center




This statistical model forecast is based on nverse modeling techniques
ed to the regional

[Nonlinear inverse modeling techniques have been applied to the regional Arctic Sea
Ice Extent (SIE) from Sea Ice Index Version 3 dataset. The daily SIE data were
aggregated to provide weekly-sampled dataset, The predictive model has been
derived from SIE anomalies with annual cycle removed, and is initalized from
latest SIE conditions by ensemble of stachastic noise realizations to provide

forecasts in September, as well as
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doi:10.1093/climsys/dzy001.
2. Kondashow , . e, and . i, 2015
te s o Mt ot ol
Physica D, 297, 33-55, doi:10.1016/j.physd.2014.12.005.
urSPS combies orecass rom 2 models CanH and Conc,witha ot of
0 ercemmle mmbers (10 o CanC, 0 fom CancMA). i, h i S
anomaly was calculated for each individual ensemble member relative to a
ket Incr rnd 10 h et modets e Teansi dme
e o 8732018, Thése onomals were a6oe 10 h NSIDC S i s
k0 1y e Inar ven ondatoged o 20 el memoers
3l SE of 451 k. o plcemise . i et vor,was
our Otk st ot s-comected vt s et 5| 08 SE onr et e, T s coecionthd Ares otk S e xtimates i he sttt mcel
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bias-corrected Ice-Free-Date (IFD) and Freeze-up-Date (FUD), and s, (doi:10.1175/1CLI-D-16.0437.1). The parameters in
1standard calibrated sea ice probability (SIP) was produced using the Canadian SICis initialized by nudging model SIC to the Meteorological
devintion o D 3o, | The uncertaintyvalues were caleulated from the | ¢ = HEE e e B e, bt (o i 2017 anc | T FD/FUD s defined as th first date n the retreat season (Aprl 1 to September | o102 P10 H2 I CER (0SB 10 B REROO ) SMV3 were it using a blended SIC product
Modified CanSIPS Dynamic Model Coupled 4.51 457 min=3.86, maj ensemble of 20 fcst bias-corrected SIE anomalies 30) or advance to March 31) (Had20i: 28&lce Charts) and PIOMAS SIT
” e il condiions o h ane sumision re rom Moy 31
(95% C\) (see section 5). to the sea ice forecast methodology. These updates include :hanges tothe| o d st that threshold for nudged SIC. data over the period 2003-2018. The daily MSC SIC
i Teat 1 o et dca 3o 41 G, 2016 o dotes r bk e shove o oy 319 e e ke e
data used to initialize both sea ice concentration (SIC) and sea ice
i scs e con cadbesodon 15812010 s Teime et im0 stimas el
Forthe S fld,we ekt he o S flds o he mdel rd rto mesit
1deg by 1deg. regulargnd fit each grid point and each model SIC ensemble to the
Goton we cartes
each distribution using 'trend-adjusted quantile mapping’ (see Dirkson et al. 2019;
‘https://doi.org/10.1175/JCLI-D-18-0224.1), and calculated the probability that local
SIC will exceed 15% (or equivalently SIP) directly from the calibrated predictive
robablty . L. o o aEe S it was aken a3 o
oo 0 et e S il
th pa A egonat e sasanl i sl To ode s varas
NASA Team sea ice concentration, sea surface temperature (ERSST), surface air
temperature, GH300, vector winds at GH300 (NCEP/NCAR reanalysis) for the period
e oo s o rdt oy rctisarce | 279001 Bl I st COF spc, Th o e 1
TREOF e and s a ko rces 1 predthess il comporrts
concentration (SIC) at all grid points in the pa-Arctic region (Yuan et al., |21 gne month at a time. The. pan Arctic sea ice extent forecast is calculated by| NSIDC NASA Team, https://nsidc.org/data/nsidc-0081,
2016). The model is capable of capturing the co-variability in the ocean- ‘summarizing all cell areas where predicted sea ice concentration ex:eeds 15%. https://doi.org/10.5067/USCOIDWVXILM.
sea ice-atmosphere system. The September pan-Arctic sea ice extent (SIE) | .
is calculated from predicted SIC. The model predicts negative SIC d erid points as NOAA NCEP/NCAR Reanalysis-1 atmospheric variables,
well as the total sea ice extent prediction. The predictive skill of lhe mndel was http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NCEP-
B e i ol wss sdysoun
e Sprenber
Lamont (Yuan and Li) Statistical 251 1864 024 ‘The uncertainty is accessed by RMSE derived from pfedmted to be 4.51 million square Kilometers (mskm) with an RMSE M mean-square errors (RMSE) in a (take one-year out) cross-validated fashion. On | NOAA NCDC ERSST version3b sst: Extended reconstructed sea
s attion s, Ses dtals 1 e ret e o et e s rny s, o e amparates aa,
i, o ot o e, .03 ko Setemer S | 2280 5y aremly e oo
2018, Similar statistical models were also developed ta predict the SIE in pmmclmn of September sea ice cnnmntmtmnx, the model has the higher skill |.ERSST/ b/ sst/Include source (e.g., )
the Alaskan region (Li et al, in revision) and the Ant: (Chen and Yuan, in the Chukchi 5 nin | name (algorithm), DOI and/or data set website, and date (e.g.,
2004). The Alaskan regional SIE is predicted to be 0. 24 mskm with an other regions (figure 4). The skill of the fcuv—mcmh lead prediction of the pan Arctic “NSIDC NASA Team, https://nsidc.org/data/nsidc-0081,
RS o 032k, whichis ol st 0% ot st vt Ak S
e nten nSetembt 087 withan NSE o 1o
The September mean pan Antarctic SIEis predicted to be 18.64, at the kilometers. The Alaskan regional SIE prediction is produced by a regional linear
same level of September 2018, with an RMSE of 0.57 mskm. Markov model developed by using SIC, SST, SAT, and in a rotated-EOF space (Li et
al., in revision). Following the NSIDC regional mask, the Alaska SIE forecast is.
ot o pedad I The sl ofthe reonl S 030 rtlton i
cross-validated experiments) with RMSE of 0.22 million square kilometers. A
similar model is used for Antarctic SIE forecast (Chen and Yuan 2004).
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forecastsand crresponding obsenvatons. o Mo o ht s emeved ' oot based on 2006 2015 flds rom CFSA and assimilates satlite seaie | oo te savalite s ceconcetratin el
et et o carsponin oo o o€ ASA eam
‘This is a model contribution. The initialization is also from the same model (FIO-
Our predictionis based on FIO-ESM (the First Insttute of Oceanography- ESM) but with data assimilation. The data assimilation method is Ensemble.
Earth System Model) with data assimilation. The prediction of September Adjustment Kalman Filter (EAKF). The data of SST (sea surface temperature) and
FIO-ESM (Shu et al.) Dynamic Model | Coupled 463 panArctc extent in 2019 is 463 (+/-0.32) million square klometers. 4.63 | SR PO RC BT o e mated mto Fp| O dataset are used foriniial sea ce concentration. No dataset are used for initial sea ice thickness.
ind 0.32 million square Klometersis the average and one standard ESM model to get the initial condition for the prediction of the Arctic Sea Ice. There.
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ice m nt m December to April. fre tellite AMSR-E (2002/03-
from July Pt ‘website: - 2010/11) and AMSR2. (2011/13 2013/19) The analysis method is based on our
oo ot 2019, it we et e ks dston
UTokyo (Kimura et al.) Statistical 487 Ice retreat in the Beaufort Sea will be faster than a normal year. Though| in April 30 from mdlsmbulmn (divergence/convergence) of sea ice during
i coe e Ext S Sea wil st with ey e specas | Decmberand Al s o vloy. T we et smmer s
ol yar, . rteat around h e Ssran s il 1| res deponang n th st it hckicrerain aer an i ol
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We s RASME_1_00,wich s  recent vesion o e med-re,
Forecosig (AR oo Ao o sborates (LG ol Ocen
rogram (POP) and Sea Ice Model (CICE), Variable Infiltration Capacity " ', RASM is used for
(VIC) land hydrology and routing scheme (RVIC) model components. of the global NOAA/NCEP CFSv2 7-r monlh levecasls Yhe m\nal conmlvens lev the
(Maslowski et al. 2012; Roberts et al. or 2015; DuVivier et al. 2015; e Sea
. Hamian . 206 aman 11 017 el o ety e s e matl cmports et 4
s oo | cowea | a1 oa |oomoiss | ass axr-sas oas | The e g Arteseo e WSS | . S0 T ode vk GFSR/C sl it x| 5o o s Coracion s e, Ech s 30 e memrs an Solgenerte om a 35-yar kst Soltgenrte rom a 35 year st .
ARSI el Boundary ontios ard o To & mrih i oot o GF52 fearays. T CHSVE forng
nudging winds and temperature starting above 500 mbar. This model streams used for the ensemble members were initialized every day (at 00:00)
it oo o ersemit forecas s v o 3 et arced| b oy 15 oy 315 (e 15 of o s o ot ot
with CFSR/CFSv2 reanalysis for September 1979 through May 2019. The available) and used for RASM forcing at 00:00 on June 1st, 2019.
esanand s . i ocions a g of o st e
derived from the 32-year spin-up of the ocean-sea ice model only (RASM
G-case) forced with CORE2 reanalysis for 1948-1979.
We predict the September monthly average sea ice extent of Arctic by modelis used to predict ee Sea Ice Index - Daily sea ice concentration(NASA Team) and
d based extent | ©Xtent. The sea ice extent of September is well related with the sea ice extent of monthly sea ice extent from National Snow and lce Data
NMEFC of China (Li and Li ) Statistical 4.94 ssion

from National Snow and lce Data Center. The predicted monthiy average
ce extent of September 2019 is 4.94 million square kilometers .

climate normal method, the predicted September sea ice extent in 2019 is 4.94
million square kilometers.

Center.




For the present outlook the coupled se ice-ocean model NAOSIM has been forced
with atmospheric surface data from January 1948 to June 6th 2019 (combination of
NCEP/NCAR and NCEP-CFSR and NCEPCFSv2). All ensemble model experiments
have been started from the same initial conditions on June 6th 2018. The model
setup has ot changed with respect to the SI0 in 2015. We used atmospheric
forcing data from each of the years 2009 to 2018 for the ensemble prediction and
thus obtain 10 different realizations of potential sea ice evolution for the summer
of 2018, The use of an ensemble allows to estimate probabilities of sea-ice extent

OSI SAF EUMETSAT OS1-401b March and April 2019

CryoSat-2 from Alfred Wegener Institute of March
and April 2019 (Hendricks, 5. and Ricker, R. (2019):
Product User Guide & Algorithm Specification: AWI

AW Consortium (Kauker etal) | Dynamic Model | Ocean-seaice | 518 022 mill. km2 Ensemble spread (nttp//osisaf.met.no/docs/osisaf_cdop3_ss2_pum_ice | Cryasat-2 Sea Ice Thickness (version 2.1), Technical
predictions for September 2019. A variational  NAOSIM flon s o o
s been used to initialize the model using the Alfred Wegener Institute's Cryosat- cone_v1p6.pd eport, romery T atbrazet
2 ce thickness product,the Universiy of Bremen's snow depth product, and the OSI| o epic oot e 49542/
SAF ice concentration and sea-surface temperature products. Observations from wilfeg v
March and Aprl were used. A bias correction scheme for the CryoSat-2 ice
thickness which employs a spatialy variable scalin factor couid enhance the kil
15, here-discuss net/te-2015-
171).
Ensemble coupled model seasonal forecast from the GloSeas seasonal prediction
system [MacLachlan et al, 2015], using the Global Coupled 2 (GC2) version
(Willams et a, 2015] of the HadGEM3 coupled model [Hewitt et al., 2011)
Adynamic model forecast made using the Met Office’s seasonal | Forecast compiled together rom forecasts iniiaized between 15 May and 4 June | Sea ce concentration (as for all oceany/ice variables) is
forecasting system (Gl s 2 fully couple 2 per day) from ice anal Blockley et al., | initialised using the operational FOAM ocean-sea ice analyss. | Sea ce thickness (as for al oceanyice variables) is
. o-06 min| v o3 millen | unceaimyange s provied s 12 wosandard | et s s (VOO | Sowt e cencemcon 1 s s e [l i e cportio FOMM et s
Vet Ofce (Blocieyetal) | DyancModel | cowled | 52| 477 sk Antres o | sakmsAnartc: | deiaons of th (42 memberersemble p1e3d. | 316G, orocasseachdo. S (Rawirs s, 2007 from theprevaus dy Speci CUMETSAT 051 SAF (0514011, See s Sea e hcknes < ot assmited
“ “ B create  42-member or forecasts of \ from EUMETSAF | hitpy//osisaf.met.no/docs/osisaf_cdop3_ss2_pum_ice- FOAM
September sea ice cover. OSI-SAF [0SI-SAF] were assimilated in the ocean and sea ice analysis, aong with cone_vigt )
satellte and in-situ SST, sub surface temperature and salinity profiles, and sea
level anomalies from altimeter data. No assimilation of ice thickness was
This statistical model computes the probability that sea ice wil be present
{concentration above15%) for each grd cellin NSIDC's polar stereographic |y, gara from 1980 through the present are used in  bayesian logistic
projection.Vearly data from 1980 through the present are used N3 | oy ocsion 10 precict the probability that sea ice concentration will be above 15%
bayesian logistic regression. Preictors nclude local surface air ‘ e e "
temperature, downweling longwave raciation, an sea ice concentration, | | 19 °*HT1a1€ totl seaice exten, 8id s with 2 percentage sbove a cerain
g 3 3 " | hre 1 from a crop-one cross-validati re multiplied by the pixel N I
\SIDC, U Bavider (Homath et a1} Stotision S50 s 3.66.7.97 (95% e 25 e st e component ofgesporanio et ot | reshold (chosenfrom a drop-on cross-alidation tst) are muplied by he pixl SIDCs e e Index V3 (Data et 0: G02135)
Credible Intervl) It NASA's MERRAZ dataset
S00mbars, and Pacific and Atantic sea surface temperatures. This model | o This model predicts a minimum September sea ice extent of 5.59 million
predicts s minimum September sea ice extet of 5.59 millon square k. |15 s icaconcentration data was obtained from NSIDC's Sea e Index V3 (Data
Sea ice concentration data was obtained from NSIDC's e lcelndex V3
i les are from NASA's MERRA:
(oats 561 10: G02155) ol ather variables are from NASA's MERRAD Set ID: G02135), al other variables are from NASA's MERRA2 dataset.
dataset.
The projected Arctic 2019 September mean sea ice extent from the Navy | We performed ensemble forecasts with the Navy ESPC using iital conditions on
Earth System Prediction Capablity (ESPC) is 5.7 million k2. This |  2019-05-01 122 through 2015-05-10 127. The atmospheric niial conditions are
ction i the average of a 10 member time-lagged ensemble i from NAVDAS-AR (Xu et al. 2005), which i part of the NAVGEM (Hogan et al. Seaice thickness i the Nawy ESPC forecasts w;
Navy ESPC (Metzger et al) Dynamic Model | Coupled 57 205 072 5.2- 63 millon km~2 ember ensemble,an does rat rersenta | 15 G i bl rom GOFS 3, o |
v sea ice extent is 20,5 million km2 with an ensemble range from 19.5t0 | GOFS 3.1 using HYCOM and CICE (Metzger et l. 2014). SSMIS and AMSR2 ice 12).
217 million km2. Note that our ensemble range does full ICODA (Posey et al., 2015). There was no bias
asure of uncertainty. correction performed on the results.
is part of the 's project
SPARSE (Developing and acvancing Seasonal Predictabilty of Arctic Sea
ice). Here we use the regional coupled ocean-sea ice model to make the
reciction. We initialize the model with rem ing sea i
precicton. e iz the model with emoe sersngsesce Unversiy of8remen, VS s e cocerration, | UckCeieforPlr Otsetionad i,
METNO SPARSE (Wang etal) | Dynamic Model | Ocean-seaice | 5.8% g b The Outlook the dynamic model prediction. ttps//seaice.uni-bremen.def data/amsr2/ Latest Skm Grid of 28-day thickness,

Copernicus Marine Service. The
ECMWF (SEAS) s used to drive the model. The model started prediction
from 15 May 2019, and run until 1 October 2019. We have saved the daily
mean and monthly mean sea ice extent for this period. The September seal
ice extentis calculated from the monthly mean sea ice extent.

http//www.cpom.ucl ac.uk/csopr/seaice.htm!




