. . Maximum
Contributer Type Model Name prote | wedion | Seanéerd Range Farcte | ke Masia | estmate Sunmary Executive Summary WMethod Summary Sea Icea Concentration Data Sea ce Thickness Data Processing Description
atrent
Our forecast s based on the GFDL Forecast-oriented Low Ocean Resolution
(FLOR) model (Vecchi et a. 2014), whichis 3 coupled atmosphere-land-
ocean-sea ice model. The model I initilized from an Ensemble Kaiman
Filter coupled data assimilation system (ECOA; Zhang et a. 2007), which
Our August 1 prediction for the September-averaged Arctic seaice extent is 2.26 millon| __25SMmilates obsenvational surface and subsurface ocean data and
These satisticsare | e er verage pe 17| atmosphericreanalyss data. Th system does not assimilate any seaice These forecasts are bias
computed using our 12 vosed o the GFDLLFLOR ensembie forecast system, which s a ul.coupled | ConCEnTaion or thickness cata. The FLOR atmaspherc il ondiions 31 | 0,1 gt is el usedin our | No ST dta is expicly used n our | SO Cted based on an aditive
GFDL/NOAA (Bushuk et al) GFOLFLOR 226 225 049 136308 005 38 . ensembie P an | produced from an AMIP run forced b abserved SST and sea . Historical A e correction using a suie of
noer predc mosprere o radiative forcin is used pior to 2005 and the RCPA.S scerari s used for retrospective forecasts
e e 2o ot (378 | predictons after 2005. For th precictions nialzed after 2004, the aerosos spanning 1980-2019.
e fixed at the RCPA.5 scenario year o 2004. The performance of this model
i seasonal prediction of Arctic sea ice extent has been documented in
Msadek et al. 2014), Bushuk et al. (2017), and Bushuk et al. (201). For an
evaluation of the model's September sea ice extent prediction kil from an
August 1 iniilizaion, see attached report
The predicion fo the sea ice outlook Aug 2020 was carred out on China's Tianhe-2
CAS-FGOALS-2 supercomputer, with a dynamic model prediction system CAS FGOALS-2 525 V1.3 . The
PP Sea e companer: s tnd compenare e dynamic mode! here-land
i e s SOAS 2 | o1t oo gy e .
Horizontal resolutions: Approximately 1 ~GEV™,C& The uncetantywas | timescales. FGOALS-2 525 system has been establshed n 2017 by R&Dteam of | 111710 O e PeAchon syser s Bosed on 5 clfe sherne wiieh odel bias hat s removee.
ANSO 1AP-LASG 28 36 02 3442 FGOALS-12 rom both LASG Instiuteof Atmospherc Phsics Chinese Academy of | **57721¢% i <emperents [0 snd W Temeerature (1) n s None Nore e s
Intial methods: member spread. | Sciences and PAEKL Chengdu University of Information Technology. The FGOALS-{2 525 .
ensemble members are generated by a time-lag method. The precictions are corresponding observations
A nudging scheme to assimilate wind components (U and V), prediction results are used in three major national operational prediction centers in enerated by tmerlag e
Temperature (T)in atmosphere and potentia temperature in ocean Basing on the 4-month lead dynamic model prediction rom Aug 11, 2020 the
outlook predictions of Sea ce Extent are 3.8 million square kilometers for pan-Arctic in
September 2020.
The PIOMAS forecasting system is based on asynthesis of PIOMAS, the
NCEP CFS hindcast and forcing,satelite
ice concentration and sea surface temperature (SST), and CryoSat2
abservations of sea ce tickness. The CFS forecast ranges from hours to
months: there are a totalof 16 CFS ensemble forecast runs every day, of
Which four ensemble runs go out to 8 months, thee runs g0 outto 1 season,
oot 3008 e o e ot okt oo and ine runs g0 ut 0 45 days (Saha et al, 014). These ensemble rus all
T i b0yt ecom oo oo Oriven by the NCEP CFS forecast atmospheric forcing, PIOMAS i used to predict the | create 6 atmospheric data that inreal
e o e e e e total September 2020 Arctic sea ce extent as well s ice time, thus deal fo forcing PIOMAS forecasts on daly to seasonal ime | Satellie sea ce concentration data |  Cryosat? sea ice thickness up to
[ P AR - thickness field and ice edge location, starting on August 1. Th predicted September ice |  scales. Here we used four CFS forecast ensemble members o dve the | (NASA team) fordata assimilation n | 4/2020 for data assimilation in
Lo extent is 3.81+/- 0.40 millon square Kilometers. The predicted ice thickness field and [PIOMAS ice-ocean ensemble seasona forecasts. Ensemble mean values from cast.
Stem (GFS) verson 2 (Saha et o sou8) st and forecast PIOWAS ice edge locations for September 2020 are also presented these four members are considered to be the prediction. To obtain the best
Niekeant ends on 3/31/2020 ond foracast starts o 172020, possible initial ce-ocean conditions for the forecasts, we conducted a
retrospective simulation that assimilates satelie ice concentration and SST
data through the end of July 2020 using the CFS hindcast forcing cata. We
also assimilated Cryosat2 ice thickness available to Aprl 2020. After the
retrospective simulation (hindcast), four ensemble PIOMAS forecast runs
were conducted using atmospheric orecast forcing from four CFS ensemble
runs. Additional information about PIOMAS prediction can be found in Zhang
et al. (2008).
For the present outlook the coupled sea ice-ocean model NAOSIM has been
forced with atmospheric surface data from January 1948 to August 8th 2020
(combination of NCEP-CFSR and NCEP-CFSv2). Al ensemble model
experiments have been started from the same iital conditions on August
8th 2020, The model setup has changed compared to the SI0 in 2019 with
respectto the resolution of the forecasting model (now about 25km) and the CyoSat 21T o Alfred Wegerer
forecasting model'sparameters have been optimized with a generic o A caere
algorithm (Sumata et al, 2019, itps://doi org/ 10,1175/ MWR-D-18-0360.1)
We used atmospheric forcing data from each of the years 2010 to 2019 for {Hendricks,S. and Rcker, . (2019)
the ensemble prediction and thus obtain 10 diffrent realzations o potential| 05! SAF EUMETSAT OSI-401b March | _Product User Guide & Algorithm
AWI Consortium NAOSIM opt-parameter 38 017 Ensemble spread. Scientific curiosity. sea ice evolution or the summer o 2020. The use of an ensemble allows to and Aprl 2020 Specification; AW| CryoSat 2 Sea lce None
estimate probabilties of predicions 20204 t Ledo|  Thickness (version 2.1), Technical
ool e e SACH o e | -5 o i ) | e, P00 Tz s
the model using the Alfred Wegenerlnstitute'sCryoSat-2 ice thickness product| mmmuy"’:np://w( awidefidle
and the OSI SAF ice concentration.In contrast to previous years o snow
depth and sea surface temperature are assimilated due to the lack of these. print/49542/)
data streams. Observations from March and April were used. The
assimilation system (Kauker et a, 2015,http//wwww.the-cryosphere-
discuss.net/tc-2015-171) is unchanged to with respect to previous years but
o bias correctionis appled any more to the Cryosat-2 ice thickness - this is
ot necessary any more due to the optimization of the forecasting model.
ST TE SIC o ST We e
the following data sources:
[Average monthly northern hemisphere.
snow area
e Sty e T s vaiant of R Der's o, Delderperfoms alear | 712be-areaahensetrd
regression on northern hemisphere snow ares, sea ice area, and sea
model nsolation, we use measurements of northern B e e [Average monthly northern hemisphere
Unear Regesiona v emisharesnow A, s o316 min st oty | Emistersho e andsea e ara. To modeaean e, we e e g A e e it | e
Simmons, Charles statistical Ice Area, and Moana Loa CO2 Concentration using July monthly 3823 square . increase ordectease ovr ime, nclucing the year. We choose touse | 27/9426% <0 AR None
averages Kilometers esression the €02 concentration as measured at Mauna Loa as being 2 seaice_analysis/Sea.
ce_index_Monthly_Data_with, Statiti
particularly provocative measure. Addtionally, Dekker o Dt i
performs the regression on a subset of available data, we use al 602135,
the available data [Average monthly CO2 concentration at
p.cmdlnoas g
nds/co2/co2_mm_mio.xt
Our research focuses on seasonal predictabilty of sea ice in the Arctic Ocean, using
observations-based approaches. We are interested i the winter preconditioning effect
on the pack ce before the summer melt.Specifically, we investigate how dynamic
processes affect preconditioning, in other words, we ask how anomalies in the general
itculation of sea ice wilinfluence later conditons of the Arctic Ocean pack ce under a
typical melt season, We investigate the skil of cifferent sea ice predictors, including
atmospheric forcing parameters that physically connect to wintertime sea ice dynamics.
The dovel$IE method builds on the corrlation between winter Fram Strait sea ce
export and the following September minimum sea ice extent, presented in Willams et
RE =16 ln k. | S ot sty s e S e et S s cmosratonts e
We compare indeasts o | enhanced clcuaion of ce through the Transpolr D Stream and poste anomales | oo imentsh it | el o sy e st
NGl Team Statistical 38 the observed mean of coastal divergence of sea ice along the Eurasian coastlines. Increased cosstal oton uing ross-al Smamica) model). Howerer we e,
September sea ice extent | divergence late in the winter causes anomalies of younger and thinner ice in the o e
for the 1993-2019 period peripheral seas, which is more winerable to melting in the summer. e e e ey ko
The dovelSIE forecasts sea level
Greenland and Svalbard as 3 prowy for area of ice exported through Fram Strait. Sea ice:
tends to flow paralel toisobars and the pressure difference across Fram Strat
Correlates with sea ce export (r=0.44). Sea level pressure fields are available in near-
real-time and therefore enable the continuous update of dovekSIE forecasts during
winter va the web app.
th f the Sea e Prediction
enthusiasm. This s ou fourthcontribution o the Sea Ice Outlogk.
This method applies daily ce loss rates to extrapolate from the start date (August 1) Mastanik, . and J. Stroeve. 1995,
through the end of September. rojected September daily extents are averaged to updated dally. Near-Real-Time DMSP
o e e e w00 o | Tis method apies iy c loss ratestoextrapolte from the startcate (1|~ SSWIS ity olar Gridded Sca
et o8 o1 2007 300 o 2007 3015 serrog. | AUBUS) trough the e of September. Projected September ity extnts | Concenratons, Version 1. 8ouler,
e e s 2007 2015 2B | are avragedtoclcuate th prjected September avrage extnt. Indidual| Colorado USA. NASA Natinal Snow
et o e e e i | VEA1S 70m 2007 102019 ar used, a well a averages ovr 1981-2010 and | and ce ata Center Distrbuted Active
a substantial decrease from the Juy estimate of 444 million square klometers The | 2007-2015. The 2007-2019 average dailyrates are used to estimate the chive Center.doi:
o Gy et e e 381107 o snare s, | 141 sbmiedsimae. he method sl s he s dr 03067/ o30S Standard deviation of extent
NSIDC (Meier) Statistical s 036 1809 s e lameres s etre o St . |September extents that can be expecte base on how th ce s decined projections for years 2007
range of estimates has decreased due to the shorter remainder of the meltseason, | P25% ¥2rS, tough i possible that record fast orslow dailylos rates may through 201
ey e e 08 2015 st o s €143 vl outside the projected ange. It lso can prode a probailty o  Ftterer, . K. Knowles, W. Meir,
e e 35 o e S o e | new record by comparing how many years oflossratesyildarecrd elatve | Savoi,and . K. Winnagel. 2017,
gy 25 150 o e et s e g | all years. It hasthe benefit that i can easily and frequently (daily f | upcated dail. Sea ce Index, version
) e 2o e 115 (s | desied) b updated toprvice upated estimates and probablies and 3s | 3. Boulder, Colorado USA. NSIOC:
G o e omrrs o s sy ket e b 120 1| 1P i aoraches e widon ofposie otcmes arows. | Nl raw and e 0t e
o
0.32) millon square Klometers and occurs on 30 September it ot ore 265 NSKOTEFD




Bayesian posterior

September mean pan-Arctic SIE is predicted to be 4.59 million square kilometers

one month at a time. The pan Arctic sea ice extent forecast is calculated by

Only uses previous mothly September

Cawley, Gavin statistical ‘Gaussian Process Regression ao791 | 40791 29757 - 5.1825 predictive uncertainty from nckon) with mmariaing il cll e et s
‘Gaussian Process
We used RASM2_1_00, which is a recent version of the limited-area, fully coupled
dimate
As explained i the mmary’, is used for dynami
maodel consisting of the Weather Research and Forecasting (WRF), Los Alamos National s explained i the "Executive su ot g‘g; RASM s used for dynamic
‘The version of Regional Arctic System Model (RASM v2_1_00) used for Laboratory (LANL) Parallel Ocean Program (POP) and Sea Ice Model (CICE), Variable in
. ” [. 100 (AN osram (70F) (acel. global NOAA/NCEP CFSv2 7- mnnth forecasts. The initial conditions for the
this contribution consists of the following components: Infilztion Capacity (VIC) and hycrology androuting scheme (RVIC) model comporents | &0 hisinmootin e e ice gric cells with
The uncertainty of pan- | (Maslowski et al. 2012; Roberts et a. o 2015; DuVivier et al. 2015; Hamman et al. 2016;| " °0* abysically and interally consistont aeross all the medel companente, | SCI-generated from the flly coupled it upnton
Atmosphere: WRF3.7.1 Arctic September H tal. 2017; Ca t al. 2017). The model uses CFSR/CFSV2 reanal yand RASM hindcast simulation dynamicall "
RASM (Maslowski et al. Tosphere 413 4.159 0.148 3.824-4.405 o508 | 3gp7 | rcticSeptemberseaice | Hammaneta 55200 et al. 2017). The mode) uses CFSR/CFS\2 reanclysia Neither data assimilation nor bias correction was used. Each of the 31 et creneres ] As stated above in 7a). thickness ere not
Searice: CICE 5.1.2 extent was estimated from output for RASM-WRF lateral downscaling NCEP CFSR/CFSv2
ensemble members used one of the CFS2 forcing streams included in the estimates of
Land hydrology: VIC 4.0.6 the 31-member ensemble. and for nudging winds above 500 mb. This reanalysis for 1979-2020.
(https://wwiw.ncei.noaa.gov/data/climate-forecast- sea ice extent.
River streamflow routing: RVIC 1.0.0 model initial condition for ensemble forecast was derived from a hindcast, forced with
system/access/operational-9-month-forecast/) initalized at 00:00 between
Flux Coupler: CPL7 CFSR/CFSu2 reanalysis for September 1979 through July 2020. The ocean and sea ice
inital conditions at the beginning of the hindcast were derived from the 32-year spin-up | *1Y 15t 2nd July 31t to force RASM G-month forward integrations starting,
of the acean-sea ice model only (RASM G-case) forced with CORE2 reanalysis for 1948- 3t 00:00 on August 1t, 2020.
1979.
“This is a model contribution. The initalization is aso from the same model
[ (FIO-ESM1.0) but with ocean data assimilation. The data assimilation
Atmosphere  CAM3 _1992-2020 integration Our prediction is based on FIO-ESM (the First Institute of Oceanography-Earth System -9 o e i
method is Ensemble Adjustment Kalman Filter (EAKF). The data of SST (sea
Ocean o EVAVG,10VS,10-2 EAKF DA system Model) with data assimilation. The prediction of September pan-Arctic extent in 2020 is
FIO-ESM (Shu et al) 418 394002 surface temperature) and SLA (sea level anomaly) from 1January 1992 to 1 None. None.
I 1992-2020 integration 4.18 (+/-0.24) million square kilometers. 4.18 and 0.24 million square kilometers is the
Ware MASNUNwave modet 19522020 integration average and one standard deviation of 10 ensemble members, respectively. 5t 2020 are assimilated into FIO-ESM1.0 madel to get the ntial
g condition for the prediction of the Arctic Sea Ice. There is no sea ice data
assimilation.
Both sea ice concentration and sea ce | Both sea ice concentration and sea ice
The outlook s produced from the Climate Prediction Center Experimental sea | thickness are iitialized from the CPC | thickness are initialized from the CPC
Twenty forecast members are
Whole Model: CFsms ice forecast system (CFSmS). The forecast is initalized from the Ciimate | sea ice initialzation system (CSls). | sea ice initalization system (CSIS).
The uncertainty estimate is | This contribution s from a 20-member ensemble forecast from the Climate Prediction produced. Model bias that is
Atmospheric component: NCEP GFS Forecast System Reanalysis (CFSR) for the ocean, land, and avnowheve and | The Csis analysis is produced with | The CSIS analysis is produced with
Gimate Prediction Center 419 a2 011 397439 07 calculated from the 20- | Center Experimental sea ice forecast system (CFSmS). Model bias that is removed is ]
Oceanic component: GFDL MOMS o o e 1S re e rarosmine ohomotions. | fom the CPC sea ice (Gsis) for sea ice. DL MOWS which uses surface felds | GFDL MOMS which uses surface fields |77 Scu atec Based
P ponding members are produced. Model biasthat is removed s calculated based on | from CFSR an assimiltes satellte | from CFSR and assimiates satelle e
2007-2019 retrospective forecasts and corresponding observations. sea ice concentration retrieval from | sea ice concentration retrieval from forecasts
NSIDC NASA Team NSIDC NASA Team
Nawy Earth System Prediction Capability (ESPC) We performed a 16 member ensemble forecast with Navy ESPC using initial
The projected Arctic 2020 September mean sea ice extent from the Navy Earth System | conditions on 1 July 2020 from the pre-operational system using perturbed e performed a 16 member
NAVY Global Environmental Model (NAVGEM) Cv2.0 Prediction Capability (ESPC) is 4.2 million k2. This forecast is the average of a 16 observations and run by FNMOC., The pre-operational cycling system per (We performed a 16 member ensemble
: ensemble forecast with Navy ESPC The Sea Ice Probability (s1P)
HYbrid Coordinate Ocean Model (HYCOM) V2.2.99DH he uncertainty estimate js| ™EMPer ensemble using iital conditions on 1 July 2020 from a Naw | assimilates using the Naval Research Laboratory | @Rtie (PR RERRENED | forecast with Navy EsPC using nial | T 0e @ PO Lo B0
Community ice Cod (CICE) V4.0 37t046 v ESPC ensemble with perturbed observations. The range of the ensemble is 3.7 t0 4.6 | Atmospheric Variational Data Assimilation System (NAVDAS-AR) (Xu et al., i v conditions on 1 July 2020 from the pre- v
Navy ESPC (Metzger and Barton) [ Dynamic Model a2 4.2 Mkm2 2 076 397 the range of the 16 from the pre-operational system using. computed from the Navy ESPC
Mim2 hdbiatain million km: 2005) and the ocean)/sea ice assimilate observations using Navy Coupled eroed montions o ron by | OPEratonal system using perurbed | CPES T e A B
Al model components are fully coupled and the system is initialized from ember ensemble. Ocean Data Assimilation (NCODA) (Cummings, 2005). CICE assimilates | R 3 SDsEations B0e observations and run by FNMOC. SIT | € OUPut forwarded to the
pre-operational ensemble Navy ESPC run by Fleet Numerical Meteorology The projected Antarctic 2020 September mean sea ice extent is 22.0 million km2 with | passive microwave satellite sea ice concentration observations such as om e T ME | initals conditions came from CICE
and Oceanography Center (FNMOC) at the Navy DoD Supercomputing ensemble range from 21.2 to 22.6 million km: MI/S and AMSR?, but does not assimilate sea ice thickness. There was no m
Resource Center (DSRC). bias correction performed on the results.
This is PolArcti's second year submitting to the Sea Ice Outlook. Our September extent
g T 0 e e e oK ot oer ool S| Polarctic's September SIO extent was generated using our Artificial
prediction is 4.21 million square kilometers. Our efforts are to investigate the usefulness
Inteligence algorithm, and trained with historical NSIDC daly ice extent data.
poarctic other Model Name: CE3 o of Artificial Inteligence and Machine Learing (A1/M1) s a predictive tool for Arctic sea | 0 </ BE7E€ 18500, 1 ra e w i 1 Storesl RETO S0 66 Eer 3 0aa/SIDC, Sea Ice ndex, Version 3
olAre el Name: ce extent. Hidden and non-linear relationships can be exposed through the use of Al/ML| " eling efforts are to generate high qualty seasonal forecasts of | " yyo..) 4 org/10.7265/Nsko72¢s.
daily,spatial and temporal sea ice extents. To calculate our September
when high quality data is avalable. NSIDC's aly record of sea ice extent creates the | 921" SPatil and temporal sea ce exterts, To calcdiate our Seprember
perfect test bed to leverage and assess the power of Al/ML ten " daily results in September v e averag
At each 25x25 km ocean grid cellin the Arctic and at each forecast leadtime
from 1 to 12 months ahead, IceNet1 produces 3 probability that the SIC will
be less than 15% (no ice), between 15% and 80% (marginal ice), or above
IceNet is an interdisciplinary data science project aimed at improving Afctic sea ice 80% (fullice). To compute the sea ice probability (SIP) for this SIO
forecasts and understanding, with a team of both sea ice and computer science experts. | submission, we sum the probability of the two ice classes to obtain the
iceNet is currently at version 1, and the model s called IceNet1. The design of IceNetl is | probability that SIC > 15%. To compute the SIE, we sum the area of grid cells
inspired by AIGEIVas abilty to automatically lear complex relationships between | whose SIP >0.5. IceNet learns to predict sea ice through gradient descent
This isthe standarg | ¥2T3bles rom Iarge amounts of aw data. n partcular,IceNet1 takes the form of  U- | _optimisation with over 10 millon free parameters. This process is called
s is the Net architecture - 2 model that receives image inputs and produces image outputs - | training, and attempts to minimise the error between predictions and reality
deviation of the September " NSIDC NASA Team,
o o e Sepieryer | which ha n medical imaging over a training dataset. To account forthe mited amount of abservational | MEOCRIER TN
IceNet1 (Andersson et al. Other a2 047 374468 v when initiaised in| - ceery is trained to predict the future 12 months of spatial pan-Arctic sea ice | months available, we leverage >10,000 months of climate model data by pre-| "tP//nsidcore de 0081,
August, computed over the  https://doi.org/10.5067/UBCO9DWVXI)
dlassification maps based on the past 12 months of SIC, as well as the past few months | training IceNetl on historical and future scenario runs from the MRI-ESM2.0
6 held-out validation years w.
P of other climatological variables (such as atmosphere and ocean temperature | climate model, a concept known as transfer learning. After pre-training, we
anomalies, sea level pressure, and surface wind). IceNet1 was presented at a SIPN2 | fine-tune IceNet1GEIVaVHis parameters on the observational data record from
Webinar, available from this link at 35.07: htps://youtu.be/I-R8PNLSHdo?t=2107. Note | 1979-2011. We use NSIDC NASA Team for the SIC data and ERAS reanalysis
that at the time of writing lceNet is under continual development and results from a | for the climatological data. The observational data period from 2012-2017 is
research project funded by the Alan Turing InstituteCEivavAs Data Science for Science | held out and used to assess IceNet1GEivavis hindcast predictive skil during
programme. the development process. IceNetl contains over 43 million trainable
parameters and comprises an ensemble of four neural networks trained with
different parameter initialisations. The ensemble member predictions are
averaged to produce the final prediction.
Our estimate is based on results from ensemble runs with the global ocean-
sea ice coupled model NEMO3.6-LIM3. The ensemble members are expected
to sample the atmospheric variability that may prevail this summer. In
Our estimate is based on esults from ensemble runs with the global ocean-sea ice | Praci e Todel s forced with It 85 atmospheric eanalyss data from
NEMO3.6 (ocean) € 31, 2019, No data are assimilated during this simulation. Ten
The uncertainty s given as | coupled model NEMO3.6-LIM3, Each member is initialized from a reference run on Jan
M3 (searice) emamble membars s thn e from e e el state, each
423 million | 0.67 million km | 2.73 million km the range between | 1, 2020, then forced with the JRA-55 atmospheric reanalysis from one year between Inital sea ice concentrations come | Iniial sea ice thicknesses come from a
APPLICATE (UCLouvain) forcing) 423 2077 047 539 using atmospheric forcing from one year between 2009 and 2019 (forcing None.
‘minimum and maximum | 2009 and 2019 except 2015, which caused the model to crash. Our final estimate is the from a model free run on Jan 1,2020 | model free run on Jan 1, 2020
extents in the ensemble. | ensemble median, and the given range corresponds to the lowest and highest extents in | €27 2015 Was not used a it caused the model to crash). This cholce of 10
Initalized from 1958 01 01 - 2019 12 31 forced simulation . h members forced by 10 forcings from previous years is a compromise
between a sufficiently large ensemble and the rapidly changing Arctic
atmospheric conditions in recent decades. The estimate given above
corresponds to the ensemble median monthly September extent. No bias-
correction is applied.
The linear Markov model has been aeveluvea to predict sea ice
in the pan Arct scale. The model
employs 6 variables: NASA Team sea ice concentration, sea surface
temperature (ERSST), surface air temperature, GH300, vector winds at
(GH300 (NCEP/NCAR reanalysis) for the period of 1979 to 2012. Itis built in
multi-variate EOF space. The model utilzes first 11 mEOF modes and uses a
Alinear is used to predict 2420} arkov process to predict these principal components forward one month at
eridpoits i the o region (Yuan etal,, 2016). The model is capable ul capturing]
a time. The pan Arctc sea ice extent forecast s calculated by summarizing
The uncertainty of SIC n the ocean-sea anATClC | ailcell areas where predicted sea ice concentration exceeds 15%. The.
o e aent (30 1 esetate fom rediened S The model precicts negatve SC Sea ice concentration: NSIDC NASA A constant bias correction was
prediction was measured precictive s of the model was vlustes by snomaly <orelation et
B rootmeansauare arrr | 2nomalis throughout the pan-Arcic region. These anomalis are relative to the 1075- dabrentions, VISE) in 1ok | e hitos:/nsid.org/data/nside- applied to Arctic SIC prediction
Lamornt (Yuan and Li) statistical Lamont Linear Markov Model for seasonal Arctic sea ice prediction 424 1865 054 (M) Treywere | 2012 climatology. The September mean pan-Arcic SIE i predicted to be 4.24 million | 7*° 15 50 Fenints, 6 OOt DEon 29 80Y P Rt ina liake 3 at each grid point.Then a
Y square kilometers. Kmskm) with an RMSE of 0.3 mskm, at the two-month lead. It is . https://doi.org/10.5067/USCOIDWVXO| constant SIE bias was applied
estimated based on 34 lead prediction of September sea ice concentrations, the model has the
n 2019, The SIE is predicted to w too.
years cross-val higher skill anomaly correlation) and lower RMSE in the Chukchi Sea and
e 0164 mekum with an RMISE of 0,20 msam- A simiar satsical models was sl
Beaufort Sea than in other regions (figure 4). The skillof the two-month lead
developed to predict the SIE in the Antarctic (Chen and Yuan, 2004). The September
prediction of the pan Arctic sea ice extent in September is 0.94 with an RMSE
mean pan Antarctic SIE is predicted to be 18.65, with an RMSE of 0,66 mskm.
0.33 million square kilometers. The Alaskan regional SIE prediction is
produced by a regional linear Markov model developed by using SIC, SST, SAT,
and in a rotated-EOF space. Following the NSIDC regional mask, the Alaska
SIE forecast is calculated from predicted SIC. The skil of the regional SIE is
0.92 with RMSE of 0.20 million square kilometers. A similar model is used for|
Antarctic SIE forecast (Chen and Yuan 2004).
This statistical model computes the probability that sea ice will be present Yearly data from 1980 through the present are used in a Bayesian logistic
(concentration above159%) for each grid cell in NSIDC's polar stereographic projection. | regression to predict the probability that sea ice concentration will be above
Vearly data from 1980 through the present are used in a Bayesian logisti regression. | 15%. To estimate total sea ice extent, grd cells with a percentage above a
NSIDC (Horath et o) Statistical = Predictors include local surface air temperature, downwelling longwave radiation, and | certain threshold (chosen from a drop-one cross-validation test)are NSIDC's Sea lce Index V3 (Data Set
v & a sea ice concentration, as well as the first principal comnonenl oi geowtenua\ heght at muhmhed by the pixel area grid dataset provided by NSIDC's polar 1602135)
500mbars, and Pacific and Atlantic sea surface and then summed. Sea ice concentration data was
was obtained from NSIDC's Sea Ice Index V3 (Data SetiD: 602135] i cnervariables ae|  ootained fom NSIOCsSea o e V3 (DataSet 10602139l ber
from NASA's MERRA2 dataset variables are from NASA's MERRA2 dataset
We use iniial ocean and sea ice data from the analysis of NEMO operational result use | = """t Tt
(Wang etal) IETROMS, a coupled model based on ROMS and CICE. 0 the forcing data from the SEASS atmospheric seasonal forecast, and the initialice | ' ol ot it N e . AMSR2 ice concentration from  ice thickness s from NEMO analysis on

The inital field is from CMEMS NEMO analysis on 5 August

concentration is assimilated with amsr2 from University of Bremen. With these
configuration, we use the METROMS model to make the prediction.

A
‘The atmospheric forcing is from the ECMWF SEASS product.

University of Bremen.

5 August 2020,




regional Arctic Sea Ice Extent (SIE) from Sea lce Index Version 3 dataset. The

provide probabilistic regional Arctic forecasts in September, as well as pan-

Nonlinear inverse stochastic modeling techniques have been applied to the

daily SIE data were aggregated to provide weekly-sampled dataset. over
several Arctic sectors. The predictive model has been derived from SIE

anomalies with annual cycle removed, and i initialized from latest SIE
conditions (August 2020) by ensemble of stochastic noise realizations to

Arctic ones.
This uncertalnty This statistical model forecast i based on nonlinear stochastic modeling techniques
0.12 million corresponds to standard References:
Kondrashov, Dmitr (UCLA) statistical 43 057 applied to the regional
Km2 deviation of stochastic Arctc Sea Ice Extent dataset.
ensemble spread. . 1. Kondrasho, D, M. D. Chekroun, and M. Ghil, 2018;
Data-adaptive harmonic decomposition and prediction of Arctic sea
ice extent, Dynamics and statistics of the Ciimate System, 3(1),
101:10.1093/ climsys/ dzy001.
2. Kondrashov, D, M.D. Chekroun, and M. Ghil, 2015:
Data-driven non-Markovian closure models,
Physica D, 297, 33-55, d0i:10.1016/j.physd2014.12.005.
Monthly averaged luly sea ice concentration (SIC) data between 1979 and
i stica odel cnpues o foresst of parActeSapemberealcs e 2020 wer et . SI el gl ot S
Forecasts are Gaussian Monthly averaged July sea ice concentration and sea surface temperature fields  [grid cells were NSIDC NASA Team Sea Ice
Pan-Arctic: 03, distributions. Forecast | between 1979 and 2020 were used to create a climate network (based on the approach al, 2020). Lonks [ Cc 1979 - 1987: Nimbus-
CPOM UCL (Gregory et al) statistical 43 Beaufort: 0.09, 0380 represents the mean, and | of Gregory et al 2020). This was then utilised in a Bayesian Linear Regression in order to| between each of these network regions (covariance) were then passed into a |7 007: DMP F-8, F-11
Chukehi: 007 uncertainties are given by |forecast Septemver extent. The model predicts a pan-Arctic extent of 4.1 million square | Bayesian Linear Regression to derive an estimate on the prior distribution of o, 20072018 eS8 s
the standard deiation | Kilometres. Sea ice concentration data were taken from NSIDC (Cavalieri et al, 1996; posterior the 2018 - 2020: Near-real time SIC
Maslanik and Stroeve, 1999) regression parameters was then derived in order to generate the forecast of
September sea ice extent.
This is a statistical preciction based on the correlation between the ice area
covered by melt-ponds in May and ice extent in September. The melt pond
area s derived from a simulation with the sea ice model CICE in which we
We predict the September ice extent 2020 to be 3.8 (3.3-4.3) million km2. This s the |  incorporated a physically based melt-pond model1. See our publication in
lowest prediction we have made based on spring melt pond fraction. The likehood is Nature Ciimate Change
Mean forecast error based
cpom statistical 43 s on forecastsfor the years | 21oun® 30% that his September extent wil be 2 new minimum record.n our model | hitp/) huml for None. None. See references in Section 6.
oty simulation since 1979, May 2020 has the highest mean melt pond fraction for May dua-m References:1. Flocco, D., Schroeder, D,, Feltham, D. L. & Hunke, E. C, g g
including some unprecedented melt pond formation in the Central Arctic during 15-18 | 2012: Impact of mel ponds on Arcti sea ice simulations from 1990 to 2007.
May when air temperature exceeded Odeg C. - Geopy. Res. 117, 09032 2. Schvouder . .. Feltham, . Flocco, M.
Tsamados, 2014 September Arctic sea-ice minimum predicted by spring
‘melt-pond fraction. Nature Clim. Change 4, 353-357, DOI
10.1038/NCLIMATE2203.
Aniinformal pool of 31 climate scientists in early June 2020 estimates that the
September 2020 ice extent will be 4.30 million sq. k. (stdev. 0.34, min. 3.14, max.
4.89). Since it inception in 2008, the NCAR/CU sea ice pool has easily rivaled much | An informal pool of 31 climate scientists in early June 2020 estimates that
The uncertainty estimate is
ased on the seatter in | Mmore sophisticated efforts based on statisical methods and physical models to predict | the September 2020 ce extent wil be 4.30 millon sg. k. (stdev. 0.34, min.
NCAR/CU-Boulder Heuristic a3 437 489 314 enes mour formal | W Sepember morthly mean Arctic sa i extent (e, sessppendicof trosve tl. | 314, max. 4291 Gueses ware clleted by sending an e-mal okt he
hor 2014 in GRL doi:10. ; Witness by Hamilton et al. | scientists and tempting them with local bragging rights and with local ice
s 2014 mp I We think our cream.
informal pool provides a useful benchmark and reality check for Sea lce Preciction
efforts based on more sophisticated physical models and statistical techniques.
We predicted the Arctic sea-ice cover from coming August 1 to September
[Monthly mean ice extent in September will be about 4.32 million square kilometers. Our| 30, using the data from satellite microwave sensors, AMSR-E (2002/03-
estimate is based on a statistical way using data from satellite microwave sensor. We  |2010/11) and AMSR2 (2012/13-2019/20). For the prediction, we used the ice |~ Sea ice concentration on July 15
UTokyo (Kimura et al.) statistical 432 used the ice concentration on July 15 and ice age of the day. Predicted ice concentration | concentration on July 15 and ice age of the day estimated by the backward distributed by ADS/NIPR No ice thickness data
map from August 1 to September 30 is available in our website: http://ccsr.aori.u- | tracking of sea ice up to 730 days. Predicted map from (https: )
tokyo.ac.jp/~kimura_n/arctic/2020-3e.html Auput o September 30 aalable i cur webses Wt/ o
tokyo.acp/~kimura_n/arctic/2020-3e html
is g the from the
e s st moce! ":j;:) onthe strong September SIE trend (2002~2019) with the anomalous part from the June
TOA-RSR (2020) Iy. The detailed description of the calculati
radiation (RSR) and the September Sea Ice Extent (SIE) (Zhan and Davies, (2020) anomaly. The detaled description of the calculationis s
2 1. Our prediction s based on the strong correlation between detrended June top-of- follows
The uncertainty range is 14 e P We do not use SIC dataset. Instead,
atmosphere (TOA) reflected solar radiation (RSR) and September Sea Ice Extent (SIE)
estimated from the The detrended pan-Arctic June RSR anomaly (2020) is 1.24 W/m?2. we use sea ice index (Version 3.0)
Toachieve a timely pan-Arctic September SIE prediction, we use Multi- anomalies, as proposed by Zhan and Davies [2017]. This method is telling because the i
+/-03 million standard error of the _ The corresponding September SIE anomaly is 0.10 (1.24 * 0.0765) million product (NSIDC, NASA Team,
Metservice (¥izhe Zhan) angle Imaging ) first-look TOA 433 A e eorenn e | main contributor of TOA RSR anomaly i June i from the change of underlying surfaces i org ot/ Q07135 Not used.
(MISR_AM1_CGAL_1_DEG_FIRSTLOOK_JUN_yyyy_F06_0024). The and the sea ice state in early summer (June) largely determines the total absorbed § © "
AM?_CGAL1DEG. Ny _FO6.C A-RSR and September The trending anomaly of September SIE is -0.08 million k2 per year. 10,
relationship between the detrended June TOA-RSR anomaly and the shortwave solar radiation during the whole melt season.
detrended September sea ice extent anomaly is calculated from the St 020 September SIE (from the trend) s 4.23 millon k2 )
) : ‘The predicted September SIE of 2020 is 4.33 (4.23 + 0.1) million km2.
MISR_AMI_CGAL_JUN_yyyy_F06_0024 product and NSIDC G02135 @ precicted September SIF of 20201 433 ) milton
(Version 3.0) in the previous years (200272019 in this case). 00765 s
‘anomalies of June TOA-RSR and September SIE between 2002 and 2019,
ARCUS staff were invited to provide an informal guess.
Range: 379 - The ARCUS team submission is the median of
ARCUS Team (Wiggins et al.) Heuristic 434 434 anee * eam submission i the me of the 2020 September minimum sea ice extent, defined as the September
486 seaice extent vales contrbuted by 10 ARCUS team members.
monthly average. Ten individuals participated.
Eachgriel s il wih s derve o the A2 Sea ce
The forecast model is based on ice persistence. It uses incoming solar d ( ach day the
ice albedo derived from a predicted Sea Ice Concentration (SIC) value to calculate daily | - model calculates e nicknes s per gridcll sing 3 the ot salar
thickness losses for every NSIDC 25km grid cell. The is redicted sea ice
AMSR2 sea ice volume and NSIDC SIC data e oss(m) < Eergyalar wu)'u—s\c) / \:eme\lenevgy NSIDC NASA Team, JUSh2 sen ce volume mode (19),
The mean forecast uses the 2007-2019 mean SIC (1/4 weight) and mean SIC change per https://nsidc.org/data/nsidc-( unm h;ps 77 - D'h:r:i;:‘ p :g ":/"SW“;‘
day (3/4 weight) to predict future SIC. The low forecast reduces the predicted SIC by SIC = sea ice concentration htps://doi.org/10.5067/UBCOSDW! v o
sum, Nico statistial Sun_SIPN_forecast \2.2020.08 436 436 413450 o401 0.35tdv for previously observed SIC for this day and a 10% increased bottom melt, The icemeltenergy = Meltenergy per m3, (333, o iy et e 2019 The | B e o
igh forecst icreses th prcictd SIC by 0.105tdv and a 10% decessed bottom melt K0/kg*1000(m3/dm) 0 sz(demv)/nwutw/w) model used observed SIC until 11th
NSIDCSIC field on the 1st June.
The 2020 model layer ice drift. Inre- ‘August 2020 to calculate melt.
farcess Rominea persistent underprediction of sea ice in the Eastern Beaufort | For 2019 the model was upgraded with a bottom-melt model and a radiation
sea, the Canadian Archipelago and Eastern Greenland Sea during the late melt season. |  of thermal energy back to space. This allowed the model to forecast the.
al refreezing period during late September.
‘The approach is formal Guesses were based on the NASA
Uncertainty is based on the
026 million sq NSIDC se3 ice contest. Interested employees submitted their guesses and the ensemble | The approach is heuristic expert elcitation method based on entries toan | Team algorithm extents from the
NSIDC Hiverind Heuristic 436 standard deviation of the
km o average of all guesses. There were 18 total entries, with an average guess of 4.26 informal NSIDC sea ice contest. NSIDC Sea Ice Index, Version 3
guesses. million sq km for the September average. (http://nsidc.org/datalseaice_index/).
The VARCTI whichis 3 Vecto Autoreesion (AR)desiged o cptre
and extrapolat
When it comes to forecasting sea e, there is tension between opting for statistical | _S¥eM= oF i, il madto e ertor e
interactions of multple macroeconomic time series. Hence, the VARCTIC is a
methods us forecasts based on climate models. While the former are explictly designed
for sk, Thatie we oy gera. | Parsimonious compromise betueen ful-blown cimate models and purely
Done via the posterior g statistical approaches that usually offer lttle explanation of the underlying
g0od frecast, but 15 hard o know why.Instations n ¢harge of macraecoramic ol
percentile 5: disuibution obtained by |60 e for years, One made, Vecior Autoregrestions, have || Mecharism. Precisely, we use an 8-variable Bayesian Vector Autoregression
‘Goulet Coulombe and Gobel statistical VARCTIC 437 437 h . . . (VAR) with 12 lags and a constant which we refer to as the VARCTIC. We - -
Bly pop |

3.76, percentile
95:5.00

for linear Vector
Autoregressions.

W statistical ones. As a result, it is

possible o abtain an explainable frecast which e the results of dynamic nteractions

between key Arctic variables. Hence, our forecast implicitly uses physical transmission
mechanisms in the data, without specifying them explicitly.

estimate the model over the period from January 1980 until December 2019.

The variables and their data-source can be found in our original paper. Due to|

the observable time-series data for Thickness ending in December 2019, we

could not feed our model with any further observations from 2020, which

would have allowed us to further enhance our forecast. That is, we forecast

September 2020 starting from December 2019 using 3 9-months ahead
recursive forecast.




Model: HadGEM3 [Hewitt et a., 2011, Global Coupled Model 2.0
[Williams et al., 2015] in use within the GloSea seasonal prediction
system [MacLachian et al, 2015].
Sea ice component: CICEA.1 [Hunke and Lipscomb, 2010] model using
Global Sea Ice 6.0 configuration [Rae et al., 2015). Iniialised using the
Met Office FOAM ocean and sea ice anaysis [Blockiey et al., 2014], which Ensemble coupled mode scasonal forecast from the Gloseas seasonal
assimilates the SSMIS sea ice concentration observation product from aredicion ystem [Mactachion o 1. 2015], veng the Globol Coupled 2
IMETSAT OS1-SAF - 200,
oo (6C2) version [Williams et al., 2015] of the HadGEM3 coupled model [Hewitt
(Ocean component: NEMO [Madec, 2008] ocean model using Global Ocean e Sea ice concentration (as all variables)
5.0 configuration [Megann et al., 2014]. Initialised using Met Office FOAM Uncertainty range i et al,, 2011]. Forecast compiled together from forecasts initialized between (= C oL oy Gl ey
e e e EIBI ey etal ;01:1 o g it and Arctic: +/-0.25 | Arctic: +/- 05 et V’/‘ e A dynamic mode forecast made using the Met Office's seasonal forecasting system | - 22nd July and 11th August (2 per day) from an ocean and sea ice analysis | |~ W09 5o WWIN8 106 SBerREOrll | o L variables) | 325 correction calcuiated from
ocean and sea ice analysis [Blockley et al, 2014] assimilating in-situ an million sq km; | millon sq km; provided as © | (Glosea). Glosea i a fully coupled Atmosphere-Ocean-sea Ice-Land (AOIL) model that | (FOAM/NEMOVAR) [Blockiey et a., 2014, Peterson et al., 2015] and an ocean-sea jce analysis ea ice thickness (as all variables) is | ot ovaluation over 1993-
satellite observations of SST [ HRSSY], satellite observations of sea level standard deviations of the sea ice concentration is assimilated | intialised using the operational FOAM
Met Office (Blockley et al.) a4 Antarctic: /- | Antarctic:+/- | 184 produces a small 2-member ensemble of 210-day forecasts each day. Forecasts atmospheric analysis (MO-NWP/4DVar) [Rawins et al,, 2007] using 2016, Arctic: +0.9 million sq
1 profiles. (42 member) ensemble using the EUMETSAT OSI-SAF (051~ | ocean-sea ice analysis. Sea ice
0.3 millionsq | 0.6 million sq initialised over a 21-day period, centred on the 1st of the month, are used together to. |observations from the previous day. Special Sensor Microwave Imager Sensor km; Antarctic: 0.3 million sq
A!masvnem Component Vet offce Unied Mode! (MetuM) (Brown et spread around the 401b; See thickness is not assimilated in FOAM.
km ) crete s 42-mermberagged ensemble o frecsts of September s e cover. | [SSMIS) e concentration absrustionsfom EUMETSAF OSISAF (051516) m
1.,2012] using Global Atmosphere 6.0 configuration [Walters et al., ensemble mean. [ty htip//osisaf. _cdop)
017, Inialsed g Mot Officeoperationsl omercal westher e SeT sub oo “mpmwu o Sa“mw pmmts sl 3_552_pum_ice-conc_vip6.pdf)
prediction (NWP) 4D-Var data assimilation system [Rawlins et al, 2007]. e o e e e e
Land Component: Joint UK Land Environment Simulator (JULES) [Best et o
a1, 2011] using Global Land 6.0 configuration [Walters et al., 2017].
Initalised using soil temperature and snow over land from atmospheric
4D-Var analysis [Rawlins et al., 2007]. Soil moisture is model climatology.
‘Coupling: Ocean and sea ice are hard coupled. Atmosphere and land are
hard coupled. Oceanyice and atmosphere/land are coupled using the
OASIS3 coupled [Valcke, 2006].
We first estimated total ice area for September of
Monthly mean ice extent in September will be about 4.40 million square kilometers 04,2006,2008,2010,2012,2014,2016,2018 and 2019 from the ice:
Sanwa school (Lihoshi et al. Heuristic A dynamic model is not used. a4 We estimated the minimum ice area through discussion among 20 students based on | concentration map, by approximating the ice cover with triangle or trapezoid SICis not used. SITis not used.
the ice map from 2004 t0 2019. and so on. Based on this rough estimation, we discussed a yearly change of
the ice area and calculated the ice area of this September.
CansIPv2 combines ensemble forecasts from two models, CanCAi and GEM
NEMO, with a total of 20 ensemble members (10 from each model). Our
pan-Arctc SIE estimate was formulated by calculating (for each ensemble
member) the SIE toa piecewise
respective model's ensemble-mean SIE time series over 1980-2019, These
CansIPSu2: CanCMAi & GEM-NEMO (https://doiorg/10.1175/WAF-D-19- anomalies were then added to the fitted pecewise inear trend for the NSIDC| (oL CanChai: SMV3 statistical model (SIT
0259.1)CanC4i; Component Name/Description sea ice index SIE time series, and then averaged over all 20 ensemble u's‘m”‘;m Ssm s trends from PIOMAS + anomalies
InitiaizationAtmosphere members to yield a total SIE of 4.41 million square kilometers. The piecewise| proportional to observed SIC
The ur outlook for d Arcic sea ice extent (SIE), bi d seaice satellite & CI ice charts)
CCMEP GDPSOcean linear fit, including the breakpoint year, was found using non-inear least anomalies;
from the (si0), ice and ice free dates (https://doi.0rg/10.1175/MWR-D-14-
CCMEP GI0PSSea I Cavitating Fluid min=3.96, squares. Sea ice p ps were p g hitps://doi.org/10.1175/1CLI-D-16-
ECCC-CansIPSV2 COMIED GBS S1C, M3 SITGEM NEMOCampanent 441 437 02 B bias-comected SIEacross | . (1FD)and ce advance dates 1AD) was roduced uing the Canadian Seasonal {0 e St oy e i 035 0437.0) This is described in section 6.
P the 20 ensemble members | Interannual Prediction System version 2 (CanSIPSv2). CanSIPSV2 is now the operational € (GEM.NEMO: CCMEP GIOPS analysis
N e e (see section 6). seasonal forecasting system for Environment and Climate Change Canada. il o (AGH)Comptg ety o S 15 e (assimilates S/l and SSMIS | - EMO: CCMEP GIOPS analysis
GEM V4 875,16 Mef Ocean ! 8 - " " & averaging those probabilites across both models. Our outlook for the 80% SIc| atelite & G loe charte) (~constrained by SIC projection onto
NEMO 3.1 CCMEP GIOPSSea ice contour was prepared by first bias correcting the ful ensemble SIC felds for | ", o on 10,1002/} 2555) h thickness category;
ceao CCMEP GIOPS SIC/SIT each model separately using  2011-2019 baseline, and then averaging the psi/dol.ore o https://doi.org/10.1002/4] 2555)
ensemble mean SIC across both models. The resultant SIC field was then
converted to 0's and 1's corresponding to which grid cells have SIC<80% and
which have SIC>=80%, respectively. Similarly, our IFD/IAD forecasts have
been bias corrected based on the 20112019 mean IFD/IAD.
2) Model Name: NCEP CFSv2
b)ComponentNamelnitilization The projected Arctic minimum sea ice extent from the NCEP CFSv2 model May-July
AtmosphereNCEP GFSNCEP CDAS inital conditions (ICs) using 368-member ensemble forecast (4 cycles each day from
EMCINGE (W etal) OceanGFDLMOMA  NCEP GODAS s 2001 My 1o uly 31) s 445 millonsquae Klometerswit  standrd deviton of 018 | We ued the NCEP CS12 el with 365 caseof MayJuly 2020 il | NCEP Sea e Conentaton Al | NGEP P52 modelgues (May 10
d ICE Modified GFDL SISSIC nudging . million square kilometers. number for the Antarcti )is | conditions (4 cycles each day from May 1 to July 31) and model forecast. | for the CFS2 (May 1 to July 31, 2020) 1ol
<) 368 ensemble members (May 1-July 31 2020, each day from all 4 2001 dlometers with a 103 mill
lometers.
This is a non-parametric statistical model of Arctc sea ice extent. The model
computes the probability of whether ice concentration greater than 15% will
exist at a particular location for a particular lead time into the future, given
current ice concentration. The only input s sea ice concentration.
Probabilties are computed using data from the past 10 years. These
babilit djusted using daily near-real-ti trations to mak
This projection was made using the Slater Probabilistic e Extent model developed by | Proracl 125 2r€ adjusted using dally near-real-time concentrations to make
2 forecast. Pan-Arctic ce extent is the sum of the product of gric-box area
Drew Slater (http://cres..colorado,edu/~aslater/SEAICE/). The model computes the
iheprobabilty of s g contaiing e o the frecast date. Wit s
probabilty of sea greater than 15% for cellsinthe i statistion
Slater Probabilisic Ice Extent Model ASE 25 grid.Thse provabiiesar ggregtedover e model domain o e |0 evamage tht the ferecasts o a1 points are completely | NSIDC o e concentations
UColorado/NSIDC (slater-Barrett) statistical 448 daily ice extents. A September mean ice extent is calculated from daily forecasts issued romce e foretact ot NSibC0081 None
on August 1. While the model has predicive kil at lead times up to 90 days, NSIDC runs| | C#PE R L B0 2R A6 e 08 PR 50 SR P
the forecast model with a 50 day lead time. Forecasts issued on August 1 for September Vs nete! 8
e forecas e e e i Lo tente model can adapt to changing conditions and is not inherently subject to
e e e w7 e € arift.The model has performed wellin comparison to others inthe 2013/2014
extent forecast for the August sea ce outlook to have skl SIPN Outlooks, in both extent value and spatial distribution. For 2012, a
September mean forecast of below 4 million square kilometers was given.
However, the model has also missed by as much as 0.6 million square
Kilometers in some years. Forecasting is ifficult but the model does have
genuine skill at lead times as long as 90 days. Skill improves as lead time
decreases, and September s the month with highest skil
“The APPLICR
xcusvelyonthe knowidge of st iy At se e event 1 3 prosuced
in three steps
Step 1
Sea ice extent is forecasted for each day between the inital time (August
115t, 2020) and December 31st, 2020, as the August 11 sea ice extent
respect
1979-2019) added to the relevant day background estimate. The background
estimate itself is calculated as the 1979-2019 quadratic trend of extent for
s w i mine | 1T 0 e s o
58 million millon km sq between 350 and 5,26 millon km 4 (95% confidence tenal), with 458 millonkm sq | e
APPLICATE Benchmark Statistical 458 i (95% 1835 s our best estimate. We estimate that the 2012 minimun is exceptionally unlikely et aotocomelation of h. et O
™ sa confidence (0.2% chance) to be broken (medium confidence statement). when the autocarrelation of the time series s ", and more welght is pu
n the background term when the autocorrelation tends to zero.
interval)
Step 2
The September mean of dally forecasts is then estimated and s used to
roduce an initial 2020 forecast.
tep 3
The 2020 forecast s finally recalibrated by linearly regressing the 1991-2019
forecasts onto the verification data. A 95% confidence interval s calculated
round the recalibrated value and provided as an uncertainty estimate.
The cad this APPLICATE-henchmark
Sea Ice Index - Daily sea ice
first 11 mEOF modes and uses a Markov process to predict these principal | concentration(NASA Team) and
NMEFC of China (Li and Li) 459 region. Th lies are relative to the The " s princia ( )
components forward monthly sea ice extent from
National Snow and lce Data Center.
“This Sea Ice Outlook is @ part o the official sea ice service for Chinese Arctc activties,
targeting for ships. This pr cared outby | g rember sea ice concentrations, the model has the higher sil (anomal
NMEFC (Jiechen Zhao) MiTgem a6 National Marine Environmental Forecasting Center (China), using a ocean-sea ice cormeation] am © v AMSR2 SMOS, CryoSat-2
coupled mode!, MiTgem
- e v supplie 3 forecast basedon statisicl e with e, e
“The UPenn-Diebold Predictive Modeling Team ("UPenn group") is composed of e B oy e e o 1o
ward loop, and stochastic shocks, estimated by direct projection. In the
econometricians interested in precictive modeling of many aspects of climate inits | - deh“g o e gre e e o st o
relation to economic activity. The Arctic, and Arctic sea ice in particular, is of particular et
10293, 5.333] interest to the group. As is well known, the Arctc is warming about twice as fast as the | |E1 = v
fomromare bl s, ad e Acic amlfcaon e i emperaes s of o | 1°TE ST 0 VT SRR
UPenn Group (Diebold et al.) Statistical 4813 as13 026 P estimated stochastic model closely connected to the dramatic mu de reduction in Northern sea ice. This loss ¢ e P
95% confidence (residuals) are approximately Gaussian, which we exploit in making our out-
of sea ce is one of the most conspicuous warning signs of \textitfcurrent) cimate
interval ofsample forcast for september. The precictvedemiy s Gaussan, with
change, and it also plays an integral role in the timing and intensity of \textit(future} millo
global e  the v
square kilometers. (By Svmm!tw o he normaldistrution the mean and
redicti ling of Arctc sea ice, particularly September ice.
predictive modeling of Arcic sea ce, particularly September ice median coincide.) The approximate 95\% interval that we report [4.293,
5.333] i the mean plus or minus 2 standard deviations.




Atmosphere: Goddard Earth Observing System model (GEOS), version
Icarus3.3p2 (maodified for coupled model); GMAO Forward Processing for
instrument Teams (FPIT)

An experiment of the GMAQ seasonal forecasting system using CryoSat-2 derived ice

‘The forecast uses a prototype the GEOS_S25 version 3 coupled system that
forecast. is driven
by a near real-time atmospheric analysis that is similar to MERRA-2, and

The concentration was initialized with

From 1-December 2019 until 2-April
2020, the GMAO Ocean Data
Assimilation System (ODAS) had
ingested sea ice thickness fields from

The model output was re-

I . Pan-Arctic, 4.45 > ¢ .
Ocean: GFDL Modular Ocean Model version s (MOMS); Modifed version Pararctc, | pam-arctic,0.28 " The given uncertainty is the | thickness preicts a September average Arctic ce extent of 487 +/-0.28 millon km2.. | uses the Local Ensemble Transform Kalman Filter (LETKF) for assimilationof | the MERRA-2 sea ice field whichis | 1600 &3 R VIR AR O | TOE PR S0 et
NASA GMAO 487 [481;Maskan|  ; Alaskan 098 437 | standard deviation of the 7 | The experiment tests the application of ice thickness data in a near-real time setting for QDAS | taken from the OSI SAF product OSI-
of GMAD GEOS,525.3 0DAS. region, 102 | region, 0,20 | "24n reBion. member ensemble. | the seasonal forecast system. The forecast su for 2020 as | system was ntegrated that included nudging to CryoSat-2 sea ic thickness | 401-b that i paired with the OSTIA | " rccooard, and Thidkness, Version 1| Northern Hemisphere passive
Sea Ice: modified version of the Los Alamos Community Ice CodE version elon. elon. 068t0128 v © included nadging . oy (d0i:10.5067/96100KIFDASS). After microwave grid.
‘compared to the previous year. fields over the available time period until 2-Apr. The ensemble used a real-time ST analysis.
4.1 (CICEA.1); MERRA-2/OSTIA. that time, the ODAS continued to
staggered iniialization of every ifth day beginning 01-May for a total of 7
integrate up to the start point of the
ensemble members.
forecasts.
Initial conditions for the ocean and sea
ice (both concentration and thickness)
are provided by Mercator Ocean
International. These are based on the
Mere n International
CNRM-CM6-1 HR (Meteo-France system 7) W;]:I‘;zﬂi‘lm 12
Ocean NEMO 3.6 0.25,"-2GEV™G8 initiaized from NEMO-GELATO run :
constrained to GLORYS121 horizontal resolution with NEMO L. Data was corrected for
Ses ices GELATO VG 0.25 :&“v"‘a&  ialized from NEMO-GELATO run This contribution is part of the H2020-APPLICATE project and based on Meteo-France This analysis is upscaled to the 1/4 systematic enorimS1c. 2 swell
$230 “SEWTLCE Inltiall u 498 million | 022million | 43810543 sed| System 7 Itis a 51-member ensemble forecast initialized 0.46 million square kilometers. The Alaskan regional SIE prediction is ‘ocean resolution of CNRM-CMG HR ystemati inSIC, as we
APPLICATE CNRM (Batte, et al.) ‘ 495 m2 million km2 on a 51-member ensemble | from three sets of oceanyice and atmosphere/land intial conditions from May 21 (25 produced by a regional used for Meteo-France system 7, and See above. as trend in SIE, based on
Atmosphere: ARPEGE-Climat v6.4 0.5, ~SEIV™ G8 reduced Gaussian grid :

initialized from IFS analysis
Land surface: SURFEX v8.1 0.5,i"~2GEIV™,GR reduced Gaussian grid
initialized from IFS analysis

members), May 28 (25 members), and June 1t (1 member).

fields are used to nudge a NEMO-
GELATO run (Meteo-France
configuration) forced by IFS
operational analysis and restoring SST
towards Mercator. Sea ice
concentration and thickness (and
ocean fields) are used to initialize
forecasts.

hindcast data for the
corresponding starts.




