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Extrent
Ourforecast i based on the GFDL Forecast-orented Low Ocean Resalution
(FLOR) model (Vecchi e a. 2014), which s a coupled atmosphere-Jand-
oceanrsea ce model. The model I ntialized from an Ensemble Kalman
Fiercouple it ssmiationsstem (ECO: 2 . 2007, which
our uly 1 prediction +ice extentis 319 fates obs ocean data and
millonsauare o, withan neriy arge of 87 357 milonsuar . | tmssherc enaysdt. he st doss ot s any s o
urpredic the GFOLFLOR clness data. The FLOR atmospheric ntal conditons are These forecastsare bias corrected based on
orounom ket 1) | oy rourion s | s on 2asr om | as  [Tesesss secomaneduing | UUEES eros e i | oSt ity dn oS ot s ity edn o e cvecion g s e of
o 12 e prdon ersemle. | o rstvon e ne i cnricted | v e 1 vt 1 000 o P 5 st | O mliztonprocedure initialzation rocedure. | 1 ospective forecasts spanning 1980-2019.
ensemble mean, and the uncerainty range reflectsthe lowest and hghest | preictions after 200. For the predlctions nitialzed after 2004, the aerosols
seaice extents Inthe 12-member ensemble re ixed at the RCPA.S scenaro year of 2004. The performance of this model
in seasonal prediction of Arcic s ice extent has been documented in
Msadek et al. (2014), Bushuk et a. (2017}, and Bushuk et al. (2018). For an
evaluation of the models September s ice extent predicton sl fom a
Ly 1 initialzatio, ee attached report
The PIOMAS forecasting systemis based on a synthesi of PIOMAS, the NCEP|
as 0,
sea suface .
of sea ice thickness. The CFS forecas ranges from hours to months: there
are a total of 16 G ensemble forecast uns every day, of which four
ensemble runs go out o months, three funs g0 out to 1 season, and e
Pan-Arctic ce-Ocean Modeling and Assimilation Driven by the NCEP CFS forecast TUms 0 out o 45 days {Saha et al, 2014). These ensemble runs all reate 6-
System (PIOMAS, Zhang and Rothrock, 2003),with coupled sea ice . PIOMAS is used o p data that inrealtime, this
and ocean model companents. The ocean moel s the POP (Parallel Septamber 2020 Arcit sea ce exton a5 wel o ce thickness | 968 10ro1cng PIOVIASforecasts on dlly toseasonaltime sales. Here We | <1t g i concentration
used four G forecast ensemble members tocrive the PIOMAS ce-ocean Cryosata sea ce thickness up o
Ocean Program) model and sea ice madel s the tickness, floe field and ce ede location,sarting on Jly 1. Th predicted data (NASAteam) for data
Uriversity of Washington/APL | Dynamic Model 335 nsemble seasonl forecasts Ensemble mean values from these four 4/2020 for cata assmiltion n
size, and enthalpy distribution (TFED) model (Zhang et al., September ice extent is .35+ 040 million square Kiometers. assimilaton n indcast,
2016). Atmosphericforcing i from the NCEP Climate Forecast The predicted ice thickness flelds and ce edge Iocaions for members are considered to be the predicton. To obtain the best possible hindcast
e (G5 veron s 5ok o e 2008 i oot epvember 220 e s prsered il cean codios ot rcsts,we contcad oo
e end of iy 2020 g the CFS hindcast foring daa. We aso
assimilated Cryosat2 icethickness avaiable to April 2020, After the
retrospective simulation (hindcast) four ensemble PIOMAS forecast runs
er ot uing amesshric e g o s TS e
runs. Additonal iomas s
et a\ (2008).
e e T e v Oeear;
using observations-based approaches. We are inerested in the winter
preconditoning effect o the pack ce before the summer malt Specifically,
e Investigate how dynamic processes affect reconditioing, Incther
words, we ask how anomaliesinthe general circulation of sea ice will
influence Iater conditons of the Arctic Ocean pack ce under a typical melt
on. We investigate the skl of different sa ice predictors inclucing
o e seaice
dynamics.
sea ice concentration s not used
The dovekSIE metho builds o the correlation between winter Fram Strait 25 an ntial conditon (such as in
RMSE = 046 millon km2. We | sea ice export and th following September minimum sea le exte, a dymamical model). However,
il Team . - compare vzt tothe osemed | presenedinWilams el 016, A otie anomalyof the wirerFram | el 030 crelation g sl erimers with | wesesa e et m he
mean September sea ice extentfor | Strat sea ce exportis associated with enhanced circlation of ice through MSE of 0.22 millon o e cenden U o o
the 1993-2019 period. the Transpolar Drit Stream and positive anomlis of coastal divergence of Statistial m
ea ce along the Eurasian coaslines. Increased coastal dvergencelate inthe s . s
Winte causes anomalies of younger and thinnerice n th peripheral seas,
which is more vulnerable to meltng in the summer.
The dovelSIE forecasts are generated using the sea levl pessure difference
between Greenland and Svalbard as a poxy for area of ice exported through
Fram Strai.Sea ice tends o low paralel toisabars and the pressure.
level
continuous update of dovelSIE orecasts during wintr va the wel>app.
We predicted the Avcticsea-ice cover from coming July 1to September 30,
v insep be about 395 usin the data from satelite microwave sensors, AMSR-E (2002/03-
Klometers. Our estimate i based on a statstical way using data from | 2010/11) and AMSR (2012/13-2019/20). The anaysis method s basedon | Sea ice concentration on
satellite microwave sensor. We used the ce tickness in December and ice | our recent research (Kimura et al., 2013). Firs, we expect the ice thickness |  December 1 distributed by
UTokyo (Kimura et o) suatisica 395 movement from December 1 to June 15, Precicted ice concentration map. | distribution in June 15 from recistribution (divergence/convergence) of sea NosIT dat
from July to September is avaiable in our website w [ice during Ju Then,we | (hty
tokyo.acp/~Kimura_/aretic/2020-2e bl it the summer ce a1 depending on an ssumpton ht hick o
emains later and thn ice melts sooner than the avrage.
The predicion fr the sea ice outlook June 2020 was caried out on China, Ads
Tianhe-2 s
g e e a3 et | ialization o s precicton system i based on a nudging sheme, which
@ subseasonal o-seasond escales rete assimilates wind components (U and V), Temperature (T) in atmosphere and Model bias that is removed is calculated
PP — Horzoma ressitons: Aprosimarly 1= . - N sonas The ey was stimted b | been stalshed i 2017y R eam of FSOALS2 o both S |8 M 0w e 0 S one e sl o)
I el ettt of meseri s Chnese Aademyof s rd A, |, T SR L L SR S, et oot
avalable here for 12 monts. This real-ime 525 prediction system i flly
A nudging scheme to assmilate wind components (U and V), Temperature (7) in results are used n three major national operational predicton centers in "
atmosphere and potential temperature n ocean China. Basing on the d-month lead cynamic model preciction from July 13th, operated on China,Ads Tianhe:2 supercomputer
2020 the outlook precictions of Se3 Ice Extent are 4.0 milon square
Kilometers for pan-Arctic in September 2020,
Forthe present outlook the coupled sea ice-ocean model NAOSIM has been
forced with atmospheric surface data from January 1948 o July Sth 2020
(combination of NCEP-CFSR andNCEP-CFv2). Allensemble moc
experiments have been stated from the same iniial conltions o July 9th
2020, The model setup has changed compared to the S10in 2019 with
respect tothe resolution ofthe forecasting model (now about 25km) and the| Cryosat-2 SITfrom Alfred
forecasting model’s parameters have been optimized with a generic Wegener Institute of March and
algorithm (Sumata et a, 2019, hups//do org/10.1175/MWR.D-18-0360.1). Apil 2020 (Hencricks, 5. and
We s atrmosphrc reing at o achf the s 201010 2019 | 01 SAF EUMETSAT 05+t | ke, R, (201 ot User
obtain of potential 12020 | Guide & Algorithm Specication
AW Consortium Oynamic Model NAOSIM 25km 403 023 Ensemble spread Scientifc curiosty. o e vl for o summes o 070, e v of bl alows to |(htp/osisafmet. AW Cryosat-2 Sea Ice Thickness No post processing
estimate probabltesof seaice extent predictionsfor September 2019. A | {_cdop3_ss2_pum_ice | (version 2.1), Technical Report,
variationsl assmilation system around NAOSIM has been used to initalize conc_v1p6.pdf] a0 e o beai
the model usig the Alfred Wegener Instiute'sCryosat-2 ice thickness ath a266-
o osisaF T ——
snow depth and sea surface temperature are assimilated due o the lack of idfeprint/45542).
these cata streams. Observations from March and April were used. The
Kauker et a,
discuss.net/tc-2015-171) is unchanged to with respect o previous years but
o bias correcton i applie any more to the CryoSat-2 ice thickness - tis is
ot necessary any more du to the optimization of the forecasting model
This s  vriant of Dekker's model This is a simple linear regression o three The model Setember sea e extet s mosty This s variant of Dekker's madel. This is a simplelinear regression on
vriables from 1979 through 2020, used to predict NSIDC September montly s ice " wee things three variables from 1979 through 2020, used to precict NSIDC September
dtop the temperature of the ocean's and atmosphe rouh 2020, et
* e albedaofhe arthan he enry et vy from the arctc,
* May average northern hemisphere sea ice area * May average nothern hemisphere sea ce aea
s covs | suvaior | (s o wor g ror o | 0458 millon e e e eather e A i —
* May average northern hemisphere snow area A A S * May average northern hemisphere snow area
(hitps:cimate.rutgers.ed/ snowcovertable_srea.php?ui_set-2) (ntps://cimate.rutgers.edu/ snowcover/<able_srea.php?ui_set-2)
forthe amount of energy relected away from the actic. The reidual error
May average atmospheric CO2 as measured at Moara Loa - PN e rescual error May average atmospheric C02 as messured at Moara Loa
) fil (htps//www.esr noaa ov/gml g/ trends/data. )
Bayesian posteior p » is predicted tobe & Ume. The pan Arcic sea e extentforecast s calcuated by | Only ses previous mothly
Cawley, Gavin staistica Gaussian Process Regression 408 o7 28757 - 51825 uncertainty from Gaussian Process Kilometers (mskim) with summarzing al cell eptember sea ice extent data
o Sea e Concentration ami-BoSes =
IThe cutlook is the climate sea| sea ice thickness are ntialzed | ice thickness are ntialzed from
Whole Model:CFSmS certiny stimate s | 715 COMBUAON s fon a 20-member ensembe forecast fom the Cimate | ic orecast syster (CESmS). Th forecast s nalzed rom the Climate ea ice the CPCsea ce MCalztion | 1\ oo ers e roduced,
Gimatepesiioncomer | oy et Atmospheric component: NCEP GFS . o8 02 a2 oss e uncertainty estmate e | Peciction Center Experimentat sea e forecast ystem (CFSmS). Model bias | Forecast System Reanalsis (CSR) or the ocearlan, and atmosphere and The st (515, The IS s | LS T R I

Oceanic component: GFDL MOMS

ensemble.

that is removed is calculated based on 2007-2019 retrospective forecasts and|
corresponding observations.

(6S1)for sea e

initialization system (CSIS).
SIS anal

from the CPC sea ice
b roduced. Model bias that is lculated based on
2007-2019 retrospective forecasts and wrvespondmg observations.
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The version of Regional Arctic System Model (RASM v2_1_00) used for this
contribution consists of the following components
cean: POP2.1

“The uncertainty of pan-Arctic

We used RASM2_1_00, which i a recent version of the limited-area, fully
coupled climats
model consisting of the Weather Research and Forecasting (WRF), Los
‘Alamos National Laboratory (LANL) Parallel Ocean Program (POP) and Sea
Ice Model (CICE), Variable Ifiltration Capacity (VIC) land hycrology and
routng schame (RVIC) model cmporrts (Masowsk e 3 201, Rt e
or 2

s ' RASMis
of the

lobol NOAK/NCEP CFSv2 7-month frecats. The it conditons for the

and

July Sea lce

from the fully

PO e Theeerayof v 1. Dutir 3 2015 Hamman 18 3016 o1 2017 | te sl ond e camied Sea cewith concentraon < 15% and
RASM (Maslowski etal) | Dynamic Model s 1CE .1 4156 4137 0.193 3.678,414.558 LS 3927 | i from the 30 ensemble kg 2017). The model uses CFSR/CFSv2 reanalysis output for RASM{  Neither data assimilation nor bias correction was used. Each of the 30 simulation dynamically As stated above in 7a). thickness <= 20 cm was not included in the
Seieatals o e 3 e el member o ot o7 oo e s fom CFo2 | downseling NCEP CFSH/CFvz eimates of s e ot
River streamflow routing: RVIC 1.0.0 and for nudging winds aboy forecasts. The CFSv2 forcing (https://www.ncei.noaa gov/data/climate- reanalysis for 1979-2020.
camfow g R 500, Tt mode e conion e o s eedor
ot foret it FSHICES 2 e o Setebe 1978 rogh | e envenle memoes e ivatied vy doy o 000 etween e
ine 2020 Th cea and s co il conions o th besiing o h. | 15 and e 302 e for ARGV frcin £ 0000 n 1 2020,
Hidestwere g o th 32.ear 9o 1 a6 00 sl
only (RASM G-case) forced with CORE2 reanalysis for 1948-1979.
I this forecast we use sea ice concentration (SIC) data (1979-present day),
e fom ot oo NS Srmperore o NASR
The uncertainty represents one lowed the same procedure as previous years - statistical forecast usin ersstence ({rom the given forecast year) then averaged, togenerate a | "PS/msidc.ore/data/nside-
NASA GSFC (Petty) Statistical 42 039 ‘standard deviation of the prediction Followe P o e s e 8 v Bed. 10 B 0081,
just NASA Team SIC data as the input. As described in Petty et al., (2017). detrended SIC dataset. A least-squares linear regression model is fit from hitpsi//doi.org/10.5067/USCO9D)|
e e derende KIS Gt To ot e S forean. e et
data are applied to the WXSLM.
ot
Tre PR -
ity on o wledt o post dfy ke st e e o
Sea ice extent is forecasted for each day between the initial time (July 12,
2020) and December 31st, 2020, as the July 12th sea ice extent anomaly
P G ———
2019) added to the relevant day background estimate. The background
simate a1 lres e 973203 st o o
Weforcast that eptember 2020 ity s At s et b it o
320524 (95% between 3.20 and 5.24 million km-< ,withd.22 | equal mw lZznnmiI\zs
cnidrce el i< a5 ot st st Wo it ht th 012 irimum i “o7s.01950
< | corresponding to 1.9 ikl (1 3% chane) t b roken, tha the Sepember mean et 5| when h aurocortlation ofth me seres s high. rmore weight is put
APPLICATE Benchmark statistical a2 422 052 million km-s standard deviations 1837 more likely than not (>50%) to lie in the first 5% of on the. ‘when the zero.
uming s causen a5 xceptonsty aley o e m e uer el ot v
distribution) record (all medium confidence statements). Step 2:
oS et o e it
o i 3070 frecast
The 202 frecast sy ecalbrted ey esresing he 19912019
et ot verhcton v S5 contderce el s elated
pro
e imne
Ourestimate s ased o e fom arsembleur with gl e
e e coted k] NEWOS - he ensmble mambrs re expced
sl the sumosphrc Ay st o e s e
practe e sk s fred it 55 imesphan eanys g rom
WENO3. acan) Our estimate s based o et o ensemble s with he ol e | L L e soamiate g s et Ton
LUIM3 (sea-ice) The uncertainty is given as the range ensemble members are then started from the obtained model state, each Initial sea ice concentrations Initial sea ice thicknesses come
APPLICATE (UCLouvain) Dynamic Model JRA-55 (atmospheric forcing) 423 223milsqkm | 0.67 mil sqkm 273 mil sq km 2077 047 539 between minimum and maximum | _reSTeCe TUR on Jan 1, 2020, then forced with the JRA-SS atmospherlc. | ioo'ay o pheric forcing from one year between 2009 and 2019 (forcing | come from a model free runon | from a model free run on fan 1, None.
eanafis om o et beteen 2008 ond 209 ncpt 2015 whih caueed
enens e et e 201wt ke 4 e e el 0 )T e o 0
e el ot Ou il csmat e st medan, an e gen
Il rom 19530101 2019 1231 frd simation b oo 1o orirgs o o s conpone
e crspords o e et 14 st exents e ersemle
n : o
correction is applied.
Aol 7ol f 31 clmate s n arly e 270 esimates et
the September 2020 ice extent will be 4.30 million sq. km. (stdev. 0.34, min.
3.14, max. 4.89). Since its inception in 2008, the NCAR/CU sea ice pool has
b | Aninformal sl f 31 climat st n ol Jun 2070 estimates that
The uncertainty estimate is based on| and thsvcal models to predict the September monthly mean Arctic sea ice | the September 2020 ice extent will be 4.30 million sq. km. (stdev. 0.34, min.
NCAR/CU-Boulder Heuristic 43 437 489 314 the scatter in entries in our informal nt (e.g. see appendix of Stroeve et al. 2014 in GRL 3.14, max. 4.89). Guesses were collected by sending an e-mail out to the
oo 06101003/ 2014GLOS039 Winers e et il by ot | i s i et
e roum
ks ol o s 3 st btk and e 105
e Pedcion s psed e e sophstcated sl modes ond
St e
omy seraged e s e orentation (5 4 beween 19793 | NSO NASA Teom Ses e
s sl gzﬂ;;rwm et ofpoaricand ol |t creare 2 e SIC Cimatlcomplon)nwork. il | Corcntatons
s oo s s | e 1C 010 clswre 1t tared o resions o oo temporal | 1979 1997 .7 S5
Pan-Arctic: 0.27, Forecast reprsents the mean, and n the approach of Gregory et al 2020). ms was men utilised in a Bayesian i h M 1087 2007 DMSP F8,F11,
CPOM UCL (Gregory et al.) Statistical 43 Beaufort Sea: 0.09, 0407 4 2020). Links between each of these network regions (covariance) were then M/ls
nceraimes are g brthe | Uner Rearesionnorder o frecas eptember . The model it
e Sov 008 s areghen e Regreson e o frcat setemver e, Themoc et |0 e e o i o | 2007018 OGP .13
data were taken from NSIDC (Cavalieri et al,, 1996; Maslanik and distribution of the regression parameters. Subsequently a posterior M/I
Stroeve, 1999). ’ . distribution of the regression parameters was then derived in order to 2018 - 2020: Near-real time
enre e e ofSepremr s e et
Fo.gswto i s o il contton Th izt s s rom the same model
Atmosphere mMs 1992—2020 mtegmlmn Our predictionis based on FIO-ESM (the First Insttute of Oceancgraphy- (FIO-ESM1.0) but with ocean data assimilation. The data assimilation
Ocean DA Ai E Earth System Mode) with data assimilation. The prediction of September method is Ensemble Adjustment Kalman Filter (EAKF). The data of SST (sea
FogSM Shuetal) | oyamic ode . G 19922000 mepation “s sor4ss vl oertin 202011420 (+-028) milon S s e e Hone o
Ware | MASNUNwave model 1952 2070 megation e he avrsge and e 10 mocel o gt e i corcion
- fo e oo f e et S . Ter 5 n e c s stn
s 2 sttt rdicion based o the corlationbeween e res
oy and Tremelipond
e e o o i e s e ol GCE i e
camorted s il b mel pond ottt o0 ot pson
et Cmre change
We predict the September ice extent 2020 to be 4.3 (3.8-4.8) million km2. | http://y html for
e tescat e s | TS e el e s end e o Sepembes e e emen o -
oo sutsil 0 os 304 e e | ettt ot o scedon oy bt 334 Reteancs F T —
" | mill. km2). Melt pond formation slowed down during first half June with air | 1. Flocco, D., SchroAader, D., Feltham, D. L. & Hunke, E. C., 2012: Impact of
emperatregenray ot i shos aero v Conral A |k ponds o At st Sl o 195016 057 Geops. e
2. SchroRader D., D. L. Feltham, D. Flocco, M. Tsamados, 2014: September
et S i raGied b sping el pod scion. Mokt i
Change 4, 353-357, DOI: 10.1038/NCLIMATE2203.
Our cartriotion s omdted oy ading he main contbtonpr o te
Th une TO SR mode i sttt model s e song coreatin Tom AR 010 sy, he e s of e oo o
between the June top-of-atmosphere (TOA) reflected solar radiation (RSR) and the ur predicion s based onthe strong correlation between detrended June t g
September Sea Ice Extent (SIE) [Zhan and Davies, 2017, JGRI. . [ - We do not use SIC dataset.
T —— The iy anels simatd |t (S snomales o preose ey o andDoes 201 T methos | The devned i e SR sromaly (000 s 120 Wiz | A 5 e
from the standard error of the is telling because the main contributor of TOA RSR anomaly in June is from | The corresponding September SIE anomaly is 0.10 (1.24 * 0.0765) million
Metservice (Yizhe Zhan) Statistical irst-look T 433 +/-03 million km2 correlation between June TOA-RSR | the change of underlying surfaces and the sea ice state in early summer km2. feam, Not used.
(MISR_AM1_CGAL_1_DEG_FIRSTLOOK J s | fos 002 The elationsi. o o] . e trencing anomaly of September IE is -0.08 million k2 per year. | "9S7/nsidcore/data/602135,
between the detrended June TOA-RSR = (June) farge the tota solar ending anomaly of Septem ° " per yeal doi:https://doi.org/10.7265/NSK
the whole melt season. 'he 2020 September SIE (from the trend) is 4.23 million km2.
cent anomaly s e o e VA AN CENION v o8003 o e O Septrbar S o th e s 23 milenkn2. o
and NSIDC G02135 (Version 3.0) i the previous years (200272019 in this case).
ot thathecosficientof 0.0765 i simated o the deterded
anomalie o un TOARS ar Setembar S etween 2002 and 201
oo ARCUS oo sbmiion e e o e Searar mony | ARCUS sl ad e members were ied o provde an ol giess
ARCUS Team (Wiggins et al.) Heuristic 434 434 Range: 3.79 - 4.86. average mean sea ice extent values contributed by 10 ARCUS team of the 2020 September minimum sea ice extent, defined as the September
members oy serage: Ten s srtcpted
oo oot et epert ltation methodbsed aneriis
. ol NSO sa e cons. Increstedemplores supmited el . ‘ NASA Team lgor sxterts
NSIDC Hivemind Heuristic 436 0.26 million sq km based on the standard guesses and the ensemble average of all guesses. There were 18 total The approach Is heuristic expert elcitation method based on entries toan | from the NSIDC Sea lce Index,

deviation of the 18 guesses.

entries, with an average guess of 4.26 million sq km for the September

average.

informal NSIDC sea ice contest.

Version 3
(httpy//nside.org/data/seaice_in




CansIPSv2 (hittps://dol.org/10.1175/WAF-D-19-0259.1)

CansIPv2 combines ensemble forecasts from two models, CanCMdi and GEM
NEMO, with 2 total of 20 ensemble members (10 from each model). Our
pan-Arctic SIE estimate was formulated by calculating (for each ensemble
member) the SIE anomaly relative to a piecewise linear trend fitted to the

respective model, Ads ensemble-mean SIE time series over 1980-2019. These

anomalies were then added to the fitted piecewise linear trend for the

CanCMai: SMV3 statistical model

Component Cancivii itialzation Atmosph NSIDC s ice index IE tme series, and then averaged over all 20 ensemble | 27C1 4 CCMED 807 S1aM | (1T trnds fom PrOMAS +
members to yield a total SIE of 4.36 million square kilometers. The anomalies proportional to
Canatn CoMEp GoPs o b picewise linear i, inclucing the breakpoint year, was found using non- | | S2UeHe & €5 e chart) observed SIC anomalies
Ocean Ccanoma CCMEP GIOPS The were ), calibrated sea ice pr y . ice ’ htt 75/MWR- oo org/ 10,1175/ 1CL1-D-16-
Eccc-cansiPs2 Dynamic Model | 52 Cotitating Fvid COMEP GOPSSIC SMBSIT |4 36 439 028 78, max=4.99 calculated from the bias-corrected.ce free dates (IFD) was produced using the Canadian Seasonalto Interannal] i ing e ensemble SIC forecasts for each respective model using trend o 0437.1) This is described n section 6.
IE across the 20 ensemble | Prediction System version 2 (CanSIPS\2). CanSIPS\2 is now the operational it g (100 g iy 365, GEMNEMO: CoMEPGIops | o ST e
GEM-NEMO members (see section 6). seasonal forecasting system for Environment and Climate Change Canada. ot ol analyss (assimilates ssw/iand | - SEEETO N BB
Component Name/Description Initalizetion il prepared by first bias correcting the full ensamble | SSMIS satellte & G ice charts) | o/ pieciion onto each thickness
Atmosphere GEM v 817516 n 10.100:
e it v SIC fields for each model separately using a 2011-201 baseline, and then f category;
veraging the ensembe mean SIC across both models. The resultant SIC field| Pttpsi//doi.org/10.1002/).2555)
sea lce cceso CEMEP GIOPS SKC/SIT was then converted to 0,46s and 1,A6s corresponding to which grid cells
have SIC<80% and which have SIC>=80%, respectively. Similariy, our IFD
forecast has been bias corrected based on the 2011-2019 mean IFD, where
we have defined the IFD as the frst date that SIC falls below 50% and
remains below that value for 10 consecutive days.
The VARCTIC, which is a Vector Autoregression (VAR) designed to capture
and extrapolate Arctc feedback loops. VAR are dynamic simultaneous
stems ofcqustions rouineyestimatet predct and understandthe
When it comes to forecasting sea ice, there is opting for series. Hence, the VARCTIC s a
statisical methods vs forecasts based on climate models. While the former | parsimonious compromise between full-blown climate models and purely
for the prediction task, statistical approaches that usually offer little explanation of the underlying
potential. That is, we may get a good forecast, but it i hard to know why. anism
Done via the posterior distribution | Institutions in charge of macroeconomic policy have been facing such
percentile 5: 3.76, obtained by standard Bayesian | dilemmas for years. One model, Vector Autoregressions, have beenan | Precisely, we use an 8-variable Bayesian Vector Autoregression (VAR) with
Goulet Coulombe and GVdbel | - Statistical vareric 437 437 percentile 95:5.00 Methods for linear Vector tool toforecas astheyarea | 121ags and a constant which we refer to as the VARCTIC. We estimate the - .
theory-baser A5 a result, | model over the period from January 1980 until December 2019 The variables
itis possible to obtain an explainable forecast which are the results of and their data-source can be found in our original paper. Due to the
dynamic interactions between key Arctic variables. Hence, our forecast | ~ observable time-series data for Thickness ending in December 2019, we
implicity uses physical transmission mechanisms in the data, without | could not feed our model with any further observations from 2020, which
specifing them explicitly would have allowed us to further enhance our forecast. That is, we forecast
September 2020 starting from December 201 using 2 9-months ahead
recursive forecast.
We first estimated total Ice area for September of
v p be about 4 2004,2006,2008,2010,2012,2014,2016,2018 and 2019 from the ice
Kilometers. concentration map, by approximating the ice cover with triangle or trapezoid
Sanwa School (Liihoshi etal) |  Heuristic A dynamic model is ot used. a4 Wit i o1 g om0t SICis not used. SITis not used.
sed on the ice map from 2004 to 2019, Based on this rough estimation, we discussed a yearly change of the ice area
nd calculated the ice area o this September.
el st e gt i s s o A1 S
(51€) value to calculate daily thickness losses for every NSIDC 25k grid cell. | 17 TH® ( https:/ eroco ert‘mmvutmz:k/ ul ). For b n;(l . (v1.5), 315t May 2020, developed
The nital thickness i calculated from AMSR2 sea ice volume and NsIDC sic | MO0l alculates average thickness loss per grid cell using the exact solar NSIDC NASA Tear, v Nico Sun
i radiation energy and the predicted sea ice concentration as an albedo value.
The mean forecast uses the 2007-2019 mean SIC (1/4 weight) and mean SIC {ce-{oss{m) = Energsolar in M)°(1-516)/ ® o081, )
change per day (3/4 weight) to predict future SIC. The low forecast reduces hitps://doi.org/10.5067/UBCO3D|  The average thickness of this
sun. Nieo statisteal Sun_SIPN_forecast_v2.2020.06 aan s 396474 ose the predicted SIC by 0.35tdv for previously observed SIC for this day and a SIC = sea ice concentration WVXLM. Iital SIC 15t June | model was used to intialise
10% melt. The hgt b Icemeltenergy = Meltenergy per m3, (33355 2020, The model used observed |thickness on the NSIDC SC feld on
0105ty and a 10% decreased bottom mel. K/kg"1000(m3/dm} *0.92(densityl/ 1000{MI/ ) SIC until 11th July 2020 to the 15t June.
The 2020 model inludes an exra cooling/heatingayer 1o Simulatesea ice | ooyt oo i bottom mele model and a racaton calculate melt.
rft In re-forecasts it eliminated the persistent underprediction of sea ice in
of thermal energy back to space. This allowed the model to forecast the
the Eastern Beaufort sea, the Canadian Archipelago and Eastern Greenland
o durng th e el semson initial refreezing period during late September.
Nonlinear inverse stochastic modeling techniques have been applied to the
regional Arctic Sea lce Extent (SIE) from Sea lce Index Version 3 dataset. The
daily SIE data were aggregated to provide weeky-sampled dataset over
several Arctic sectors. The predictive model has been derived from SIE
malies with annual cycle removed, and s initalized from latest SIE
conitions (July 2020) by ensemble of stochastic noise realizations to provide
probabilistic regional Arctic forecasts in September, as well as pan-Arctic
This uncertainty corresponds to ones.
Kondrashov, Dmitr (UCLA) Statistical 403 0.18 million km2 0.5 standard devation of stochastic T:f[:::j:‘;i’;:’;L:"(’sz‘g:z:ﬁ:: S"::';::i;‘:‘:ﬂ";:f;‘ modeln References:
ensemble spread. 1. Kondrashov, D, M. D, Chekroun, and M. Ghil, 201: Data-adaptive
harmonic decomposition and prediction of Arctic sea ice extent, Dynamics
and statistcs of the Climate System, 3(1), doi:10,1093/climsys/dzy001.
2. Kondrashov, D., M.D. Chekroun, and M. Ghil, 2015: Data-driven non-
ovian closure models, Physica D, 297, 33-
0710.1016/j physd.2014.12.005.
This method applies dailyice loss rates to extrapolate from the start date.
(1uy 1) through the end of September. Projected September daily extents are,
averaged to calculate the projected September average extent.Individual | This method apples daiy ice loss rates to extrapolate from the start date
Years from 2005 to 2017 are used, as well as averages over 1981-2010 and | (June 1) through the end of September. Projected September daily extents NSIDC Sea lce Index
2007-2019. The 2007-2019 average daily rates are used to estimate the |are averaged to calculate the projected September average extent. Individual |  Fetterer, F. K. Knowles, W.
official submitted estimate. Years from 2007 to 2019 are used, as well as averages over 1981-2010and | Meier, M. Savoie, and A. K
T it Septemer arage bt for 20201 44 (+£053) il | 20072019 The 20072019 averae lates e s o et the | Windngel 2007 e .
Standand deviation of the square kilometers, which is an increase fro offcial Sea ce Indesx, Versi
vt il star Klomeers.The i iy extent s pracicet o b 4.2 | Septmber it ca b spected boved on ot o ietred | Bouder,coredo s naoc
Nioc (eier satistcl NSIDC (Mefe) dally extert change extrapolatin A 08 27 extrapolated oxents using 1315 | (~£0.53) millon square Kiometers, and increase ffom June,Ads 4.01 millon | i past years, though t s possble that record ast or sow dalyoss rates | National Snow and e Data None
rom 2007 to square Klometers and occurs on 14 September. The range of estimates has | may yield a value outside the projected range. It also can provide a Center. dol:
decreased (~£0.66) due to the shorter remainder of the melt season. Based | probabity of a new record by comparing how many years of loss rates yield | ttps://doi.org/10.7265/NSK072
o the last 15 years, none of the projections are lower than the current record|  a record relative to allyears. It has the benefit that it can easily and 8.
Jow Septemberexentof 357 millon sqn i 2012 desired) be upd
Using the same method, the '] for iicsand s the i sprascrs e Awindon Avofporsle
September 2020 is 18.16 (~20.57) million square kilometers. The maximum outcomes narrows,
daily extent s predicted to be 18.27 (~+0.58) million square Klometers and
occurs on 30 September.
We have supplied a forecast based on a statistical model with trend, a feed-
The Upenn group i composed of economists and statisticians intrested in | forward loop, and stochastic shock, estimated by direct rojection. Inthe | o i o
presicte modeing of manyasectsof e i s elition tocaraic | mocelg proces we exlor iffrnt ees o sgegaion o he g by
activity. The Arctic - and Arctc sea s underlying et |t iy 1678 -
tous. Asis well known, the Arctc is warming about twice as fast as the | extent, and we tune to optimize the
(3.649,5.245] elobal average, and the Arctic amplification insurface airtemperature i of | tradeof n forecasting September extent. It tums out that ourn-sample | o ST
Upenn Group (Diebold etal) | Statistical 447 447 03%9 (approximate 95% timated reduction in Northern | forecast errrs (residuals) are approsimately Gaussian, which we expioitn | loc B0/ Ao
confidence intervel) e ice. This loss of sea ice Is one of the most conspicuous warning signs of | making our out-of-sample forecast for September. The predictive density is d
NSIDC near-real-time product
\textitlcurrent) climate change, and it also plays an ntegrl ol nthe iming| - Gaussian, with the mean 4.447 millon square kiometers and standard | (% DRSS BERIC
and intensity of textit(future) global clmate change. Not surprisinglythen, | deviaton 0.399 million square Klometers. (By symmetry, the mean and | (¢ (o 8 AR/ OR
we are keenly interested in predictive modeling of Arctic sea ice, particularly |  median coincide.) The approximate 95\ interval that we report is the 2015 iy 13,2020
summer ce. mean plus or minus 2 standard deviations. g
This statistical model computes the probabilty that sea ice will be present
{concntation s 159 foeachfrid ol n NSIDC's polr sereopapnic | Y6214 682 f1m 1380 hrough the resentare ued n a Bayesion oltc
rojection, Yearly dta from 1980 through the present are used na Bayesian | "4.°7" 0 IS e PR T sE8 8 e AN e e
Togistic regression. Predictors include local surface air temperature, phet o™ | Nstocs sea e Indox v3 (oata
NSIDC (Horvath et al.) Statistical 449 downwelling longwave radiation, and sea ice concentration, as well as the il by ahe e vt s g oo iy N OC+ ol et c0r139)
st geopotential height at 500 - s
Atlantic sea surface temperatures. Sea ice concentration data was obtained | * CEPRRRIT K0 AE P TR EIERCE o8 S FOR AR T S
m NSIDC' Sea Ice Index V3 (Data Set ID:G02135), all other variables are. s o e MERR A dormaat
from NASA's MERRA dataset
2) Model Name: NCEP CFSv2 The projected Arctic minimum sea ice extent from the NCEP CFSv2 model
bComponent  Namelnitalization June inital conditions (1Cs) using 120-member ensemble forecast (4 cycles
NCEP Sea Ice Concentration
Atmosphere  NCEP GFSNCEP CDAS each day June 130} is 4.56 miion square kilometers with a standard | We used the NCEP CFSv2 model with 120-case of June 2020 inital conditions NCEP CFSv2 model guess (June 1-
Wu, Tallapragada, and Grumbine | Dynamic Mode! Ocean  GFDLMOMA  NCEP GODAS 456 2002 deviation of 0.15 million square kilometers. The corresponding number for (4 cycles each day June 1-30) and model forecast. Aralels for e 2 une - 0)
Ice Modified GFDL SISSIC nudging the Antarctic (maximum) is 20,02 millon square kilometers with a standard d
) 120 ensemble members (June 1-June 30 2020, each day from all 4 cycles) feviation of 0.46 million sauare kilometers.
model is used Arcticsea | Sea lce Index - Daily sea ice
it ettt et o e e e e o] ot o | 16 GXent. Th sea ceextent f September s well elated wit the sea .| concentation(NASA Team) and
NMEFC of China (Li and Li) Statistical 459 Nations Smow and ce bata Conter The predicied monthly sverage ice extent| _ ©Xnt of June inthe same year.Combined the regression method and | - monthy sea ice extent from
o septombor 2020 5 .59 mlion savars Klometers optimal climate normal method, the predicted September sea ice extentin | National Snow and lce Data
2020 s 4.59 million square kilometers Center.
‘A constant bias correction was applied to
FSIC o Arctic SIC prediction at each grid point. The
Lamont (fuan and U} Statsticn o 1820 06 measured by RMSE. They were  |A is used “The linear Markov model has been developed to predict sea ice: June monthly mean SIC from biases were estimated based on the cross-

estimated based on 34 years cross-
validated model experiments.

(SI0) at all grid

concentrations in the pan

NSIDC NASA Team

validated predictions for 1998-2012. The a
constant SIE bias was corrected from the
Spetember SIE prediction




This Sea Ice Outlook is a part of the official sea ice service for Chinese Arctic
activites, targeting for icebreakers and commercial ships. This prediction

[ The prediction was nitialized on 20 May 2020 and run for 6 months forced by
cFs. a

The sea ice prediction was carried out by National Marine Environmental
Forecasting Center (China), using a ocean-sea ice coupled model, MITgem.

AMSR2

SMOS, Cryosat-2

All model components are fully coupled and the system is initialized from pre-
operational ensemble Navy ESPC run by Fleet Numerical Meteorology and
( ) at the Navy esource Center
(D5RC).

The projected Antarctic 2020 September mean sea ice extent is 21.8 million
2 with an ensemble range from 20.4 to 225 million km2.

Ocean Data Assimilation (NCODA) (Cummings, 2005). OCE assmilates

pertubed absensations and run
I

NMEFC lfechen Zhao) Dynamic Model MiTgem a8 ‘was carried out by National Marine Environmental Forecasting Center forecast. The
(China), using a ocean-sea ice coupled model, MITgem. operational d
hickness. Thesea e utlook was  mean alue from 10 ensemble rns
i s 2 o parametric statistcal movel f Arcti sea ice extent The model
computes theproabiltyof whether e concntrtion grester thn 15% wll
st a1 partclarlcation for 3 parca ea tm it the utre, iven
et ce concenratio. The only input s s ce conceritin
mm.m e computed using oo from the pas 10years. These
i projection was made using he Slater Probablsic ce Extnt moe! pued g et e
e e 2 e P e e e v o of e oo o s o s,
sl campitss NJ’ pabiltyof se e concntraton areter than 15% for| 1 pbapityof  gri-boscontaiing e on the forecastcate. Whi not o5
c Ocean g ‘° s In the grid. These probabilities are sophisticated as a coupled ocean-ice-atmosphere models, this statistical
2 points NSIDC daily sea ice
UColorado/NSIDC (Slater-Barrett) | Statistical Slater Probabilistic Ice Extent Model 264 ice exlent is issued on July Lt in ‘imes that s, the fven point s NSIDC.0051 None
2 Whi the model ha reicive sl t €3 e up 1090 dys, NSIDC
o affected by s neighbrs, nor 1 esut fom the prorcay Therefore, the
runs the forecast model with a 50 day lead time. Forecasts ssued on uly 1 | o) cap adapt to changing conditions and is not inherently subject to drift.
for September have lead times spanning 62 to 91 days. Therefore we ‘The model has performed well in comparison to others in the 2013/2014
considerthe mean Septemberce extent orecast o the uly s ce uiook| S Gutooks, i both extent value and spatal distbtion.For 20123
o orecas ofbelow & was gen.
However, the mocel has lso missed by as much a 0.6 millon square
Kometers insome year.Forecasing s difcl, bt the el does have
genuine kil at lea tmesaslong a5 0 doys. Sl improvesasfead time
deceases, an September i the month with igest sl
Model: HadGEMS3 [Hewitt et al., 2011], Global Coupled Model 2.0 [Williams et al.,
2015] in use within the GloSeas seasonal prediction system [Maclachlan et al., 2015).
Sea ice component: CICEA.1 [Hunke and Lipscomb, 2010] model using Global Sea Ice
[Rae et al., 2015].
sea ice analysis [Blockley et al., 2014], which assimilates the SSMIS sea ice
e e e Ensemblecoupld model seasona forecastfon the Gloseas seasonal
prediction system [MacLachlan et al., 2015], using the Global Coupled 2
mponent: NEMO [Madec, 2008] ocean model using Global Ocean 5.0 Sea ice concentration (as all
{GC2) version [Williams et al., 2015] of the HadGEM3 coupled model [Hewitt|
configuration [Megann et al., 2014]. Initialised using Met Office FOAM ocean and sea tal, 2011]. F t led together from f 15 initialized bety variables) is initialised using the
iceaalyis [Blocley e I 2014] assmiltin it and stele observations o S5T A dmamic mosel forecast mace uing the et OffceAcs seasonal | 12 201 Fracet comple ogeter o forecsts INUSLEGE BeOWEN | oprionl FOAM oeamseaice| 0o
[GHRSST], satellite observations of sea level anomaly [AVISO/CLS] and temperature Arctic: +/-0.35 Uncertainty range is provided as +/- | forecasting system (GloSeal. GloSea is a fully coupled Atmosphere-Ocean- (2 per day) ; e lysis. SSMIS sea ice e
Arctic: +/- 0.7 million (FOAM/NEMOVAR) [Blockley et al., 2014, Peterson et al., 2015] and an is initialised using the operational | Bias correction calculated from hindcast
et o (lockiyetat) | oymamic e dsalntysubsurface prfies . millonsqm; [ A€06 o 07 milln | 2o standord deviations of e (4 s ce-Lan (AOI) model that produces a small 2 memberersembl of 210 *OAM/NEMOVAR) (Blociey et 1, 2014 pterson et a, 2011 0031 | concotatonis asimited | 17415 sing the operatoal | i corection o o
v v Almesnhervc Component: Met Office Unified Model LMetUM! [Brown et al., 2012] Antarctic: +/-0.35 | 3™ member) ensemble spread around | day forecasts each day. Forecasts initialised over a 21-day period, centred on P v 5 using the EUMETSAT OSI-SAF v
using Glok [Walters etal, rmilion 56 ke 0.7 million sq km “the ensemble mean. "5t of each month, are used together to create » 42-member lagged rvations from the previous day. Special Sensor Microwave Imag: (Os1-4016; See ice thickness is not assimilated in | million sq km; Antarctic: -0.4 million sq km
o Sensor (SSM\S) ice concentration observations from EUMETSAF OSI-S SAF lOS\ - FOAM.
Ot cperations ramercs weshr pmdcion ot somiton ensembl o foecastsof Septembe sa icocover. s ot met
SAF] were asimiated nthe ocea and sea e analss, slong with satlite
m (Rawlins et al., o sea level _cdop3_ss2_pum_ice-
Land Component: Joint UK Land Environment Sm\ulalev UU\Es) [Best etal., 2011] i { Itimeter data. N lation of ml \ conc_v1p6.pdf)
using Global Land 6.0 configuration [Walters et al., 2017]. Initialised using soil @nomalies from altimeter data. No assimilation of ice thickness was
empersture and snow verand rom atmospheric40-Varanalyss [Rawis et a1
2007). Soil moisture is model climatology.
Coupling: Ocean and s ce [
e uing Welee, 2006]
The e s oo e 03 S o comted e o R——
April 2020, the GMIAD Ocean Oata
of ~Q~e in the atr here and ~2~es in the . Th dat: i
Aimospher: Godard Earth Obsering System model (GEOS), versio s 3p2 i esperimentof the GHAD sessonl forcasing syt vsing Gyt 2 e stmosshere ond - o heaceon The ocemncite | itatnea] AsSmiation System (00AS)had
(modified for coupled model); GMAO Forward Processing for Instrument Teams (FPIT). ingested sea ice thickness fields
et s s Setember v e s ot f 037 | o NERA 2, ans s i e Ersemble T Fiman e |wini NERRA 25 ce 1,
el version w0 par arctic, 451 pan-arcic, 028 | pan-avetic 44510 The iven uncertanty i the standard | 1R T e the apcaton of e hicnss | (LETER) e e | rom the Cyosat2 evelo ea ce | The model utput was re-grictded o the
NASA GMAO Dynamic Model EOS_S25_3 ODAS. 487 Alaskan region, | Alaskan region, | 5.31 ; Alaskan region, 098 437 deviation of the 7 member N per o Elevation, Freeboard, and standard Northern Hemisphere passive
ot na near.teal e sttin forthe seasonl frecastsystem. The sima roduct 05401 that s pared
Sea e modified versionof the Los Alamos Commnity ce Code version .1 (CICE4. 1 102 020 510128 mise. o e e o | nbranchof the 0DAS st biatispared| " icoess, Vrsion 1 microwave gid.
MERRA-Z/OSTIA previous yea. Crosat s i tickoestflds ove e avlaletm periodu 2-Ap analysis. i
The ensemble used a staggered initialization of every fifth day beginning 01-
contined o tegate up o the
Wy fo  totl of 7 ensembie members.
St pone ofth forecst,
il condions orthe ocean
and s ce (ot concentration
and thickness) are provided by
MercatorOcean termatons.
heseare basedon the ierctor
Ocean emationl cperational
(CNRM-CM6-1 HR (Meteo-France system 7) analysis, run at 1/12-~
e IO 36025+ el o NMO-GELATO ncorstned o s comibutonis prt ofthe HEOAD ABPLCATE et and base o eteo) bt i i
. France System 7 Jone ntialzton foecast. I 551 member ensemie is anlyis s upscled to Dato wascorected forsystematic eror i
/APPLICATE CNRM (Battv®, et al.) [ Dynamic Model Sea ice: GELATO 6 0.25- iniialized from NEMO-GELATO run constrained to 4.95 14.98 million km2| 0.22 million amz | 3% 10 543 million These estimates are based o0 S1- | oot nitalized from thee sets of ocean/ice and atmosphere/land initial 046 million square kilometers. The Alaskan regional SIE prediction is the 14 ocesn resolution of See above. SIC, as well as trend in SIE, based on hindcast
LORYS12V1 member ensemble conditions from May 21 (25 members), May 28 (25 members), and June 1st produced by a regional CNRM-CME HR used for Meteo- ta for the corresponding starts.
Atmosphere: ARPEGE-Climat v6.4 0.5~ reduced Gaussian grid initialized from IFS i men’\bev)v g France system 7, and fields are pondine
alyis used o nodge  NEWO-GELATO
Land 105~ IFS analysis. run (Meteo-France
configuration) forced by IFS
operatonal analss and
resoring SST towards Mercator,
Sea e concenration and
thickness (and ocean fields) are
used o e frecasts
Trom 7
With the EU CMEMS mecator on 5 July, | With the initial field from EU CMEMS mecator ocean da:\vanawsm on 5 July, ftp://nrt.cmems-
model name: metroms, which is a coupled ocean model ROMS3.7 and sea ice model AMSR2 sea ice trati d OSTIA SST. The we. AMSR2 sea ice TIA SST. The| du.eu/Core/GLOBAL_ANALYSIS_F
aces 12 metroms mode s then us o ke the seasonal forecst, with o oG then e o make e sasonl et i | AVSR2 sa e concenttion. | ORECAST. A L_039anl
METNO SPARSE (Wang etal) | oynamic odel s oL
(Wang etal) amic MOGel | e model is intialized with mecator ocean and ice on 5 July assimilated with AMSR2 atmospheric forcing data from ECMWF SEASS June product. Then the atmospheric forcing data from ECMWF SEASS June product. Then the from University of Bremen. analysis-forecast-phy-001-
e concntation september sea i concetrtio s avraged ver the all morth,and he | September sea i concentrtio s avraged over the all morth,and the g
September c exten s determined o the 15% , exentis e ovr 15, 112_mean_20200705_R20200705.
NavyEarh syste Predicton Capabity (E57C) We performed 3 16 member ensembe forecast with Nowy ESPC using il
The 020 September mean sea conditions on 1 June 2020 from the pre-operational system using perturbed | We performed a 16 member We performed a 16 member
NAVyGlaal Enironmental Model (NAVGEM) CV20 £arth System pediction Capablty (ES70) s 52 millon k2. T 0recst £ | ™ cservarions and run by FNMOC.The pre-opeational celng system | _ensemble orecast with Navy _|ensembie forecast with v £5PC
Htbrid Coordiate Ocean Miodel (4YCOM) 2.2 99DHi e e e .| 3t stocshei osvions s e ool st abortny |57 i i codtions o3| s el condiers o 1ne |16y e o
mmunity I ICE) Ve The int imate is the VI (Xt ., from - fre re-operational ronabil o v
Navy ESPC (Metzger and Barton) | Dynamic Model Commurity ce CodE (CCE) V4.0 52 5.2 Mkm2 4.9t05.8 Mkm2 218 089 397 e uncertainty estmae is the The range of the ensemble is 4.9 to 5.8 million km2. (NAVDAS-AR) {Xu et a June 2020 from the pre 2020 from the preoperations (IFD) were computed from the Navy ESPC sea
range of the 16 member ensemble. 1005) and the ncean/sea ice assimilate observations using Navy Coupled operational system using. system using perturbed ice output forwarded to the SIPN Data

tsenation and by FMOC
SIT initials

SSNIS and AMSR2, bt doe et asamtesea o hickness. Tere was 1o

by FNMOC SIC
e fom 0

ace.

bias correction performed on the results.




