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[This is PolArctic's fourth year submitting to the Sea Ice OUllook.
Our September extent prediction s 4.78 millon square
kiometers. Our efforts are to investigate the usefulness of
Artificial Intelligence and Machine Leaming (AlIML) as a

PolArctics September SIO extent was generated using our Ariicial
Inteligence algorithm, and trained with historical NSIDC daily ice  [NOAAINSIDC, Sea Ice
extent data. Our initial mcdelmg efforts are to generate high qualty |Index, Version 3.

PolArcic StatistcalML. 48 :’E‘:“::‘;:‘:;“‘c;‘;":ﬂi::fsmm‘;";‘:‘:::: 209 norinoar | seasonal oracasts of da al and temporal sea ice extents. To | htps://doi org/10.7265/NSKO NA
ih Gueity data I avatable. NSIDG' dally record of sea k. _|C2EHEtE TR e daily results in September |72F8.
extent creates the perfect test bed to leverage and assess the |2022 fom our model are averaged
power of AIML
Monthly averaged August sea ice concentration (SIC) data between
i c
o e o a0a co |1878 and 2022 were used to creato a August SIC cimate(complex)
Forecasts are Gaussian concentration fields between 1979 and 2022 were used to "e"l""‘l‘ ‘"“‘V‘d‘“:‘ sic g"dl"’b"s were first °“‘s‘e'el“ 'd"‘:’ s of
distributions. Forecast create a cimate network (based on the approach of Gregory et P21 eeTPOre! NomOGencly By using & communiy defscioh
CPOM UCL (Gregory et al.) StatisticalML 497 028 469 525 0.59 4 represents the mean, and 076 [al2020). This was then utiised in a Bayesian Linear e ork n (see "e‘-’”"/e a“ )m e o o Boves NA NA
uncertainties are given by Regression in order to forecast September extont. The model ~[1®W/orE 89 o1 {equatanes) ers hen passed o 2 Bayesian
the standard deviation predicts a pan-Arctic extent of 4.97 millon square kiometres “l"“' e o b abation of
Sea ice concentration data were taken from NSIDC (Cavalier et !© f°97eSsion parameters. Subsequently a posteror distribuion o
oL 1896, Mastani and Stoeve,1998) regression parameters was then derived in order (o generate
< 19961 e formcnt ot September sea ice extent
) Model Name: NCEP CFSv2 The projected Arctic minimum sea ice extent from the NCEP
b) Component Name Initiaiization CFSv2 model August nitial conditions (ICs) using 124-member
INCEP Sea Ice Concentration
(Atmosphere NCEP GFS NCEP CDAS ensemble forecast (4 cycles each day August 1 to August 31)
[We used the NCEP CFSv2 model with 124-case of August 2022 | Analyss for the CFSv2 NCEP CFSv2 model guess
NCEP-EMC (Wu et al namic Model |Ocean GFDL MOM4 NCEP GODAS 501 047 18.94 is 5.01 millon square kiometers with a standard deviation of
e 2 (oF Mosited GFDL $15 G audeing (47 miion ccore Kiomatere The vorseporing umber for | el condions (4 oycles each day August 1-31) and model (August 1 1o August 31, |(August 1-August 31, 2022)
) 124 ensemble members (August 1-August 31 2022, each day from the Antarctic (maximum) is 18.94 milion square kiometers with 022)
all 4 cycles) a standard deviation of 1.01 millon square kiometers.
This is a non-parametrc statistical model of Arclic sea ice extent
[ The model computes the probabilty 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 is sea ice concentration. Probabilties are computed using
Thi n ing the Slater Probabilstic |
s projecton was made using the Slaler PIobabliste ¢ |ata from the past 10 years. These probabiltes are adjusted using
pec by dally near-reaktime concentrations to make a forecast. Pan-Arctic
Siater (nttp:/icires1.colorado.edu/~aslater/SEAICE/). The model
oo extentis he sum o the procct of gr-box area the probaviy
computes the probabilty of sea ice concentration greater than
15% for Arctic Ocean grid cells in the EASE 25 km grid of a grid-box containing fce on the forecast date. While n
gt
[These probabilties ar ted over the model domain t .
Mol ::‘fybme::;“igi’ega fed overthe model domain 10 |12 stcal method has the advantage that the forecasts for ll points [y o/ oo
Siater-Barrett (NSIDC) Statistical/ML 5.12 are completely independent in both space and time; that is, the None
September mean ice extent is calculated from daily forecasts 0081
issued on September 1. While the model has predicive skil at [[2"°02t at any given point is not affected by its neighbors, norls
lead times up to 90 days, NSIDC funs the forecast model with a /250! from the prior day. Therefore, the model can adapt to
20 day ead thmo. Fotonssts koued on Seplombor 1 Tor changing conditions and s not inherently subject to diif. The model
eptomber have lead tmes spanning 1 10 31 days. Thersfore |1 Performed wellin comparison (o others in the 2013/2014 SIPN
e sonsiter the maan Soptomber iog axtant forensst for the | 0u0KS, n both extent value and spatial dstrbuton. For 2012, a
oy sem o6 outloak 1o havo some skil September mean forecast of below 4 milion square kiometers was
given. However, the model has also missed by as much as 0.6
miion square kiometers in some years. Forecasting is diffiutt, but
the model does have genuine skill at lead times as long as 90 days.
kil improves as lead time decreases, and September is the month
with highest skl
StatisticalML stochastic modeling techniques have been applied to
the regional Arctic Sea Ice Extent (SIE) from Sea Ice Index Version
3 dataset (G02135). The dally SIE data were aggregated to provide
This uncerainty [weekly-sampled dataset over several Arctic sectors. The predictive
P This model forecast is based on statisticalML stochastic model has been derived from SIE anomales with annual cycle
Kondrashov, Dritr (UCLA) StatisticalML 485 01 0.45 ok S 04 |modeiing techniques applied to the regional Arctic Sea lce  [removed, and is iitialized from latest SIE conditions by ensemble of NA NA
Extent (SIE) dataset stochastic noise realizations to provide probabilstc regional Arctic

nsembl
IEOE T forecasts in September. The Alaskan region is defined using the
mask file, *Arctic_region_mask_Meier_AnnGlaciol2007.msk,
created by Meier et al. (2007)" (from documentation of Sea lce

Index G02135)
The projected Arctic minimurm sea ice extent from the NCEP
o odeinae neepurs U Forecan Sy (1S e oy Aot i
| Atmosphere NCEP GFS/FV3 NCEP CDAS e e e aram s o2 "/ |We used the NCEP UFS model with 28-case of May to August 2022 [\ASA Team Anavsis fom | PO sea ico filalzaton
EMCINCEP (UFS) Dynamic Model [Ocean GFDL MOMB NCEP GODAS 4.91 0.29 19.05 -9, June 3.9, July 3-9 and August 3-9 wi )is initial conditions (May 3-9, June 3-9, July 3-9 and August 3-9 with (May 3.9, June 3.9, |system (CSIS) (May 3-9, June
millon square kiometers with a standard deviation of 0.29 July 3.9 and August 3-9, (39, July 3-9 and August 39,
ICE CICES CPC CSIS i Koo C192) and forthe Arctc. o v
) 28 ensemble members (May 3-9, June 3-9, July 3-9 and August 3- miion square Klometers. The moer f ) )
[Antartic (maximum is 19,05 milon squar Klometers with a
9 2022, each day 00Z with C192)
standard deviation of 0.26 millon square kiometers.
Pan-Aretic Ice-Ocean Modeling and Assimiation System (PIOMAS,
Zhang and Rothrock, 2003), with coupled sea ice and ocean model
components. The ocean madel is the POP (Parallel Ocean Program) .
model and sea ice model is the thickness, floe size, and enthalpy Fi ahny he) :‘Cﬁ: Cff' :;”‘?‘L:‘"g‘:;‘;rg"‘”gv GloMAS Initial SIC is from PIOMAS | Inital SIT is from PIOMAS
distribution (TFED) model (Zhang et al., 2016). Atmospheric forcing is e e The PIOMAS forecasting system is based on a synthesis of hindcast that also assimilates |hindcast that also assimiates
from the NCEP Climate Forecast System (CFS) version 2 (Saha et al., Eratitiic JCOl gl sl 2 JCL M ST EL Db PIOMAS, the NCEP CFS hindcast and forecast atmospheric forcing, | satelite SIC (NASA team) | CrySat2 SIT data up to April
University of Washington/APL | Dynarmic Model s 5 04 078 starting on August 1. The predicted September ice extent is .
2014) hindcast and forecast. To obtain the “best possible” inital ice- B v oo sateliite observations of ice concentration and sea surface available from NSIDC 020
ocean conditions for the forecasts, we conducted a retrospective hicknose filds and o edge lacations for Saptember 2022 are |(SMPerature (SST), and CryoSat2 observations of sea ice thickness. (e Luw.edulsea_ice
simulation that assimilates satelite ice concentration and SST data s P & 0081). |_cdri)
through the end of August 2022 using the CFS hindcast forcing data SRGERREE Beetechent)
We also assimilated CryoSat2 ice thickness available up to Apri
|2020.
First, a constant bias comection
was applied to Arctic SIC
A linear Markov model is used to predict monthly Arctic sea ice prediction at each grid point.
concentration (SIC) at all grd points in the pan-Arctic region These biases were estimated
(Yuan et al,, 2016). The model has been retrained this month based on the take-one-year-
using SIC, atmosphere variables and SST from 1979 to 2021 out cross-validated predictions
Itis capable of capturing the co-variabilty in the ocean-sea ice- ih | timescale. The modal empl o for 1979-2021. Then a
atmosphere system. The September pan-Arctic sea ice extent | °9o" 2! the seasonal timescale. The madel employs six variables: constant eror prediction
The SIE uncertainty (SIE) s calculated from predicted SIC. The model predicts \A\SA Team sea s conceniration, sea surface temperature derived from the cross-
(ERSST), surface ai temperature, GH300, vector winds at GH300 [NSIDC NASA Team,
measured by RMSE is 0.34 negative SIC anomalies throughout the pan-Arctic region. At validation experiments from
milion square kiometers for the ono-month lead, the September mean pan-Arctc SIE fs | NCEP/NCAR reanalysi) from 1979 fo 2021. t s buit in mult- 1979 to 2021 was corrected
Lamont (Yuan and Li) StatisticalML 449 415 483 18.12 0.49 he amementh load 028 |5t 1o be 4.4 milon square Kometors (rokm) wit an /21218 EOF space Tha‘muﬂed\ u‘ﬂ:\ies ino frs 11 mEOF mﬂldes and ::)lm ot/ 10 5067000 NA o the Septomber SIE
prediction of the pan-Arctic RMSE of 0.34 mskm. The RMSE is estimated based on our |55 @ Markov process to predict these principal components v prediction. Finaly, the model
forward one month at a time. The pan-Arctic sea ice extent forecast [aDWVXSI
sea ice extent. model cross-validation experiments from 1979-2021. The uses a lower resolution for sea
is calculated by summarizing all el areas where predicted sea ice
Alaskan regional SIE is predicted to be 0.49 mskm with RMSE e Giagrab ice concentration data (2-
0f 0.13 mskm. A simiar statistical model was also developed to |°0N°eN(rtion exceeds 15% degree longitude x 0.5-degree
predict the SIE in the Antarctic (Chen and Yuan, 2004). The latitude), introducing  0.10
September mean pan Antarctic SIE s predicted to be 18.12 millon square klometers bias
mskm, lower than September 2021, with an RMSE of 0.67 compared to 25kmx25km
mskm based on model cross-validation experiments. original satelite data. This

resolution bias is corrected in
the final Arctic SIE prediction.

This statistical model computes the probabilty that sea ice will be
present (concentration above 15%)for each grid cellin NSIDC's
polar stereographic projection. Yearly data from 1980 through the
present are used in a Bayesian logistic regression. Predictors
o — Gt a6 b include local surface airtemperature, downweling longwave o o
radiation, and sea ice concentration, as well as the first principal
component of geopotential height at 500mbars, and Pacific and
[ Atiantic sea surface temperatures. Sea ice concentration data was
R I s O B A o
other variables are from E|

NSIDC NASA Team,
Sun, Nico StatisticalML 49 49 487 491 18.11 0.48 4 034 [See previous month See previous month NSIDC SIC * 1.4m None
0081




The version of Regional Arctic System Model (RASM v2_1_00) used
for this contribution consists of the following components:

Ocean: POP2.1
[ Atmosphere: WRF3.7.1
Seavice: CICE 5.1.2
Land hydrology: VIC 4.0.6

River streamfiow routing: RVIC 1.0.0
Flux Coupler: CPL 7

The uncertainty of pan-
[ Arctic September sea ice
extent was estimated from

[The Arctic sea ice extent September 2022 minimum s predicted|
roughly continue the September declining trend (of -
0.528x10% km2/decade) based on 2000-2021 output from
the Regional Arctic System Model (RASM) fully-coupled
hindcast simulation. The difference between the 31-member
ensemble mean September sea ice extent prediction and the
extrapolation 2000-2021 hneanrend into 2022 is 0.198x10%
k2. Compared to the RASM s¢ minimum
Soplombor 2021 (4.685¢10%6 k2 o the hindicas),the
ensemble mean forecast for September 2022 minimum
(4.751x10%6 kmn2) is slightly higher by 0.056x10%6 kmh2,
suggesting a brief rebound like the 2007 and 2012 minima.

| We used RASM2_1_00, which is a recent version of the limited-

area, fully coupled climate

model consisting of the Weather Research and Forecasting (WRF),

Los Alamos National Laboratory (LANL) Paraliel Ocean Program

(POP) and Sea Ice Model (CICE), Variable Infitration Capacity (VIC)

land hydrology and routing scheme (RVIC) model components

(Maslowski et al. 2012; Roberts et al. or 2015; DuVivier et al. 2015;
Hamman et al. 2016; Hamman et al. 2017; Cassano et al. 2017).

| The RASM fully-coupled hindcast simulation is only forced along

[WRF lateral boundaries with CFSRICFS2 reanalysis output, and
inds and temperature are nudged above 500 mb for September

The intial sea ice conditions
for the September Sea Ice
Outiook were derived from
the RASM fully-coupled
hindcast (September 1979-

Daily mean sea ice with
concentration -1 5% and
thickness <=

RASM@NPS (Maslowski ot al) | Dynamic Model 4751 4747 0.071 a6 493 0.401 3927 [the 31 ensemble members: |  0.198 1978-August 2022. Then, the dynamically down-scaled RASM used | August 2022) and are Seo the above.
see also Fig4 n the [According to the RASM ensemble mean predicted September |y, gjoh 5] NOAAINGEP CFSv2 7-month forecasts for 6-month physically and intemally [ o es”m:l(es. o
[This model initial condition for ensemble forecast was derived from supplementary material. ts:a ice thickness. bu\m:‘ the malb‘nly of si um L gm st |Predition. The CFSv2 forcn consistent across all the EPL= TREL L G
'e RASM fully-coupled hindcast simulation, forced with CFSRICFSv2 ickness ranges between 1.0 m and 1.5 m, with the thickest | ..y, ncei.noaa.govidatalcimate-forecast- model components. Neither
! ea ice north of the Canadian Archipelago and Greenland
reanalysis for September 1979 through August 2022. The ocean and system/access/operational-d-month-forecast) sireams used for the |data assimiation nor bias
! ’ ; : within the range of 1.5 m-2.5 m, and almost no sea ice thicker ! :
sea ice initial conditions at the beginning of the hindcast were derived e Fr e T [forecast ensembie members waro intiaized every day (at 0000) _corection was use
rom the 32-year spin-up of the ocean-sea ice model only (RASM G- e S e T e baca men i _|PeWeen August 1t and August 15t and used for RASM forcing at
case) forced with CORE2 reanalyss for 1948-1979) 00:00 on September 1st, 2022 and onward unti the end of
recent years (bias of 0.070x10%6 km"2 and standard deviation | o0 2 2023 Each of the 31 ensemble members ran forward for 6
of 0.415x1046 km?2) compared to the NSIDC observation ebruary
(AT ) om0 Tt T e g B || S R o D (B e S e T 2 DD
fst calendar month of each CFSv2 forcing.
Siberian seas.
METNO-SPARSE-ST StatsticalML 5.104 5.104 0.243 4618 559 17735 95% confidence AR model with NSIDC SIE data [AR model with NSIDC SIE data NA NA
When it comes to forecasting sea ice, there i tension between [The VARCTIC, which is a Vector Autoregression (VAR) designed to
opting for statistical methods s foracasts based on climate  |capture and extrapolate Arctic feedback loops. VARS are dynarmic:
[The lower bound models. While the former are expliity designed for the simultaneous systems of equations, routinely estimated o predict |Fetterer, F., K. Knowles, W,
constiutes the 5th prediction ask, they usually lack nterpretatve potental. That —[and understand the iteractions of multple macrooconomictime  |N. Meier, M. Savole, and A. |0,
percentie and the upper is, we may get a good forecast, but t s hard to knowwhy. |series. Hence, the VARCTIC is a parsimonious compromise between| K. Windnagel. 2017, s
bound the 95th percentie Insitutions in charge of macroeconomic polcy have been |fulkblown cimate models and purely statistcal approaches that |updated daiy. Sea lce [
’ of the credible ragion. facing such dilemmas for years. One model, Vector usualy offe e explanation of the underlying mechanism. Index, Version 3. Boulder,
UQAM (VARCTIC) Statistical/ML &7 &7 422 52 Done via the posterior [Autoregressions, have been an increasingly populartoolto  [Precisely, we use an 7-variable Bayesian Vector Autoregression | Colorado USA. NSIDG contantiuploads/schwsigerice
distibution obtained by forecast economic aggregates as they are a compromise (VAR) with 12 lags and a constant which we refer to as the National Snow and Ice Data mV:L“‘T;I’; :‘;;‘;2 22 Curent
standard Bayesian between theory-based methods and statistcal ones. Asa |VARCTIC. We estimate the model over the period from January | Center. dol s
Methods for inear Vector result it is possible to obtain an explainable forecast which are 1980 until July 2022. A detaiied description can be found in the 10.7265/N5K0
[Autoregressions. the results of dynamic interactions between ke Arcic variables. following paper: 72F5.
Hence, our forecast impliciy uses physical transmission 110-20-
mechanisms in the data, without specifying them explicily. |0324.1.xmi
We have supplied a forecast based on a statistcal model wih frend.
a foadHonward Ioop, and stochastic shocks, estimated by direct
The UPenn-UQAM group is composed of economists and  [projection. In the modeling process we explore different levels of
statstcians interested in predictive modeling of many aspects of the underlying
of ciimate in s relation to economic activty. The Arctic —and |data and associated sea ice extent, and we tune the aggregation
o stimated stochasto model [Arctic sea ice in particular ~ is of particular interest to us. As is [to optimize the predictive biasivariance tradeoff in forecasting
st well known, the Arclic is warming about twice as fast as the ~|September extent. It ums out that previous pseudo-out-of-sample
o e global average, and the Arctic ampliication in surface air forecast errors (tesiduals) are approximately Gaussian, which we
UPenn-UQAM Group StatisticalML 502 502 0.08 484 52 temperature is of course closely connected to the dramatic mutt{exploit in making our out-of-sample forecast for this September. The na na
years prodiction errors from
Ao decade reduction in Norther soa ice. This loss of sea ica s [predictive density is Gaussian, wih the mean 5.02 millon square
sample exercise. one of the most conspicuous waming signs of Wtextiticurrent}  [kilometers and standard deviation of 0.09 millon square kilometers.
cimate change, and it also plays an integral ole i the timing | (By symmelry, the mean and median coincide.) The approximate
and intensity of texti{future) global clmate change. Not 951% interval that we report is the mean plus or minus 2 standard
surprisingly then, we are keenly interested n predictive deviations.
modeling of Arctic sea ice, partcularly summer co,
See hiips:/ichairemacro.esg.ugam.cafarctic sea-ce-
forecasting/?lang=en.
This method applies daily ice loss rates to extrapolate from the
start date (September 1) through the end of September.
Projected September daily extents are averaged to calculate | This method applies daily ice loss rates to extrapolate from the start
the projected September average extent. Individual years from |date (September 1) through the end of September. Projectes
2005 t0 2021 are used, as well as averages over 1981-2010 | September daily extents are averaged to calculate the projected
and 2007-2021. The 2007-2021 average daly rates are used [September average extent. Individual years from 2005 to 2021 are
1o estimate the offcial submitted estimate. used, as well as averages over 19812010 and 2007-2021. The
The prodicted September average extent for 20225 5,03 |2007-2021 average daily rates are used to estimate the official  |NASA Team algorithm
Standard deviation of (20.09) millon square kiometers. The minimum daiy extentis |submitted estimate. The method essentialy provides the range of [extents from the NSIDG Sea
NSIDC (Meier) StatisticalML 503 0.09 7.7 projections from years 2005 0.82 |predicted to be 4.91 (:0.10) millon square kiometers and | Seplember extents that can be expected based on how the ice has [ ce Index, Version 3 None
2021 occurs on 16 September. The range of estimates reflects the  |decined in past years, though t s possible that record fast or siow | (atp:/insidc.org/datalseaice_
Variabilty in ice loss rates over the final month of the melt daily loss rates may yield a value outside the projected range. It [index!)
season. Based on the last 17 years (2005-2021), there is a 0% [also can provide a probabiity of a new record by comparing how
chance that 2022 will be lower than the curent record low | many years of loss rates yleld a record relative {0 all years. It has.
September extent of 3.57 millon s km in 2012, the benefi tha it can easily and frequently (daily f desired) be
Using the same method, the predicted Antarctc average extent |updated to provide updated estimates and probabilties and as the
for September 2022 is 17.70 (20.26) mion square kiometers. - |minimum approaches the ‘window” of possible outcomes namows
maximum daiy extent i predicted to be 17.79 (10.31)
millon square kiometers and occurs on 26 September.
Model: GFDL-SPEAR_MED Ourforecast is based on the GFDL Seamless system for Prediction
mosphers and EArth system Rosearch (SPEAR MED) model (Deworth ot al.
e 2020), which is a coupled atmosphere-and-ocean-sea ice model
Initalized from nudged atmosphere and SST run Our September 1 prediction for the September-averaged Arctic I::;:sz’;la"idsin:n:n:;i“zsj:‘g’:;;;':;’g: KS";";"%ZU)
sea-ice extent is 5.07 milion km2, with an uncertainty range of
7 which assimiates observational surface and subsurface ocean data
ons Thoso statstcs aro 490518 milon k2. Our predicion s based on the GFDL- (1S5 b "and aimosphers components ar ke fom (s cc s frecats ar iss
L MED ensemble forocast system, which i a fuly- ata is used to comected based on a lnear-
GFDLINOAA (Bushuk etal) | DynamicModel [initalized from nudged atmosphere and SST run 507 507 0.06 49 518 067 394 |computed usig our30 086 |coupled atmosphere-dand-ocean-sea ice model inftalzed using |7 "99%4 Ensemble fun of the coupled SPEAR MED model, which | oy gmiaieq ssT [0 SIT data ls expleily used | oo o2 ustment
member prediction is nudged towards 3-D temperature, wind, and humidiy data from in our ntalization procedure
a coupled data assimilation system. Our prediction is the values under sea ce. using a suite of retrospeciive
ensemble CFSR and SST data from OISST. The SST values under sea ice
Ocean comected ensemble mean, and the uncertainty range reflects forecasts spanning 1992-2021
AL A are adjusted to the freezing point of sea water using OISST sea ice
Intialzed from EnKF coupled data assimiation ensemble concentration data. The perfomance of this modelin seasonal
predicton of Arctc sea ice extent has been documented in Bushuk
en oo et al. (2022) For an evaluation of the models September sea ice
e extent prediction skil from a September 1 inialization, see attached
Initalized from nudged atmosphere and SST run opot
Our prediction is based on a cimate model named FIO-ESM v1.0
FIO-ESM1.0 e Syt viodal) i o modimtan. T |(@120 8t 3. 2013). Ocean and sea ce data are assmiatecto _[OSISAF, 014305, —
| Atmosphere CAMS3 2000-2022 integration oradiction of Septormbor pan Arcic axtont n 2002 s 4.81 (1. |alze the model Chen et al, 2016; Shu et a, 2021). The system|tpsi/osi et
FIOESM (Shu et al) Dynamic Model |Ocean POP2 ocean data assimiation 481 e ot s Koomre 4 91 A 012 o e [bias was remove to get bias corected pan-Arcic Seplember f.eumet
ce CICE4 sea ice data assimiation e s 4,81 204 0,16 milon SAUSTS | monihiy-mean sea ice extent. The system bias is the mean ertor 430-b-complementing-osi- Isarclcsea oe vl
Wave MASNUM-wave model 2000-2022 integration s o LE G A D L LI L el between reforecast sea ice extent and satellite derived sea ice 450 RLELCIEC Sl )
ensemble members, respeciively.
oxtent during 2000 to 2009.
KOPRI' fully data-driven model was trained on historical NSIDC's
daily SIC data from 1979 to 2021 using a combination of NSIDC NASA Tea
oconoltonaland recurent newal nevors. Sincs e obsaned L e mnside- Ceamtie 56 st
. farge visual discrepancy according to the neural network' loss. legative SIC predictions over
We selected ton most KOPRI's prodiction model uses the past 12-month data s |\cions, a new loss function was developed to mprove both  |2%%* ocean pixels were set to 0%
accurate models in the inputs for the six-month predictions of Arctic sea ice oot ceturacy o v ot e o Pion |11PS11do1015/10.5067/8GQ e merene avor 100%
KOPRI (Chi et al) StatisticalML 5 497 0.08 483 516 raining process and then concentration (SIC). The predicted September extent for 2022 ! e e e oo [BLzaviovL, e e
use them for the is 5.00 millon square kiometers using data from September [ To0c! © cuently tuning up fo improve p .
recent published paper: Chi J. Bae J, Kwon Y. Two-Stream used land and coastine masks
uncartainty estimate. 2021 o August 2022 Gonvolutional Long- and Short-Term Memory Model Using 0081, from NSIDCs SIC data
Perceptual Loss for Sequence-o-Sequence Arctic Sea Ice s 4010r9/10.6007NTTH
Prediction. Remote Sensing. 2021; 13(17):3413.
nttps:/idoi org/10.3300/1513173413
For the present outlook the coupled sea ice-ocean model NAOSIM
has been forced with
atmospheric surface data from January 1948 to September 7th
2022 (combination of NCEP-CFSR and NCEP-CFSv2), All ensermble
model experiments have been started from the same intal
condiions on September 7th 2022. The modsl setup is identical to
the SI0 20182021 setup - a forecasting mode (about 25km
horizontal resolution) with optimized parameters (with the help of a CryoSat:2 SIT from Afred
Forced sea ice - ocean model ntialized in March and April with |generic aigorthm (Sumata ot a, 2019, hitps:/idoi.org/10.1175/MWR Wegener Insttute v2.4,
satelite products. Ensemble forecast is generated by using the |D-18-0360.1)) is employed. We used atmospheric forcing data from Hendricks, S. and Ricker R
forcing from the ten previous years. Prediction potential each of the years 2012 to 2021 for the ensemble prediction and | 0S| SAF EUMETSAT OSI- (2020 Product User Guide &
comes from the iniilzation in March and Apri with satelite  [thus obtain 10 different realizations of potential sea ice evolution for 430b, hitps:/osi- [Aigorithm Specifcation: AWI
AW Consortium Dynamic Model [NAOSIM v36, 1/4 degree, parameter optimized (opt5.3) 446 0.15 Ensemble spread obseations e o Wik, snow dpih, SST,and sea ce Joumme of 2022. The use of anensebe alows o cfiate . None performed.

Delberately no are assimilated

later in the year because the potential of state estimation in
March and April with respect to summer sea ice conditions.
should be evaluated

extent predictions for September 2022. A
Carationsldata sssimiaton system around NAGSIM s appld 1o
initilize the model using the Alfred Wegener Institute's CryoSat:2
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0SI SAF ice concentration product 430b (interim Cimate Data
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Machine leaming algorithm KNN (K-Nearest Neighbors) s used in
this prediction. The principle is to find the K nearest neighbors of
| A machine leaming KNN modelis used to predict the daily sea|the input variables from the training data set and the prediction is
We estimate our ice concentration (SIC) and the sea ice extent (SIE) of ‘e mean of the k-NN. In this SIC forecast, we considered the SIC
uncertainty with root-mean- September 2022 in pan-Arctic. Daily averaged sea ice as the training data. At the same time the lbrary comprises
SYSUISML-KNN StatisticalML NA 464 464 031 433 495 square-emor(RMSE) 044 [concentration (‘NSIDC NASA Team, https:/insidc.org/datalnsidc{simulated cimate states selected in the same and adjacent date as NA NA NA
calculated from 2015-2020 0081) ields between 1979 and 2021 were used to predict. The |the target states. We first compute the distance and pattem
hindcast model predicts a pan-Arctic sea ice extent of 5.04(:0.31) milion | comelation for all tates in the library. Then we sort the library in
square kiometers and has a positive anomaly of 0.8. descending order based on the pattem comelation between fields to
get the prediction od SIE. Then the SIC is obtained by point-by-
point calculation and weighting according to the distance.
[ The multivariate finear Markov modelis a statistical model that
combines principal component analysis and inear Markov model
together, it can identiy the large scale atmospheric and oceanic
variabilty through principal component analysis and make linear
e — | A muttivariate linear Markov modelis used to predict monthly  |Markov predictions based on its results (Yuan et al., 2016). To make.
e — a ice concentration (SIC), from which sea ice exten predictions, first we extract time and space component from the.
SEVETLTI T ™ 6 o . o o5 oD enersarRVSE) oss  [pedten of monthly September 2021 in Aric s calculated to |data matrx, and we use linear Markov model to predict the target ™ ™ No postprocesing.
e e 4.6320.51 millon square klometers, and the Alaskan time component, which will be multplied with space component to
s regional SIE is predicted to be 0.7140.25 millon square make a final prediction. Besides the parameters used in Yuan et al.
Kiometers. (2016), .g.. sea ice concentration (SIC), sea surface temperature
(SST), surface air temperature (SAT), here we further use monthly.
surface net radiation fiux (NR) data from 1979 to 2019 to train our
model. For this attempt, we use 2021 May monthly mean SIC data
to initiate our model and make monthly SIC and SIE prediction.




