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The projected Arctic 2019 September mean seaiice extent from the Navy | We performed with the Navy ESPC using i diti
Earth System Prediction Capability (ESPC)is 3.0 million km2. This | 2019-07-01 122 through 2019-07-10 122. icinitial inthe Navy
projection is the average of a 10 member time-lagged ensemble using | from NAVDAS-AR (Xu et al. 2005), which is part of the NAVGEM (Hogan et al. 2014) | ESPC forecasts was initialized from Seaice thicknessin the Navy ESPC
: The uncertainty estimateisthe | initial conditions from 1 July to 10 July 2019. The range of fonal suite. iceinitial the Navy's 3Dvar GOFS3.1 forecasts was initialized from GOFS 3.1
Navy ESPC (Metzger et al.) Dynamic Model | Not Specified 3 201 012 0 2.7t03.2 million km2 range of the 10 member ensemble. | is 2.7 to 3.2 million km2. The projected Antarctic 2019 September mean | NCODA data assimilation system (Cummings 2005), which is acomponent of GOFS | (https://www7320.nrlssc.navy.mil/G | (https://www7320.nrlssc.navy.mil/GLB
seaice extent is 20.1 million km2 with an ensemble range from 19.2 to 3.1 using HYCOM and CICE (Metzger et al. 2014). SSMIS and AMSR2 ice LBhycomcice1-12). hycomcice1-12).
20.8 million km2. Note that our represent a full with NCODA (Posey et al., 2015). There was no bias
measure of uncertainty. correction performed on the results,
v v ) : Monthly mean ice extent in September of
Monthlymean fceextent in 5""::;';:’;:‘;"‘ beabout3.06 milllonsquare |44 5006,2008,2010,2012,2014,2016 and 2018 from theice concentration
Sanwa Elementary School (lihoshi et al.) Heuristic 3.06 map, by approximating the ice cover with a triangle or trapezoid. SICis not used. SITisnot used
We estimated the minimun ice area through discussion among 22 : )
students based on the ice map from 2004 to 2018. Based on this rough q yearly
calculated the ice area of this September.
Our forecast is based on the GFDL Forecast-oriented Low Ocean Resolution (FLOR)
model (Vecchi et al., 2014), which is a coupled atmosphere-land-ocean-seaice
model. The model is nitialized from an Ensemble Kalman Filter coupled data
Our August 1 prediction for darctic system (ECDA; Zhang e a., 2007), which assimilates observational
surfaceand dataand data. The system
is3.21 million km"2, with an uncertainty range of 2.75-3.80 million does ot assimilate any sea ce concentration or thickness data. The FLOR
These statistics are computed using | kmA2. Our prediction is based on the GFDL-FLOR ensemble forecast i contt A e by obaorved | NoSICisassimilated, but theseaice | NoSITis assimilated, but the seaice
GFDL/NOAA (Bushuk et al.) Dynamic Model | Not Specified | 3.21 0.03 0 3.14 2.75-3.80 031 our 12 member prediction system, which is a fully-coupled atmosphere-land-ocean-sea ice model nitial from an runforcedby observed | i ateis constrained by ocean and stateis constrained by ocean and
ensemble. initialized using a coupled data assimilation system. Our prediction isthe| 557 2N seaice. Historical radative forcing s used prior to 2005 and the RCP4.5
” " . ity g scenario i used for predictions after 2005. For ions nitialized after
: 2004, the aerosols are fixed at the RCPA.5 scenario year of 2004. The performance
lowest and highest sea ice extentsin the 12-member ensemble.
of this model in seasonal prediction of Arctic sea ce extent has been documented
in Msadek et al. (2014), Bushuk et al. (2017), and Bushuk et al. (2018). For an
evaluation of the model’s September sea ice extent prediction skillfrom an August
Linitialization, see attached pdf.
This statistical model computes that sea icewill be
present (concentration above 15%) for each grid cell in NSIDC'spolar |y, s from 1980 through the present are used in a Bayesian logistic regression
stereographic projection. Yearly data from 1980 through the present are
e e Byt gt rereasion. loca surceans | topredictthe probability tht seaice concentration will be above 15%. To
. ! seaice extent, grid cells with a percentage abovea certain threshold )
: I e radiation, and seaiice A ] | NsIDC's Sealce Index V3 (Data set 10:
(chosen from a drop lidation test) by the pixel area grid
NSIDC, CU Boulder (Horvath et al.) Statistical 351 concentration, as well as the first principal component of geopotential " d
) ) dataset provided by NSIDC's polar stereographic toolset and then summed. This .
height at 500mbars, and Pacific and Atlantic sea surface temperatures. v h i " NASA's MERRAZ dataset
model predicts aminimum September seaice extent of 5.59 million km2. Seaiice
This model predicts a minimum September sea ice extent of 5.59 million e e o3 (Dataget 1.
squarekm. Seaice concentration data was obtained from NSIDC's Sea Ice ’
Index V3 (Data Set 1D:G02135), all other variables are from NASA's G02135), all other variables are from NASA's MERRA2 dataset.
MERRA2 dataset.
emal rec'd 11:00 pm (AKDT) on12 June: Hi Betsy, Well wejust got back
from the historic last C-130H mission from USCG Air Station Kodiak. The
long serving Hs are being replaces by the C-130J model. Our Seasonal Ice
y (SIZRS) flight Weflew up 150
degrees W making i i dable prob: v
degreefro 72 to 76 and then flew back at higher altitude doing
atmospheric dropsonde drops. Notable c that theice
edge has already retreated to 72 degrees N and there wasa lot of ofen
water even up to 76 degrees. The snow is already gone. | usually try to do
Morison, James Heuristic 38 alittle more analysis of trends for the year around the Arctic Ocean and
lookat the AO, but no time for that; t's already midnight Pacific Daylight
Time. To beany later and still be on the 12th, I'd have to bein Hawaii. So
after ingifnot i ion with my
over pizza at the last eatery still open Kodiak, and considering the ice we
saw today, my fresh from looking out the window is 3.8 million square
km average Sept 2019 ice extent. Method would be politely called
heuristic, and as ever the outlook recognizes that this summer's weather
trumps everything else and is for the most part unknowable. Best regards,
Jamie
In this forecast we use sea ice concentration (SIC) data (1979-present day), derived
from passive mic; g
The SIC data are detrended spatially using linear trend persistence (from the given NSIDC NASATeam,
NASAGSFC (P Statistical 389 1830 015 039 Th“"‘:":‘;“ indbuvinti forecast year) then averaged, t ded SIC dataset. Al 0081,
(Petty) tatistica s'a:r:;mi:ait":’e':;‘_‘ © linear regression model is fit from the mean detrended SIC/SIE data. To produce the |https://doi.org/10.5067/USCO9DWY
SIE forecast, monthly d ded SIC dat: lied to the X9LM.
linear regression model. See my website
1 i for
Ensemble coupled model seasonal forecast from the GloSeas seasonal prediction
system [MacLachlan et al., 2015), using the Global Coupled 2 (GC2) version
[Williams et a., 2015] of the HadGEM3 coupled model [Hewitt et al., 2011].  |Seaice concentration (as all variables)
Adynamic model forecast made using the Met Office’s seasonal Forecast compiled together from forecasts nitialized over the 21-day period | isinitialised using the operational
L geis provided as +/- | for (GloSea).GloSea s fully coupled Ocean- | centred on the 1st July 2018 (2 per day; 42 in total) from an ocean and seaice | FOAM ocean-sea ice analysis. SSMIS |  Seaice thickness (as al variables) s
. :+/-0.4million sq | Arctic: 0.2 millionsq | 2 two standard deviationsof the | sea lce-Land (AOIL) model that produces a small 2-member ensemble of | analysis (FOAM/NEMOVAR] [Blockley et al., 2014, Peterson et al,, 2015)and an | seaic isassimilated | initialised using
Glosea (Blockley etal.) Dynamic Model | Not Specified 3.9 km km (42 member) 210-day day. F tsinitialised over a21-day period are | atmospheric analysis (MO-NWP/4DVar) [Rawlins et al., 2007] using observations | using the EUMETSAT OSI-SAF (OSI- | ocean-sea ice analysis. Sea ice thickness
around the ensemble mean. used together to create  42-member lagged ensemble o forecasts of from th Special Sensor ensor (SSMIS) ice ; isnot assimilated in FOAM.
September seaice cover. concentration observations from EUMETSAF OSI-SAF [0SI-SAF] i in met isaf_cdo
the ocean and sea ce analysis, along with satellite and in-situ SST, subssurface | p3_ss2_pum_ice-conc_v1p6.pdf)
temperature and salinity profiles, and sealevel anomalies from altimeter data. No
assimilation of ice thickness was performed.
Wedo not useSIC nor SIT. We use the
following data sources:
Average monthly northern
hemisphere snow area:
https://climate.rutgers.edu/snowcov
of Rob Dekker's prediction. Dekker per regressionon | er/table_area.php?ui_set=
Weloosely model the contributions northern hemisphere snow area, sea ce area, and sea ice extent. Predictions of
0,318 million square of ocean heat and insolation to sea ice melting. To model more or less similar uality can be obtained by substituting Extent with another Average monthly northern
Simmons, Charles Statistical 391 et insolation, northern seriesthat tends to increase or decrease over time, including the year. We choose hemisphere seaice area:

areaand sea ice area. To model ocean heat, we use measurements.
0f CO2 concentrations.

to use the CO2 concentration as measured at Mauna Loa as being a p y
onasubset of

Dekker perform:
available data, we use all the available data.

ftp://sidads.colorad

NOAA/G02135/seaice_analysis/Sea_Ic

e_Index_Monthly_Data_with_Statisti
€5_G02135_v3.0.xlsx

Average monthly CO2 concentration
at Moana Loa:
ftp://aftp.cmdl.noaa.gov/products/tr

ends/co2/co2_mm_mlo.txt




This statistical model computes a forecast of pan-Arctic sea

Monthly Juneseai (SIC) data between 1979 and 2019

ice extent. y averaged Juy sea

were used to createaJune SIC climate(complex) network. Individual SIC grid cells

NSIDC NASA Team Sea lce

Ce trati 3
Forecast method produces | 1979 and 2019 wereused to create aclimate complex) network of July | werefirstclustered into regions of spatio-temporal homogeneity by using a 10791987 Nimbuey SSMR
i data. This was then utilised in a Gaussian Process detection algorithm. Links between each of regions o
uct (Gregoryetal.) Statistical 392 0-28 Therefore each forecastis presented | Regression in order to forecast September extent. The model predictsa | (covariance) were then passed into a Gaussian Process Regression in theform ofa | 287 ~2007: 22";;:‘!' FLF13
with amean and standard deviation pan-Arctic extent of 3.98 million square kilometres. Sea ice random walk fthe model
2007 -2017: DMSP F-18 SSM/I
concentration data were taken from NSIDC (Cavalieri etal., 1996; | through Bayesian inference with MCMC sampling, in order to ultimately derive the
2017 -2019: Near-real time SIC
Maslanik and Stroeve, 1999). forecast.
U Fsearch Tocseson easonal FlctBily ol e e thearcri
Ocean, using d inthe
winter iti onthe pack melt.
Specifically, we investigate how dynamic processes affect
preconditioning, in other words, weask how anomalies in the general
I fseaicewill fthe Arctic Ocean
packiceunder s typica melt season. Weinvestigae theskil ofdiferent
phvswa\lvcunnect to wintertime sea icedynamics. ThedovekS\E prediction for the minimum September ice extent is 3.99 million
builds on between winter Fram prediction asasum of thelinear
Strait sea ice export and the following September minimum seaice  |rend (cli d departure from the trend Variability). We take
extent, presented in Williams et al., 2016 i the hel Jinear trend ina seaice
k‘l:"“":fegi?o':'c‘:’: sauare | winter Fram staitseaice export i associated with enhanced circulation | gctent ovr the 1993-2018 priod. Angative departurefrom thetrend s NOMINSID, Ses ceIndes, Version
McGill Team Statistical 3.99 AR ofce through the Transpolar Drift Sream and positveanomaliesof | projected for the 2019 September minimum seaice extent. Weusetheintegrated [\ 325 350 P (DR -
e o ey, | cO2sal divergence ofseace alon the Eurasian coastlines. Increased | ses evelpressure differenceacross Fram Strai from November 1o May 31in a P :
P *| coastal di in the winter c: I ‘younger and linear least squares fit model as a predictor for the anomaly of monthly mean
thinnericein seas, which to meltingin | september sea ice extent over the same period. Using this method, the September
thesummer. mean sea ice extent predictions are only marginally different from the minimum
The dovekSIE forecasts are generated using the sea level pressure seaice extent predictions
difference between Greenland and Svalbard as a proxy for area of ice
exported through Fram Strait. Sea ce tends to flow parallel to sobars
and Fram Strait seaice
export (r=0.44). Sea level pressure fields are available in near-real-time
and date of dovekSIE
winter viathe web app.
tivities of the Sea Network with
great enthusiasm. This s our third contribution tothe Sea e Outlook
It has been shown that the September sea-ice extent anomaly s
significantly correlated with the mean Arctic Oscillation (AO) index
nemean stmospe! aion b the winter mean (DJFMA) AO index during the period 1993-2018. This allows usto
icecirculation during the winter. In other words, the wind patterns.
form a prediction for the 2019 September sea-ice extent anomaly using this past
associated with the positive phase of the AO (mainly increased number ¢ °
) ) year0s AQindex, derived from SLP observations. For this year, the winter mean AO
An error analysis of a hindcast using | and strength of cyclones penetrating deep into the Arctic region) lead to - NSIDC Sea ce Index Version 3:
index was 0.481, which translatesinto a Sept SIE anomaly of -0.14 million km2.
NASAGISS / McGill University Statistical 4 0.44millionsarkm | thismethod was donein Williams | enhanced sea-ice export through Fram strait, and an anomalously https://nsidc.org/data/G02135 /versi
¢ through r: This anomaly forecast is then added to an extrapolation of the linear trend line
etal (2016) younger / thinner ice cover in the Siberian shelf seas. These two processes . : e ons/3
: f from 1993-2018. Thelinear trend forecast for 2019 is 4.14 million km2. Summing
provide a preconditioning effect which sets the stage for additional ice
it up, we get a par-Arctic forecast for the September mean SIE of 4.00 million km2.
loss when compared to a typical melt season. We, therefore, use the
winter mean AO index as a predictor for the September sea-ice extent
anomaly. This anomaly forecast i then superimposed on the longer term
trend of September sea-ice loss to form a seasonal forecast of the Pan-
Arctic September sea-ice extent.
Our contribution is formulated by adding the main contribution part from
September SIE trend (2002~2018) with the anomalous part from the June TOA-RSR
Our prediction is based on the strong correlation between detrended (2019) anomaly. The detailed description of calculation is as follows.
heuncertainty range s estimated | 1Une top-of-atmosphere (TOA) reflected solar radiation (RSR) and Wedo not useSIC dataset. Instead,
o i |september Sea e Extent (SIE) anomalies, as proposed by Zhan and Davies The detrended June RSR anomaly (2019)is-3.25 W/m2. weuseseaice index (Version 3.0)
UIUC (zhan) Statistical 4.04 +/-0.2 million km2 [2017). This method istelling of TOARSR is-0.25 (:3.25 *0.0781) million km2. product (NSIDC, NASA Team,
correlation between June TOA-RSR N "
e contombor It anomaly in Juneis from the change of underlying surfaces and thesea ice The trending anomaly of September SIE is -0.08 million km2 per year. https://nsidc.org/data/G02135, doi:
P . statein early (June) absorbed The 2019 September SIE (from the trend) s 4.29 million km2 https://doi.org/10.7265/NSK072F8).
shortwave solar radiation during the whole melt season. The predicted September SIE of 2019 s 4.04 (4.29 %000 0.25) million kma.
Notethat 0f0.0781 fro
June TOA-RSR and September S\Ehe(ween 2002 and 2018.
from the start date
(August 1) through the end of September. Projected September dail
(August 1) throug P ) Seme’:be’ averag‘ey Maslanik, J. and J. Stroeve. 1999,
extent. Individual years from 2005 to 2017 are used, as well as averages "ZZ:A'SD":I;Wp::;‘:::z";:":'jp
over 19812010 and 2007-2018. The 2007-2018 average daily rates are | This method applies dail from thestart d v
. ' i Concentrations, Version 1. Boulder,
used to estimate the official submitted estimate. through the end of September. Projected September daily extents are averaged to
Colorado USA. NASA National Snow
The predicted September average extent for 2019 is .06 (+0.36) million | calculate the projected September average extent. Individual vears from 2007 to | ~° /7@ 2 (0 T O Y
square kilometers. The minimum daily extent is predicted to be3.94 | 2018 are used, as well as averages over 1981-2010 and 2007-2018. The 20072018 | " #2212 ‘#1822
Uncertainty is based on the (£0.37) million square kilometers and aceurs on 14 September. This average daily rates re used to estimate the offcial submitted estimate. The |, b SEREIRC I RE
NSIDC (Viier) Statistical 106 . 036 standard devationof projected drop from the July of 4.34 million | method essentially provides the range of September extents that can be expected |0~/ 010\ /)
- - tents using the daily i dueto rapid melt through July. The range of estimates | based on how the ce has declined in past years, though it is possible that record "
from 2007 to 2018. flects the cont lit thefinal I th ted Ital
rom 2007 to 2018, reflects the continued variability in ic efina orslow > yi de theprojected range. Italsocan| L L
of the melt season. Based on thelast 14 years, one of anew record b many years of loss rates !
Savoie, and A. K. Windnagel. 2017,
(using 2012 rates) indicate that 2019 will be lower than the current | yield arecord relative to all years. It has the benefit that it can easily and frequently ‘ ]
: updated daily. Sea ce Index, Version
record low extent of 2012, but several would place 2019 as thesecond | (dalyif desired) be updated to p t d
3. Boulder, Colorado USA. NSIDC:
lowest extent in the satellite record. “window” of rows. e Dt Comer.
Using the predicted Antarctic for2018
is17.87 (20.30) million square kilometers. The maximu daily extent is ) :
predicted to be 17.97 (+0.32) million square kilometers and occurs on 2 https://doi.org/10.7265/N5K072F8.
October.
Thisisa statistical prediction based on the correlation between theice area
covered bymelt-pondsin May and ice extent in September. The melt pond areais
s st s |
The given uncertainty isthemean | km2. This meansthereisa79% ikehood it will be among the lowest 3, D e e P P -
CPOM (David Schroeder) Statistical 4.1 3.6-4.6 0.5 fcreca::‘:rr:ar:is;:“ollfzo(;elcaastslor :f:zf;:\:;y:;r(e\z::ﬁf{ri;:: ‘1"67‘/:rl‘(ev;g;Ze“aasz\:g\::n:::v:e;:;‘dn1:: for details2.References:1. Flocco, D., Schrl {der, D., Feltham, D. L. & Hunke, EcC,
v - P e botore ® V| 2012:Impact of melt ponds onArctic sea ice simulations from 1990 to 2007. ).
g Geophys. Res. 117, C09032.2. Schri |der D., D. L. Feltham, D. Flocco, M. Tsamados,
2014: September Arctic se-iceminimum predicted by spring melt-pond fraction.
Nature Clim. Change 4, 353-357, DOI:10.1038/NCLIMATE2203.
Each grid-cell is initialized with a thickness derived from the AMSR2 Sea Ice Volume
model (https://cryospherecomputing.tk/SIT). For each day the model calculates
average thickness loss per grid cell using the exact solar radiation energy and the
The forecast model is based on ice persistence. It uses incoming solar predicted seaice concentration as an albedo value.
radiation and seaice albedo derived from a predicted Sea lce Iceloss(m) = Energy(solar in MJ)*(1-5IC) / icemeltenergy
(IC) value to calculs I for ever
NSIDC 25km grid cell. Theinitial thickness is calculated from AMSR2 sea SIC =seaiice concentration - s‘//nr\:\sdlfi:‘gﬁ:;kj?:ac o0g1, | AMSR2 Seace Volume model (v1.5),
The uncertainty is based on the icevolume and NSIDC SIC data. icemeltenergy = Meltenergy per m3, (333.55 h Z_/‘/dm ora/10.5067/UsCospWy | 10th August 2019, developed by Nico
sun, Nico Statistical 413 022 413 3.984.25 2007-2018 remaining melt i

condition variations.

The mean forecast uses the 2007-2018 mean SIC (1/4 weight) and mean
SIC change per day (3/4 weight) to predict future SIC. The low forecast

reduc SICby 0.385tdv for p y observed SIC for this
day and a 10% increased bottom melt. The high forecast increases the
predicted SIC by 0.20Stdv and a 10% decreased bottom melt.

KJ/kg*1000(m3/dm)*0.92(density)/1000(MJ/K))

For 2019 the model was upgraded with a bottom-melt model and a radiation of
thermal energy back to space. This allowed the model to forecast theinitial
refreezing period during late September.

In the August forecast the predicted sea ice field is merged with observed data from
August 10 to August 13

X9LM. Initial SIC 1st June 2019. The
model used observed SIC until 13th
August 2019 to calculate melt.

sun
https://cryospherecomputing.tk/SIT)




3.0324-5.2580

Gaussian Process models provide
the posterior predictive

Thisisa purely statistical method (related to Krigging) to extrapolate the
long term trend fromprevious observations of September Arctic seaice

AGaussian P del, with asquared i ,is used
to model thehistorical NIDC September Arcti seaice extent data. The hyper-
likelihood for the model
(marginalising them would probably be betterto include the additional predictive
uncertainty dueto yin estimating hemodel was

NSIDC September average Arctic sea ice

Univ. of East Anglia (Cawley) Statistical 4452 41452 | e eoreregion) oot o e  thepredictionisnot implemented in MATLAB using the GPML . et doty
parameter uncertainty. altered by of2019. N 3 190¢/
hopefull predi uncertainty incr he
model extrapolates into thefuture. For an animation showing how the model
changes asthe amount ofcalibration dataincreases, see
com/Gavin_C; 464448
Thisis anon-parametri satistical model of Arctc sea ce extent. The model
whether greater than 15% will exist
st partcular location for a particularlead timento the future, given current ice
This projection was made using the Slater Probabilistic lce Extent model | SONcentration. Theonly inputis sea
doeoped b Drew Str (/s cotorad, - ates SEACE). using data from the past 10 years. These probabilities are adjusted using daily near-
hemoel . arenter | realtimeconcentrations to make a forecast. an-Arcticice extent i the sum ofthe
mpu '
o 155 for Arctie Oceom 1 collsIn b EASE 25 K grid Tnese. | |ProdUct o rid-box area the probability of grid-bos containingce on the orecast
. N date. While not a led oce this NSIDC NASA Team,
probabiltiesare aggregated over the model domain to arriveat daiy ice | %% e et by "
NSIDC (Barrett/Slater) Statistical 416 :’S‘:’;‘;'"";e":;"ib;’/::l"h‘::‘;:"‘;;“r‘::l'::;‘:gl"“:?!: d'z":’:ss independent in both space and time; thatis, the forecast at any given point isnot  |https://doi.org/10.5067/U8COSDWY
o ° 'MESUP | affected by its neighbors, nor its result from the prior day. Therefore, the model can X9LM.
1090 days, NSIDC runs the forecast model with a 50 day lead time. ° ! !
Forerasts aosed on Auguet 1 for September have oud times panning 31 | 2999t o changing condtions and i ot inherently subject to drift.The madel has
061 dars. themean o extent performed well in comparison to others in the 2013/2014 SIPN Outlooks, in both
o e e ook o o s extent value and spatial distribution. For 2012, a September mean forecast of
Y below 4 million square kilometers was given. However, the model has also missed
by as much s 0.6 million square kilometers in some years. Forecasting s difficult,
but the model does have genuine skill at lead times as long as 90 days. Skl
improves as lead time decreases, and September is the month with highest skil
Our model assumes no a priori
knowledge of the current extent of
Arctic seaice. It does, however, rely
Our statistical model uses the NCEP/NCAP (R1) Reanalysis data sets to develop S::‘é:‘;’:i‘ici:e"zg:f‘: "::)’:‘::‘:he
The International Arctic Research Center has developed a prototype | analog matches of atmospheric variables that correlate with sea ce extent. The R1 |°C0 7% %2 ¢80 20007 0 1
madel to estimate Arctic sea ice extent using an .The | datacover of . Themodel tes an estimated &
- ». term trend line. We use the same
Upper:4.631 millionsa t looksat prior yearsand finds the best matchesthat | deviation from the 1979-2018 September seaicelinear trend line by dentifying e ot NSIDC s e i
4 y 95th and Sth percentile confidence mos(c\osely represent the current state of the atmospherein 2019. The | the top match years for a number of oceanic and atmospheric variables using the Our model does not utilizeseaice
IARC (Brettschneider et al.) Statistical 4.168 4.168 km. Lower: 3.762 million e published monthly extent graphics.
o bon intervals. We usethe unaltered R1 | model run in early August 2019 seaicewill be July time p each year, and then follows the seasonal decline thickness.
k- Sets below than linear trend of in seaice through the following September. The variables used are: 1) sea level
Data sources: Chapman, W. L. and J.
four decades. We estimatea monthly extent of 4.168 million square | pressure, 2) 500 mb heights, 3) 2-meter temperatures, 4)925 mb temperatures, |02 G700 “IRTER 05 L
kilometers, and 5) sea sur developed froma o9 P
e et and Southern Ocean Sea lce:
8! ¢! g Concentrations, Version 1. [Indicate
subset used]. Boulder, Colorado USA.
NSIDC: National Snow and Ice Data
Center
Model-Extent=d+ (a*(a:b) - d#(a’c)
Itsthe Standard deviations of the re;:x:di::a;d ;’:I::fi:ff:;;‘:: :s“ ’: h:fbedo P Sh‘:ws a= (Air-Temp: ) Air-Te (t-1)+ Sea Surface Temperatur (t0)- Sea
John, Christian Statistical 417 417 033 difference between Model and | 1 B0 e 08 O e Sostembor Sea 1ee Extont Surface Temperatur (t-1))2
Observation (1980-2016 P, Y n b=September-Extent (t=0) - September-Extent (t-1
(NSIDC),
- c=Coeffaib
d= September-Extent(t-1)
This contribution originated from a desire to leverage modern statistical
methods to createsea ce extent predictions. Though thereis a historical, | To train the CNN, a collection of 3D volumes representing information about a
underlying linear trend in the data itself, its recent nonlinear nature | particular grid cell along with information about its neighboring grid cells s used
demands astatistical model that could represent this nonlinearity while asinput data. Each 3D volumeis made up of layers representing theice
takinginto consideration the relative scarcity of usable data. Through |~ concentration for a given month along with information from the two months NSIDC NASA Team
NASA GSFC (Sewnath) Statistical 418 experimentation ofdifferen tatitical models, the Convolutional Neural| prior. Acouple of ayersrepresenting the coordinatesfor thegrid celsarealso | (0P LRI, )
Network (CNN), when formulated for a “pixel-wise” regression, could added to these volumes. These inputs are fed in a CNN model made up of 4 P
createa compelling nonlinear model by leveraging both time layers, inglayer, and dropout. The
information (in the layers of the input data), as well as spatial output of the model tions for theic at the parti
information about individual grid cells by including data from each grid grid cell for the next two months.
cell along with a border of cells around it.
The concept behind my method pertains to estimating albedo-based Arctic
amplification during the melting season. | use the "whiteness" of the Arctic in June
as a predictor for how much ice will melt out between Juneand September.
Specifically, | set up aformulawhich reflects how "dark" areas near the Arctic in
Junewould create heat that will melt out ice over the months until the September
minimum. As an educated guess, such a formula could take the following form :
The concept behind my method pertains to estimating albedo-based Melt_formula=0.25 *Snow -1.0 * (Extent - Area) +0.5 * Area
Arctic amplification during the melting season. | use the "whiteness" of With factors explained like this :
the Arctic in Juneas a predictor for how much ice will melt out between For (Extent - Area): 1.0 (assuming that ALL solar radiation onto meltingiceand into
Juneand September. polynia will causeice to melt later in the season Land snow cover from Rutgers Snow
| snow cover, icearea)of |For (Area): 0.5 (assuming that half of the heat absorbed in the ocean OUTSIDE of the Lab:
“whiteness" that are available in June, in a regression formulawhich | main packwill halfwould towarm | htps;//climate.rutgers.edu/snowcov
shows particularly strong correlation with Sept sea ce extent minimum er/table_area. php?ui_set=18ui_sort=
Dekker, Rob Statistical 422 380 kkm2 Past performance of this June forecast method for September ice extent | FOr (70w cover):0.25 (assuming that half the heat from lack of snow cover will be 0
over the past 26 years shown in a graph here blown North, and halfof that will go to ice melt. Then I st up a regression equation
hitpsi/forum arctic-sea for how much ice will melt out between June and September: september_extent - | seaice Area and Extent from NSIDC :
ice.net/inds .0;attach=104209;image june_area =alpha +beta * (Melt_Formula); ftp://sidads.colorado.edu/DATASETS/ |
When | tweek the factors, to obtain the best it over the 1992-2015 range, the | NOAA/G02135/north/monthly/data/
The interesting finding is that the June land snow cover signal is clearly | 'Melt_Formula' that obtains the best correlation (R=0.94) s this one (centered to
present in the September ice extent numbers, suggesting land snow cover| (extent -area): Melt_Formula=0.434*snowcover - 1.0%(extent - area) + 0.65*area,
could be used to other modelsaswell. | Whichisremarkably closeto the "educated guess" factors explained above. This
suggeststhat this formula s realistic, and the effect is physically real. Using this
formula, for the period 1992 - 2015, | obtain R=0.94, beta=0.368, and a
prediction for Sept 2019 ice extent of 4.22 million kmA2 with a standard deviation
0f339 kkm*2, o (when compensating for three variables) 380 kkm?2. This
standard deviation is substantially smaller than the 500 k kmA2 SD one obtains for
astraight-line prediction, suggesting the method has real skill.
Nonlinear appliedto Arctic
Sealce Extent (IE) from Sea ce Index Version 3 datase, The dily SI dota were
aggregated to provide
weekly-sampled dataset over several Arctic sectors. The predictive model has been
derived from SIE annual and sinitialized from
latest SIE 2019) tochastic to
This uncertainty correspondsto ic regional Arctic forecasts in September, as well as pan-Arctic
UCLA (Kondrashov) Statistical 2.23 035 0.1MKm2 standard deviation of stochastic This statistical model forecast is based oni ones.
techniques applied to the regional Arctic Sea ce Extent (IE)dataset.
ensemble spread
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This prediction is made by a coupled ocean-sea ice model, with surface
atmospheric forcing from ECMWF seasonal forecast SEAS product. The
initial field was set on 15 Jan 2019, with the ocean field from climate

AMSR?2 sea ice concentration from
Bremen University, AS| Version 5.4,

The nitial sea ice thickness is from a
combination of the weekly CS25MOS
and daily SMOS, on 15 January 2019,
SMOS: https://icdc.cen.uni-

by

METNO SPARSE (Wang et al.) Dynamic Model | Ocean-seaice 425 January mean, and satellite observed sea ice concentration and sea ice b de/seaice-| h D
thickness. we combine three 3-months forecasts of SEAS from January, concentration/ dds/smos_sea_ice_thickness/v3/
April and July to form the atmospheric forcing feld. The seaiice Weekly CS25MOS:
concentration is assimilated in the model p://ftpsrv2.awi.de/sea |
yosat2_smos/
Thesea ice concentration was taken
Theforecast uses aprototype the GEOS 525 version 3 coupled system tht was ww:w‘sos’;%%ifgiun which
modified for this forecast. The model has an approximate grid spacing of _i in both
may beretrieved from the Goddard | CryoSat-2 Level- Sea ce Elevation,
the atmosphere and the ocean. The ocean data assimilation system is driven by a
N N Earth Sciences Data and Information Freeboard, and Thickness, Version 1,
An experiment of the GMAO seasonal forecasting system using CryoSat-2 | near real-time atmospheric analysis that issimilar to MERRA-2, and uses the Local
periment i : : Services Center (GES DISC). The https://nsidc.org/data/RDEFTA,
Pan-Arctic: 4.28 ; | Pan-Arctic: 3.64t04.99 ; derived ice thickness predicts a September average Arctic ice extent of |Ensemble Transform Kalman Filter (LETKF) for of
Alaskaregion: | Alaskaregion: 0.07t0 | Foretic:0.3 Thegiven uncertainty is the 4.27£0.38 million km2. The experiment tests the application of ice and along-track ocean altimet MERRA2 seace concentrationis | doiz10.5067/96]00KIFDASS. The data
NASAGMAO Dynamic Model |  Coupled 427 0.41 0.00204 | (45 Hiison ey ngdsl;n Bay Alaska region: 0.23 ; standard deviation ofthe10 [ o F R R T P Tor ""hmast oystem & v derived from the Operational Sea |were incorporated into the ODAS over a
B2y:0.00298 | 0.00000t00.00599 | "udsonBay:0.00225 member ensemble. The forecast suggests a reduced ice cover for 2019 ascompared tothe | Abranch of the ODAS system was integrated from 1-December 2018 to 26-Apr A:;'::::Z‘:TS;T": :::‘S:z :;I Im?::;‘d";‘;rha:f;z‘:"izz?ﬁf:a .
previousyear. 2019 that included nudging to CryoSat-2 sea ice thicknessfields over theavailable [ "2 " /oo (O°1 & v
d0i:10.1016/1.r5¢.2010.10.017), | after the end of the CryoSat-2 data
time period until 12-Apr. The ensemble used a staggered initialization of 11-Apr, 16.
which in turn obtains sea ice from the period.
Apr, 21-Apr, and seven additional ensemble members on 26-Apr based on initial s seaice
condition perturbations of the atmosphere and ocean states. EUMETSAT Satlite Application
P P! Facility on Ocean and Sea Ice (OSI
SAF).
Thisis PolArctic’s second submission to the Sea lce Outlook. Our
September extent prediction s 4.3 million square kilometers. Our efforts | PolArctic’s September SIO extent was generated using our Artificial Itelligence
areto f Artificial and Machine | algorithm, and trained with historical NSIDC daily ice extent data. Our nitial
L INSID( Icel Ve
PolArcticLLC Other 43 Learning (AI/ML) a5 apredictive tool for Arctic seaice extent. Hidden and | modeling efforts areto generate high quality seasonal forecasts of daily, spatial and | \O/NSIDG, Sea ce Index, Version 3
https://doi.org/10.7265/NSK072F8.
non-linear relationships can be exposed through the use of Al/ML when | temporal seaice extents. To calculate our September extent outlook, daily results
high quality datais available. NSIDC's daily record of sea ice extent in September 2019 from our model are averaged.
pe test bed to of Al/ML.
Both sea ice concentration and seaice
The outlook from the Cli Center sea thickness areinitialized from the CPC
This contribution is from a 20-member ensemble forecast from the forecast system (CFSmS). The forecast isinitialized from the Climate Forecast seaiceinitialization system (CSIS). The
The median, range, and standard | ¢ij. oo preciction Center Experimental sea ce forecas systen (CFSMS). | System Reanalysis (CFSR) for the ocean, land, and atmosphere and from the CPC sea Csis analysis is produced with GFDL
NCEP CPC Dynamic Model | - Coupled 431 061 429 4.06-4.60 014 dwano;::.:::‘;‘;?nﬁh?;“ the20- Model bias that is removed is calculated based on 2006-2018 iceinitialization system (CSIS) for sea ice. Twenty forecast members are produced. MOMS which uses surface fields from
- retrospective forecasts and corresponding observations. Model bias that is removed is calculated based on 2006-2018 retrospective CFSRand assimilates satellite seaice
forecasts and corresponding observations, concentration retrieval from NSIDC
A Team
Ouresti on results from theglobal ocean-seaice
coupled model NEMO3.6-LIM3 o
Our estimate s based on theglobal ariability that may prevail In practice, the model is
Avetic: 286502 (min- The projection uncertainty is given | ocean-sea ice coupled model NEMO3.6-LIM3. Each member sinitialized | forced with JRA-SS atmospheric reanalysis data from 1948 to Dec 31, 2018. No
Arctic:0.62 | as the range between minimumand | from a reference run on Jan 1, 2019, then forced with the JRA-55 during Ten t Initial sea ice. Initial sea i a
UC Louvain (Massonnet et al.) Dynamic Model | Ocean-seaice 432 20.9 05 0.81 431 max) | Antarctic: 20.14- © nember
5182 (i) maximum extentsin the ensemble. | atmospheric reanalysis from oneyear between 2009 and 2018. Ourfinal | started from model state, each forcingfrom one | from amodel freerunonJan1,2019 | model free run onJan 1, 2019
8 Although relatively wide, and the given range pondsto the | year between 2009 and 2018. Thi i
lowest and highest extentsin the rapidly changing Arctic atmospheric conditionsin recent
decades. i monthly
September extent. No bias-correction is applied.
The prediction for the sea ice outlook June 2019 was carried out on
China's Tianhe-2 supercomputer, with a dynamic model prediction
system CAS FGOALS-f2 525 V1.3 . The dynamic model prediction system,
named FGOALS-f2 (ice-ocean-atmosphere-land model), providesareal- FGOALS-f2 525 V1.3 is a global coupled dynamic prediction system. The
ctionsi I (525)timescales. FGOALS|  initialization of this prediction system is based on a nudging scheme, which
12525 system has been established in 2017 by R&D team of FGOALS 2 Jand V), M)in None, but the sea iceis constrained
: The uncertainty was estimated by R&Dte
LASG-1AP Dynamic Model | Not Specified | 4.35 435 415452 008 from both LASG Institute of. Physics Chi demyof | potential ocean from 1Jan 1980 to 1 June 2019, and 40 ensemble by atmosphere and ocean None
the ensemble member spread. " ° : " :
Sciences and PAEKL Chengdu University of Technology. The by atime-lagmethod. for
FGOALS-f2 525 prediction results are used in two major national climate | 6 months. This real- ediction system China’s Tianhe-
operational prediction centersin China. Basing on the 60-days lead 2 supercomputer.
dynamic model prediction from August 12-14st, 2019 the outlook
i are4.35 million i pan-
Arcticin September 2019.
CansIPS combines forecasts from two models, CanCM3 and CanCM4, with a total
of 20 ensemble members (10 from CanCM3, 10 from CanCMA4). First, the Arctic SIE
anomaly for eac dual relativetoa
pi i trend fitted to i bl SIEtime
series over 1979-2018. These anomalies were then added to the NSIDC SIE time SIT was estimated using the statistical
seriesalso fit to a piecewise linear trend, and then averaged over all 20 ensemble model ‘SMv3" described in Dirkson et
Our Outlook of forecast total bias-corrected Arctic seaice extent (SIE)and | members to yield a total SIE of 4.38 million sq fit, |sic by nudgingmodel SIC|  al., 2017 (doi:10.1175/JCLI-D-16-
The uncertainty values were calibrated seaiice probability (SIP) was produced using the Canadian | including the breakpoint year, was found using non-linear least squares. Thisbias |  to the Meteorological Serviceof | 0437.1). The parametersin SMv3 were
1standard deviation=| 1 fmmhz ensemble of 20 | 5635004l to Interannual Prediction System (CanSIPS), but (asin 2017 and | correction method differs from that used in 2017 and 2018 n an effort to account | Canada analysis (MSC) with a3 day fit using a blended SIC product
Modified CanSIPS Dynamic Model | Not Specified 438 437 min=4.11, max=4.38 0.15, uncertainty = N . 2018)in amodified experimental configuration intended to test updates for trend dependence on forecast SIE bias. time constant. Initial conditions for (Had2CIS=HadISST2&Ice Charts) and
fest bias-corrected SIE anomalies " e :
10.29 (95% CI) o sections, to the August submission arefrom July | PIOMAS SIT data over the period 2003-
- the data used to initialize both sea ice concentration (SIC) and seaice | For the SIP field, we first interpolated the raw SIC fields from the model grid onto a 31 nudged SIC. 2018. The daily MSCSIC described
thickness (SIT). 1degby 1deg regular grid, fit each grid point and each model SIC ensemble o the above for July 315t was then used as the
zeroand beta Wethen real-time predictor field in SMv3 to
calibrated each distribution using ‘trend-adjusted quantile mapping’ (see Dirkson estimate real-timeSIT.
etal. 2019; https://doi.org/10.1175/JCLI-D-18-0224.1), and calculated the
probability that local SIC will exceed 15% (or equivalently SIP) directly from the
calibrated predictive p ity distribution. Lastly, aluewa
taken across CanCM3 and CanCM4 to produce the final SIP field.
Aninformal pool of 29 climate scientists in early June 2019 estimates
that the September 2019 ice extent will be .38 million sq. k. (stddev.
0.40, min. 3.14, max. 5.03). Since its inception in 2008, the NCAR/CU sea,
'CSZ‘:“’:I'(:?S easily "“‘E“p':‘;‘:i‘z""':’:dﬁfg"‘“‘“ effortsbasedon | . s tormal pool of 29 climate sientists n early June 2019 estimates that the
The uncertainty predict ! )
201! Il bed. {ll ki A 14,
NCAR/CU (Kay, Bailey, and Holland) Heuristic 438 4.4 3.14 (min)t0 5.03 (max) 04 on the scatterin entriesinour | monthly mean Arctic seaice extent (e.g. see appendix of Stroeve et al. ;’2":1’":;’ G“ﬂ:g::;::';::{;c:’e: b3;’:&w'y""a:q&m':“‘:‘f‘ds(se :i’e"‘"“"‘sé i
informal pool. 2014 in GRL doi:10.1002/2014GL059388 ; Witness the Arctic article by g v 8
tempting them with local bragging rights and with local ice cream.

Hamilton et al. 2014 http://www.arcus.org/witness-the-
arctic/2014/2/article/21066). We think our informal pool providesa

more sophisticated physical models and statistical techniques.

useful benchmark and reality check for Sea Ice Prediction efforts based on




Driven by the NCEP Climate Forecast System (CFS) forecast
atmospheric forcing, PIOMAS i used to predict the total
September 2019 Arctic seaice extent as well as ice thickness
field and ice edge location, starting on August 1. The predicted

Real-time satellite seaice
concentration data (NASA team) from

CryoSat2 seaice thickness up to 4/2019
used for data

4.63 and 0.32 million d
deviation of 10 ensemble members, respectively.

(sea level anomaly) from 1 January 1992 to 1Jun 2019 are assimilated into FIO-ESM
model to get theinitial condition for the prediction of the Arctic Seace. Thereis
no seaice data assimilation

concentration.

of Washington/APL (Zhang and Schweiger) | Dynamic Model | Ocean-seaice | 4.4 Septumber e ctent 164 401.0.40 milllo squire Klometere Seeabove. NSIDCfori?;:izs;lmwlaklonln e st
hepredicted di
September 2019 arealso presented in the attached document.
No specifi [
Theuncertaintyisthestandard | This estimateis based on polling NSIDC employees for their estimates of . Nospecific dataset was used for
0.33 million square initialization, but contributors were
NSIDC (Group) Heuristic a4 deviation ofthe 10 individual extent. group ply ge 10 individual heuristic estimates. SITwas not used in this method.
kilometers N - provided NSIDC Sea Ice Index extent
estimates. individual contributions.
valuesto inform their estimates.
The projected Arctic minimum sea ce extent from the NCEP CFSv2 model | We ran the NCEP CFSv2 model with 92-case of May to July 2019 revised initial
with revised CFSv2 May to July initial conditionsCs) using 92-member | conditions ICs). The IC was modified from real time CFSv2 of each day at 00Zby ) ) NCEP CFsv2 model guess with bias
Wo, Tallapragada, and Grumbine oynamichodel | coupled s 206 is4.47 million sq astandard | thinning the Arctc ce pack (based on test rom previous years seaiceoutlook.If | NCEP Sealce Concentration Analysis | 2% PFEve e BB MEN eS|
" Tallapragaca, 4 P g : deviation of0.77 million sq r inni ice from dtohaveseaice,a | for the CFSv2 (May 1-July 31, 2019) 201) Yy -uly 3L,
for the tarcti 20.60 million a minimum thicks f 10 cm was left in place for theice ICs. Bias correction was.
standard deviation 0f0.66 million square kilometers. applied to the Antarctic seaice extent.
Seaice concentration ( “NSIDC NASA
Astatistical model is used to predict monthly Arctic sea ice Team, ""”5://"58‘;‘1"”‘5/““/"5‘d"
concentration (SIC) at al grid points n the pan-Arctic region (Yuan et ., : :
) K 10.. D!
2016). The model is capable of capturing the co-variability in the ocean- https://doi °'g£gf'j‘,],?7luamg wv
seaice-atmosphere system. The September pan-Arctic seaice extent (SIE) | 1., ;2 Markow model has been developed to predict seaice Sea surface JOAANCDC
is calculated from predicted SIC. The model predicts negative SIC ° A ’
: the pan Arctic region at the seasonal time scale. The model employs 6 variables: sea|  ERSST version3b sst: Extended
anomalies throughout the pan Arctic region. These anomalies are relative
The uncertainty of SIC prediction ' ic seasurfa , surface air G reconstructed sea surface
to the 1979-2012 climatology. The September mean pan-Arctic SIEis N B .
- was estimated based on cross- . : Vector winds at GH300 for the period of 1979 to 2012. Itis built in multi-variate temperature data,
Lamont (Yuan and Li) Statistical 453 18.88 0.39 predicted to be 4.53 million square kilometers (mskm) with a root-mean- ° , "
validated model experiments for 34 EOF space. The model utilizes first 11 mEOF modes and uses aMarkov processto | https//iridl.Ideo.columbia.edu/exper
en square-error (RMSE) o 0.33 mskm, at the two-month lead. It is0.18 °
years of 2-mlead predictions. A : predict these principal components forward one month at a time. The pan Arctic. [/SOURCES/.NOAA/.NCDC/.ERSST/.ver
mskm below September SIE in 2018. Similar statistical models werealso | P o A
seaice extent forecast by Il cell sion3b/.sst/
developed to predict the SIE in the Alaskan region and the Antarctic
N seaice concentration exceeds 15%. Atmospheric variables (NOAA
(Chen and Yuan, 2004). The Alaskan regional SIE is predicted to be 0.39 NCEP/NCAR Reanalysie1 stmospheric
mskm with an RMSE of 0.20 mskm. The September mean pan Antarctic Va“zl‘:les P
SiEis predicted to gaii’iz"t;":::"\’ﬂ‘;"":"u‘::"’;::’:“m of september http://iridl.Ideo.columbia.edu/SOUR
g . . CES/.NOAA/.NCEP-NCAR/.CDAS-1/)
RASM (Maslowski et al.)
2 Younjoo Lee (vl Postaraduate School) Weused RASM2_1_00, which isa recent version of the imited area, fully
Coupled climate model consisting of the
3. Anthony Craig (Contractor) Weather Research and Forecasting (WRF), Los Alamos National inthe . for e
of the global NOAA/NCEP CFSv2 7
Laboratory (LANL) Parallel Ocean Program (POP) and Sea Ice Model (CICE),
4. Mark Seefeldt (University of Colorado)
Variable nfiltration Capacity (VIC) land hydrology and routing scheme ) ) A
month forecasts. Theinitial conditions for the July Sea Ice Outlook were derived
(RVIC) model components (Maslowski et al. 2012; Roberts et al. or 2015; 2
5. Robert Osinski (Institute of Oceanology, Polish The uncertainty of panArctic sea ce from the RASM 1979%002018 hindcast and are physically and internally :
A DuVivier et al. 2015; Hamman et al. 2016; Hamman et al. 2017;Cassano ° ’ I d from a 39-year Ifg d from a 39-year hindcast
Academy of Sciences) Dynamic Model | Coupled 457 0393 | 296£07 4.59 4.23104.90 0181 extent was estimated from the 27 consistent across al the model components. Neither data assimilation nor bias
etal. 2017). The model uses CFSR/CFSv2 reanalysis output for RASM-WRF hindcast run. run.
et o i correction was used. Each of the 27 ensemble members ran forward for 6 months
. ! y iging ° : i
6. John Cassano (University of Colorado) etating abova 200 mbar, This mode Infta candition for eneemble using outputsfrom CFSV2 reanalysis. The CFSV2 forcing streams used for the
forecast was derived from a hindcast, forced with CFSR/CFSv2 reanalysis every day (at 00:00) b June lstand June
7. Mathew Watts (Naval Postgraduate School) . 2 reanalVsls | 27th (noinput data were available between 28th and 30th of June) and used for
for September 1979 through June 2019. The ocean and seaiice initial
Septembe " . RASM forcing at 00:00 on July 1st, 2019
8. Jaclyn Clement Kinney (Naval Postgraduate e y
schonl year spin-up of th ice model with
CORE2 reanalysis for 1948-1979.
9. Xingren Wu (NOAA/NCEP)
Asimple statistical model s used to predict September average Arctic seaice
We predict the September monthly average sea ice extent of Arctic by tent. The sea ice Sea lce Index - Daily sea ice
NMEFC ofChina (Ui and i) Statistical 450 statistic method and based on monthly sea ice concentration and extent | extent of September s well related with the sea ce extent of Jun in the same concentration(NASA Team) and
from National Snow and Ice Data Center. Combi method and optimal climate normal method, the monthly sea ice extent from
ice extent of September 2019 s 4.59 million square kilometers . predicted National Snow and Ice Data Center.
September average seaice extent in 2019 is 4.59 million square kilometers.
Monthly mean ice extent in September will be about 4.61 million square
kilometers. Our estimateis based on a statistical way using data from the Arctic from 1 to November 1, using
1l Weused i December and |thedata from MSR-E (: 10/11) and AMSR2
icemovement from December to July. Predicted ice concentration map | (2012/13-2018/19). The analysis method is based on our recent research (Kimura
) from July to September s availablein our website: http://ccsr.aori.u- etal., 2013).First, we expect the ice thickness distribution in July 15 from
UTokyo (Kimuraetal.) Statistical 461 tokyo.ac.jp/~kimura_n/arctic/2019-3e.html redistribution (divergence/convergence) of sea ice during December and July,
Ice retreat in the Chukchi-Beaufort Sea and Laptev Sea will be faster than | based on the daily ice veloci Then, we predict icearea
anormal year. On the other a hand, the retreat speed around the |depend that thick later and thin
Severnaya Zemlya will be slower than anormal year. than the average.
Initial conditions for the forecast are from the ECMWF operational atmosphere,
ocean, and from an
: . . ensemble of S 3DVAR-FGAT analyses in the ocean sea-ice, and from an ensembleof | )
from c| s Tena vt | initial seace concentration isfrom
forecast from 1st August. Thisis an ensemble forecast with a global & P OCEANS, the ECMWF operational
: of model is about 35 km, and about ‘ rethi
bias-corrected atmosphere-ocean-sea-ice model that is also used for weather " ocean/sea-ice analysis. OCEANS  (Initial sea-ice thicknessis from OCEANS,
bias-corrected ensemble | ensemblestandard ) P : ouee o ‘ 15km for del in the Arctic. y-mean sea- " ] )
median ofthe standard deviation of forecast forecasting. The model is known to over-predict seaice extent in assimilates observed searice | the ECMWF operational ocean/sea-ice
ECMWF SEAS5 Dynamic Model Coupled 4.63 minimum/maximum: deviation is0.12 Mio ice extent for for each ",
ensembleis4.64 2 ensemble summer, so the average amount of over-prediction for the last 10 years " ! concentration from OSTIA, which is | analysis. SEASS does not assimilate any
4.51/4.75 Mio sqkm sakm ™ |and then the ensemble mean is calculated to arriveat the raw forecast value of 4.90 : : .
Mio sakm (the so-called bias) of the raw model output has been subtracted to arrive " level-4 observational product derived | sea-ice thickness observations.
Mio sqkm). Aset of re-forecasts of monthly-mean September sea-ice extent for
at the number contributed. This bias removal is standard procedurein from the OSI-SAF level-3 sea-ice
seasonal forecasting 2009-2018 is compared to the NSIDC sea-ice extent for September to estimate the concentration product 051-401b.
e forecast bias as +0.18 Mio sqkm), which is then subtracted from the raw forecast to P .
arrive at the calibrated forecast of 4.63 Mio sqkm that has been submitted asa
contribution.
This isamodel isalso from (Flo-
E‘:f&";:;‘::x‘;;:;‘;‘l:z:g:S"‘:'“‘I“:Z::‘T‘h"::::;ifri‘:;g:f::’ﬁwy ESM) but with data assimilation. The data assimilation method is Ensemble
HOESM(shuetal) oynamicodel | Coupled w63 uncertainty =20.32 S Arcic xtent I 2019 144,63 (41.0.32) milon square Klometers | A41Ustment Kalman Fiter (EAKF).The dataof ST (sea surface temperature)and SLA | No dataset re use fo nital seaice | - No dataset areused forinitial seaice

thickness.




Arctic: +/-0.4 million sq
km; Antarctic: +/-0.6

Arctic: 0.2 million sq
km; Antarctic: 0.3

Uncertainty range s provided as +/-
2 two standard deviations of the
(42 member) ensemble spread

Adynamic model forecast made using the Met Office’s seasonal
forecasting system (GloSea).GloSea s a fully coupled Atmosphere-Ocean-
sea lce-Land (AOIL) model that producesa small 2-member ensemble of
210-day forecasts each day. Forecasts initialised over a 21-day period are
used together to create a 42-member lagged ensemble or forecasts of

Ensemble coupled model seasonal forecast from the GloSeas seasonal prediction
system [MacLachlan et al., 2015], using the Global Coupled 2 (GC2) version
[Williams et al., 2015] of the HadGEM3 coupled model [Hewitt et al., 2011].
Forecast compiled together from forecasts initialized over the 21-day period
centred on the It July 2019 (2 per day; 42 in total) from an ocean and seaice
analysis (FOAM/NEMOVAR) [Blockley et al., 2014, Peterson et al., 2015] and an

atmospheric analysis (MO-NWP/4DVar) [Rawlins et al., 2007] using observations
i ensor (SSMIS) ice

sea

pecial Sensor

from thy

Sea ice concentration (as all variables)
isinitialised using the operational
FOAM ocean-sea ice analysis. SSMIS

Seaice thickness (as ll variables) is
initialised using FOAM

using the EUMETSAT OSI-SAF (OSI-

concentration observations from EUMETSAF OSI-SAF [OSI-SAF] in

ocean-sea ice analysis. Sea ce thickness
is not assimilated in FOAM.

Met Office (Blockley et al.) Dynamic Model | Not Specified 4.7 18.2
million sq km million sq km around the ensemble mean.
September sea ice cover. f
the ocean and seaice analysis, along with satellite and in-situ SST, sub surface Pp3_ss2_pum_iceconc_v1p6.pdf)
temperature and salinity profiles, and sea level anomalies from altimeter data. No
assimilation of ice thickness was performed.
For the present outlook the coupled sea ice-ocean model NAOSIM has been forced
with atmospheric surface data from January 1948 to August 11th 2019
(combination of NCEP/NCARandNCEP-CFSR and NCEPCFSv2). All ensemble model
p been started from initis i August 11th CryoSat-2 from Alfred Wegener
2018. The model setup has not changed with respect to the SI0in 2015. We used Institute of March and April 2019
atmospheric forcing data from each of the years 2009 to 2018 for theensemble | AWI Consortium (Kauker etal.)OSI | (Hendricks, 5. and Ricker,R.(2019):
prediction and thus obtain 10 different realizations of potential seaice evolution | SAF EUMETSAT OSI-401b March and Product User Guide & Algorithm
y for the summer of 2019. i iliti i Specification: AWI CryoSat-2 Sea
AWI Consortium (Kauker et al.) Dynamic Model | Not Specified | 4.71 015 Ensemble spread iy September 2019, system 201 N on 2.1}, Technical
around NAOSIM has been used to initialize the model using the Alfred Wegener | f_cdop3_ss2_pum_iceconc_v1p6.pdf | Report,hdl:10013/epic.7dacf2fe-bead-
Institute's CryoSat-2 ice thickness product,the University of Bremen's snow deptl E 4a1b-a266-
product, and the OSI SAF ice and sea-surfac ts. 4fdd0228771,https://epic.awi.de/id/e
Observations from March and April were used. A bias correction scheme for the print/49542/).
CryoSat-2 employs a spatiall factor could
enhance the skill considerably (Kauker et al, 2015, http://www.the-cryosphere-
discuss.net/tc-2015-171/).
The sea ice prediciton was carried out by National Marine Environmental
Forecasting Center (China), using a ocean-seaice coupled model, MiTgem. The
This Sealce Outlook is a part of the official seaice service for Chinese | prediction was initialized on August 1, 2019 and run for 3 months, forced by CFS SMOS, Cryosat:2
Ocean-seaice 5.62 Arctic act 2019, targeting for forecast initialized on 2019080100 . The initial condition came from a ’
ical ships. i system by i ion and
thickness. The sea ice outlook was a mean value from ensemble runs of 10 radom
initial conditions.

NMEFC (zhao, et al.)

Dynamic Model




