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GMAQ’s Near Real-Time Sub/Seasonal Prediction Suite o

GMAQO’Ss GEOS S28 sub/seasonal foreCasts are part of the National MultiMode|
Ensemble (NMME). We will also partiCipate ih an intercomparison of 28 systems with
predicted aeroso|.

(nlike weather prediction, sub/seasonal results are generally examined in terms of
ahomaly from some Climatology, derived from a series of hihdCasts.

GMAQ’S COUpled Oceah Data Assimilation system runs inh hear real time and is used to
initiali

Subseasonal Ceasonal
Length of ForecCast 45 days 9-12 months
Frequency of forecCasts Every 5 days Every 5 days
Number of Ensembles ¢ per start date TOtal Of 10 per month
Frequency of submission Once per week Once per month
Initial Conditions from  GEQOS S§2S-2 1 ODAS GEOS S26-2 1 ODAS
Hindcasts 1999-2016 1980-2016/7
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New Seasonal Predictionh System - GEQS §26-2 1 -4

Model
o AGCM: Post MERRA-2 (Current GMAQO NWP) generation 0.5 degree, 72 hybrid
sigma/pressure levels; GOCART interactive aerosol model, cloud indirect effect (2-

moment cloud microphysics); MERRA-2 generation Cryosphere; CatChment land mode|
e OGCM: MOMS5, 0.5 degree, 40 |levels;
e Cea Ice: CICE-¢.0.

Coupled Qcean Data Assimilation System

e atmosphere is “replayed” to “Forward processing for instrument teams” (like MERRA-2);
e NCEP-like LETKF code/system, set here to behave as Ensemble OI;

e foreCasts: initialized from ODAS, perturbations are produced from analysis
differences;

e hindcCasts: re-initialized from 5-day ruh of ODAS, perturbations from analysis
differences;

Observations
e hudging of SST and sea ice fraction from MERRA-2 boundary conditions;
o assimilation Of satellite along-track ADT (Jason, Saral, ERS, GEQOSAT, HY-24,

G MA _| (:Iobal Modellng and Assimilation Office



National Aeronautics and Space Administration

Methods for Validation and EValuation @

> TForecast Meah Fields > Atmospheric Variability
= Mode| drift Standard cs: P 44 . .
) ) = Ctahdard metriCs: Patterh and time-series Correlation
* Forecast bias and Correlation for for ENSO, MJO. PNA, NAO, GBI etC... ~ Ability to
atmosphere predict modes of Variability
= (Cryosphere — Geqa ICe Extent, ‘ o . : :
Thickness ‘Forecasts of opportuhity” — Prediction skill during

= JAeroso| Optical Depth V§ MERRA-2

> Probabilistic Evaluation
= TRanhk Histogram "
= Potential Predictibility
= TReliability

high prediCtability events

SpecCialized MJO metriCs

StratospheriC warmings and QBO

Tropical Cyclones (Genesis Potential Ihdex)

T EPESGaBIEs Shd use during GEOS §25-2 1 development
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National Aeronautics and Space Ad?sﬁnrogeCast Mean FieldS: Seasonal ForeCaSt Bias @
2-meter temperature difference from MERRA-2 - Qctober 1.C. Hihdcasts

90N Lead ¢ (Feb) L end 7 Man
G26-1 0 N
(preViOUS) 305i .
G26-2 1 (hew)

Absolute
Difference
(b|ue 9 new
system has
less bias)
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Forecast Mean Fields: Cryosphere e

= ‘Patterns Of sea iCe concentration are not particularly useful.

= Hemispheric ice extent is g widely used metriC - area encompassed by 15% concentration
contour. Must aCccount for different lanhd/sea masks. Cah be used to examine re-freeze
day ahd iCe-free day metrics.

= JCe thiCkness satellite producCts are aVvailable but remain Challenging to use.

L a. _iii'gg?‘;iﬁli;‘g —Egzzxgéﬁxn?zn:siﬁﬂi == NSIDC extent | ¢ The SZS"VZ.I hindcaS‘t SYStem Can
——525-v2.1 July ensemble ——S25-v2.0 July ensemble ! explain up .to 800/0 O_F September Sea ice
° INAS extent Variance over the hindCast
period.

« In large part, Seqa iCe forecast sKill arises
| - , from appropriately representing its [Ong-
2 : term decline.

Arctic sea ice extent (1 0° km2)

« Removing the long-term trend (Following
Bushuk et al., 2017) decreases skKill

1980 1985 1990 1995 2000 2005 2010 2015
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Forecast Meanh
Fields: Ice Thickness

Cea iCe fraction assimilation methodology
Created initial conditions that resulted
in ahomalous “blobs” of sea iCe, hot
present in Validation data

Re-distribution Of seq iCe fraCtioh among
the iCe thickness Ccategories in CICE
resulted in improved initial states anhd
foreCasts

New algorithm to assSimilate sea ice
fraction is being evaluated for GEOS
G2G8-3 0 using the ensemble Spread to
inform the distribution among thickness
Categories.

EXxperiments with assimilation of Cryosat
ice thickness show improved seg ice
thiCKhess forecasts
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Fields: JCe ThiCkness

Cea iCe fraction assimilation methodology
Created initial conditions that resulted
in ahomalous “blobs” of sea iCe, hot
present in Validation data

120°W

P e a—
TRe-distribution Of sea ice fraCtioh among - i{ ..f ar
the ice thiCkness Categories in CICE ——
resulted in improved initial states and ’ GIOMAS 08/2012
foreCasts o~
New algorithm to assimilate sea ice 120w}, e O o] S
fraction is being evaluated for GEOS < : ;
G2G-3 0 using the ensemble spread to ™ & L 4T
inform the distribution among thiCkness B e & R~
Categories. St M : R i A

Experiments with assimilation of CryoGat co-w i

ice thickness show improved seg ice
thiCKhess forecasts
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National Aeronautics and Spac d;'mlos”atlona b] l]S‘t' C EV 3 | u at' on: 'POtenti o) | Pred i Cta bi “ty @

. . — SST Precip T2M
POtent'al pred'Ctab'"ty | NINO 34 Tropical pacific 14 Europe

. Measure of ensemble //»\
spread ﬂ/\/\

o AVerage distanCce among

DEC JAN MAR APR MAY JUN JUL guuv DEC JAN MAR APR MAY JUN JUL NOV DEC JAN MAR APR MAY JUN JUL

ensemble members
NINC 4 NA 1] NA
. Observational variahce is Observation )

shown for reference 57 Standard Deviation 22
Spread too low 1 ﬁwm
0.5+ o 1

over the ocean
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g Model 4
15'/ﬁ_ Potential Predictability ||
- 1 1 )
Spread is good 05_/\w- 1.
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7 Aemospheric Variability: NAO, AO, PNA, MJO, GBI~ &

Pl.rediCtiOn sKill of the_se modes is c?valuated TeleCconnecCtion patterns Create “foreCasts Of
with pattern Correlations Of the eigenveCtorsS  opportuhity” — fForeCasts during extrema Of the

and time series Correlations Of the indices are evaluated separately
eigenvaluggipns of Jan/Feb mean NAO, AO, and PNA (init. on Dec27)
3 a) NAO, Blue: GEOS—S2S_2.1, Red: Fortuna, Béack: _Observotion_ MJO 'FOYeCGSt SKi" in Subx hindCasts
- orr.=0.52 Corr.=0.40
\ . 1 2
‘-
8 ‘:' 0‘9_ Corr 1.8" RMSE
*‘é ' 0.81 Al events (1241) | 871
=~  \de> 198 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 0.7 Strong.(421,.33%)...{1.4
Q b) AO, Blue: GEOS—S2S_2.1, Red: Fortuna, Black: Observation . ’ :
~ 4 — — Weak (474, :38%)
i Corr.=0.59 Corr.=0.42
$0- 3 0.6 1 1.2 1
2.
QO 0.5 14
© 0.4 0.81
S 1
Q -3 0.3 0.6 1
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E c) PNA, Blue: GEOS—S2S_2.1, Red: Fortuna, Black: Observation :
3 Corr— — 0.2 1 : 0.4+
Q) 5 : orr.=0.61 Corr.=0.53
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AtmospheriC Variability: Sudden Stratospheric Warming @

GMAO S2S 45-Day Forecasts
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« Poor seasonal prediction skill of SS events
e TUuning 8raVity waVve drag to reduce forecCast
bias Canh improve prediction sKill
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Analysis and slide courtesy of Joan Alexander and [Lawrence Coy
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Metrics, Post-processing and Products

» Evaluation of a suite of standard S2S metrics related to forecast mean and variability,
along with metrics related to reliability

» Evaluation of “NASA-specific” metrics related to the particulars of GMAO and NASA
goals and mission, such as aerosol optical depth, stratospheric circulation and sea ice
thickness

» Metrics used during system development — eg., S2S-3 0 development includes
algorithm to improve ensemble spread

» GMAO also performs “targeted forecasts” designed to evaluate particular processes
(eg., sensitivity to Pinatubo emissions)

» S2S forecast output includes fields targeted to particular users in addition to NMME,
such as the developers of a predictive biomass burning scheme using Fire Weather
Index. The flexibility is there to accommodate additional requests
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