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SubX≠NMME 

• NMME Sub-Seasonal Experiment 

– High Frequency NMME Output 

• NMME Sub-Seasonal Forecast System 
Exploratory Workshop 

– Recommendations/Experimental Protocol 

• SubX Protocol – Real-Time July 7, 2017 

– Re-Forecast and Forecast Data Available Mid-
August 2017 

– Real-Time Forecast Results 



NMME Sub-Seasonal Effort 

• Re-Forecast experiments for Years 1999-

2012  

– November Only, Minimum of 45-days, 

Initialized Every 5-days on the 2nd, 7th, 

12th, 17th, 22th, 27th of November. 

• Ocean and Atmosphere Initialized; Land 

Initialized 

–  Three Ensemble Members 

• Daily means: SST, U200, U850, OLR, 

Precip, MSLP, Z200  







NMME Sub-Seasonal Forecast 

System Exploratory Workshop 

• March 30-31 2015 

• Assessment of Scientific Opportunity 

• Assessment of Operational Need 

• Extension of NMME? 
– Needs to be a Separate Effort (SubX ≠ NMME) 

– Overlap Opportunities 

• Sub-seasonal Prediction Experiment 
(SubX) 

• Coordination with Research Efforts and 
International S2S 



SubX Protocol 

• Prediction System Details up to Provider 

• Real-time and Retrospective Systems Identical 

– Ensemble Generation Issues 

• Reforecast Forecast Period: 1999-2017 

• At Least 4 Ensemble Members 

• Minimum Length 32 Days 

• Real-time Forecast Made Available to CPC 
Through NCO Every Wednesday by 5pm of 
Every week 

• Data on Uniform 1x1 Grid 



Model Hindcast Period # of Members Perturbation 

Methodology 

Lead (days) Model Resolution & init 

(Atmos) 

Model Resolution & init 

(Ocean) 

Model Resolution and Init 

(Sea Ice) 

Model Resolution & Init (Land) Reference 

SubX Models 

Navy Earth 

System Model 

1999-2015 4 Time-lagged 

ensemble 

45 T0359L50  

(~37 km resolution and 50 

vertical levels) 

  

Initial conditions from 

atmosphere data assimilation 

system 

0.08 deg 41 vertical layers 

  

Initial conditions from an 

ocean reanalysis at the 

same resolution  

  T0359  

(~37 km) 

   

Initialized from the Agricultural 

Meteorological Modeling System 

(AGRMET) 

  

Hogan et al. (2014) for atmos 

  

Metzger et al. (2014) for 

ocean/ice 

NCEP GEFS 1999-2015 20 EnKF and ETR 35 T574(~33km)L64 for 0-8 day 

and T382 (~55km) for 8-35 day; 

Initial conditions from 

atmosphere data assimilation 

system 

N/A N/A T574(~33km), initial condition come 

from global data assimilation system 

(GDAS) 

Zhou et al. (2016a,b); 

Hou et al. (2012) 

NASA/ GEOS5 1981-2015 10 simple scaled 

difference of two 

consecutive days of 

analysis 

45 GOES5 

½ degree horizontal resolution, 

72 vertical layers 

  

Hindcast ICs: 

MERRA2 

  

RT ICs: 

GEOS-5 realtime foreward 

processing analysis 

MOM5 

½ degree horizontal 

resolution, 40 vertical layers 

  

Hindcast ICs: 

GMAO’s ocean analysis 

  

RT ICs: 

GEOS-5 realtime foreward 

processing analysis 

CICE 

Los Alamos Sea Ice Model 

  

Hindcast ICs: GMAO’s 

Ocean Analysis 

  

RT ICs: 

GEOS-5 realtime foreward 

processing analysis 

Catchment land surface model 

  

Hindcast ICs: 

 MERRA-2 precipitation corrected 

fields 

  

RT ICs: 

GEOS-5 realtime foreward 

processing analysis 

Amosphere: 

(Rienecker et al. 2008; Molod 

et al. 2012) 

  

Ocean: 

Griffies 2012 

  

Land 

(Koster et al. 2000) 

  

Sea Ice (Hunke and Lipscomp 

2008) 

  

MERRA-2 precipitation 

corrected fields (Reichle et al. 

2014) 

NCAR/ CCSM4 1999-2015 3 or 4 per day time-lagged 45 0.9x1.25degL26 POPL60 

1 degree global with 0.25 

latitude res in deep tropics 

Same as ocean Same as atmosphere Infanti, J. M., and B. P. 

Kirtman (2016) 

NCEP/ CFSv2 1999-2010 4 per day Time-lagged 

0,6,12,18Z each day 

45 T126L64 MOM4L40 0.25deg Eq 

0.5deg global 

ICs CFSR 

Same as ocean NOAH 

ICs GLDAS 

Saha et al. (2014); Saha et al. 

(2010) 

ECCC/ 

GEM 

1995-2014 4 Random isotropic 

perturbation 

32 0.45x0.45 deg 40 levels 

Initial condition from ERA-

Interim 

N/A N/A Offline SPS forced by ERA-Interim Lin et al. (2016) 

Partner Models 

FIM- HYCOM 

(NOAA/ ESRL) 

1999-2014 4/week Time-lagged: 12Z & 

18Z Tues.; 00Z & 06Z 

Wed. 

32 ~30 km (“G8”) with 64 vertical 

layers 

Hindcast ICs from CFSR.  

(Hindcast test also with 60km) 

Same as atmos., but with 32 

vertical layers; Hindcast ICs 

from CFSR 

GFS ice treatment; Hindcast 

ICs from CFSR 

GFS Noah land surface model; 

Hindcast ICs from CFSR 

FIM: Bleck et al. (2015) 

  

HYCOM: Bleck (2002) 
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and T382 (~55km) for 8-35 day; 

Initial conditions from 

atmosphere data assimilation 

system 
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Los Alamos Sea Ice Model 
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 MERRA-2 precipitation corrected 

fields 

  

RT ICs: 
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ICs GLDAS 
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perturbation 

32 0.45x0.45 deg 40 levels 
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Forecasts from 3 models and the equally 
weighted MME 

 
• ESRL FIM 
• NCAR CCSM4 (U. Miami) 
• NCEP GEFS (SubX version) 
 

 
 

Subseasonal Experiment (SubX) 
week 3/4 forecasts  

(07/12/2017) 



July 28-Aug. 11 
Average 





Temperature Anomaly (C) 

ESRL GEFS CCSM 

MME CFS 

July 28-Aug. 11 
Average 

Observational Estimate 



Precipitation Anomaly (mm) 

ESRL GEFS CCSM4 

MME CFS 

July 28-Aug. 11 
Average 

Observational Estimate 



Precipitation Percent of Normal 
ESRL GEFS NCAR 

July 28-Aug. 11 
Average 

Observational Estimate 



Ocean Eddy Resolving Coupled 

Predictability 
• CESM 

– Atmosphere: 0.5x0.5 

– Ocean: 0.1x0.1 [HRC] vs. 1x1 [LRC] 

• “New” Sub-Seasonal to Seasonal Variability 

– Means, Fronts vs. Eddies (or Both)? 

– Regional Representation of Large Scale Drivers 

 



LR and HR Simulated COLD WSSA Events 



LR and HR Simulated COLD WSSA Events 



LR and HR Simulated COLD WSSA Events 



1997 Extreme WSSA: Jan-Feb 60days Forecast !

Ensemble Average (3 members)
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convergence and divergence arestrong (80u–40uW, 30u–48uN, red-
dashed box in Fig. 1c). Furthermore, consistent with the MABL
model16 where SST variations force pressure adjustments, the
pattern of laplacian SST with sign reversed (2 =2SST) exhibitssome
similarities to laplacian SLP and wind convergences(Fig. 1d). These
results indicate that MABL pressure adjustments to SST gradients
near the Gulf Stream are important for surface wind divergence.
Relatively high pressures on the colder flank and relatively low
pressures on the warmer flank induce cross-frontal components of
near-surface winds, leading to divergence and convergence (Supple-
mentary Fig. 1).

Previousstudiessuggested that warmer SSTsinducestronger ver-
tical momentum mixing, and theenhanced mixing isresponsible for
mesoscale features in the surface wind convergence field9,10, consis-
tent with a numerical model experiment focusing on near-surface
adjustments17. Our observational result indicates the importance of
the overlooked pressure adjustment mechanism, consistent with
both a recent short (a few days) regional model experiment for the
Gulf Stream18 and a numerical study of tropical instability waves19.
Note that the observed surface wind convergence is roughly collo-
cated with theaxisof theGulf Stream (Fig. 1e, Supplementary Fig. 1).

Satelliteobservationsfurther reveal that theGulf Stream anchorsa
narrow rain band roughly collocated with the surface wind conver-
gence (Fig. 2a). Although there was evidence that the Gulf Stream
affects precipitation20, our high-resolution analysis reveals that the
narrow rain band meanders with the Gulf Stream front and iscon-
fined to itswarmer flank with SSTsgreater than 16uC. Thiscloseco-
variation in space isstrongly indicative of an active role of the Gulf
Stream. The precipitation pattern is well reproduced in the opera-
tional analysis (Supplementary Fig. 2), with a bias of excessive rain
rates compared to satellite observations.

The causality is further examined using an atmospheric general
circulation model (AGCM)4. It successfully captures the rain band
following the meandering Gulf Stream, although the rain rate near
thecoast issomewhat too weak compared with satelliteobservations
(Fig. 2b). When the SST is smoothed (see Methods for details),
however, the narrow precipitation band disappears in the AGCM
(Fig. 2c). Compared to the smoothed SST run, rain-bearing low-
pressure systems tend to develop along the Gulf Stream front in
the control simulation (Supplementary Fig. 3). These results
indicate that the narrow precipitation band in the western North

Atlantic results from the forcing by the sharp SST front of the Gulf
Stream.

Similar to precipitation, surface evaporation also exhibits a
narrow banded structure on the offshore side of the SST front
(Supplementary Fig. 2). This evaporation band is consistent with a
short-term field observation21. Theamount of evaporation isslightly
larger than that of precipitation, indicating that local evaporation
supplies much of the water vapour for precipitation. The local
enhancement of evaporation on the warmer flank of the Gulf
Stream isdue to enhanced wind speed and the large disequilibrium
of air temperature from SST9,13.

Asprecipitation off theUSeast coast isoften associated with deep
weather systems, therainfall pattern described abovesuggeststhat the
Gulf Stream’s influence may penetrate to the free atmosphere.
Indeed, the upward motion across the Gulf Stream displays a deep
structure extending to theupper troposphere (Fig. 3a). Theupward
motion isanchored by wind convergence in theMABL (Fig. 3a). The
latter peaksat theseasurface, and isstrongly affected by SST (Fig. 1).
It isinteresting to notethat although surfaceconvergenceand diver-
gence are similar in magnitude (Fig. 1), the upward motion over
surface wind convergence is much stronger and deeper than the
downward motion over the wind divergence (Fig. 3a). This is sug-
gestiveof theimportanceof condensational heatingabovetheMABL
in developing the asymmetry between the upward and downward
motion.

Theupward wind velocity isstrongest just abovetheMABLbetween
the 850 and 700hPa levels (Fig. 3a). The horizontal distribution at
these levels is quite similar to the distribution of the surface conver-
gence. The structure trapped by the Gulf Stream is clearly visible at
500hPa and remainsdiscernibleat the300hPa level (Supplementary
Fig. 4). Remarkably, the divergence in the upper troposphere is also
dominated by a meandering band following the Gulf Stream front
(Fig. 3b)—such a pattern is required by massconservation, with the
tropopauseacting virtually asa lid for themean circulation.

Next weexamine theoccurrence of high clouds, and infer cloud-
top temperature using three-hourly outgoing long-wave radiation
(OLR) derived from satelliteobservations. Lower OLRlevelsindicate
lower temperatures and higher altitudes of cloud tops. Figure 3c
shows the occurrence rate of OLR lower than 160W m2 2, which
roughly corresponds to acloud-top height of about 300hPa. A nar-
row band of high occurrencehugstheSST front of theGulf Stream in

a Observed rain rate, satellite b Rain rate, AGCM c Rain rate, AGCM, smoothed
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Figure 2 | Annual climatology of rain rate.

a, Observed by satellites. b, c, In theAGCM with
observed (b) and smoothed (c) SSTs. Contours
are for SST, as in Fig. 1.
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Figure 3 | Annual climatology of parameters

connecting MABL and free atmosphere.

a,Vertical wind velocity (upwardpositive;colour),
boundary layer height (black curve) and wind
convergence(contours for 6 1, 2, 33 102 6s2 1)
averaged in thealong-front direction in thegreen
box in b, based on theECMWFanalysis. b, Upper-
tropospheric wind divergenceaveraged between
200and 500hPa(colour).c,Occurrencefrequency
of daytimesatellite-derived OLR levelslower than
160W m2 2 (colour). Contours in b and c are for
SST, as in Fig. 1.
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convergence and divergence arestrong (80u–40uW, 30u–48uN, red-
dashed box in Fig. 1c). Furthermore, consistent with the MABL
model16 where SST variations force pressure adjustments, the
pattern of laplacian SST with sign reversed (2 =2SST) exhibitssome
similarities to laplacian SLP and wind convergences(Fig. 1d). These
results indicate that MABL pressure adjustments to SST gradients
near the Gulf Stream are important for surface wind divergence.
Relatively high pressures on the colder flank and relatively low
pressures on the warmer flank induce cross-frontal components of
near-surface winds, leading to divergence and convergence (Supple-
mentary Fig. 1).

Previousstudiessuggested that warmer SSTsinducestronger ver-
tical momentum mixing, and theenhanced mixing isresponsible for
mesoscale features in the surface wind convergence field9,10, consis-
tent with a numerical model experiment focusing on near-surface
adjustments17. Our observational result indicates the importance of
the overlooked pressure adjustment mechanism, consistent with
both a recent short (a few days) regional model experiment for the
Gulf Stream18 and a numerical study of tropical instability waves19.
Note that the observed surface wind convergence is roughly collo-
cated with theaxisof theGulf Stream (Fig. 1e, Supplementary Fig. 1).

Satelliteobservationsfurther reveal that theGulf Stream anchorsa
narrow rain band roughly collocated with the surface wind conver-
gence (Fig. 2a). Although there was evidence that the Gulf Stream
affects precipitation20, our high-resolution analysis reveals that the
narrow rain band meanders with the Gulf Stream front and iscon-
fined to itswarmer flank with SSTsgreater than 16uC. Thiscloseco-
variation in space isstrongly indicative of an active role of the Gulf
Stream. The precipitation pattern is well reproduced in the opera-
tional analysis (Supplementary Fig. 2), with a bias of excessive rain
rates compared to satellite observations.

The causality is further examined using an atmospheric general
circulation model (AGCM)4. It successfully captures the rain band
following the meandering Gulf Stream, although the rain rate near
thecoast issomewhat too weak compared with satelliteobservations
(Fig. 2b). When the SST is smoothed (see Methods for details),
however, the narrow precipitation band disappears in the AGCM
(Fig. 2c). Compared to the smoothed SST run, rain-bearing low-
pressure systems tend to develop along the Gulf Stream front in
the control simulation (Supplementary Fig. 3). These results
indicate that the narrow precipitation band in the western North

Atlantic results from the forcing by the sharp SST front of the Gulf
Stream.

Similar to precipitation, surface evaporation also exhibits a
narrow banded structure on the offshore side of the SST front
(Supplementary Fig. 2). This evaporation band is consistent with a
short-term field observation21. Theamount of evaporation isslightly
larger than that of precipitation, indicating that local evaporation
supplies much of the water vapour for precipitation. The local
enhancement of evaporation on the warmer flank of the Gulf
Stream isdue to enhanced wind speed and the large disequilibrium
of air temperature from SST9,13.

Asprecipitation off theUSeast coast isoften associated with deep
weather systems, therainfall pattern described abovesuggeststhat the
Gulf Stream’s influence may penetrate to the free atmosphere.
Indeed, the upward motion across the Gulf Stream displays a deep
structure extending to theupper troposphere (Fig. 3a). Theupward
motion isanchored by wind convergence in theMABL (Fig. 3a). The
latter peaksat theseasurface, and isstrongly affected by SST (Fig. 1).
It isinteresting to notethat although surfaceconvergenceand diver-
gence are similar in magnitude (Fig. 1), the upward motion over
surface wind convergence is much stronger and deeper than the
downward motion over the wind divergence (Fig. 3a). This is sug-
gestiveof theimportanceof condensational heatingabovetheMABL
in developing the asymmetry between the upward and downward
motion.

Theupward windvelocity isstrongest just abovetheMABLbetween
the 850 and 700hPa levels (Fig. 3a). The horizontal distribution at
these levels is quite similar to the distribution of the surface conver-
gence. The structure trapped by the Gulf Stream is clearly visible at
500hPa and remainsdiscernibleat the300hPa level (Supplementary
Fig. 4). Remarkably, the divergence in the upper troposphere is also
dominated by a meandering band following the Gulf Stream front
(Fig. 3b)—such a pattern is required by massconservation, with the
tropopauseacting virtually asa lid for themean circulation.

Next weexamine theoccurrence of high clouds, and infer cloud-
top temperature using three-hourly outgoing long-wave radiation
(OLR) derived from satelliteobservations. Lower OLRlevelsindicate
lower temperatures and higher altitudes of cloud tops. Figure 3c
shows the occurrence rate of OLR lower than 160W m2 2, which
roughly corresponds to acloud-top height of about 300hPa. A nar-
row band of high occurrencehugstheSST front of theGulf Stream in

a Observed rain rate, satellite b Rain rate, AGCM c Rain rate, AGCM, smoothed
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Figure 2 | Annual climatology of rain rate.

a, Observed by satellites. b, c, In theAGCM with
observed (b) and smoothed (c) SSTs. Contours
are for SST, as in Fig. 1.
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Figure 3 | Annual climatology of parameters

connecting MABL and free atmosphere.

a,Vertical wind velocity (upwardpositive;colour),
boundary layer height (black curve) and wind
convergence (contours for 6 1, 2, 33 102 6s2 1)
averaged in thealong-front direction in thegreen
box in b, based on theECMWFanalysis. b, Upper-
tropospheric wind divergenceaveraged between
200and500hPa(colour).c,Occurrencefrequency
of daytimesatellite-derived OLR levelslower than
160W m2 2 (colour). Contours in b and c are for
SST, as in Fig. 1.

NATURE| Vol 452 | 13 March 2008 LETTERS

207
Nature   Publishing Group©2008

HR

LR

HR

1
9

9
8
 I

C
 

d
a

y
4

5
-6

0

OBS

HR

LR LRLR

HR

OBS

convergence and divergence arestrong (80u–40uW, 30u–48uN, red-
dashed box in Fig. 1c). Furthermore, consistent with the MABL
model16 where SST variations force pressure adjustments, the
pattern of laplacian SST with sign reversed (2 =2SST) exhibitssome
similarities to laplacian SLP and wind convergences(Fig. 1d). These
results indicate that MABL pressure adjustments to SST gradients
near the Gulf Stream are important for surface wind divergence.
Relatively high pressures on the colder flank and relatively low
pressures on the warmer flank induce cross-frontal components of
near-surface winds, leading to divergence and convergence (Supple-
mentary Fig. 1).

Previousstudiessuggested that warmer SSTsinducestronger ver-
tical momentum mixing, and theenhanced mixing isresponsible for
mesoscale features in the surface wind convergence field9,10, consis-
tent with a numerical model experiment focusing on near-surface
adjustments17. Our observational result indicates the importance of
the overlooked pressure adjustment mechanism, consistent with
both a recent short (a few days) regional model experiment for the
Gulf Stream18 and a numerical study of tropical instability waves19.
Note that the observed surface wind convergence is roughly collo-
cated with theaxisof theGulf Stream (Fig. 1e, Supplementary Fig. 1).

Satelliteobservationsfurther reveal that theGulf Stream anchorsa
narrow rain band roughly collocated with the surface wind conver-
gence (Fig. 2a). Although there was evidence that the Gulf Stream
affects precipitation20, our high-resolution analysis reveals that the
narrow rain band meanders with the Gulf Stream front and is con-
fined to itswarmer flank with SSTsgreater than 16uC. Thiscloseco-
variation in space isstrongly indicative of an active role of the Gulf
Stream. The precipitation pattern is well reproduced in the opera-
tional analysis (Supplementary Fig. 2), with a bias of excessive rain
rates compared to satellite observations.

The causality is further examined using an atmospheric general
circulation model (AGCM)4. It successfully captures the rain band
following the meandering Gulf Stream, although the rain rate near
thecoast issomewhat too weak compared with satelliteobservations
(Fig. 2b). When the SST is smoothed (see Methods for details),
however, the narrow precipitation band disappears in the AGCM
(Fig. 2c). Compared to the smoothed SST run, rain-bearing low-
pressure systems tend to develop along the Gulf Stream front in
the control simulation (Supplementary Fig. 3). These results
indicate that the narrow precipitation band in the western North

Atlantic results from the forcing by the sharp SST front of the Gulf
Stream.

Similar to precipitation, surface evaporation also exhibits a
narrow banded structure on the offshore side of the SST front
(Supplementary Fig. 2). This evaporation band is consistent with a
short-term field observation21. Theamount of evaporation isslightly
larger than that of precipitation, indicating that local evaporation
supplies much of the water vapour for precipitation. The local
enhancement of evaporation on the warmer flank of the Gulf
Stream isdue to enhanced wind speed and the large disequilibrium
of air temperature from SST9,13.

Asprecipitation off theUSeast coast isoften associated with deep
weather systems, therainfall pattern described abovesuggeststhat the
Gulf Stream’s influence may penetrate to the free atmosphere.
Indeed, the upward motion across the Gulf Stream displays a deep
structure extending to theupper troposphere (Fig. 3a). Theupward
motion isanchored by wind convergence in theMABL (Fig. 3a). The
latter peaksat theseasurface, and isstrongly affected by SST (Fig. 1).
It isinteresting to notethat although surfaceconvergence and diver-
gence are similar in magnitude (Fig. 1), the upward motion over
surface wind convergence is much stronger and deeper than the
downward motion over the wind divergence (Fig. 3a). This is sug-
gestiveof theimportanceof condensational heatingabovetheMABL
in developing the asymmetry between the upward and downward
motion.

Theupwardwindvelocity isstrongest just abovetheMABLbetween
the 850 and 700hPa levels (Fig. 3a). The horizontal distribution at
these levels isquite similar to the distribution of the surface conver-
gence. The structure trapped by the Gulf Stream is clearly visible at
500hPa and remainsdiscernibleat the300hPa level (Supplementary
Fig. 4). Remarkably, the divergence in the upper troposphere is also
dominated by a meandering band following the Gulf Stream front
(Fig. 3b)—such a pattern is required by massconservation, with the
tropopauseacting virtually asa lid for themean circulation.

Next weexamine theoccurrence of high clouds, and infer cloud-
top temperature using three-hourly outgoing long-wave radiation
(OLR) derived from satelliteobservations. Lower OLRlevelsindicate
lower temperatures and higher altitudes of cloud tops. Figure 3c
shows the occurrence rate of OLR lower than 160W m2 2, which
roughly corresponds to acloud-top height of about 300hPa. A nar-
row band of high occurrencehugstheSST front of theGulf Stream in

a Observed rain rate, satellite b Rain rate, AGCM c Rain rate, AGCM, smoothed
50° N

45° N

40° N

35° N

30° N

25° N

50° N

45° N

40° N

35° N

1 1.5 2 2.5 3 3.5

mm d–1

4 4.5 5 5.5 6

30° N

25° N

50° N

45° N

40° N

35° N

30° N

25° N
80° W 70° W 60° W 50° W 40° W 80° W 70° W 60° W 50° W 40° W 80° W 70° W 60° W 50° W 40° W

Figure 2 | Annual climatology of rain rate.

a, Observed by satellites. b, c, In theAGCM with
observed (b) and smoothed (c) SSTs. Contours
are for SST, as in Fig. 1.
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Figure 3 | Annual climatology of parameters

connecting MABL and free atmosphere.

a,Vertical wind velocity (upward positive;colour),
boundary layer height (black curve) and wind
convergence(contours for 6 1, 2, 33 102 6s2 1)
averaged in thealong-front direction in thegreen
box in b, based on theECMWFanalysis. b, Upper-
tropospheric wind divergenceaveraged between
200and 500hPa(colour).c,Occurrencefrequency
of daytimesatellite-derived OLR levelslower than
160W m2 2 (colour). Contours in b and c are for
SST, as in Fig. 1.
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