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S2S prediction is a frontier but remains very challenging

Potential applications of subseasonal-to-seasonal (S2S) predictions 317
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USER NEEDS
Reliable and actionable information for decision-making 

•  issue warnings 
•  distribute humanitarian aid
•  evacuation

• continue monitoring forecasts
• update community warnings
• initiate preparedness activities
• revise water allocations 
• activate water conservation practices

• start monitoring forecasts
• update contingency plans
• inform strategic planning decisions

• supplement financial risk strategies 
• inform loss scenarios
• update peak energy demand scenarios
• pre-positioning of disaster response materials
• implement irrigation, pesticide or fertilizer
           schedules

S2S WEATHER-INFLUENCED ACTIONS

SHORT- TO MEDIUM-RANGE 
WEATHER-INFLUENCED ACTIONS

LONG-RANGE 
WEATHER-INFLUENCED ACTIONS

Daily values

1–10 days Weekly averages

10–30 days Monthly or seasonal averages 

30–90+ days

Figure 1. (a) Qualitative estimate of forecast skill based on forecast range from short-range weather forecasts to long-range seasonal predictions,
including potential sources of predictability. Relative skill is based on differing forecast averaging periods. (b) A schematic diagram highlighting the
relationship between the subseasonal-to-seasonal (S2S) ‘extended-range’ forecast range and other prediction timescales, with examples of actionable
information that can enable decision-making across sectors. Actions are examples only and are not exclusive to a forecast range. (a) Adapted by
Elisabeth Gawthrop from an original figure by Tony Barnston, both International Research Institute for Climate and Society; edited and reproduced
with permission. (b) Based on Meehl et al. (2001), Hurrell et al. (2009) and Goddard et al. (2014). Definitions are based on WMO meteorological

forecasting ranges: http://www.wmo.int/pages/prog/www/DPS/GDPS-Supplement5-AppI-4.html.

2014a). Initial soil moisture conditions have also been shown
to increase in particular the accuracy of both precipitation and
temperature predictions on the S2S timescale, especially for sum-
mer extreme temperatures; however, the use of sea-ice condi-
tions is a largely untapped and unknown source of potential pre-
dictability (Doblas-Reyes et al., 2013).

A number of persistent biases and errors, however, still exist in
most climate simulations, such as tropical precipitation and low

cloud cover (e.g. Randall et al., 2007). Some of these biases arise
solely from the errors in the models and some may arise from the
systematic misrepresentation of the coupled atmosphere–ocean
feedbacks, which may compound existing errors or generate new
biases (Brunet et al., 2010; Vitart, 2014a). The lack of vegetation
components and stratospheric disturbances in current forecast
models are other impediments to improving forecasts on S2S
timescales (Brunet et al., 2010; Doblas-Reyes et al., 2013).

© 2017 Royal Meteorological Society Meteorol. Appl. 24: 315–325 (2017)

White et al. 2017

S2S:  2 Weeks to 2 months
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Figure 5 a) Genesis locations of TSs that exhibit higher predictive skill based on the GFDL coupled 917 

model system. TSs with green color denote those predictive skill is above 65% in forecasts 918 

during the first week, and those with blue color denote TSs that show a predictive skill greater 919 

than 50% during the week-2 forecasts. Shaded contours denote standard deviations of 20-70day 920 

filtered daily summer rainfall anomalies. b) Averaged cyclogenesis skill based on the selected 921 

more predictable TSs as shown in a).   922 
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174 TC genesis out of 597 observations

30% of TCs can be skillfully predicted 

with 1-2 week lead time

S2S results #1: TC genesis   

Two-week TC genesis prediction

Gao et al. 2019

Jiang et al. 2018; Xiang et al. 2015

Monthly total Hurricane Activity 
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S2S results #2: week 3-4 prediction of temp and extremes

Xiang et al. 2019 Xiang et al. in preparation

Week 
3

Week 
4

Surface air temperature                    Extreme cold days 
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27 days

Xiang et al. 2015

Vitart (2017)

GFDL

operational

S2S results #3: 27 days of MJO prediction skill

Kim et al. 2014
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The Unified Forecast System (UFS) is a community-
based, coupled, comprehensive Earth modeling 
system. The UFS numerical applications span local to 
global domains and predictive time scales from sub-
hourly analyses to seasonal predictions.

https://ufscommunity.org

GFDL contributes to the UFS development:

1) FV3 (Finite-Volume Cubed-Sphere Dynamical 
Core) + GFDL Microphysics

2)  MOM6 ocean model

UFS = FV3 + MOM6 +    ……

UFS provides an opportunity to accelerate improvements in S2S prediction
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GEFSv12 (uncoupled) will be the first NWS modeling 
system for sub-seasonal predictions, planned for 
implementation in 2020 (target for operational in 2022). 

The newly developed GFDL models (SHiELD and SPEAR) 
are UFS implementations at GFDL



8December 6 , 2017

GFSFV3

fvGFS

SHiELD

(Chen et al. 2019a,b; Harris et al. 2019; Zhou et al. 2019; Hazelton et al. 2018 ……) 

SHiELD (System for High-resolution modeling for Earth-to-Local Domain)
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MOM6/SIS2AM4/LM4

CM4

SPEAR

(Delworth et al. 2019; Zhao et al. 2018a,b; Adcroft et al. 2019; Held et al. 2019 ……)

SPEAR (Seamless System for Prediction and EArth System Research)
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SHiELD & SPEAR

2 monthshours 2 weeks

Daily Weather 
Forecasts

S2S

3 months                Decadal 

Seasonal to decadal and
century Predictions

Century

time scaleThunderstorms, 
Tornados, 
Hurricanes…

Hurricanes, MJO,  Heat 
waves, Droughts…

ENSO, Hurricanes, 
Precipitation/
Temperature anomalies

SHiELD (3km/13km/25km) SPEAR (100km/50km/25km)

One codebase, one compile script, one executable, one runtime, one post-processing
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FV3 is flexible, adaptable, robust, and fast

uniform regional stretched nested
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15 Days 15 Days

19 Days 24 Days

Correlation 
skill

Nested configuration of SHiELD improves MJO prediction

vs
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Thunderstorms à Convective Systems à Fronts and Hurricanes à Baroclinic Waves à Long Waves

X-SHiELD
3.25km

Experimental global cloud-resolving subseasonal hindcast (X-SHiELD)
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Ongoing S2S efforts

1) Developing and evaluating SHiELD/SPEAR’s S2S prediction skill 

Case studies before long reforecasts

2) Improving our understanding on S2S prediction

--- sources of predictability, window of opportunity for prediction, key 
factors influencing S2S prediction skill (initialization, model resolution, 
model biases …)

3) Exchanging innovations and updates with other UFS models, 

contributing to operational S2S predictions
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Gaps for S2S prediction

o Intrinsic model errors 
o Imperfect initial conditions (land, sea ice …) 
o No standard metrics
o High computational costs

long hindcasts (at least 10 years?)
it takes a long time to get reforecasts after model upgrades

……

S2S prediction is still at its infancy and developing stage!



Thank You!

Visualization
Xi Chen @ FV3 Team



Backup slides
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Toward to Sub-seasonal prediction

counts/day x 100

Observation HiRAM

Convectively enhanced
MJO Phase

Convectively 
suppressed
MJO Phase

Blue – TSs             
Red - Hurricanes

• Impact of MJO on Gulf of Mexico TCs
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For the super-active 2017 
hurricane season:
• fvGFS outperforms GFS 

when using GFS IC

• fvGFS outperforms IFS 
when using IFS IC

TC track errors in 

the North Atlantic basin 

North Hemisphere H500 ACC

13-km fvGFS

Chen et al. 2017 

(GRL, minor revision) 

GFS

fvGFS_I

IFS

fvGFS_G

From Weather Forecasts to S2S Prediction

• GFDL fvGFS: 
The finite-volume Global Forecast System

FV3 coupled to a heavily modified GFS Physics 

suite and the NOAH land model:

• EDMF PBL à YSU PBL 
(courtesy Hailey Shin, UCAR/GFDL)

• Z-C Microphysics à GFDL six-category MP
(Zhou et al. 2019; BAMS)

• Specified SST à Mixed-layer ocean 
(courtesy Baoqiang Xiang, UCAR/GFDL)

• Scale-Aware SAS shallow/deep convection
(Hong et al, 2017)

• Initialized from GFS/ECMWF analyses 
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GFDL fvGFS for S2S Prediction

• Targeted model resolution: 25 km

• Preliminary results based on the 10-
year climatology run: 
– Convectively coupled equatorial 

waves (CCEWs): 
• MJO
• Mixed Rossby–gravity waves (MRG)
• Equatorial Rossby waves (ER) 
• Kelvin waves

25-km  fvGFS
Jan-Huey Chen & Yongqiang Sun

GPCP Obs

25-km fvGFS
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In the Two-way Nested fvGFS
• MJO prediction

– 4-km nested within 16-km 
global model

– YSU; Scale-aware SAS; Mixed-
layer Ocean

The two-way nested configuration better captures the propagation of 
MJO convection across Maritime Continent (100-150E).

Lagged-correlation analysis 
based on tropical-averaged precipitation

Obs Nested Uniform

• Medium-range derecho prediction

3-km cfvGFS
Harris et al

In revision at 
JAMESLucas Harris & Kun Gao
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T-SHiELD: 2011-2 Hindcasts

TRMM Observations T-SHiELD 16-km global/4-km nest T-SHiELD 16-km uniform

At boundary of 
nested grid; a grid 
artifact?
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The GFDL FV3 Dynamical Core
• Key element of the seamless cross-

scale predictions
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S2S Hurricane Predictability in HiRAM

• HiRAM: “fast AM4-like”

S2S Atmosphere model with 

prescribed aerosols and six-

category GFDL microphysics 

• 2012 Hydrostatic version:

32 levels, single-plume conv.

• 2015 Nonhydrostatic version:

63 levels, double-plume conv.

• 25-km HiRAM shows 

remarkable predictability of 

Atlantic hurricanes during 

2000s

25-km HiRAM seasonal
Atlantic hurricane 

predictions

J.-H. Chen and 

S-J Lin

(2013; 2016)
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we are experimenting global convection permitting/resolving subseasonal hindcasts; 
ii) the regional refined methods make the explicit representation of extreme weather events 
(tornado-like features; major hurricanes)
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