*%‘

ition of Global Ensemble Forecast System
Coupled Earth System Model for Sub-
seasonal Predictions

Yuejian Zhu
Dingchen Hou, Bing Fu, Wei Li, Walter Kolczynski,
Hong Guan, Eric Sinsky, Bo Yang, Xianwu Xue, Yan Luo and Jiayi Peng

Environmental Modeling Center
NCEP/NWS/NOAA
October 20-22 2020
Poster Presentation for 45th CDPW



& ' Abstract

P—
—

F

“The Unified Forecast System (UFS)-based Global Ensemble Forecast System version 12 (GEFS v12)

will be implemented in NCEP operations in September 2020. This upgraded GEFS has
demonstrated great improvement of the probabilistic forecast guidance for weather, medium-
range, and sub-seasonal predictions based on 31 years of reforecasts and 3 years of retrospective
forecasts. The GEFS v12 will run 31 members at 25-km horizontal resolution compared to the
current 21 members at 33-km horizontal resolution, and additionally extends one cycle per day
into the sub-seasonal range (35 days), beyond the standard 16-day forecast. The GEFS v12
system has also added a wave component to all members, as well as adding a special
atmospheric aerosol member with this upgrade.

This talk will mainly focus on forecast uncertainties of sub-seasonal predictions and plans for the
transition from uncoupled GEFS v12 to fully coupled GEFS v13. The presentation will cover the
following three aspects: 1) The success and highlights of GEFS v12 for weather and sub-seasonal
predictions through various evaluation metrics; 2) The discussion of challenges associated with
the un-coupled ensemble system, especially for sub-seasonal predictions; 3) Expectations from a
fully-coupled global ensemble forecast system toward next operational implementation.
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V12

V13 (future)

(Finite-Vol Cubed-Sphere) GFSv15.1 version

FV3 (GFSv17)

GFSv15.1 package (GFDL MP)

Advanced Physics

EnKF fO6

EnKF anl

STTP (Stoch. Total Tend. Pert)

5-scale SPPT and SKEB

SPPT, SKEB and others

SST - Climatology relaxation

NSST + 2-tiered SST

Full coupling (MOM®6, CICE6)

Tropical storm

Relocation for all members

No relocation

N/A

Horizontal
Resolution

T,574 (34km)/T,382 (55km)

€384 (25km)

C384/0.25d (MOM®6/CICE6/Wave)

rtical resolution

L64 (hybrid)

L64 (hybrid)

L127 (hybrid)

00, 06, 12 and 18UTC

00, 06, 12 and 18UTC

00, 06, 12 and 18UTC

16 days

16 days, 35 days (00UTC) - Support SubX

16 days, 35 days (00UTC)

Control + 20 pert members

Control + 30 pert members + 1 aerosol member

EnKF anl

Output resolution

0.5°x 0.5°

0.25°x 0.25° and 0.5° x 0.5°

0.25° (selected) and 0.5°

Output frequency 3hly for the first 8 days; 6hly for the rest 3hly for the first 10 days; 6hly for the rest 3hly for the first 16 days; 6hly for the rest
Reforecast EMC offline — 20 years 30 years (1989-2018) Yes
Implementation December 2, 2015 September 23, 2020 2024

TETE
_- Y




C384L64 ~ 25km :
resolution
Non-hydrostatic

Key parameters

Time step=450s; but use 300s
for aerosol integration
ksplit=2; for vertical mapping
nsplit=6; for acoustic wave
hord=5; horizontal advection
scheme; see impact for TS
intensity (right plot)

nord=2; divergence damping — 6
order diffusion; impact SKEB
scheme

d4_bg=0.12; is coefficient for
background higher-order
divergence damping.
Vtdm4=0.02; is coefficient for
damping other-variables like
vorticity, non-hydrostatic
vertical velocity.

Others similar to GFSv15.2

rom Spectral to FV3 Dycore

MODEL FORECAST — INTENSITY VMAX ERROR (KT) STATISTICS
GEFS PROD/Benchmark Atiantic 2017

e AEMP: GEFS PROD
—— AEMB: FV3 HORG6

Hord=6

10- Early experiments
Atlantic Hurricane Intensity
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GEFS PROD/HORDS Atiantic 2017
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Final experiments
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*place with GFDL MP
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WChanges

Tuning parameters and coefficients:

Increase the conversion rate of ice cloud water to snow
(psauto from 4.e-4 4.e-4 to psauto=8.e-4 8.e-4)

Test 5 different sets of geographic gravity wave drag and
mountain block coefficients, finally to use cdmbgwd=1.2;1.0
Many others..
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North America 2 Maeter Temp, Time Saries

Northern American 2-m temperature bias

Winter '
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Cbserved frequancy (%)
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- N 4 | e Top: NA 2-m temperature bias is
>/ much reduced in summer (warm)
7 ab and winter (cold).
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&U;ES IC Uncertainty from EnKF 6-hr forecasts, No TSR

Example of FV3-EnKF spread vertical profile
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EnKF —

< Ensemble Kalman Filter is providing background error
covariance to data assimilation and initial uncertainty (or
perturbations)

< Spread of 80 ensemble members has demonstrated its
growth in 6 hours

Why f06 ? -
<> Current EnKF is running in final hybrid DA (GDAS), it is late for
GEFS initialization

<+ There is less difference of anl and f06 in the structure (left)

Re-center —
<> GEFS takes 1-30; 21-50; 41-70; 61-10 GDAS ensemble
members for 00; 06; 12; 18 UTC respectively
< Ensemble re-centering applied for selected 30 perturbations.

Remove TC relocation —
< Tropical storm relocation was introduced in 2006 for lower
horizontal model/analysis resolution (~55km), but ~13km
today, it is no longer necessary (similar to GFSv15.1)
< Less impact when we take out TSR process for GEFS.



n GEFSv12: SPPT and SKEB

Examples of stochastic patterns for SPPT

500hPa zonal wind
—scales—together 500km/6h 1000km/3d

o Bios it Lol (DL oy Error/Spread ratio
S (S &

‘_—_backscatt‘er (SKE'B;
Berner et al. 2009)

* SPPT and SHUM: perturb
the results from the
physical
parameterizations, and

' boundary layer humidity
E' (Palmer et al. 2009), and

§E8sBo385888

2000km/30d 2000km/90d 2000km/1yr
(0=0.2,int=0.1) (¢=0.08,int=0.05) (0=0.04,int=0.03)

- B

10
80
®
/ «“
- inspired by Tompkins ! )
and Berner 2008, we call e
it SPPT and SHUM »
100
* Replace STTP for i b ;
GEFSv12 with SPPT and 5-scale random patterns used in Stochastic Perturbed Physics Tendencies GEFSv12 with SPPT + SKEB
mo difie d SKEB (SPPT). On the top of each plot, the numbers (except for upper left) represent S o it pes Putbation forclonreky

the scales of spatial and temporal perturbations with the maximum amplitude

; : 5 * No perturbation under divided streamline
and contour intervals in the parenthesis.

(amplitude reduced to
0.5 from 1.0), no SHUM

wtile,




d 2-tiered SST

NSST is a T-Profile just below the sea surface.
Here, only the vertical thermal structure due to diurnal thermocline layer warming

and thermal skin layer cooling is resolved =

Diurnal Warming Profile
: I =T, T2y ===/ )T.(0)
o T

analysis - climatology Climatology

Ocea

A
e V11: Persistent+ relaxation

= Mixed Layer - I'(z)

atto att
I 33 - . Thermocline
* Traditional
approach of SST Deeper
forcing without \
|

=3 T.(2)
z, — O(5m)

Skin Layer Cooling Profile

- Ocean T(zy=(-z/0)T ()
coupling to ocean / . =
-| [ T(z) :
_cmu O -] - ! A - - O, ~ Xl
= raecs | T(z,0)=T,(z,,00+ T, (z,0)-T.(z,1) z€[0.z,] , .
e
Dicw ave NSST is assimilating diurnal variation of SST __ Courtesy of Dr. Xu Li

* V12: NSST+ Two-

tiered SST :
Analysis + Climatological tendency Bias-corrected CFSv2 (t—1t,)
forecasts w(t)=—
* Two-tiered SST technique has been used for SubX project to provide real-time 35 days GEFS forecast to 35

r " =“ support CPC’s subseasonal guidance. It has been demonstrated the value to improve tropical forecasts




: I'tiation of GEFSv12
Week-2, Weeks 3&4 Forecasts

Based 31 years reforecast

Contributors: CPC and EMC




z500 RMSE(m) NH

— GEFSv12; — CFSv2
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v Mjlom Different Periods

! o

MJO sklll RMM1 +RMM2

i * Use dependent climatology
0.9 ! — 1989-2018 _
0.8 | ——1989-1999 * CFSRclimatology (1989-1999)
0.7 | ——2000-2018 *  GEFS reanalysis climatology (2000-2018)
0.6 | *  GEFS reforecast climatology (1989-2018)
L 05 |5 R e
| | + Mo skill (RMM1+RMM2)
0.2 E Latest years (2000-2018) is best
0.1 ! * Early years (1089-1999) is least
0.0 : ; : v ' ' * Average scores (1989-2018) is about 21
5 10 15 20 25 30 35
Lead day days
:- Uzoo MJO skill: U200 U850 MJO skill: UBS0 OLR MJO skill: OLR
N 10 0 . . . . , 1.0
P ~—1989-2018 1 —1989-2018 ~——1989-2018
08 1989-1999 08 ——1989-1999 08 [ 1989-1999
—2000-2018 ——2000-2018 ——2000-2018
0.6 06 06
ez T ORg R na s Qe S R e e <
0.4 0.4 0.4
0.2 = BT 0.2
0.0 i 0.0 — ) A 0.0 .
5 10 15 20 25 30 35 5 10 15 20 25 30 3¢ 5 10 15 20 25 30 35
, Lead day Lead day Lead day
@9 Courtesy of Dr. Wei Li (EMC) 11




.ﬁo skills comparison (1989-1999)

MJO skill: RMM1+RMM2
1989010400-1999112400(11yr clim)

1.0

5 10 15 20 25 30
Lead day

Both MJO skills are lower, but GEFSv12 is

better than CFSv2 about 2 days

The same for MJO components skill,

.. GEFSv12 is better than CFSv2

Courtesy of Dr. Wei Li (EMSC)
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MJO skill: OLR
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kills comparison (2000-2016)

MJO skill: U200
2000010500-2016122800( 19yr clim)

10
—SubX
08
—FVva
06 |
e
0.4 —
MJO skill: RMM1+RMM2 o UZOO o
2000010500-2016122800(19yr clim) 00 - i s e oA
1.0 T v v T 1 v Y Lead day
0'9 MJIO skill: U850
0.8 G 2000010500-2016122800(19yr clim)
0.7 ———SubX
0.6 ———FV3
Q os
0.4 :
0.3 1 R
02 | : °Z 1 U850 T
1
0.1 ! e 5 10 15 20 25 30 35
0.0 . . s J s Lead day
5 10 15 20 25 30 35 A AT
Lead day Vo . 2000010500-2016122800(19yr chm)
—S X
— For MJO RMM skill (bias corrected), GEFSv12 Fva
(23+ days) > SubX GEFS for ~ 2 days
— For MJO components skill, GEFSv12 > SubX GEFS s
wiire, : 5 10 15 20 25 30 a5

- ‘ Q Courtesy of Dr. Wei Li (EMC) Leac day
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of MJO in GEFSv12
1989 - 1999

OLR forecast lead=30: 19890104-19991229

= 4.0

2.0

~o II —
L T .
el 0.0 b _

Lag (weeks)

-2.0

45E Q0E 135E 180 = 45€ 90E 135€ 180
1 -08 -06 0.4 -02 0 0.2 04 06 0.8 1 -1 -0.6 -0.4 -02 0 0.2 0.4 0.6 0.8 1

Spatial and time correlation (anomaly) in the Central Indian Ocean /time-lag of 11 years analysis (CFSR;
left) and 30-day forecast (GEFSv12 ensemble mean; right). The correlation coefficient of OLR is in
shaded and 850 zonal wind is in contours. The statistics indicate that there is a very good eastward
propagation of signal (or MJO) from India Ocean. However, it is challenging to capture northward
propagation of Intra-Seasonal Oscillations.

@ é Courtesy of Dr. Wei Li (EMC)




S for 2000-2010

=

bss (2000 - 2010, weds only, wk34) // gefsvi2 /f t2m 1.00 bss (2000 - 2010, weds only, wk34) // cfs // t2m
- bss_mean: -0.1 bss_mean: -0.2
bss_mean_cal: -0.03 bss_mean_cal: -0.03
0.75 - = 0.75
) wn
ES 0.50 § 0.50
g 7
§ 0.25 3 0.25
o @
S 0.00 S 0.00
N A
% -0.25 % -0.25
B -0.50 £ -0.50
3 &
Ak -0.75
~1.00 3%
0 100 200 1300 400 500 0 100 2500 300 00 -
ume time
Summary:

e The GEFSv12 is slightly better uncalibrated, and identical when calibrated.

Courtesy of Dr. Kyle MacRitchie
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Preci S for 2000-2010

—
],""-—-\-

1

bss (2000 - 2010, weds only, wk34) // gefsvl2 // tp bss (2000 - 2010, weds only, wk34) // cfs // tp
1.0 1.00
bss_mean: -0.15 bss_mean: -0.38
bss mean cal: -0.06 bss _mean cal: -0.35
0.75 = §- 0.75 = -
m? 0.50 2 0.50
3 £
! Z
3 0.25 3 0.25
v p
3 0.00 ©  0.00
J v
n N
z -0.25 g -0.25
ok n
D @
E -0.50 = -0.50
D
B —0.75 -0.75
-1.00 -1.00
0 100 200 300 400 500 0 100 200 300 400 500
time time
Summary:

e The GEFSv12 has higher BSS than the CFS and less variance.
Courtesy of Dr. Kyle MacRitchie
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,.neflts from GEFSv12 implementation
(9/23/2020)

E; GEFSv12 is much improved from GEFSv11:

* Higher 500-hPa AC and CRPS scores to extend skillful forecast more than
12 hours.

* Increased ensemble spread to better present forecast uncertainty.

* Improved TC tracks, spread, and location of QPF maxima

* Better handling of deepening extratropical cyclones

e Extend about 1 day PQPF skill and more reliable precipitation forecasts
* Improved representation of weather events near topography

e GEFSv12 is improved from SubX (GEFSv11+) and CFS of subseasonal
forecast

* GEFSv12 has demonstrated an extension of MJO skill by 2-3 days
compared to GEFS SubX version.

<; &% © OEFSv12 shows much better scores than GEFS SubX version and CFSv2 for
¥ c0hPa heicht PAC <carec of NH and PNA



