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GLOBAL



Recent upgraded / planned specificatio

A Configurations

Meteo France: Plan to increase ensemble size

T
I RHMC: Plan to increase ensemble size and model resolution
.
|

ECMWEF: Plan to introduce 50 member EDA

" NCEP: Plan to extend forecast length from 16 to 35/55 days,

change horizontal resolution from 34/55km to 25km
CPTEC: Increase horizontal resolution to 60km

A Model change

DWD: Introduce ICOEPS
CPTEC: Upgrade of model version

JMA and BoM: Plan to upgrade (JMA: introduce the latest global
model, BoM: change from UM8.2 to UM10.6)

NCEP: Plan to upgrade to FV3
NRL and CPTEC: Plan to introduce Earth System Model



Recent upgraded / planned specificatio

A Initial perturbation
I Meteo France: EDA
I RHMC: Plan to introdudensDand/or LETKF
I Met Office: Plan to replace ETKF with4dB¥EnVar

A Usage

I Meteo France: Plan to automate endser weather
forecast

I NRL: International Cooperative for Aerosol Prediction
I NCEP: Benefit to social and economic impact
I BoM: Volcanic ash dispersion



NCEP GEFS Status

V11 (Dec. 2015)

V12 (Q2FY2020)

GFS Model

SemilLagrangian2015

FV3 (GFSv15)

Horizontal Resolution

T,574(34km)/T382 (55km)

C384(25km)

Vertical resolution

L64 (hybrid)

L64 (hybrid)

Daily frequency

00, 06, 12 and 18UTC

00, 06, 12 and 18UTC

Forecast length

16days

35 days

Members

Control + 20 pert members

Control + 30 pert members

Computational Cost

300 nodes (ipeak)

~10031200nodes (in peak)

Execution time

~60 min

~60 min

Output resolution

0.5°x 0.8 and Px 1°

0.29x0.2%and 0.5x 0.2

Output frequency | 3h the first8 days; 6h the rest 3h the first 10 days; 6h theest
Initial perturbations EnKRO6 EnKHRO06
Model uncertainty STTP SKEB, SPPT (and SHUM)

Tropical storm

Relocation for all members

Relocation for all members

Reforecast

EMC offline; 20 years

30 years (1982018)

Implementation

December 2¢2015

Q2FY2020




Example: Operational ICOBPS products

Global: 0,5c opendata.dwd.de weather/wmc/iconeps

www.dwd.de/DE/leistungen/wmc/wmc.html

EU: 0,25 charts available in NinJo at DWD
new: Probability of Turbulence (EDPP)

24h Probability of Precipitation >10mm
201808-28 00:00 UTC +72h

1. Mean and extreme values
- Unweighted mean of all members
- Spread of all members
- Minimum of all ensemble members
- Maximum of all ensemble members

2. Percentiles
I.e. physical values of a forecast
parameter (e.g. T_2M,. . .),
which define the
perc=10,25,50,75,90 [%] parts
of the ensemble distribution.

3. Exceedance Probabilities
- Probability of event above lower limit
- Probability of event below upper limit
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http://opendata.dwd.de/
http://www.dwd.de/DE/leistungen/wmc/wmc.html

Operational global (weather) EPS

ECMWF TCo639L91 15d 51 SV(Total energy norm) + SKEBs terminatedand coupling to ocean  Hindcast
(Europe) TCo319L91 46d EnDA Stochastiphysics (SPPT) model, EDAased dataset
18/32km revised SPPT land-surface pert.  increased
in ENScs
Met Office 20kmL70 7d 17+1 ETKF Random Parameters (RP2) SSTSoil moisture
(UK) 44 for DA En4D-EnVar ->retire and deep soil
50for EDA SKEB2 + SPT temperature
Meteo France T798(C2.4) 4d 35>50 SV (Total Energy Norm)+ A new set of 10 physical N
(France) L90 EnDA (randomly chosen) packages, new model pert. SURFEX and pert.
HMC T169L31 10d 12+2>22 Breeding N N Control is
(Russia) SLAV EnDAand/or LETKF SPPT SSTpert. produced by
25-30km 2 models.
NCEP TL574L64 8d 21->31,51  EnKF Tropical storm stochastic pert. to account N Dynamical
(USA) TL382L64 +8d relocation for random model errors  Stochastic pert. of  core: Euler
->25km 35d SKEB, SPPSHUM, land, couple with to Semi
(FV3) process based param. ocean Lgrangian
NRL/FNMOC  T359L60 16d 21 localET SKEBnc N Partof the
(USA) 80 for Ini. SSTpert. Multi physics ensemble SST initial pert. U.S. muld
Pert. ocean, ice, wave model
coupling ensemble
CMC 0.35cL45 16d 20 Ensemble KF stochastic pert. of physical new method to
(Canada) tendencies and SKEB, evolve SST and sea
further pert. to the physics ice
DWD 40km 180h 40 LETKF Change convectioscheme SST random pert.  ICON
(German) Stochastic representation

Black: current, Red: recent upgrade, green: planned or research



Operational global (weather) EPS

CPTEC/INPE TQ213L42 15d EOFbased perturbation Couple with

(Brazil) 30d EnKF, Hybrid 3War earth system
model

BoM ~60kmL70 10d 18 UM8.2>10.6

(Australia) 33km

JMA TL479100 11d 27 SV(Total energy norm) Stochastic perturbation of Rey SST and Update

(Japan) TL479L100 18d 13 +LETKmpért. Inflation) physics tendency seaice model

TL319L100 34d 13 Pert. on SST

CMA T213 L31 10d 15 SV SPPT N

(China)

KMA ~40kmL70 12d 24 ETKF Random Parameters N

(Korea) 32km (p) 44 Hybrid Ensemble 4War (RP2) and SKEB2.

Black: current, Red: recent upgrade, green: planned or research



REGIONAL



Recent upgraded / planned specificatio

A Configurations

I Meteo France: Plan to increase ensemble size, extend forecast
length, increase from 2 to 4 times per day

I JMA: Increase ensemble size from 11 to 21, 1 to 4 times per da:

T BoM: Six domains at 2.2km resolution based on MOGRIKPS
with 12-18 members

I Met Office: Hourly cycling and using tidagging
I CMC: Increase horizontal resolution and vertical levels
A Move to operational system

I NRL: COAMPS variable resolution is being transitioned to
operation

I RHMC: Plan to operate in 2019
I JMA: Plan to operate in 2019
A Usage
I NRL: COAMPRC is a part of U.S. mdftiodel ensemble



BoM NWPrEnsembles Status / Rlans

APS-3 City Domains

A Operational Ensembles will be part of upcoming "2RSite
i Cityscale:
A "CB"is in development, planned for operations
Q22019
A Six domains (right) at 2.2km resolution

A Based on PS39 MOGRERS but RAM and RAIT
physics used on different domains

A 12-18 members (compute permitting), 36ur FCs,
four times a day

A Planned for operations Q2019




From early 2019:
Hourly cycling, which includes 18 members runs to T+120.

Hourly ensemble schematic

Hour Analysis IC perts LBC Stochaslic Forecast Products
Physics
hy | UK4DV, | MG, | | MUK, T+126 | §
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© Crown copyright Met Office

It runsa small ensemble (3 members) every hour and use-tagging to
create a larger ensemble (18 members perc§hle)



Met Office 2.2kmL70

(UK) 1.5kmL70
120

Meteo 2.5km

France

(France)

DWD 2.8km

(German)

HMC 2.2km

(Russia)

JMA 5kmL76

(Japan)

NCEP/SREF 16kmL41
(US)

NRL/FNMOC 4km

(US)

NRL/FNMOC 45/15/5km
(US)

CMC
(Canada)

15km

CMA
(China)

KMA 3kmL70
(Korea)

45-51h

27h
45h

48h

39h

120h

72h

72h

45h

Operational regional EPS

Perturbing parameters UM

11+1
18/24

12->16

20
40

10

20+1
1+12,
1+12
10+1

20+1

20+1

23+1

Black: current, Red: recent upgrade, green: planned or research

High Resolution Analysis +
global EPS
Convective ensemble DA

Deterministic Analysis
Pert. From 3.2km ensemble
assimilation

IFS, GMS, GME, GSM

Stochastic physics

using random
parameter

SPPT

Increase Pert

Ensemble DA based on LETKParameters

COSMGB14EPS

SV(Total energy norm)
Hybrid DA

Multi analysis

Perturbed synoptic scales
Perturbed Rankine Vortex

Downscalingrom global
ensemble

Interpolated from global EPS
Improved by global EPS
Multi Scale Blending

(GEPS and LETKF)

Downscale from Global EPS
LETKF

N

SPPT, Addutuve
modelerror pert.

N
Pert. tendency

Variety of physics

scheme

N

Parameter variations

Stochastic pert. of

physics

RP

RP

in JULES

Pert.of surface

LBC selection with

clustring

Globall CONEPS, soil

moist pert.

COSMGB14EPS

JMA global EPS

Perturbed SST

Stochastisoil moisture

GEFS/NAVGEM with
synoptic perturbations

NAVGEM ensembles

Global EPS

Improved by global EPS

Global EPS

Global EPS

Hourly
operation

AROME

COSMO

Test
operation
COSMO

Test
operation
Frozen
COAMPSC
In all basins

COAMPS

GEM

UM

UM



EXTRA SLIDES
CONTRIBUTION FROM MANY CENTER



Arpege-EPS status and plans :
operational aspects

General characteristics

m 35 members ® Running 4 times a day
including a control member

00 UTC
provide boundary conditions to 06 UTC
Météo-France LAM EPS PEARO 12 UTC
(F. Bouttier, L. Raynaud) 18 UTC

48h 90h 108h

m Forecasts resolution :

Arpege EPS version 2019
interval: 2.5km [ >

LA L LR B 1



Arpege-EPS status and plans :
operational aspects

Initialization procedure

m using background states from m singular vectors computed over 7 areas
the EDA of Météo-France (rescaled by o))
randomly choosen :
AEARP, 25 members, T399C1 area OTI(h) | res. | norm
(L. Berre, G. Desroziers) ATEUR 18 T195 TE
next version 50 members HNC et HS 24 T195 TE
4xTROP 18 TI95 KE

(2019) T499C1

m Initial perturbations are not symetric.

Model error

m using a set of 10 physical packages including that of operational ARPEGE model.
Playing on different physical schemes :

e sallow convection and deep convection
e vertical diffusion

e solar radiation

e different types of cloud recovery

- EwmE wE W o —



Area under ©1e ROC curves
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Arpege-EPS status and plans :
operational aspects
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rome-France EPS (PEARO) status and plans :
operational aspects

Current (Sept 2018)
soperational production, 12 members, 4x/day
-Arome model at 2.5kmL90 (vs 1.3km deterministic System)

smax forecast range: 45 to 51 hours
sInitial Conditions : deterministic analysis + perts from 3. ‘ensemblg S| gfltion

sLateral Boundaries : PEARP global ensemble
sModel perturbations : SPPT + surface schemes

Recent changes (Spring 2018)
sfrom 2 to 4 ensembles per day, extended forecast ranges
s|ICs changed from PEARP to ensemble assimilation = much better short ranges up

srevised LBC selection with new clustering algorithm = reduced synoptic-scale overt

Planned changes (2019-2020) ca
sincrease ensemble size from 12 to 16 members METEO
FRANCE

d1se en<cemble to airtomate end-i1iser weather forecasts



US Navy Global Ensembles:
A Current configuration:
A T359L60 (37 km) 21 member ensemble run at 00Z and 12Z out to 16 dagendger
6-h ensemble forecasts are run every 6 hours to produce the initial perturbations, [
only 20 members (plus one control) are run out to 16 days.
A Stochastic Kinetic Energy Backscatter is employed to account for model uncertaint
A Part of the National Unified Operational Prediction Capability rmtidel ensemble.
A Plans:
A Testing initial SST perturbations and a simple SST diurnal cycle model for 20109.
A Also testing a mulphysics ensemble.
A Navy Earth System Model (global atmospheceanice coupled) forecast system,
with a 16member ensemble run weekly out to 45 days, planned for operations in
2019. This system is contributing to the NCGBubXmulti-model ensemble.

US Navy Mesoscale Ensembles:

A COAMPS Censemble:
A 11 members at 4 knmesolution for TCs in all basins.
A Undergoing preoperational testing by October.
A Part ofthe multrmodel ensemble wittHWRF

A COAMP®nsemblecapability (variable resolution) ing transitioned to
operations. Initially it will used in a downscaling way with cold starts from the global
NAVGEM ensemble.



NRL: Multmodel Tropical Cyclone Ensemble:
COAMPSC, NOAA HWRF, and NOAA HMON:

Hurricane Harvey
Rapid Intensification Validation: Harvey (09L) Multi-model Example

Initial 0 - 24 h Probability of RI (%)

Time [COAMPS-TC HWRF _ HMON _ Combo Prob of RI (%) * Three ensembles gave very low probabilities of Rl at 23/12z
22/18:2 0 0 0 0 0-32

23/00z 3365 and 23/18z, when Harvey was a 30 kt TD

23/062 66-99

* |nsubsequent forecasts, the probability of RI markedly
increased, reaching 95% for the combined ensemble at
the 24/12z initial time (when Harvey was a 55 kt TS)

No forecast

= Combined ensemble probability of Rl was still > 50% for
the 24/18z initial time, but decreased to 26% at 25/00z.
Harvey was 75 kt hurricane at both times.

Multi-model ensemble recognized the Harvey was likely
to rapidly intensify before making landfall in Texas (26/03z)



NRL COAMPBC

Future Plans
Objectives for FY18+:

= Keep running the real-time demo system for the * Continued product development (e.g. R34 products,
Atlantic and Eastern Pacific clustering), interfacing with JTWC and NHC

= Continued contributionto HFIP
multi-model ensemble

= l nwascrcmuouzn TC = 0912017, DTG = 2017082406 Vaiid 2017 09 08 1200 UTC
2017082406 HARVEY (AL09), |‘p4o knots 3 . Observed (black) CTCX (g
100 L~ B0 HWMN_COMY T T S & 09 / A\ 3
§‘- 0a Map Sateline FETPP X
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& 40 - € 02
01
to . —ml
20 3 1- ,‘1‘ K ‘3 o ‘.‘ o ,n° & g & out of
9 > 'a" w s‘?' FFF A Megos
24 h lead time window
0 -~ Al >= 30 kt (Rapid Intensification)

0-24 h 0-48 h 0-72h 10kt <= A1 < 30 kt (Moderate Intensification)

(30 kts) (55 kts) (65 kis) 0kt < A« 10 kt (Moderate Weakeaning) Meorida

A | <= -30 kt (Rapid Weakening) °
Forecast Hour TC already dissipated or dissipates during window




NRL: InternationalCooperative for Aerosol
Prediction MulttModel Ensemble (ICAMME)

CURRENT ICAP OPERATH@HN& May 2018

MONARCH
Qo
Meteorology Inline
NMMB
Res n 1.4x1 (0
levels 24 (48
Assimilated Obs DAQ MODIS+DEBE
Species Dust, Sea Salt
(POA _ i-l‘
Size Bins 8 (dust, salt)

bulic for others

Antho. & Biogenic
Emission

Bio. Burn,
Emissions

» The ICAP-MME is run daily w/ 1x1 deg res at 00Z for 6 hrly fcasts out to 120 hrs w/ a 1-day latency.

CAMS
0-24 hrs
Inline
IFS
04x04
60
4DVar

DAQ MODIS
DT+DB
PMAp

BC, OC
Dust
Sea Salt
Sulfate

3 (dust, salt), bulk
for others

MACCity
{anthro), MEGAN
{biogenic)

GFAS

MASINGAR
Qo
inline
AGCM
0.375x0.375
40

2DVar
LETKF?

MODIS L3, AHF,
CALIOP?

BC, OC

Dust
Sea Salt
Sulfate

10 (dust, salt),
bulk for others

MACCity

GFAS

MOCAGE
O
Offline
ARPEGE
Ixi
47
2018

NA

BC, OC
Dust
Sea Salt
Sulfate, Nitrate,
Ammonium

6

MACCity (anthro.)

MEGAN-MACC
(biogenic)

GFAS

Sroaniaton “r ol | - [ mr oSN ‘m
ECMWF |
GEOS-5 NAAPS NGAC

Qo

Inline
GEOS-5

0.25x0.31
72

2DVar
+LDE

Neural Net MODIS

BC, OC
Dust
Sea Salt
Sulfate
Nitrate

5 (dust, SS),

2(BC, OC), 3(NI*),

bulk suifate

EDGAR V4. 1/4.2,

AeroCom Phase
I, GEIA

QFED

» Modal AOT (550nm) and dust AOT (550nm) data in NetCDF is available publically.
» Green means proposed. Red means changes occurred last year. “p" means prototype.

O
Offline
NAVGEM
0.33x0.33

60
2DVar
3DVar, EnKF?P
DAQ MODIS,
AVHRR?
VIIRS®
CALIOP®
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B. B. Smoke
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Sea Salt
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GFS
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Sea Salt
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3Dvar®, 4Dvar®,

EnKF?
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STEAM
MEGANE,
HTAP{Coarsa PM)
GFAS,
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MetUM
e}

Infine
um

0.35x0.23
70
4DVar

MODIS Dust
AOT
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Mod Toeal RMSE

Moced Fine RMSE

NRL: InternationalCooperative for Aerosol
Prediction MulttModel Ensemble (ICAMME)

June 2016 May 2017 ICAP MME AOD validation with AERONE

Black dot is MME
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» ICAP MME (consensus) is overall the top performer for all modes.
» Similar result as in Sessions et. al. (2015)
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‘'Meso-scale Ensemble Prediction System (MEF?

Example of 3-h prec. forecast 16 Sep. 2017 00UTC
delermvmsﬁc MSM 21h forecast

*  Purpose

— Providing uncertainty and probability
information of operational deterministic
MSM

+ Ensemble forecast
— Forecast model : ASUCA (as in MSM)
— Resolution : 5km (as in MSM)
— Ensemble size: 21
« 20 perturbed runs + 1 control run
*  Perturbation
— Initial : Singular vector (SV)
— Lateral boundary : Global SV
- Physics and lower boundary
* Under development

_ Observation

SR, e '.‘> n" l , mo LN Ho' =

Pora
b ;.. | e 77
A B AN

* Current Status Ensemble maximum i A Ensemble spread
— Test period (since March 2015) B " gl H . mf@gﬂ.
— Operated 4 run/day Vi 40 i ey wm N
- currently studying LT "_vyf' WSALL T :l:,"'
characteristics of MEPS forecasts L SRR ﬁ I~ 57 T‘ 5} '
utilization methods of MEPS results [ 8P TY B 3P ot
+  Future Plan AU AR ol
. . Probability of Probability of
— Full operation in 2019 prec. > 10mm/sh prec. > 30mm/3h

m.mwm.,..ﬂw—

(‘\@) ﬁ%ﬁ Japan Meteorological Agency 1



Upgradeplan ofthe operational

globalEPS at IMA
A Upgrades in thehysical processes of the Global ERSlel

based on the latest IMGSM

I Adopting GSM implemented in July 2017 for deterministic
forecasting, keeping the consistency among deterministic and
ensemble forecasting models

A Upgrades in LETHased perturbations

I Use of inflated perturbation derived from the ensemble di@ur
forecasts instead adnalyses
A Mitigating underdispersivenesat initial conditions
A Focusing efforts in improving the characteristics #fodir forecasts, which
will be used for hybrid DA.
I Adjustment of the scale of horizontal/vertical localization in the
LETKF



EPS work at DWD e e G T E

Operational global ICON-EPS products since January 2018

U After two years of EPS evaluation phase

Tuning changes in the convection scheme in order to reduce
temperature bias dipole in the tropics

U Bias dipole: too cold in lower troposphere, too warm in middle
troposphere; problem affects EPS and deterministic forecasts, but
CRPS is even more sensitive to it than RMSE in deterministic system

U Most important changes affect downdrafts, with reduced initial
downdraft mass flux at LFS and increased entrainment

Ongoing developments for improved stochastic representation of
model errors



Example: Operational ICON-EPS products Deutscher Wetterdienst E
=/

Wetter und Klima aus einer Hand

Global: 0,5A opendata.dwd.de : weather/wmc/icon-eps

www.dwd.de/DE/leistungen/wmc/wmc.html

EU: 0,25A charts available in NinJo at DWD
new: Probability of Turbulence (EDPP)

24h Probability of Precipitation >10mm
2018-08-28 00:00 UTC +72h

1. Mean and extreme values
- Unweighted mean of all members
- Spread of all members
- Minimum of all ensemble members
- Maximum of all ensemble members

2. Percentiles
i.e. physical values of a forecast
parameter (e.g. T_2M,. . .),
which define the
perc=10,25,50,75,90 [%] parts
of the ensemble distribution.

3. Exceedance Probabilities
- Probability of event above lower limit
- Probability of event below upper limit

Pohahany o (48 2300 greptatir. 208 o Lo
I7 P4 0 Ay 00 S5 JCCM 0F) J51A Ay 29 OITT w100
C2018 Dwatutur Watts rdmmt

% ICON Ensemble 27


http://opendata.dwd.de/
http://www.dwd.de/DE/leistungen/wmc/wmc.html

p-level [hPa]

T and RH in the tropics: radiosonde verification
solid lines: with convection retuning, dashed lines: reference Deutscher Wetterdienst [{3)
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2 no
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BoM NWP Ensembles - Status / Plans

(@

Bureau is developing global and city-scale ensembles: ACCESS -- GE and CE.

As with nearly all ACCESS NWP systems, based on analogous UKMO systems (MOGREPS,
etc)

(@

(@%

Current operational NWP suite ("APS2") has no ensemble systems.

C The APS2-dev version of GE ("GE2") continues to be run as a research demonstration
real-time trial.

C Relatively old now: UM 8.2, N216 (60km) resolution

C Operational Ensembles will be part of upcoming "APS3" suite
C Global:
C "GE3"is in development, planned for operations Q1-2019
C integral component of global modelling now, due to hybrid-VAR
C UM 10.6, N400 (33km) resolution (UKMO PS39 model and DA components)

| y bers-(thotigh-subi f
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BoM NWP Ensembles i~ Status / Plans

C Operational Ensembles will be part of upcoming "APS3" APS:3 Ciy Domains
suite

C City-scale:

C "CE3"is in development, planned for operations
Q2-2019

C Six domains (right) at 2.2km resolution

C Based on PS39 MOGREPS-UK, but RA1-M and
RA1-T physics used on different domains

C 12-18 members (compute permitting), 36-hour
FCs, four times a day

C Planned for operations Q2-2019
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BoM NWP Ensembles i- GE2

C Research system, but real-time running and supporting demonstrations including:
C Streamflow forecasts, and volcanic-ash dispersion
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