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T511L60 (1536*768*60) TCo639L72 ( 2576*1280*72 )
Resolution Horizontal grid : reduced Gaussian grid (~25KM)=> Octahedral reduced Gaussian grid (~15km)
Vertical grid: S-P hybrid 60 layers S-P hybrid 72 layers

Model top: 0.1 mb
Progonostic variables  divergence, vorticity, virtual potential temperature and Tracers

Spectral method

Dy-core Eulerian + Semi-implicit = Semi-Lagrangian(NDSL) + Semi-implicit
3 time level
Soil model Noah land surface model-4 layer (Ek et al. 2003)
Vertical turbulence Hong and Pan (2011)
Shallow convection Han and Pan(2011)

NSAS(New Simplified Arakawa-Schubert scheme) (Pan and Wu 1995;

convection Han and Pan 2011)

Physics _ _ _
Cumulus Grid scale : Predict cloud water(pcw) and diagnose

precipitation precipitation with cloud physics (Zhao and Carr 1997)
Gravity wave drag Palmer et al. (1986)
Radiation Rapid Radiative Transfer Model for GCMS (RRTM-G)

Non-orographic gravity wave drag Scinocca(2003)
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Update cycle run

Fcst 06 data

Data Assimilation CWBGFS
Hybrid 3DVar T511L60 Global Verification

Observation system

CWBGFS (GVER)

TCo639L72

Fcst 06 data



+RGER A

Off-line run

CWBGFS
T511L60

Global Verification
system

NCEP GFS

Initial condition

CWBGFS (GVER)

TCo639L72




¥ 3 ¥E % 2 % :20180901~20180930(002)

Initial Condition 20180901~20180931 ( 00Z)
Model Dynamic Eulerian Semi-Lagrangian ( NDSL )
: T511L60 T,639L72
MO(‘ée:ijiso‘?:‘t;'on (1536*768*60) ~25km (2576*1280*72) ~15km
reduced Gaussian grid Octahedral reduced Gaussian grid
initial Condition Off-line run Off-line run
(from NCEP analysis data) (from NCEP analysis data)
Model Physics on
Integration Time (hours) 120
Integration Time Step 90 995

(Seconds)
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/B 3% : 500hPa geopotential height ACC

North Hemisphere

AC: HGT P6500 G2/NHX 00Z, 20180908-201809830
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15 B 38 time series of RMSE profile

HGT: RMSE T: RMSE
20180908—20180930 Mean, G2 00Z 20180906—20180930 Mean, G2 00Z

Forecast Hour Forecast Hour
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15 /B 38: Score Card ( TCo_V3NEW v.s. OPEXP_NEW )

EMC Verification Scorecard Globe N. American N. Hemisphere S. Hemisphere Tropics

Symbol Legend Day [ Day | Day [ Day | Day | Day [ Day [Day [ Day [ Day Day | Day | Day | Day Day | Day | Day | Day [Day [ Day [Day | Day | Day
ITCO_V3NEW is better than OPEXP_NEW at the 99.9% 1 5 3] 10 1 3 5 8 10 3 5 8 10 3 5 8 10 1 3 5 2] 10

ignificance level
[TCO V3NEW 1s better than OPEXP_NEW ot the 99% 250hPa
[* significance level ) 500hPa
[TCO VaNEW i5 better than OPEXP_NEW at the 05% Heights =00hPa
significance level
o statistically significant difference between TCO_VINEW 1000hPg|
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significance level . -
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Case testing: Typhoon

implementation of scale-aware deep & shallow
convection scheme in CWBGFS TCo639L72

* Analysis : NCEP

* TCO V3 :TCo639L72 ( sascnv & shlcnv )

e TCO_SA : TCo639L72 ( scale-aware sascnv & shlcnv )
e T511 : T511L60 ( ndsl T)

* Initial time : 20180908 00Z
* Integration : 120 hours
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NCEP_Analysis

Sea Level Pressure (hPa)

date:00Z13SEP2018
Min_Pres:916.118 hPa
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CWB GFS Typhoon Track
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North Hemisphere

AC: HGT P500 G2/NHX 00Z, 20180808—20180930
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/B 3% : 500hPa geopotential height ACC ( TCo_V5 v.s. TCo_V3NEW )

South Hemisphere

AC: HGT P500 G2/SHX 00Z, 20180906—20180830
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¥ 1% iB|3#: Score Card ( TCo_V5 v.s. TCo_V3NEW )

EMC Verification Scorecard Globe N. American N. Hemisphere S. Hemisphere Tropics —
Symbol Legend Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day
CO_VS is better than TCO_W3NEW at the 99.9% 1 3 5 8 10 1 3 5 8 10 1 3 5 8 10 1 3 5 8 10 1 3 5 B8 10
significance level
TCO VS is better than TCO_VINEW at the 99% significance 250hPal v | Vv [ ¥ Yy Yy yiviy
“llevel . __ Heiahts 500hPal|l w v v v v v v v v
EV(;TVS is better than TCO_V3NEW at the 95% significance elg 700hPal ¥ v v v v v v v v
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[TCO_VINEW - - — 250hPal v | ¥ | ¥ vyl|v vylv|lvw vyl|lvy|lv¥
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| [TCO_VS is worse than TCO_V3NEW at the 99% significance orrelation n 850hPal ¥ v \d A\ A4 \d A\ A\ \4 \4 v
ll?cvgl\-"s is worse than TCO_V3NEW at the 99.9% 250nPal v Y hJ A4 Al v v Al A4 A4 A4
lsigrificance level - Temp 500hPa| ¥ v v v v v v v v v v
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Summary & Future work

Summary

1. TCo639L72 offline run;p|ig =%
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Introduction

e CWB GFS CWB GEPS CWB 2-tier CFS | CWB 1-tier CFS

* * * *
Resolution T511L60 (1536*768*60) T319L60 (960*480*60) T119140 (360%180*40) ~110km
~25km ~40km
Grid type Reduced Gaussian grid Reduced Gaussian grid Regular Gaussian grid
Vertical grid S-P hybrid 60 layers S-P hybrid 60 layers Sigma 40 layers
Model top 0.1 mb 0.1 mb 1 mb
Divergence
Prognostic Vorticity
g Surface Pressure
variables

Virtual Potential Temperature
Tracers

Spectral method
Dy-core Eulerian + Semi-implicit - Semi-Lagrangian + Semi-implicit
3 time level



NDSL : Non-iteration Dimensional-split Semi-Lagrangian

1. Evaluating Lagrangian advection separately.
(X=2>2Y>2)or(Y 2> X2 2)

2. Doinginterpolation and remapping on 1-D
with no guessing and no iteration.

3. No need halo grids in MPI.
4. Mass conserving and positive-definite.

-- Juang 2007 & Juang 2008
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Octahedral reduced Gaussian grid

1. Setting of grid point
* start with 20 points at the Gaussian latitude closest to the pole
* Increase 4 points per Gaussian latitude toward the
equator( 16+4i)
* 16+4N points at the Gaussain latitude nearest the equator
( N=my/2, my is the grid length of longitude )

2. Using Cubic grid not Linear grid
e prevent aliasing when doing spectral transform
* more stable results
* more efficiency

Conception of Octahedral Gaussian reduced grid
( Malardel et al. 2016 )



Governing equations: final form

0 ZUE)B Vae [ Op] 69*

ot | ™ Vo au |anlap | 0

0q dq dq [ dp|aq "

Pl m Uaa V@u ] ar| o 1 Qq 1. Values always-posmve
2. Saving more time

ZAB( 2U—+V ) Z(AA+ABpS) (m g—g+g;{})]

Calculated all tracers on grid point space, no spectral transform.

For continuity equation, Eulerian form
provided much stable result than
estimating the horizontal advection term by
NDSL.
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Estimating all the advection terms(red box) by NDSL aD
i a(H,—G)
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/B]3%: 850hPa temperature ACC
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/B 3%: 250hPa wind ACC
North Hemisphere

AC: WIND P260 G2/NHX 00Z, 20180006—20180930
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South Hemisphere

AC: WIND P260 G2/SHX 00Z, 20180908—20180930
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