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New Center — Earth System Modeling and Prediction Center

e Background
* NWP system & climate prediction system are developed separately in CMA
* Earth system components (ocean, waves, sea ice, land surface) will impact on the evolution of the weather.
* Modelling the interactions between components in NWP system will improves weather forecasts.
* Developing earth system modeling is the first and the most important task of CMA
* Weather and climate models should be developed jointly

 How to (established at Sept 30, 2021)
* Modelers from 5 centers, total 170+ staffs, Director: Dr. Xuexiang YAO
* Numerical Weather Prediction Center
* National Climate Center (Climate modeling division)
* National Meteorological Information Center (reanalysis and parallel computing)
* National Satellite Meteorological Center (satellite DA and satellite data preprocessing)
* Chinese academy of Meteorological Science (dynamics, physics& earth system components, fast radiative

transfer model)

 Structure of the Center
* 3 manage divisions
* 9 research&operation divisions
* Model technology division, Coupling model division, Data assimilation technology division, Satellite data assimilation
division, Ensemble prediction division, Diagnosis and application division, Computing technology division, Operation
system division, Open laboratory (platform to contact model developers in regional centers, provinces and other units)



Operational NWP systems in CMA (Oct. 2021)
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Hori. Res (degree) i) 0.5 0.1 0.09 0.03

Vertical levels 87 60 50 68 50

Model top (km) 63 36.3 35 35 35
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Helmholtz equation solver for GRAPES 0.125degree global model
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Top eight time-consuming subroutines of solve grapes

Time for different parts of the Preconditioned GCR algorithm

Algorithm 1. Preconditioned Generalized Conjugate Residual solver.
X,sl, =b-Ax,,z, = M'r,,p, =2,
while not converged do
I, for k=0:s-1, do
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Algorithm 2. Preconditioned Classical Stjefel iteration.

X,, estimated eigenvalue boundary [v, u]
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while k <k . do

1
4, k=k+1; o, =”[7_ka"]:

5, Ax, =z,  +(yo, —1)Ax,_;

6, X, =X, +Ax,_: 1, =b—-Ax,;

7, update _halo(r, ), z, = M7'r,;

8, if k%n, ==0 then check convergence,
9, end while
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The pseudo code of the Preconditioned GCR and CSI algorithm




Satellite data assimilation

e Assimilated
IASI(MetOp-C)
CrIS(SNPP, NOAA-20)
AMSU-A (MetOp-C),
MHS (MetOp-C),
ATMS(NOAA-20),
AMSR2(GCOM-W)
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 Chinese YH and BDS RO

U200 ES UTC total mum—3ase4

OO

TS LIS et rme 2= oS00

Mie-cloud WA & H 51

Height (Km)

) M\“}

GNSS RO qo(XZ/GPS)

Number
10000 20000 30000 40000 50(

]
[]
1
i
L]
i

!
1
|
‘l

J \ -
,/-‘J =1 —

T
-3.0 0.0 3.0 6.0
(O-B)/B [MEANS&STD %]

T
6.0

time—averaged U(grapes)—U(ec) RMS of Trog
= 10

Rayleigh-clear Wl EH 57

g

Height (Km)

204 — 4DVar—ctrl—T]
0d 4DVar—hlos—
g 504
o 70
5
3 1004
fd
95; 150
2 2009
- 2509
3009
5004 -
7009
1835-1 s % 25 3 355 4 45
RMS
GNSS RO gc(XZ/BDS)
Number
0 10000 20000 30000 40000 50000
L 1
40 - -
30
20
10
_r"/
0 .I—_-.?-'-.-u;.e_

With/Without Aeolus

-6.0

T
30 00 30
(O-B)/B [MEANSSTD %]

6.0

With/Without YH RO



GRAPES-Meso 1km resolution with 1h cycle
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GRAPES supports the 2022 Be
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Flowchart of the NWP product
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100m resolution wind product

Update everyOutput  every|Forecst length
1050,1350,1650,1950,2250,2550,2 3h 10min 24h

Wind at 100m res. Wind-10m RSME reduced from 3.0m/s to less than 2.0 mfs




