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!ontent

* Current problems, under-going research and
future plan

— GRAPES _meso, HR systems
— GRAPES_GFS

* Current and future work will include
— Data assimilation
— Dynamic core
— Physics
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!!!!!! meso

* BIAS of the precipitation forecast
 RMSE of 500hPa HGT prediction

* Research work
— Land-surface and atmosphere interaction
— Topography related processes
— Precipitation processes
— Couple between dyn. and phy.

O ™
&, S
@ ‘P Q % gﬁ China Meteorological Administration L e— |



2SEIEA SRR Z I Rk BRI Rty
2008403 O 1 20094802 {28 H

- GRACP GRATE== MMS == T213 nE — Germ — MMM —~ TS39 == WRF

=
48 /6048

SHEEAFMR R ok BRI e iiTs
2008403 401 H—2009402 428H
— GRAOP. GRATE— MM5 =— T213 - [#& ~— Germ — MBI — T639 = WRF
bb

B - ieeeiiaan o 4 7 Y

S
&, S
@ 1-" £3] % *E) China Meteorological




BisRiEaT e 2008:7:15:12(UTC) B esset:2008:7:15:12(UTC)

FiRA:2008:7:16:0—2008:7:17:0(UTC) HiRAHE:2008:7:16:0~2008:7:17:0(UTC)
55N ” :
B < ?:\/;J - S ‘Léf 50
50N 25
45N1 20
oy & T e | 15
P ¥ e 50\, 10
35N _f - - 3 ' B, L ; i}{ﬁ}”j’ s
3% 5 : / Y
ol . , . i
v 2 . ‘
25N 1) 5
- v .
7 : 0.1
T AN\ M NI A T . | . . ——
70 75€ BOE 85E 90E 95E 100E1 05E! 10E1 1561 2061 2561 301 3561 40E 70E 75€ BOE 85E 90 95E 100E1 05E1 10E1 1561 20E1 2561 301 35E1 40E

Observed—Precipitation
Period:2008:7:16:0—2008:7:17:0UTC

20N JK
158 {2
7

OE 75E 80E 85E 90E 95E 100E1 OSET 10E1 15E1 20€1 25E1 3081 35E1 40E

\ ? Q % g& China h"'IetCOI‘Ological Administration ™



RMSE ot 500hPa HGT prediction

FORECAST VERICATION 12 UTC

500hPa Geopotenial Height RMSE
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V3.0 oper
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* Frame work of data assimilation
— Hybrid or 4dvar

e Satellite data assimilation

* Doppler radar assimilation
* 0.I.:T, ,RH, , = T_., RH_;

2m’ 2m’ soil’
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Extended control variable method (Lorenc 2003; Wang 2010):

Jx,a)=BJ, + I+,
= /)’IEX'1 B'x, L+ B, - TC'la+%(y°' —Hx')lR“l(y"' —Hx')
) N

C x4 (a . xe) Extra term associated with
- Z k= k extended control variable

Extra increment associated
with ensemble

B 3DVAR static covariance; R observation error covariance; K ensemble size;
C correlation matrix for ensemble covariance localization; x; kth ensemble perturbation;

x, 3DVAR increment; x total (hybrid) increment; y” innovation vector;

r~, H linearized observation operator; £, weighting coefficient for static covariance;
@ P e e Ay LS MR SR FRAHANS R afio fx!ended control variable ___{



Regional GRAPES 4DVAR

» Finish the development: TL & Adjoint model
» Introduce:
P Vertical Diffusion
» PBL
P Large-scale condensation
» Cumulus Convection
into the TL forward operator

» Establish a test version of GRAPES meso-scale forecast system
with regional GRAPES_4DVAR
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Flowchart of regional GRAPES 4DVAR
OB G e e

I ;
RSN
& forward integration using non-linear model at the higher resolution l
outer loop
t i ‘ ) I ) y
5)(71- cost function J
> forward integration using tangent-linear model at the lower resolution '
inner loop
forcing term forcing term forcing term
backward integration using adjoint model at the lower resolution l
minimization
process
analysis
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* Implement a very-short term forecast system with 3km
resolution based on multi-model ensemble including
GRAPES_Meso, WRF and ARPS (collaborate with Nanjing

University)

e Data assimilation: hybrid DA (3DVAR+ENKF) (collaborate with
Ming Xue, Oklahoma Univ.)

Blending time

& .
-« >

Nowcdst

Oh 24h
Extrapolation of radar echoes High resolution multi-model ensemble
AN | SWAN system/CMA GRAPES_Meso, WRF & ARPS
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Regional air-sea
Coupled model

Atmosphere B
Wind stress
Heat flux
:> Water flux :>
GRAPES TYM Coupler Regional
(0.15%0.15) (Oasis 3.0) ECOM-si
(| ssT [<T

1J i

Initial conditions/ . o
Initial conditions/
Lateral boundary -
coRdition boundary condition

GES Global HYCOM
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OASIS: Ocean Atmosphere Sea Ice Soil
--------- Developed since 1991 in CERFACS

eperforms:
ssynchronisation of the component models
=coupling fields exchange and interpolation

5 s O
=|/O actions I,
> O
s ol
*External library and module used: A .
NetCDF/parallel NetCDF . o)

libXML, mpp_io, SCRIP
MPI1 and/or MPI2
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Tropical Cyclone Muifa (2011)
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Number of cases (72,72,56,56,49,44,44)
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Based on GRAPES Meso

Upgrade activities
e Vertical coordinate from terrain-following Z to hybrid coordinate (Schar,
2002)

* Inclusion of thermal expansion effect in continuity equation

* Improve the interpolation accuracy in physics-dynamics interface
* Refinement of 2-moment microphysics scheme

* Some bug fix in land surface scheme

* Refinement of back ground error covariance in 3DVAR
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* In order to design a new TF coordinate, we rewrite
the formulation of Gal-Chen and Sommerville (1975)
in a common formulation:

Z_Zs(xay)

5=7,
ZT _Zs(xay)

»z=z+b"Z (x,y)

with b=(1- Zi) It is a decaying coefficient of the coordinate surface with
i

height. It is possible to use different “b” to accelerate the decaying.
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* The different decaying coefficients “b” can be

defined as:

z
GCsS. [EEUHIEE== <« (Gal-Chen and Sommerville, 1974)

I

sinh[(Z, - £)/h"]

SLEVEL Th = sinh[Z, /4] (Schar, 2002)
. h*: scale of ref-topography; h*, and h*.:
SLEVE2 b, = 2 smh[(Z, — 2)1 h. ] large and small-scale of ref-topogr.
= smh[Z,/h ]
f n n & T (similar to Klemp, 2011)
Z T Z A A e o Do
1—-—— 1 |cosl —— z2<Z n>2": an empirical number; z, :
COS b = ( L ) (2 zZ, ) ) a reference height from which
A A the coordinate surface becomes
0 C ol horizontal.
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* The preliminary results with regional GRAPES (15km) are quite

encouraging:

SLEVE1

t 1 ¥ ¢ § & &8 ¢
§ 3 ¥ ¥ § @ s %

Monthly mean of 24h
forecast of geopotential
height at 100hPa

§ 1 ¥ ¥ § 3 % %
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HR GRAPES cases exp.
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Observed—Precipitation
Period:2012110212-2012110312UTC

250

100

50

25

“CRAPE'gUNMEso_skm 24hrs_Fest rain(12-36) ini:2012:11:2:0(UTC)
1

T

47.5N 1
45N -
425N -
40N -
37.5N -
35N

32.5N -

"-P Q % gﬁ China Meteorological Adminigea 1011105

41’/ g
"l W

!

4.4

IISE




Observed—Precipitation
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Observed—Precipitation
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 Forecast skill over east-Asia
500hPa Z ACC (T639 vs. GRAPES_GFS)
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GRAPES_GFS

T .

« More satellite data
— ATOVS(NOAA-19,METOPFY3)
— AIRS
— IASI]

« Assimilation from pressure level to model grid space
 Improve model performance
— The dynamic core refinement: conservation issue

— Hybrid vertical coordinate: from terrain-following to terrain-
following & Z

— Increase the vertical resolution and model top lift-up
— Tuning of physical processes

« Land surface: ColLM

GWD

SSO

Microphysics + fractional cloud treatment
Cumulus scheme tuning

X » cloud-radiation interaction issue

gﬁ China Meteorological Administration L ——————



 PRM-scalar variable advection

* dyn/phys interface interpolation: 3-order
spline

e 4-order diffusion for momentums u & v

* N SAS+N MRF

S
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atellite data assimilation
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Progress of GRAPES Yin-Yang grid

v'The Helmholtz equation of GRAPES in the Yin-Yang overset grid are solved.
v'The transplant of the whole GRAPES dynamical core is finished. However,

some bugs exist and it need to be debuged in the next step.

Helmholtz equation: Vz I — Mz a=H

(i=1,j+1,k+1) TUJrLE+L) (i+1,j+1,k+1)
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We define the moments within single cell, i.e. the cell-averaged value, the point-wise

value and the derivatives of the field variable , _
@)y 1 @ Solution points
Im' (t) = 71— / Gm (7, t)dz,
z—)kz . @® Constraint points
8ﬁqcpm(t) o = 9(Tepm, t); with k =0,1,-
; : il il
Constramt conditons: 15 fin fita B
1 #a . L +3
=(z) f e o — ( _ ) 2
[ )] Az fLm flm i e
kB
| . g d . kB ;
'—t[‘hm(t)] = =0z fim and —{qrm(t)] = —0z fim fmz—% #it3
dt(‘]r)cm(t) = _dgfcnzs
. . 1 _ _
Approximate Riemann solvers 9’;5 =5 (fi> + fb — Rip| Al R (bt — dt3)
The unknowns (solution points) are updated in a fourth order mcv scheme, for example,
- - - b flm
2 i) 0O 0 -1 0 0
dt f4m
"( ) 4 __ 4 4 5 4Axy
Tt P2m _ MY)FS:) Mf) _ | 3= 3Ar; 27T 27 27 and Fff) _ ((___) f)
d 4 4 4 5 4Azx; = 1m
= = (@3m) Jar, %Az ¥ W X o
8 g d (d’f)m
= (qam) 0O 0 0 -1 0 ,
j I vy . hin: (1) iy —
THR Tnd in multi- dlmen5|on for example, y direction | em



o+ Taam (Vaer) =0 p(x,1) = p(x) + 7 (x, )
o+ 75 (5 (Vo) + 55 (VGerw) ) =o plx,) = px) + F(x, )
G+ 75 (5 (Vo) 4 35) =9 (o, t) = TI0) + (.1
a(a”f)'+}aj(f i) =0

Height-based terrain-following vertical coordinate (Gal-chen & Somerville
1975) is used. VG is transformation Jacobian.
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Numerical solution of Straka et al. (1993) density current at t=900s.
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Double moment MP
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Current NWP systems in CVMA
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OOcean wave
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Res. ~ 25km
Top at 0.1hPa
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Perturb: Singular Vector

GRAPES Global Typhoon
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Top at 0.1hpa
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