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Overview Guangzhou Institute of Tropical and Marine Meteorology E

» Since its establishment in 1976, the Guangzhou Institute of Tropical and Marine Meteorology
(ITMM) has undergone 47 years of remarkable development.
» Science directions: experimental observation and the underlying mechanisms of tropical

meteorology, regional numerical modeling, and tropical environmental meteorology.

In 1976, the institute was In 2002, ITMM received In 2005, the Guangzhou in 2008, the Journal of In 2016, the Longmen
established with the approval approval from the CMA Panyu Atmospheric Tropical Meteorology Cloud Physics Field

of the Guangdong Provincial and was officially Composition Station was started to be indexed by Experiment Base was
Committee of the CPC. designated as ITMM, CMA. established. the SCI. inaugurated.

ITMM '
e ITMM, CMA
1976 (Proymaal _"(Regi 2002 “One Academy and Eight Institutes” )

In 1991, the institute was In 2003, the inaugural In 2008, the Marine In 2012, the Key In 2021, the Greenhouse Gas
granted approval by the CMA meeting of the Scientific Meteorological Science Laboratory of Regional and Carbon Neutrality

to expand _ltS operat.lons and Advisory Committee was Experiment Base at Bohe Numerical Weather Monitoring and Evaluation
transform into a regional held. was founded. Prediction was established. ~ Center (Guangdong Branch)

center. was founded.



Academician Qingcun Zeng,
recipient of the International
Meteorological Prize (IMO) and
the National Top Science and
Technology Award of China,
serves as the director of the
academic committee.
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Jointed LAB of Regional N\W/P Group photo

Key technologies in dynamic core, physical scheme, data assimilation, and ensemble forecasting have been
independently developed for the regional NWP models over tropics.

Dynamic 3D Reference Scheme Physical Scale-Aware Cumulus
core Predictor-Corrector Scheme scheme Parameterization
Tropical Convection Parameterization

Data o X- Band Ensemble ° Mesoscale EPS for TC Forecasting

assimilation Phased- Array Radar Data forecasting Convection-Permitting ensemble
MOTOR-DA
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Overview of TRAMS model — Historical development EE

-

€ CMA-TRAMS has been upgraded to version 3.0 with the horizontal resolution at 9 km since 2017;
@ The 9-3-1 NWP system has been established since 2017 with the first Tkm operation model in China.

36km 500m

00,12UTC 00,12UTC 00,12UTC hourly 12 minutes 2022 Beijing
5days 7days 7days 24hours 6 hours Winter Olympic
06,18UTC 3days Games
2009 2017 2020

. ——————————

2016 2018 2022



Overview of TRAMS model L=

-
€ CMA-TRAMS (9km) mainly focuses @ The model is developed by the key
@ The model is running based on the High ,
on typhoon forecasting over the Laboratory of Regional Numerical
Performance computer system: .
Western Pacific Region; TRAMS 3km Weather Prediction which is jointly
) The National Supercomputer
and 1km are designed for the rainfall established by CMA and Guangdong
Center in Guangzhou Tianhe-2;
and short-range forecast. Province;

The domain of the CMA- Guangzhou TTANHE-2 The platform of the Lab
TRAMS model



Overview of TRAMS model — TRAMS-9km
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¢ TRAMS-9km is a typhoon model, which provides 7 days forecasting of typhoon path, typhoon intensity, as

well as large-scale environmental prediction(precipitation, wind and temperature).

= ~9.0kmresolution 50}}191& TRANG (0.09°) Start Time: 127284UG2023 & RBBTH
* cloud Nudging +Land-surface analysis //{\_& ’f’
40N 1 !‘ ) 230;2'31“24"“‘
= 65 levels, top at 31 km ¢
- A ad
= X*Y=1001*601, At=90s - U
= 4 forecasts/1D \\
2on | 48 . _hﬂ"ﬁ{’h:; |
> LST: 08, 20-> T+168h | S Ve, 7
|g o \'\ B rf?‘ SRl 2311/HAIKUI 2310/DAMREY
s R HI
> LST: 14, 02> T+72h e N s 1)
miel S
. s My
= Convection: scale-aware NSAS : I\ge\ | 5 :
6 \lg\'\_ r-.frd ) Ji
. 100E 110E 120E 130E 140E 150E 160E 170E
" Mlcrophys H WSMG Jod B AU e W created by GRMC Key Lab of Regional NWP
= PBL: NMRF typhoon path forecasting by TRAMS-9km
2 CWDO: KAQE



Overview of TRAMS model — TRAMS-9km

# The menu of TRAMS-9km products can be customized for the weather forecasters, e.g., the typhoon path,

typhoon intensity, geo-potential height, precipitation, wind and temperature.
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Overview of TRAMS model — TRAMS-3km o

-

4 TRAMS-3km is a regional model, which provides 4 days forecasting of regular weather elements, especially

for precipitation, wind and temperature forecasting.

24h Precipitation (mm) 2023/07/31/00(UTC)

50°N—

= ~ 3.0 km resolution 5/ \\ j raa

100

* cloud Nudging + Land-surface analysis

= 65 levels, top at 31 km

S 50

I25
10

= X*Y=1131*917
= 2 forecasts/1D

> 00z, 12z-> T+96h

= At=50s ub

= Convection: scale-aware NSAS L
80°E 90°E 1 DU°§* 5 1 ILI]°E . 1._?0°E ? 1 36°E 1 4&I]|°E 1 5[‘)"E

- MinOPhyS . WSMG CMA-GD 0.03"0.03 Valid Time:2023/07/29/12 + 036hrs

24h accumulative rainfall forecasting by TRAMS-3km



Overview of TRAMS model —= TRAMS-3km

geo-potential height, precipitation, wind and temperature.

@ The menu of TRAMS-3km products can be customized for the weather forecasters, e.g., Radar Reflectivity,
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Sea-level Pressure
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i 20
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Overview of TRAMS model — RUC-3km e
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4 RUC-3km is a hourly rapid update cycling model, which initializes provides 30 hours for short-range

weather forecasting.

CMA-GD (R2) 0.02° * 0.02° 6 /b BF 2 AW K (mm)
2023090315 + 030h 2023090421 (UTC) 2023090323 + 030h 2023090505 (CST)

v ]
&

=~ 3.0 km resolution o

* cloud Nudging +Land-surface analysis

120

80

= 65 levels, top at 31 km

25°N—

® Domain coverage: 96-123.39° E;16-
31.39° N

20°N—

hourly forecasts/T+30h

At=50s

15"N

Convection: scale-aware NSAS 105 1oe 5 r20e

MicroPhys : WSM6 6h accumulative rainfall forecasting by TRAMS-3km



Overview of TRAMS model — TRAMS-1km
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short-range weather forecasting.

¢ TRAMS-1km is a rapid update cycling model, which initializes for every 12 minutes and provides 6 hours for

= ~ 1.0 km resolution

= Radar data nudging

= 65 levels, top at 31 km
= X*Y=1201*901

= 5 forecasts/1h

» 00min, 12min,... > T+6h

At=30s

Convection :not used

90100 (C

25"N—

29— @

202308281200+300mn 202308281700 (UTC)

237Ny
f'

202308282000+300mn 2023082

e

1 i 2
T T T
110°E 112°E 114°E 116°E

Radar reflectivity forecasting by TRAMS-1km
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Overview of TRAMS model — TRAMS-1km L=

@ The menu of TRAMS-1km products can be customized for the weather forecasters, e.g., hourly precipitation,

radar reflectivity, wind and temperature.
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S @DWQ 20
P o\L [Vﬂ ¥ # g/&f/; »
7 o (% C 7 bt ¢ 2

CMA-GD (R1) 0.01°*0.01° HAETERHAE

5288824

wsaBBEE S

- 2m Temperature & 24h . . .y ..
Sea-level pressure p 10m Wind Relative humidity Radar Reflectivity
departure
CMA-GD (R1) 001+ 0.01° 124608 UG A (um) CMA-GD (R1) 0.01°*001° 1/ b AR A (om) CMAGD 1) 00174001 3/ Bt BB A (am) CMAGD (1) 0014001 & /M B B AU A (um)

e

12min precipitation 1h precipitation 3h precipitation 6h precipitation



Overview of TRAMS model — Ensemble forecasting
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members.

based on the understanding of disturbance multi-scale interactions.

® A regional ensemble forecasting system based on TRAMS(CMA-TRAMS EPS) was running in operation with 30

@ Developed different perturbation techniques by considering scale characteristics and nonlinear interactions.
@ Develop the "combination of multi-source and multi type disturbances" ensemble disturbance technology

35 TREPS

/CDpn (Downscaling)

ECMWF ENS forecasts

l

LBCp (Downscaling)

385X 305

30 members
Bfn (Balanced random)

GRAPES-TRAMS
0.09: X0.09- 00 6

The center of the
model domain is

60h forecasts
12 8 00 %

Maodel phys (SPPT +
MP)

[

| / 1 located at the
10T 1052 0SE 110E 112E 11%€ 115 MBE 120 122 114 FIEE I20C 1300 13 14 i
L s position of the TC

center.

TREPS forecast of Super

urface (TSp)

Typhoon Mangkhut in 2018 Design of TREPS
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Technical development — model upgrade =E

assimilation.

# TRAMS has been upgraded to version 3 since 2019, which including the model dynamics, model physics, data

TRAMS-V1.0:
1) Typhoon model(36km)
2) Regional model (9km )

+ Dynamics : Fully Compressible-
Nonhydrostatic , Semi-Implicit Semi-
Lagranian(SISL) difference scheme,

+ 1-D Isothermal Hydrostatic Reference
Atmosphere, Charney-Philip grid, (Horizontal)
Isometric Lat-Lon Coordinate & Arakawa-C
grid,

+ implicit weighting factor=0.70.

+ Physics: Microphysics(WSM6),

+ Long-Wave&Short-Wave Radiation(RRTM),
Surface Layer(M-O similarity theory),

» Boundary layer(MRF),

» Land Surface(SLAB), Cumulus

« Convection(SAS).

TRAMS-V2.0:
1) Typhoon model (18km)
2) Regional model (3km )

+ Dynamics upgrading:

« SISL — Iterative SISL
difference scheme;

+ 1-D Isothermal Hydrostatic
Reference Atmosphere — 3-
D Hydrostatic Reference
Atmosphere

+ implicit weighting factor
0.70—0.55.

 Physics upgrading:

« Boundary
layer(MRF—NMREF),

» Land Surface(SLAB—SMS),

«  Cumulus
Convection(TY:SAS—NSAS;
MESQO:SAS).

Upgrade of TRAMS model

TRAMS-V3.0 :
1) Typhoon model: 9km
2) Regional model :3km

3) Regional model :1km

« Dynamics upgrading:
» —new lterative SISL difference
scheme;

« —new 3-D Hydrostatic Reference

Atmosphere

+ Adding new assistive scheme like
» 4th order horizontal diffusion and

weak w_damping,

» Physics upgrading:
Microphysics(WSM6—New WSM6),

+ Long-Wave&Short Wave
Radiation(RRTM—RRTMG),

 Surface Layer(imporved SFCLAY),

» Land Surface(SMS,LAND SF
ANALYSIS),

*  Cumulus Convection(scaleaware SAS).



Technical development — Model Dynamics
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Three-dimensional (3D) 3D static atmospheric reference

Step by step calculation of nonlinear terms

Lagrangian advection correction

Coupling Scheme of Physical and Dynamic Processes

High order precision central difference scheme with non-uniform grids

A New Algorithm for 3D Lagrangian Vector Projection

A second-order precision vertical difference scheme under non-uniform layering
Heating term of continuous equation and influence of water substance



Technical development —3D static atmospheric reference

*

*

The 3D static atmospheric reference method greatly reduces non-static equilibrium disturbances, which is beneficial for
reducing model prediction errors, especially in complex terrain areas.
The scheme has been adopted into CMA-GFS V3.0 for the new model dynamics.

E:,ﬂﬂ,ﬁﬂ.;.f”_p +8G, -, -

H(—ilﬁ' z r)=1T{fL= . z)+1-['(£:w: z. f) (21.8) df acos@ @4 acosp &4

ﬁ:%ﬂ,%?,f +E-6,0,
@

Bz =0(A.0.2)+8 (L o.z.0) (219) © O
3 - Al aw@:c},e“ ce£+F +8,G, +8 fu
TA,@z0=T(Le2)+T (4, @z, (2110} dt &z
. . . d—“:-ﬂ—n D-=+ F £2-1-14) #
Divide the model atmosphere into two parts that @t (D (-De
satisfy static equilibrium and its deviation ﬁ:ﬁfﬁ _
dt dt
48 Hours RMSE of 850hPa Height Field Forecast from 12:00 1 D 3D
* AVE { difepr=1 B.0:4 62 Bdf w:‘lz}9248

Comparison of 24-hour forecast for geopotential height(500hPa)
M e (red line: forecast; black line: analysis of the field)




Technical development —coupling between dynamic and Physics

€ By Using the estimation correction method and considering the effect of hydrothermal physical
feedback on the continuous equation, the physical feedback of n+1 time step is used as a
prediction increment to participate in solving the Helmholtz equation, forming a coupling
between physical and dynamic processes, and improving the overall prediction performance of
the mode

Start From N Step :¢ Start From N Step:¢' 5
HR,U",V".Wn,en,QnF nn, n’ n’ u:v rL’Qﬂ:EE
2| {1 4
Dynamic Processes : Linear and Dynamic Processes : Linear and £
Nolinear term, Lagrange Advection, Nolinear term, Lagrange Advection, g 3 e scheme As=== scheme B== = scheme C
Preparation for Helmholtz< Preparation for Helmholtz< <
=1
1l ! 32
Helmholtz Solution for N+1 Step Presolution for N+1 Step< a
Hg;ljyg;i’ Vrdz;ilw:;llez;l€ H:};l,Ugl, V:;l'wgljergl o 1
0 { L z
e 1 | | Radiation, PBL 0
watson, ot || vospcomecton | o | | | szag e * X3RS gIAS83 RIS QIARS
sLand Surface ¢ || Shallow Convection< || correctore |- T — = ‘—éterupﬁ N AN ANANNNOO OO
5 1
- : Lagrange< | DeepConvection-“ o ) )
b Lomeetore |y || Sheflomeertion The initial integrated pressure increment of the model
T = . . . .
! trori —, 1 is smaller in the disturbance amplitude of the new
1 MlcrothsrcsH| |Other Physm_s”‘_ Add Corrector< I o . .
i T - Lemememdd scheme B compared to the original scheme A, which is
i} . . .
Physics Back For N+15tep © P ————— beneficial for improving the accuracy of model.

n+l g+l g+l pantl gnt+l o+l
I ) u i v ,W 5 2] . Q o l'l”“, Un+1’ V"+1,Wn+l, 9n+1’ Qn+l€




Technical development —high-order precision differential schemes

Table 1 Difference Schemes with 2™. 4™ and 6™ order accuracy+

€ The ideal experiments were conducted First derivative Second derivative
. . . . Jica = fica Jicy — 4N T I
for vertical direction with a 2nd order Second order S e
and a horizontal 4th order differential R ol " e 1607+ 168~ i
fourth order 128x . FERve

schemes to improve the accuracy of the
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Technical development — Lagrangian 3D vector projection

€ The Lagrangian 3D vector projection technology is developed to improve model calculation
efficiency with significant reduction in computational complexity.

A, =M, (N, )" +(Y,)icos@— A) + (Y, \singasin(2— A) e T
—(X): cos@a)sin(A—A) /]
A =Mea (N )" +(Y, )Isingsin(A - ) + (Y, )% (cosgeose, +singsing,cos(i- 4.)) | I

+(Y, )" (cosgsing. —singcosg cos(i- 1)

A, = Ma,(N)* + (Y)icogpsinld — A) + (L (simrosp, —cogmimcosd - 4,))
+ (V) (singsinp, + cosgoapcos@ - 4,))
The improvement scheme refers to the approach of UK-MET, which uniformly projects the unit vectors of all arrival

and departure points onto a fixed unit vector at the center of the sphere. The improved scheme has the same
accuracy as the original scheme, but the computational complexity is significantly reduced.



Technical development — Model physics

The TRAMS model has been upgraded and developed, forming a set of high-resolution model
physics solutions suitable for the tropical region(subgrid orographic parameterization, ocean
boundary layer, land surface model, etc.)

TRAMS-V1.0 |:> TRAMS-V2.0 |:> TRAMS-V3.0 |:> TRAMS-V4.0

“36-12km"

Cumulus Convection Scheme (SAS)

Microphysical scheme (wsm6)
radiation (RRTM&SWRAD)
Near surface (MOST)

Land surface (SLAB)

PBL scheme (MRF)

=)

“18-9-3km”

New SAS scheme
Microphysical scheme (wsm6)
Radiation (RRTM&SWRAD)
Improved drag coefficient
Land surface (SLAB)

New MRF scheme (NMRF)

Subgrid orographic gravity wave
drag scheme

“9-3-1km”

NSAS with mass flux limitation

WSM6 upgrade

Radiation (RRTM&SWRAD)
Near-surface flux parameterization
Land surface ( SMS )

SST parameterization

New MRF scheme (NMRF)

Subgrid orographic gravity wave
drag scheme

“9-3-1-500m”

Al+ Microphysical
Near-surface flux

Land surface (SMS)

SST parameterization

New MRF scheme (NMRF)
3D PBL scheme

SST parameterization

Subgrid orographic gravity wave
drag scheme



Technical development — pBL scheme

> Based on the observation data of the Bohe Ocean Meteorological Observation Platform, the following relationship
between drag coefficient (CD) based on the water depth (d) and wind speed (U10) by using the method of function
fitting statistics:

Um—u,g,-)z

h exp [ -Le
b+tanh (fzi)b , tanh (f?%)b

e

1000XCD—max{ ] (p(1)&2+p(2)a+p(3))}7

Convert the drag coefficient to roughness (z0):

2
156241072 Upg < 35ms™
1000%20= g :

2.82 U > 35ms™" ?
L PREE « FE—(#kE> (deep water zone) £ 350 ETpp—
B7 - HEZ(HAKED (shallow water zoge) S 3004 & &
(@ 2r'n 0 o | o HE— o T 250 -
3600 2. "4 .
sl 2400 = A - f\ 9]
- B 4 = x X~ 150 -
oo € o) AN :
-4000 & L= ' Y x S 100
-4800 O =28 P J L L
—e_NewC, =} - 50 1
8 -5600 a o - * - a I
-5400 Oold C, o e 0 T T T T T T T T T T T T
N o G -7200 Cianroadi o 10 2n 20 P 56 0 6 12 18 24 30 36 42 48 54 60 66 72
® = (6) w0 Wind speed(m/s) Forecast time
w 980 | . . . pe .
B o The improved Cd scheme has significantly improved
=2 = the typhoon path and intensity forecast.
5 a 840
= 920 ¢
20 - — 900 - - -
25-Aug 27-Aug 29-Aug 25-Aug 27-Aug 29-Aug
2011 2011

Zhao Z K, Liu C X, Li Q, et al. 2015. Typhoon air-sea drag coefficient in coastal regions. Journal of Geophysical Research: Oceans, 120,716-727.



Technical development — Land surface scheme

@ The prediction of soil moisture plays an important role in land surface processes. The coupling of land
surface and boundary layer fluxes was implemented to improve the prediction of near-surface elements.

€ A simplified land surface solution has been developed, which considers the daily changes in shallow soil
moisture prediction and thin layer soil bottom temperature, which can improve the high sensible heat
flux and virtual high latent heat.

+ Sensible heat flux latent heat flux

Energy budget Water budget

LE R,

I FEEEENERE:

oS
(pC)D%:RH+LE+H+G E:P+E+R

‘With S (water storage: accounting for
soil moisture and snow

| EE SRR N

Using the forced recovery method to calculate the e
g y E r 3 4
daily variation of bottom temperature of thin soil Surface temperature precipitation

layers can simplify soil heat balance.



Technical development - Subgrid orographic parameterization

@ A subgrid orographic parameterization scheme was proposed to consider the near-surface wind field feedback,

and add momentum deposition term in the momentum balance equation.

AM, = F4. (1)«

The vector of momentum tendency M,is solved using the matrix A and forcing Fgq,

where the main diagonal ofA on the first model level is defined as A;:¢

Ay =1 +8,); )

)
81 = 2cpg oy dt. 3y

Here, the subscript “17 stands for the first model level.,p is the air density. g is the|

acceleration due to gravity.§;representsthe sink term.S is the wind speed at the first model

level, u.is the friction velocity, and Az is the thickness of the first model layer. s a

function of A%h'; ; and the standard deviation ¢'¢50:

1A%R;;>—20, 0..,<€
Ing,.,,—10< A? h'u-, R
c, = alno,.,+(1—a),—10> A*h; >—20,¢
AR 430
i0

,—20> A%k ;>—30
0,A2R,; <— 30 The new scheme significantly reduces the
overestimation of low-level wind speed



Technical development - orographic gravtity wave drag parameterization

» The subgrid orographic gravtity wave drag parameterization
Kinetic energy>potential energy, airflow goes scheme has been implemented in TRAMS model.

over the mountain and generate GWD
» GWD parameterization has effectively improved the overall

e = _pmetd o performance of TRAMS for typhoon forecasting.
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Technical development — Mountain blocking drag parameterization

» The subgrid Mountain blocking drag parameterization

Kinetic energy<potential energy, airflow goes scheme has been implemented in TRAMS model.
around the mountain and generate MBD » MBD has effectively improved the simulation of low-level
southerly winds and high surface temperatures in winter and

spring, which alleviated the southerly bias and weakened the

excessive temperature deviation caused by strong southerly
Ton (2] = —0 Cal(z)—— — = =,

winds in the operational forecasting.
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Zhong, S. X., Chen, Z. T., Wang, G., Meng, W. G. and Huang, R. 2016. Improved forecasting of cold air outbreaks over shouthern China through orographic gravity wave drag para
meterization, J. Trop. Meteor, 22:522-534. http://doi.org/10.16555/j.1006-8775-2016.04.007



Technical development — scale aware SAS scheme

» The impacts of the convection by considering the

coverage rate of the cloud (scale-aware) was included.

» The scale aware SAS scheme was implemented into
TRAMS model, which improves the typhoon forecasting
of track and intensity, as well as the heavy rainfall

forecasting.
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Technical development — Data assimilation

* e & S0

New Generation Data Assimilation
Technology of Multi-scale 3DVAR
Application Technology of Satellite
Data Assimilation

Cloud Analysis (ADAS System) and
warm Start Technology

Radar water vapor (1D+3DVAR)
Surface precipitation latent heat
nudging
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Technical development — Data assimilation SE
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Technical development — Operational DA system

# The cloud analysis system has been in operation in the TRAMS-3KM and TRAMS 1KM model.
# The radar reflectivity data and FY-2G TBB data was used in the cloud analysis system.
# |t can improve the operational forecasting ability of the rapidly update cycling system.
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Technical development — Operational DA system

¥ New DA system (developed by Shenzhen institute of meteorological innovation) has been parallel running with
TRAMS-3KM, which aims to establish a domestically developed and controllable forecasting system with CMA-GFS.

@ The experimental results showed that the NEW DA system had the comparable forecasting abilities with the
operational cloud analysis system with the ECMWF data as the initial field and boundary.

~

om Em o o o o o o =

the spatiotemporal multi-scale assimilation analysis system

N New DA system by Shenzhen institute of meteorological innovation
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Technical development — 4Dvar assimilation

# Strictly derive perturbation equations from the original GRAPES equations and establish a perturbation prediction

model.
@ Developed a 4D-Var system framework based on disturbance patterns and built a new generation of assimilation
system
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Technical development — IAU initialization method

@ Develop incremental analysis update (IAU) initialization technology to gradually add assimilation
analysis increments to the model, which could alleviate the initial noise, and achieve faster
coordination of the model forecast.

4 1AU technology has been used in CMA-GFS.
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Technical development — 1D+3D radar assimilation

®Linear combination of large-scale condensation and convection parameterization schemes using
wet physical processes to form a 1D variational observation operator and to obtain reasonable

humidity profiles.

®Introducing the obtained humidity profile as an observation into the analysis using 3D variational
assimilation to obtain the initial field of the model.
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Technical development — FY2E Satellite assimilation

» The FY2G TBB data was used in the cloud analysis =

system.

» The FY2E Cloud Guided Wind Data was used to correct
the cloud height, which the cloud guidance wind could
strengthen the southeast airflow on the east side of
typhoon centers, which is conducive to guiding the
typhoon center to move westward and obtaining the

realistic typhoon path prediction.
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Technical development — UAV and Beidou sounding experiment

> The Unmanned Aerial Vehicle (UAV) drop sounding and Beidou sounding data was assimilated to
examine the impacts on typhoon forecasting;

» The typhoon path forecast of HAIKUI turned westward after assimilating the UAV and Beidou
sounding. The TS score was improved.

FORECASTED BY CMA—TRAMS

Absolute error for “HAIKUI” track forecasting

200
250
200
150
il \
? @ Beidou ] N
" 1t Wl uIHH
20N @® Drop o i |l H I A
@ Operation 593 105
@ Observation

3 ¢t 8 £ s 8 3 8§ 8 B 3 §

115E 120E 125E

]
-
]
i
&
)
H
A

The UAV drop sounding Comparison of typhoon forecast Typhoon track error
Experiment (10 soundings)



Technical development — X-band phased array radar experiment

> Before assimilation, there was a

large amount of false

24N —

precipitation in northern

Guangdong;
> After assimilation, the coastal .
precipitation on both sides of the gt —Fwmrirrs i
the Pearl River Estuary can be 6h Accumulated precipitation
better reflected.
> The TS score for the 6hour e W e, —_— e —_—
cumulative precipitation can be N 081 081
improved by the highest of 63.9; gm_ %w %o.e-
> The TS score for the 12 hour a ? 041 B g
cumulative precipitation can be ] * 021
improved by the highest of e SV e ey TR S PR A e = e el e e e

25.7%. Average TS score of accumulated precipitation for 6h, 12h, and 24h



Technical development — ensemble forecasting “E

24h Accumulated Precmitatlon(mm) for 30 Members
7T,

sy i) v
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# Develop different perturbation techniques by considering scale i
characteristics and nonlinear interactions. P AN AN S TIY s "" A 7‘*5"3“- A

@ Develop the "combination of multi-source and multi type LI RT I RL TR L VRT L RTLY
disturbances" technology. y

® A regional ensemble forecasting system based on TRAMS(CMA-
TRAMS EPS) was running in operation with 30 members.
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Technical development —High Performance computer =

@ Optimize multi-process parallel 1/0 technology and achieve higher computational efficiency to meet the

requirements by 12 minute rapid update cycling based on "Tianhe 2"
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Technical development —Post-processing

@ Systematic errors have been effectively alleviated by using a random forest temperature correction

scheme and a convolutional neural network hourly precipitation prediction correction method, as well

as an Al dynamic weight integrated temperature prediction scheme.
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Technical development —verification platform

I\
B

development and version upgrade

@ Develop and establish a verification, evaluation, and ideal experimental platform to facilitate pattern
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End of part 1



