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The typhoon model of Tropical Region Atmospheric Model System
(CMA-TRAMYS): development and evaluation

Shui-xin Zhong

Guangzhou Institute of Tropical and Marine Meteorology, CMA
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Operational performance—Typhoon track error

»  The prediction accuracy of TRAMS model has been improved year by year.
» In 2022, the typhoon track error of TRAMS by 24h, 48h and 72h forecast was

50.6km, 91.9km and 146.7km.
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Operational performance—Typhoon track error .

» TRAMS showed competitive forecasting ability with ECMWEF in 2020-2022.
» In 2022, TRAMS showed generally better performances(smaller track error)
than ECMWF.
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Operational performance—Typhoon track error

» In addition, TRAMS showed generally better performances on
typhoon intensity forecasting than the other NWP model in 2022.
> In 2022, the typhoon track error by 24h, 48h and 72h forecast was
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Operational performance—Typhoon track forecast

» TRAMS model showed a robust ability to forecast the complicated typhoon path in

operation.
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Operational performance—Typhoon track forecast E

» TRAMS successfully predicted the first recurving of typhoon KHANUN 6 days in advance

and accurately predicted the second recurving processes.
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Operational performance—Typhoon generation forecast

» CMA-TRAMS 9km can predict 90% of typhoon generation 3 days in advance.

Earliest time when TC genesis is predicted
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Operational performance—heavy rainfall forecast .

@ The TRAMS model has shown higher performances on predicting the “dragon boat rainfall”’(from May 21 to June 21) in 2022. The
ECMWF and NCEP models underestimated the precipitation.

@ for 24-48 hour and 48-72 hour forecasts, the TRAMS shows a higher TS score of rainstorm and heavy rainstorm than the GFS models
(ECMWEF and NCEP).
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Operational performance—Typhoon forecast

> In 2017, Super Typhoon Hato caused huge devastation over the coastal regions of Guangdong.
> The TRAMS(1km) model provided realistic forecast of the typhoon landing.
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Operational performance—Typhoon forecast o5

> In 2017, Super Typhoon Hato caused huge devastation over the coastal regions of Guangdong.
> The TRAMS(1km) model provided realistic forecast of the typhoon landing.

4

18:50 LST

The strong winds caused by super typhoon Hato (1hr forecast)
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Operational performance—Cases demonstration >

» The operational performances of the CMA-TRAMS on six Typhoons will be given.

Typhoon SAOLA-2309 Typhoon HAIKUI-2311 Typhoon SANBA-2316
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Operational performance-Typhoon IN-FA (2106) "

» From July 17 to 23, 2021, Henan Province experienced a rare extremely heavy
rainstorm. The disaster caused 398 deaths and missing with direct economic loss
is $20 billion.

» The extreme precipitation was caused by the co-effects by Typhoon IN-FA and
local effects (orographic lifting, urban effects, etc).

IVT<200 hPa & 850 hPa wind
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24h Acc-Pre by 20th-21th July 2021

) : ) Comparisons of the vertically integrated water vapor transport
(maximum 24hr accumulative rainfall: 702 mm)

(IVT, units: kgm-1s1) and wind (> 8m s) of the layers below 200
hPa (wind vectors at 850 hPa) on 0600 UTC 20 July.

flooding car
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Operational performance—-Typhoon IN-FA (2106) s

» Both ECMWF and CMA-TRAMS can predict the typhoon path of IN-FA.
»  For the typhoon landing forecasting, both EC and TRAMS model can predict the
perfect landing location and time. EC had better landing forecasting with 5 days

in advance.

CMA-TRAMS

Comparisons of Typhoon path forecasts

ECMWF

Typhoon landing forecasts



Operational performance-Typhoon IN-FA (2106)
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» CMA-TRAMS can predict the extremely heavy rainfall in Zhengzhou on July 17-22, 2021 by 3 days in advance.

» The model predicted the 24h accumulative precipitation of 556mm (627mm by observation) on July 20.
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Operational performance—-Typhoon Chaba (2203) e

>

>

Typhoon “chaba" strengthened to a storm level in the central South China Sea
on June 30th,

It made landfall along the coast of Dianbai in Maoming, Guangdong Province at
on July 2 with a typhoon level.

At the time of landfall, the maximum wind speed was 35 meters/second (12
levels).
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Typhoon path of Chaba 72h Acc-Pre by 1st-4th July 2022

(maximum 24hr accumulative rainfall: 593 mm)



Operational performance—-Typhoon Chaba (2203) e

Both TRAMS and NCEP model can predict the typhoon genesis of Chaba with 132

>
hr in advance.
TRAMS showed smaller typhoon track error against ECMWF and NCEP model
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Operational performance—Typhoon Chaba (2203) S
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Stage 1 - typhoon landing: all NWP models generally captured the heavy rainfall
caused by typhoon Chaba within 36 hr forecasting.

Stage 2 - typhoon weakening impacts: TRAMS showed better intensity forecast of
the rainfall, especially the forecast with the TRAMS-3KM system.

48h Acc-Pre by 1th-3th July 2023 72h Acc-Pre by 3th-6th July 2023

Stage 1 - typhoon landing Stage 2 - typhoon weakening impacts



Operational performance—Typhoon Chaba (2203)

>

The evaluation of the forecasting capabilities of the NWP models showed that
TRAMS had higher TS score for the rainfall forecasting of typhoon Chaba,
especially for the forecast with the TRAMS-3KM system.

| =1 0mm | = 25mm |
Ecmwf CMA-TEAMS CMA-GD NCEF Ecnwf CMA-TREAMS CMA-GD NCEF
24-48h 0. 554 0. 586 0. 607 0. aol 0. 423 0. 465 0. 450 0. 463
453-72h 0. 50% 0. 532 0. 545 0. 524 0,315 0, 427 0., 442 0. 351

| =50 | = 1 00mm
Ecnwf CMA-TRE4MS CMA-CD  NCEF Ecmwf CMA-TRAMS CMA—CD  NCEP
0.206 0.306 0.319 0.284 0.070 0.121  0.095  0.111
0,115  0.258  0.268  0.194  0.000 0,110 0,120 0,056

Comparison of the 24h precipitation forecast from July 1 to 6, 2022
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Operational performance-Typhoon Doksuri (2305) ==

»  Typhoon "Duksuri" was generated in the east of the Philippines on July 21 and
strengthened to a super typhoon on July 24. And at 09:55 on July 28th, it made
landfall in the coastal area of Fujian with a strong typhoon (15, 50 m/s, 945 hPa).

» The northward moving of Typhoon "Doksuri" after the landfall caused the local
extremely heavy rainstorm in Beijing Tianjin Hebei region.

e | before

Typhoon path of Doksuri 72h Acc-Pre by 27th-30th July 2023
(maximum 24hr accumulative rainfall: 895 mm)




Operational performance—-Typhoon Doksuri (2305)

» Both TRAMS and NCEP model can predict the typhoon genesis of
Doksuri with 168 hr in advance.

-\

NCEP model showed a false typhoon genesis over the South China Sea.
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Operational performance—-Typhoon Doksuri (2305) =

» Both TRAMS and ECMWF can predict the typhoon path of Doksuri.

» TRAMS and NCEP showed smaller typhoon track error against ECMWF
and CMA-GFS model.
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Operational performance—-Typhoon Doksuri (2305)

» CMA-TRAMS can predict the heavy rainfall over Fujian Province
(maximum 24hr accumulative rainfall: 706 mm) by 4 days in advance.
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Operational performance—-Typhoon Doksuri (2305)

» Both the ECMWF and CMA-TRAMS can predict the extreme heavy rainfall
(maximum 24hr accumulative rainfall: 659 mm) over the north China by 4

days in advance.
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Operational performance—-Typhoon Doksuri (2305)

» CMA-TRAMS can predict the extreme heavy rainfall (maximum 24hr
accumulative rainfall: 659 mm) over the north China by 7 days in advance.
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Operational performance—-Typhoon Doksuri (2305)

» CMA-TRAMS can predict the extreme heavy rainfall (maximum 24hr
accumulative rainfall: 659 mm) over the north China by 7 days in advance.
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Operational performance-Typhoon Saola (2309)

>

>
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Typhoon Saola was generated on the northeast sea surface of Luzon Island,
Philippines on August 24th.

It strengthened to a super typhoon on 26th, and made landfall along the
southern coast of Zhuhai with a strong typhoon level (45 m/s) on September 2nd .
It made landfall again in Hailing Island, Yangjiang City with a strong tropical
storm level (28 m/s), and weakened to a strong tropical storm level at 14:00.
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Typhoon path of SAOLA 72h accumulative precipitation
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Operational performance-Typhoon Saola (2309) e

» CMA-TRAMS can predict the typhoon genesis of Saola with 120 hr in advance.
» The mesoscale model showed better performances on typhoon genesis forecasts.
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Comparisons of Typhoon genesis forecasts by Operational NWP models



Operational performance-Typhoon Saola (2309 )

» In general, CMA-TRAMS can predict the typhoon track with smaller spread
tendency and faster moving speed than the other models.

NCEP
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Comparisons of Typhoon track forecasts by Operational NWP models



Operational performance-Typhoon Saola (2309 ) "
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» CMA-TRAMS and NCEP model showed smaller tracker error of typhoon

Saola.

» CMA-TRAMS showed smaller intensity error of typhoon Saola in 2 days

Track error (km)

forecast.
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127.

162.
247.
132.

Intensity error (hPa)

B CMA-TRAMS B ECMWF M CMA-GFS M NCEP

35

30

25

20

15

10

II|| |||‘ ‘“
36 42

B CMA-TRAMS 6.9 109 12.5 145 144 17 17.7 20.9 19.5 20.9 17.1 17.5
B ECMWEF 6.2 9.5 12.3 15.7 16.2 17.5 18.1 21.7 19.1 22.1 19.7 20.6
B CMA-GFS 5 8.1 11.5 15.8 17.9 20.3 28.3 31.8 27.9 30.8 26.5 28.5
B NCEP 10.4 12.1 15.2 16.6 18.1 19.4 21 20.7 17.3 19.7 14.5 16.5

Comparisons of Typhoon track error by Operational NWP models
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Operational performance-Typhoon Saola (2309 ) .

> CMA-TRAMS showed realistic forecast of the 24h accumulative
precipitation by typhoon Ianding of Saola.

2023-09-02 088 24/ B FEACM

24 Acc-Pre by 1th-2th Sep

2023-09-03 0881 248 KA

e
".2:"\ -

24 Precipitation (mm.J

o5e e
GMA-TRAMS 0.06™0.09°

24h accumulative precipitation forecast of Typhoon landing
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Operational performance-Typhoon HAIKUI (2311) SE

» The 11th typhoon of this year, "Haikui", was generated on the northwest Pacific Ocean on August
28.

» It strengthened to a super typhoon level on September 3 and made landfall three times in Taiwan,
Fujian, and Guangdong province.

&
’
7~
- =
B

Typhoon path of HAIKUI 72h accumulative precipitation
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Operational performance—-Typhoon HAIKUI (2311) E

» CMA-TRAMS can predict the typhoon genesis of HAIKUI with 168 hr in advance.
» The mesoscale model showed better performances on typhoon genesis forecasts.

Sea-level Pressure 2023/08/28/00(UTC) Sea-level Pressure 7
= S 7 P 5

TH Q) (
ﬂ i -

Sea-level Pressure 2023/08/28/00(UTC) Sea-level Pressure '2023/08/28/00(UTC)
a - s o) 5 S .

‘‘‘‘‘‘

S v e T o — 53 ¢ TN
T o 1 68 h b B e e 144 h o " PnERwro s 1 68 h Suowzvon S eans T EINEEOMWF 0.125°6 125° 144 h 322100+ 4t —
CMA-TRAMS 0.09° 023/08/21/00 + 168hrs OMA-TRAMS 0.0876.0 108122100 + 144 =

2023/08/28/00(UTC)

Sea-level Pressure 2023/08/28/00(UTC) Sea-level Pressure 2023/08/28/00(UTC)
¢ T > =
1oz
Hions
e = A i 2 ~
P ] s by Ja% 010 _Jy=]
100 Lve e 1avE e 150 o0 100 110 v e 140 1501 =
CMA-GFS 0.125%0.125° Valid Time:2023/08/21/00 + 168hrs CMA-GFS 0.1250.125° Valid Time:2023/08/22/00 + 144hrs e Tove e 120 a0e 140 b Tove e 120 r 150E
- NCEP_GFS 0570.5" Valid Time:2023/08/21/00 + 168hrs E P NCEP_GFS 0570.5" Valid Time:2023/08/22100 + 134hrs

Comparisons of Typhoon genesis forecasts by CMA-TRAMS
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Operational performance-Typhoon HAIKUI (2311) SE

» Both ECMWF and CMA-TRAMS showed northward bias before September 2nd.
» The NCEP showed the smallest typhoon track error of HAIKUI.

w
o
(=)

B ECMWF B NCEP B CMA-GFS B CMA-TRAMS
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Track error (km)

=
o
o

b r SR . _('
= _020 LST St
s ‘_' 2nd Sep

Forecasting hours
CMA-TRAMS ECMWEF

Comparisons of Typhoon track forecasts Typhoon track error



Operational performance-Typhoon HAIKUI (2311) "
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»  The precipitation forecast highly depended on the model performances on the

typhoon path forecasting.

» CMA-TRAMS can predict the torrential rains caused by the landing of typhoon
HAIKUI over the east of Guangdong in 5 days forecast.

24h Precipitation (mm

24h

P

24h Precipitation (mm)

24 Acc-Pre by 6th-7th Sep

96h

24h Precipitation (mm)
- Vr T

24h Precipitation (mm) 2023/09/07/00(UTC)

105 1i0E .
CMA-TRAMS 0.09°%0.09° Valid Time:2023/09/04/00 + 07:

72h

24h Precipitation (mm) 2023/09/07/00(UTC)
5 T s 7

CMA-TRAMS 0.09°0.09° Valid Time:2023/09/01/00 + 144hrs

144h

105 1i0e
CMA-TRAMS 0.09°%0.09° Valid Time:2023/09/02/00 + 120hrs

120h
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Operational performance—-Typhoon HAIKUI (2311) SE

» The global model generally underestimated the heavy rainfall caused by the
typhoon HAIKUI within 48 hr forecasting.

» TRAMS showed better intensity forecast of the rainfall, especially the forecast
with the MOTOR-DA system.

48h Acc-Pre by 7th-9th Sep
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Operational performance-Typhoon HAIKUI (2311) “

» The global model generally underestimated the heavy rainfall caused by the
typhoon HAIKUI within 48 hr forecasting.

» TRAMS showed better intensity forecast of the rainfall, especially the forecast
with the MOTOR-DA system.

) . . . 48h Preciphation (mmj
o R 480 Precipitation (mm 2023001 OUITE) Sl -

l "
oA o OBOD .« 0BAr

48h Precipitation 202306/11001UTE) 48h Pre

[ -

)
o
=
T~

48h Acc-Pre by 9th-11th Sep




Operational performance—-Typhoon SANBA (2316)

» Typhoon "Sanba" (tropical storm) was generated on October 18th over the southern part of
Hainan Island.

» Made landfall three times, Typhoon "Sanba" caused extreme heavy rainfall over the coastal
regions of South China.

Typhoon path of SANBA 48h Acc-Pre by 7t-9t Sep
(maximum 72hr accumulative rainfall: 681 mm)



Operational performance—-Typhoon SANBA (2316)

» CMA-TRAMS can predict the typhoon genesis of SANBA, whereas it showed too
early genesis and too fast moving speed bias, especially for the longer

forecasting period.

2023/10/16/12(UTC)

o

a

10125,

Initial time: 1200UTC 14 Oct ~{

100E 10E
GMA-TRAMS 0.09%0.09°

Initial time: 1200UTC 15 Oct

20N

10N

2023/10/17/12(UTC)
T

2023/10/18/06(UTC)

100 10E
CMA-TRAMS 0 09°40 09°

120 130°E 140°E
Valid Tima:2023/10/14/12 + 072hrs

2023/10/17/12(UTC)

10125 44

150

100 10E
CMA-TRAMS 0.09%0.09°

ea-level Pressure

120 130 140E
Valid Time:2023/10/14/12 + 090hrs

150°E

2023/10/18/12(UTC)

2101

100E 10E
GMA-TRAMS 0.09%0.09°

120e 130 140E
Valid Time:2023/10/15/12 + 048hrs

100 110E
CMA-TRAMS 0.08%0.09°

120 130 1ave
Valid Time:2023/10/15/12 + 072hrs

150°E



Operational performance—-Typhoon SANBA (2316)

» CMA-TRAMS showed more accurate prediction of the typhoon genesis of SANBA
with closer forecasting products (... 3days < 2 days< 1 day).

Initial time: 1200UTC 16 Oct

20

Initial time: 1200U]

2023/101718(UTC)

2023/10/18/12(UTC)

2023/10/19/12(UTC)

Sea-level Pressure
-

10128

E R i

10N

150°E

20e 1avE 140
Valid Time:2023/10/16/12 + 072hrs

150E

100°E 110
CMA-TRAMS 0.09™0.09°

2023/10/18/06(UTC)

100E 10E
CMA-TRAMS 0.09°0.09"

2023/10/19/00(UTC)

2023/10/19/12(UTC)

150E

Sea-level Pressure
— T

2023/10/20/12(UTC)

100E 10E
CMA-TRAMS 0.09°0.09°

w

120E 1ot 140
Valid Time:2023/10/17/12 + 072hrs
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o287

10125 |

150°E

150°E

100E 110E 120 150E 140E
GMA-TRAMS 0.09°0.09" Valid Time:2023/10/17/12 + 018hrs

100E 10E 1208 1avE 140
CMA-TRAMS 0.09°0.09" Valid Time:2023/10/17/12 + 036hrs

100E 10E 1208 1avE 140
GMA-TRAMS 0.09°0.09" Valid Time:2023/10/17/12 + 048hrs



Operational performance—-Typhoon SANBA (2316)

» The global models showed weak forecast abilities of the typhoon genesis of SANBA over the South

China Sea.

Sea-level Pressure

2023/10/18106(UTC)

Sea-level Pressure
o)

2023/10/18106(UTC)

Sea-level Pressure
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e

e e e a0e 17
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e e
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Operational performance—-Typhoon SANBA (2316)

» Both models can predict the northward path and the rotating path over the beibu gulf of typhoon

SANBA.
» TRAMS showed a better forecasting of the heavy rainfall by typhoon landing. NCEP

underestimated the intensity of the rainfall

aaaaaaaaaaaaaaa

24h Precipitation (mm)

.
,ﬁé : a 100 100
B .
°‘/B Lfvo 10 20°N-
24h 48h 72h
ECMWEF 64.9 92.2 196
TRAMS 48 51.1 127.6

Typhoon track error




Operational performance—Limitations: warm sector rainfall

» The warm rainstorm is one of the most significant characteristics of the rainstorm in the pre-flood
season in South China, which mostly occurs in the warm zone 200-300km ahead of the front, or in
the airflow of southwest wind and southeast wind, or even in the southwest airflow without front
and shear (Huang Shisong et al. 1986).

» Weakly forced baroclinic forcing at the weather scale, exhibiting mesoscale convective
characteristics.

Mostly occurs over the coastal regions Daily mean rainfall intensity

(Wu et al. 2020)

e
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Operational performance—Limitations: warm sector rainfall

The rainstorm in the warm sector of South China is highly disastrous: strong suddenness,
great amount, concentrated precipitation, and extreme process rainfall.

from August 27th to 1st Sep,

. . C d Continuous heavy rainfall along From June 5th to 9th: resulting in 5
Rainstorm in Bast Guangdong the coast of Guangdong, affecting deaths and economic loss of 3.972 billion
from June 13 to 14 1. 208 milli

n Eeople - yuan.

i X ST R ERLETE
FkmE AREFHE

= [ g
The direct economic loss on western Guangdong on May 27-31 caused Severe urban waterlogging in
May 7 was 177 million yuan economic loss of 320 million yuan Zhuhai on June 1




Operational performance—Limitations: warm sector rainfall

» The operational performances of NWP models are generally weak in forecasting rainfall in warm sector:
Based on the assessment of rainstorm in flood season in South China (2016-2020), the forecast ability

of tropical cyclone rainstorm is the best, between 0.25-0.3; The forecast ability of rainstorm in warm

regions is relatively weak, and the TS score above rainstorm is only 0.06-0.13.

Observatic

SERAWE: LNHELTHRIFEERNZTEN (81720180) 193. 52K

CMA-TRAMS

TS (2016-2020)

e e e
THRAEAREEHE GRAPES-GZ 0.0370.03" Valid Time:2021/06/26/12 + 048hrs

Precipitation from June 27-28, 2021

Fail to predict the local heavy rainfall

front warmsector :;;’,ﬂf:;
(54samples) (50samples) (81samples)
GRAPES 0.16 0.13 0.24
ECMWF 0.11 0.10 0.26
JMA 0.13 0.06 0.25

(provided by the weather forecasters)




Operational performance—Limitations: strong wind forecast

» In terms of NWP models, the improvement of typhoon intensity forecasting ability is slow, with a 24-hour error of 5.8 m/s in the 2022

typhoon intensity forecast of the China South Sea Typhoon Model (CMA-TRAMS);

» The accuracy of the CMA-TRAMS model for 24-hour forecasting in 2022 is about 52% for strong winds above level 6, and about 39% for

strong winds above level 8.

Typhoon intensity

200 24h| - 24h

=
D . 4 —e—oMATRAMS ”
5 _‘_.hl:?d ai-TYM —A— Shanghai-TYM .
= e
o e an Track error Intensity error L. L H !

—e— CMATYM 72/
2006 2008 2010 2012 2014 2016 2018 2020 2022 2012 2014 2016 2018 2020 2022

Duan, 2023 Accuracy of strong wind Wind forecast

‘‘‘‘‘

N

[~

>
FULAWE (%)

Intensity Error (m/s)

O

1. Comprehensive observation experiments from underwater to the lower atmosphere;

2. Research on the impact mechanism of multi-scale interactions between the ocean and atmosphere on strong
winds in the boundary layer

Develop boundary layer parameterization schemes suitable for strong wind conditions

4. Developing high-resolution ocean atmosphere coupling mode technology

w
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Operational performance — Model application .

>

The operational results can be referred on the website of the WMO-GBA branch,
including the TRAMS (9km, 3km and ensemble forecasting system) and ocean
model.

< WORLD ’ e < /O
.‘ ) gﬁéiﬁﬁ%ﬁgﬁ“ INAUSURATION D EOROLOGICAL CENTRE(BEIING) GBA BRANCH @)
E: Glob recastil d Global Servi
"‘A' Weather - Climate - Water LN " L =

ical Model | Maritime Silk Road  Typho ather  News AboutUs  Beijing Center

Website: http://www.wmc-gba.net/en
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Operational performance — Model application SE

»  The customized model prediction systems have been established (TRAMS-3km
and the ocean model) for the Pacific Games in Solomon islands.
» TRAMS-3km provides 4days forecast, which initialized 2 times a day.

Initial Time:20231024120 +96h Forecast

10-m Wind (m s™)
w o ©
% ‘

1 12 24 36 48 60 72 84 9
Forecasting time (hr)

E 340 4
© 320 -
E 1
8 30.0
I3 1
g 280
() |
= 260
& 240 T T T T T T T
1 12 24 3% 48 60 72 84 9
60E BOE 100 WK 40E BOE
pili” o ha Forecasting time (hr)

0.5 50 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

[FE
0.5 S0 100 300 750 1000 1250 1500 1750 2000 2500 3000 5000 6000 T0OO

4 Days forecast at Honiara

The Belt and Road Initiative - model TRAMS-3km
(capital of Solomon)
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Operational performance — Model application L=

» The customized model prediction systems have been established (FY4B Satellite
data, TRAMS-3km and the ocean model) for the Pacific Games in Solomon
islands.

24h Precipitation (mm) 24h Precipitation (mm)
o - o

ke 1dbe sbe e webE ebE  UVE  RE 1a0E
ECMWF 0.1°  2023-11-20 00:00 +024H (11-21 00:00)(UTC)
24h Precipitation (mm)
o

FY4B hlgh IeveI water vapor

http:// www.wmc-gba. net/qxfw/slquydh/
In Chinese

s e 3
CMA-GD 0.03° 2023-11-20 00:00 ¢0M)H (HVZZ 12.ﬂ0)(LITC}

-
.ECMW‘F o 202:1 - 200000 DGUH UI 221ZWP!UTCJ


http://www.wmc-gba.net/qxfw/slmqdydh/
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Operational performance — Model application S E

» Guangdong High Resolution Wind and Solar Energy Meteorological
Forecasting System has been in operation since September 1st.

» It provides downward shortwave radiation and wind speed prediction(10m, 30m,
50m, 70m, 80m, 85m, 90m, 100m, 140m).

-2 —OBS | . EE 3
=
300F MOD 4 ) L L |
5 5 | s \‘

0 ==t t t ——t——— f f | | I
goop E Wi Y
L A ] o
B o :
EL . g
z i Tosk2 e
S0k
T v e B e AR R
o
mhiﬂ)- E| : i

00F | : ; d

0 —t—t— f t t ettt f ' J
600 F Xy E ¥4
300F E| o /
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Time/h
Guangdong High Resolution Wind Observation and Model Prediction Integrated learning algorithm
and Solar Energy Meteorological Trends of Solar Radiation at Five framework can achieve good
Forecasting System (6km), 4days Photovoltaic Power Stations in prediction results

forecast. Yangjiang
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|_E Outline

1 Overview of TRAMS model

2 Technical development

3 Operational performance




Future plan — model dynamics

€ Improve the accuracy of semi Lagrangian advection calculation and enhancing conservation;
@ Develop a high order accuracy (fourth/sixth order) difference scheme;
€ Time-varying reference atmosphere, reducing calculation errors in the near and upper layers;

@ Enhance the spatiotemporal resolution of lateral boundaries to drive 1km/500m model.

" — 500m simulated 1hr rainfall ot 11Z16SEP2018
4 —1es-L-L - S % S -
— test-4-2"-10 (b)" A 24°N N T
04— testas"i /
—test-A5"10-f
50
% L 40
£ 15
“ g2 22°N -
1.5
0.1 1
g 20°NK LA
= 112°E 114°E

T T T T
] 200 400 600 800

Forecasttime/s

RMSE by High Order Precision Calculation Scheme CMA-GD 500m model

(b) 1500-m model

(d) 100-m model

E O Sle i

UK 200m model



Future plan — model physics

@ Build up a cooperation bridge between

observation and NWP forecasting.
@ Land surface and near surface solutions suitable

=

= pu? = pCyUE 4y .

HF = =pc,u'8" = =pe, G,1(6, = 8,) = H.(6, - 6,) 15)
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Land surface scheme

3D PBL scheme
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Future plan — data assimilation

@ Conduct research on Al alternatives for assimilation systems
@ Develop 4DVar systems
@ Develop Direct Assimilation Observation Operator for Radar Data

@ Conduct Research on Direct Assimilation of Satellite Radiation

€@ CMA-GFS background+lAU, reducing dependence on foreign global models
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Wish you a good day!
a hice journey!

a happy life!



