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Landfalling TC caused direct economic loss of 59 billion CNY in 2019 and 74 deaths. 

TC Rumbia (2018) TC Lekima (2019) 

Motivation and background
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Coastal radar distribution in China Radar radial wind observation

Motivation and background
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USA：airborne Doppler radar radial wind assimilation 

Mean absolute error over 61 Airborne Doppler Observing Missions During 2008–2010 for 14 TCs

Intensity error of PSU WRF-
EnKF is 5kt lower than official 
forecast for the 48-h leading 
time.

（Weng et al, 2011,2012；Zhang et al, 2011；Munsell et al, 2013； Zhang and Weng, 2015；Zhang et al.2016 ）

Track Forecast Intensity Forecast
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Observations of the radar in Chinese mainland(Zhu et al., 2015) TC Vicente（2012）

China：case studies of ground-based radar data assimilation

noDA
EnKF



8

Outlines

Ø Motivation and background
Ø Introduction to TRANS 
Ø Performance and application of TRANS
Ø Conclusion and future plan



9TRANSv1.0 ØIntroduction to TRANS 



10TRANSv1.0 ØIntroduction to TRANS 



11TRANSv1.0 ØIntroduction to TRANS 

Fig. Schematic flowchart for the EnKF rapid refresh cycling assimilation. 
The red arrows show radar data EnKF assimilation cycles at 1-h intervals. 
The green arrows present forecasts with the ensemble mean of EnKF. 
The black line represents the time of TC landfall. 

Cold start
TC moves into 
the scanning 
range of radar

EnKF assimilation 
cycles at 1-h intervals

TC landfall

7h-12h  
Spin up

Warm start at 1-h intervals, 12-h deterministic forecasting 

GFS+IC/BC perturbation
+ ensemble mean 
replacement

60 members 

Perturbation module Cycling DA module  Spin up module  Prediction module 
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Ensemble Kalman Filter

Observation Operator: Vr=u sinθ cosφ+v cosθ sinφ

A. Inflation of background error covariance
• Maintain ensemble spread
(x!"#$ )%= 1 − 𝛼 𝑥$ % + 𝛼(𝑥&)%， 𝛼=0.5

d02

d03
B. Muti-scale data assimilation technique
• Assimilate 20% in d02; interpolate the 

innovation into d03; assimilate the left 80% in 
d03

• Keep balance between multi domains; Reduce 
assimilation computing cost

R

C. Localization
• Restrain sampling error due to limited ensemble size
• Reduce assimilation computing cost

Horizontal R=150km（d03），450km（d02）
Vertical influent over all model layers

D. Data selection
• Keep model balance
• Reduce assimilation computing 

cost

O: -15m/s B: 10m/s?

5m/s 10m/s

1. Reject the observation if its O-B>10m/s

2. Reject the observation if its Std(members)<0.1 ，
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Traditional thinning method: Radially Spaced 

Thinning Method (RSTM)

New thinning method: Evenly-SpaceThinning

Method (ESTM). the SOs are almost evenly 

distributed in the horizontal grids of the model 

background, resulting in more observations located 

in the TC inner-core region being involved in SOs.(Feng et al., 2020, WAF) 

1°×0.25km

5°×5km

5°×5km
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a) noDA b) RSTM-EnKF c) ESTM-EnKF

shading：mean tangential wind;  black contour：mean inflow/outflow; white contour ：updraft/downdraft
(Feng et al., 2020, WAF) 
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Spatial correlation coefficient 
between forecast and observation

exp coefficient
noDA 0.5903

RSTM-EnKF 0.7102
ESTM-EnKF 0.7691

9-h accumulated rainfall(0500UTC to 14UTC 04 Oct, 2015)

(Feng et al., 2020, WAF) 
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ü TRANS also includes its own post-processing module 
ü 3 types of 20 products are generated in real time
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MICAPS4

MICAPS4http://data.cma.cn
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(c)2019(b)2018(a)2017

Landfalling TCs  from 2017 to 2021,  36 cases

2017（8cases）：1702 Merbok、1707 Roke、1709 Nesat、1710 Haitang、1713 Hato、1714 Pakhar、1716 Mawar、

1720 Khanun

2018（10cases）：1804 Ewiniar、1808 Maria 、1809 Son-Tinh 、1810 Ampil 、1812 Jongdari 、1814 Yagi 、

1816 Bebinca 、1818 Rumbia 、1822 Mangkhut 、1823 Trami

2019（6cases）：1904 Mun、1907 Wipha、1909 Lekima、1911 Bailu、1914 Kajiki、1918 Mitag

2020（6cases）： 2002Nuri 、 2004 Hagupit 、 2006 Mekkhala 、 2007 Higos 、 2008 Bavi 、 2009 Nangka

2021（6cases）： 2106 Infa 、 2107 Cempaka 、2109 Lupit 、 2114 Chanthu 、 2117 Loonrock 、 2118 Kompasu

(d)2020 (e)2020
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Mean TS of TRANS during 2017-2019 hindcast
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Average TS of real-time forecasting in 2021
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OBS TRANS

2020Hagupit, R12, Initial time:2020080312（UTC）

758274

058664

Predicted hourly rainfall evolution from two typical site
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• A rapid refresh cycling data assimilation system with EnKF is developed, in 
which radar radial winds are proper absorbed to enhance the skill of landfalling 
TC forecasts.

• A new SO processing named Evenly Spaced Thinning Method is developed to 
increase the utilization factor of TC inner-core region. It shows that ESTM could 
significantly improve intensity, and heavy rainfall forecast.

• The result of three-year real-time forecast shows that the TS of heavy 
rainfall(100mm/12 hour) is above 0.2, TRANS have provided accurate real-time 
guidance to the official TC forecast in CMA.
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• Basic model configurations are in continuous tuning and optimization, explore 
higher resolution for both horizontal and vertical, etc;

• Assimilate radar reflectivity data, and assimilate multiple radar data 
simultaneously;   

• Further improve parameterization schemes, an improved two-moment bulk 
microphysical scheme developed by CAMS and turbulence kinetic energy (E)-
TKE dissipation rate (ε) PBL scheme will be integrated in the near future.



Thank you for your attention !
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