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Fengyun satellite sounding products

Polar orbiting satellitesεFY-3D/3E) 

MWTS, MWHS HIRAS combined VASS 

product (MW+IR)

V Global 3D atmospheric temperature and moisture

V All -sky

V Twice per day for every satellite

(GIIRS) (IR only)

V Regional 3D atmospheric temperature and moisture

V Clear sky and partly cloudy sky

V Every 2 hours for China and adjacent regions

Geostationary satellites (FY-4A/4B)

VASS temperature (K) and moisture (g/kg) at 850 hPaon 12 Sept 2021 FY-4B/GIIRS temperature (Co) 500 hPaon 07 March 2024
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VASS products in real-time application platform ïFengyun Earth (a Fengyun Near-real time application system)  

T-lnp

Fengyun sounding products
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GIIRS products in real-time application platform ïFengyun Earth (a Fengyun near-real time application system)

Fengyun sounding products
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Scatterplot of FY-4B and RAOB (Left̔Sichuan Basin̕right̔
West Sichuan Terrian) 2023.1.16 - 2023.3.10

Sounding products in ñFengyun Earthò

Wang, Sufeng, Feng Lu, and YutaoFeng. "An Investigation of the 

Fengyun-4A/B GIIRS Performance on Temperature and Humidity 

Retrievals." Atmosphere 13, no. 11 (2022): 1830.
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FY-4A̔AGRI (Imager) + LMI (Lightening) + GIIRS (Sounding)

TyphoonòMariaò Every 15 minutes 

(1650 Channels)

Every 5 minutes
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500hPa ACC over East Asia

120h 500hPa ACC over East Asia

Impact on wind RMSE(green mean reduction)

Impact of FY-4A GIIRS on Forecast over East 
Asia (August 2017)

GRAPES gloal4D-Var

CTRL  ̔ OPER

GIIRS ̔ OPER + GIIRS
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Impact of FY-4A GIIRS over East Asia November 2018

Neutral to positive impact overall, 

Positive impact for high impact weather

Operational Assimilation of GIIRS in 

GRAPES 4D-Var since Dec. 25th 2018
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Assimilation of FY-4B GIIRS CCRs in CMA-GFS

CCRs can increase the number 

of available assimilation 

observation data by more than 

75%in a month.

The lower peaking 

GIIRS channels show 

larger bias differences 

between the clearsky 

and the CCRs.

CCRs show smaller FOV-dependent 

bias fluctuations, which may be 

because the CC algorithm brings some 

smoothing effect.
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Cloud-cleared radiances (CCRs) are derived using ñoptimal 

cloud-clearingò method (Li et al. 2005)



Assimilation of FY-4B GIIRS CCRs in CMA-GFS

Yin, R., Han, W., Zhao, Z., Gong, X., Kong, S., Zhang, F., & Li, J. (2025). The preliminary assimilation and impacts of FY 4BGeostationary Interferometric 

Infrared Sounder (GIIRS) cloud cleared radiances. Journal of Geophysical Research: Atmospheres, 130, e2025JD043520. https://doi.org/10.1029/20251D043520

Å The assimilation of GIIRS cloud-cleared radiances (CCRs) has a positive impact on the model analysis 

and forecast fields, especially for typhoon events.

Å The results of 1 month cycle assimilation experiment show the potential operational application of FY-4B 

GIIRS CCRs in NWP.
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Assimilation of FY-4B GIIRS in CMA-MESO V6.0

The operational CMA-MESO model does 

not directly assimilate satellite radiance 

data at present.

Technology: observation operator, quality control, 

channel selection, assimilation application

Assimilate GIIRS radiance 

observations into CMA-MESO

Some improvements 

in the analysis field

Types of observation data applied in CMA-MESO 
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Assimilation of FY-4B GIIRS in CMA-MESO V6.0

After assimilating GIIRS in 

CMA-MESO 3 km, the trend 

of typhoon rotation were 

predicted, which is closer to 

the Best track.

warm start

The ETS of 24-hr cumulative precipitation 

forecast (14-day experiment) shows that 

the main impact is neutral, and there is an 

improvement trend for precipitation 

forecasts above 250 mm.
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Slide 15Ma, Z., Li, J.*, Han, W., Li, Z., Zeng, Q., Menzel, W.P., Schmit, T.J., Di, D., 

Liu, C.-Y., 2021. Four-Dimensional Wind FieldsFrom Geostationary 

Hyperspectral Infrared Sounder Radiance Measurements With High 

Temporal Resolution. Geophysical Research Letters 48, e2021GL093794. 

https://doi.org/10.1029/2021GL093794

00-10 UTC 10 July 2018, every 15 minutes
B

T
(K

)

Images: Selected GIIRS WV channels peaking at different 

atmospheric layers (see right for QWF).

Vectors: Winds at selected levels overlaying on BT.

Using high temporal resolution data from geostationary 

hyperspectral infrared sounders (GIIRS), such as data at 15 - 30 

minute intervals, three-dimensional wind fields in clear skies 

and parts of cloud regions can be obtained. (1000 ï250 hPa)

GIIRS water vapor Jacobian
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Control Experiment: 

Conventional and satellite data 

already used, including 

geostationary satellite imager 

data.

Impact Experiment: 

Control experiment + GIIRS 3D 

wind field

Model: WRF 

Assimilation System: WRFDA

00 UTC 10 July 2018 

Q1: Compared to the satellite data already used, what is the added values of 3D winds from GIIRS for NWP?

16
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Experiments Data assimilated

Control Exp GTS + AHI LWP & IWP

Impact Exp  GTS + AHI LWP & IWP + GIIRS Wind

The 3D wind (EXP-WND) improves track and intensity forecasts

RMSE difference between EXP_WND and EXP_CWP Track and intensity̔ Maria (2018) and Lekima(2019)

The 3D wind (EXP_WND) assimilation improves the 

modelôs analysis of winds, temperature, and humidity fields.

Impact on analysis from 3D wind assimilation

The added values of three-dimensional wind field assimilation on typhoon analysis field and forecast results

Meng, Deming, Zhe Min Tan*, Jun Li, Zheng Ma, and YaodengChen, 2024: Added value of three dimensional horizontal winds from Geostationary 

Interferometric Infrared Sounder for typhoon forecast in a regional NWP Model. Journal of Geophysical Research: Atmospheres, Vol. 129, No. 6, e2024JD040736. 

https://doi.org/10.1029/2024JD040736 17
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ETS FAR POD

After GIIRS 3D wind assimilation, the rainfall forecasts 

for Maria and Lekimaimproved.
The results showed that the FAR value decreased 

and the ETS score increased, especially in the case 

of heavy rain.

Impact of 3D wind assimilation on precipitation forecasts
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Ridgelineplots of RMSE differential distribution

(controlledexperimentwith reducedimpact)show

(a) U-wind speed(m/s),(b) V-wind speed(m/s),(c)

temperature(K), and(d) specifichumidity (g/kg).

The positive offset between the curves clearly

demonstratesthe significant advantageof the 3D

wind field data assimilation experiment in

forecasting U and V winds. Although the

improvements in temperature and specific

humidity are not as significant as those in the

dynamic field, there are still noticeable

improvementsin theearlyforecaststages.

Li, J.*, Santek, D., Li, Z., Lim, A., Di, D., Min, M., Velden, C. and 

Menzel, W.P., 2025. Tracking Atmospheric Motions for Obtaining 

Wind Estimates Using Satellite ObservationsðFrom 2D to 3D. 

Bulletin of the American Meteorological Society, 106(2), pp.E344-

E363.
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Q2: GIIRS provides thermal and dynamic information. When 3D wind field data is used in conjunction 

with thermal information, what additional value does it bring to TC forecasting?

(1) Both thermal and dynamic information from GIIRS have a positive impact on TC forecasts, and the combination of the two can produce the 

best effect, reducing the 48-hour intensity forecast error by up to 50%;

(2) Regional NWP (WRF/WRFDA) assimilation studies show that dynamic information has a greater impact than thermal information.

72-hour typhoon 

track forecasts of 

CTRL, DA(UV), 

DA(T), and 

DA(ALL) 

experiments along 

with the best track.

Statistical analysis of 72-hour (a) track forecast errors and (b) 

minimum sea level pressure (SLP) forecast bias for multi-initial times 

in the assimilation experiments compared with the best track.

Lekima (2019)

Lekima (2019)

Liu, Y.A., Zhang, Z., Li, J.*, Li, Z., Min, M., Di, D. and Bai, W., 2025. 

Impacts of thermodynamic and dynamic information from geostationary 

hyperspectral infrared sounder on tropical cyclone forecasts. Journal of 

Geophysical Research: Atmospheres, 130(5), p.e2024JD042194.
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Q3: What is the potential value of 3D wind fields in operational NWP?
In CMA regional operational NWP model CMA-MESO, assimilating the GIIRS 3D 

winds has a positive impact on typhoon forecasting.

(1) The added value of 3D winds in the CMA operational regional model (CMA-MESO) was verified;

(2) It was revealed that the dynamic field has a greater impact on typhoon numerical forecasting than the thermal field in the regional NWP.

Wang, H., Han, W., Li, J., Chen, H. and Yin, R., 2025. Impact of assimilation of FY-4A GIIRS three-dimensional horizontal wind 

observations on typhoon forecasts. Advances in Atmospheric Sciences, 42(3), pp.467-485. 21
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(1) Cold wave and associated rain and snowstorm monitoring

Cold Wave Monitoring cold wave using soundings

Monitoring of cold air activities in polar 

regions during the mid-term period
Monitoring of cold air activities Rain and snow phase analysis using cloud 

and temperature parameters

Monitoring and analysis of surface 

parameters affected by cold waves
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