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Fengyun satellite sounding products

Polar orbiting satellites FY-3D/3E) Geostationary satellites (F¥A/4B)

MWTS, MWHS HIRAS combined VASS (GIIRS) (IR only)
product (MW+IR) V Regional 3D atmospheric temperature and moisture

V Global 3D atmospheric temperature and moisture

V. All-sky

V Twice per day for every satellite

V Clear sky and partly cloudy sky

V Every 2 hours for China and adjacent regions
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Fengyun sounding products
VASS products in redime application platforni Fengyun Earth (a Fengyun Neaaal time application system)
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Fengyun sounding products

GIIRS products in reaime application platfornn Fengyun Earth (a Fengyun neaal time application system)
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Sounding Temperature(°C)

Sounding products i n AFengyun Eartho
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FY-4A" AGRI (Imager) + LMI (Lightening) + GIIRS (Sounding)
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Anomaly Correl: HGT PG500

GR2/EASI 12Z, Day 5
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Impact of F¥4A GIlIRS over East Asia November 2018

Anomaly Correl: HGT P500 G2/EASI 00Z, Day 5

Neutral to positive impact overall, '
Positive impact for high impact weather 1
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Assimilation of F¥4B GIIRS CCRan CMA-GFS
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CCRs can increase the number
of available assimilation
observation data by more than
75%i1n a month.
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larger bias differences
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and the CCRs.

CCRs show smaller FOdependent
bias fluctuations, which may be
because the CC algorithm brings som

smoothing effect.
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Pressure (hPa)

Assimilation of F¥4B GIIRS CCRan CMA-GFS

A The assimilation of GIIRS cloudleared radiances (CCRs) has a positive impact on the model analysis
and forecast fields, especially for typhoon events.

A The results of 1 month cycle assimilation experiment show the potential operational applicatief®f FY
GIIRS CCRs in NWP.
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Assimilation ofFY-4B GIIRSIin CMA-MESO V6.0
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The operational CMA-MESO model does
not directly assimilate satellite radiance
data at present.

Assimilate GIIRS radiance
observations into CMA-MES

Technology: observation operator, quality control,
channel selection, assimilation application
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Assimilation ofFY-4B GIIRSIin CMA-MESO V6.0
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Using high temporal resolution data from geostationary
hyperspectral infrared sounders (GIIRS), such as data-&80L5
minute intervals, thredimensional wind fields in clear skies
and parts of cloud regions can be obtained. (102&0hP3

GIIRS water vapor Jacobian
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Ma, Z., Li, J.*, Han, W, Li, Z., Zeng, Q., Menzel, W.P., Schmit, T.J., Di, D.,
Liu, C.-Y., 2021.Four-Dimensional Wind FieldsFromGeostationary
Hyperspectral Infrared Sounder Radiance Measurements Witigh
Temporal Resolution Geophysical Research Lettet8, e2021GL093794.
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Images: Selected GIIRS WV channels peaking at different
atmospheric layers (see right for QWF).

Vectors: Winds at selected levels overlaying on BT.
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Q1: Compared to the satellite data already usdwdt is the added values of 3D winds from GIIRS for NWP?

(a) LWP & IWP from HIM8 (b) Wind from GIIRS @ 300hPa
. - 30
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The added values of threelimensional wind field assimilation on typhoon analysis field and forecast results

Experiments Data assimilated

Impact on analysis from 3D wind assimilation Control Exp GTS + AHI LWP & IWP
Impact Exp GTS + AHI LWP & IWP + GIIRS Wind

RMSE difference between EXP_WND and EXP_CWP Track and |ntenS|ty Maria (2018)andLekima(2019)
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Impact of 3D wind assimilation on precipitation forecasts

(a) Observation Maria

(b) EXP_CWP Maria

(c) EXP_WND Maria
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(d) Observation Lekima
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After GIIRS 3D wind assimilation, the rainfall forecasts
for Maria and_ekimaimproved.
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light moderatepeavy torregféf‘r‘ en'\e_heaw

light rain: (0.1~10.0 mm)

heavy rain: (25.1~50 mm)

moderate rain: (10.1~25 mm)

torrential rain: (50.1~100 mm)

extreme heavy rain: (100.1~250 mm)

tight - pderatepeavy torre‘e‘::&‘el'ﬂe_hea\”

light'  sderatepeavy torregﬂé’r‘eme_heaw

BN EXP CWP

mem EXP_WND

The results showed that the FAR value decreased
and the ETS score increased, especially in the case

of heavy rain.
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RMSE difference density distribution
T More values

R . | Fewer values

< >

Synergistic DA worse than Control Synergistic DA better than Control

Ridgeline plots of RMSE differential distribution
(controlledexperimentwith reducedmpact)show
(a) U-wind speedm/s), (b) V-wind speedm/s),(c)
temperaturéK), and(d) specifichumidity (g/kg).

The positive offset betweenthe curves clearly
demonstrateshe 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
improvementsn theearlyforecasstages

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 Observati@risrom 2D to 3D.
Bulletin of the American Meteorological Society, 106(2), pp.E344
E363.
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Track errors(km)

SLP errors(hpa)

50 1

Q2: GIIRS provides thermal and dynamic information. When 3D wind field data is used in conjunctic
with thermal informationwhat 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 twlooeating

best effect, reducing the 4®ur intensity forecast error by up to 50%;
(2) Regional NWP (WRF/WRFDA) assimilation studies show that dynamic information has a greater impact than thermal informatic

(a)

——  Ctrl(Prepbufr+AMSU+ATMS) Lekima (2019)

—— Ctrl+DA(UV)

——  Ctrl+DA(T)

Ctrl+DA(UV)+DA(T)
0 6 12 18 24 30 36 42 48 54 60 66 72
Forecast Time (hour)

(b)
0 6 12 18 24 30 36 42 48 54 60 66 72

Forecast Time (hour)

Statistical analysis of ZBour (a) track forecast errors and (b)

minimum sea level pressure (SLP) forecast bias for fmitial times
in the assimilation experiments compared with the best track.
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24°N
115°E

118.75°E

122.5°E

126.25°E 130°E

72-hour typhoon
track forecasts of
CTRL, DA(UV),
DA(T), and
DA(ALL)
experiments along
with the best track.

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 forecastisnal of
Geophysical Research: AtmospherE30(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 CMMESO, assimilating the GIIRS 3D
winds has a positive impact on typhoon forecasting.

(a) Initial forecast 2018071003

28°N

27°N
26°N
25°N
24°N

—e— Best Track
—e— EXP_CTRL
—— EXP GIIRSWIND

é
117°E 120°E

28°N
27°N
26°N
25°N
24°N

123°E 126°E

(b) Initial forecast 2018071006

—e— Best Track
—— EXP_CTRL
—es— EXP_GIIRSWIND

17°E

120°E

123°E 126°E

28°N
27°N
26°N
25°N
24°N

28°N
27°N
26°N
25°N
24°N

(c) Initial forecast 2018071009

117°E

17°E

—e— Best Track
—— EXP_CTRL
—e— EXP_GIIRSWIND

4
120°E 123°E
(d) Initial forecast 2018071012

126°E

(S8 —e— Best Track

—— EXP_CTRL
—e— EXP_GIIRSWIND

120°E 123°E

(1) The added value of 3D winds in the CMA operational regional model (GNESO) was verified;
(2) It was revealed that the dynamic field has a greater impact on typhoon numerical forecasting than the thermal fiedcbmatieVié.

Wang, H., Han, W., Li, J., Chen, H. and Yin, R., 2025. Impact of assimilation-dAR31IRS threedimensional horizontal wind

observations on typhoon forecasts. Advances in Atmospheric Sciences, 42(3);485467

126°E
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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 Monitoring of cold air activities :> Rain and snow phase analysis using cloud
regions during the miterm period and temperature parameters

FY-3D 850hPa H¥iRE
2022-01-26

FY-3D 850hPa Lt
2022-01-26

. z
40 36 32 28 24 20 -6 12 8 -4 0 4 8 12 16 20

Monitoring and analysis of surface
parameters affected by cold waves

4w

4w

23



