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Ø Key factors to drive atmospheric motion

Ø Key factor to NWP

Ø Key factor to affect accuracy of NWP by 

undifferentiated satellite observations

Ø Great  pos i t ive  impac t  o f  AM V in 

application of NWP

From August to October 2019, all relative FSOI (Forecast 
Sensitivity to Observation Impact) observed by the UK Met Office 
Global Numerical Weather Prediction System. （Eyre et al., 2022）
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Ø Analysis to AMV by infrared 

radiance:
 Restricted by cloud fraction

：
 Few impact of cloud

 More accurate calibration

Ø High-latitude：Polar AMV of Polar-orbiting 

Satellite

Ø Global：AMV of Metop 

Ø Low-latitude：AMV of Geo-Satellite
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Ø AMV by sounding channel
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Ø Both absorption line of water vapor 

at 183GHz and 6.7um 

FOV of 10.5um 
and 6.7 um 

(4km)

FOV of hyper-
spectral (16km)

FOV of 
MHS/MWHS 

(16km)

Geo-Satellite

Except high-
latitude

Polar-orbiting 
Satellite

High-latitude

Train of METOP

Global

Possibility to AMV 
by microwave data 

of channels of 
water vapor  

abasorption line

Three time-
consecutive 

images

Two time-
consecutive 

images

Overlap orbit of 
the satellite train

5



6

Ø Farneback Dense Optical Flow Method
 Wind vector is calculated by gradient of brightness 

temperature of FOV
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 Multi-Scale Pyramid Iterative Optimization of 

Optical Flow Field

 Local Neighborhood Weighting to Improve 

Robustness (a) wv of ERA at 1000hPa    (b) wv ampped onto optical flow grid    

(c) bias of retrieval by optical flow   (d) vertical distribution of bias 



Matching the nearest pixels using the KD-tree nearest 
neighbor algorithm 7

Matching of Sequential Satellite FOVs

brightness temperature of channels at 1833.31     
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Ø Routine 

TB88.2GHz and TB165.5GHz: brightness 

temperature of channels 16 and 17 of 

ATMS, θ:Zenith Angle

Reject FOV with a SI>15

Vertical speed(Background): w<0.1 m/s
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(a) Brightness temperature of channel 18 of ATMS
(b) 
(c) Detection by scatter index
(d) Introduce of possible phase change 
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Ø Exp.1: Evaluation in fixed tracking area

Ø Exp.4: Impact to data assimilation

Ø Exp.3: Evaluation to retrieval with FY -3D involved

Ø Exp.2: Evaluation in hybrid tracking area



Brightness Temperature of overlapped FOV that 
Projected onto the 5°Optical Flow Grid 
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Ø 5 pressure layers corresponded to peak of 

weighting function of the 5 channels at 183GHz：
• Retrieved wind speed: <10m/s(low latitude), 

10~20m/s(Mid-latitude), Max value 30m/s(50m/s)

• Error (contrast to ERA): 2~4m/s(Mean)，

4~8m/s(Mid_latitude)

Retrieved wind at 5 pressure layers by radiance of channels at 183GHz 11



12Samples (bar) at 5 pressure layers (850-450 hPa) over ocean(blue) 
and over land(red) , and their RMSE(line)

Ø Max wind speed over 

ocean >60m/s（55m/s）

Ø Samples over ocean are 5 

times than the one over 

land
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Bias of retrieved wind direction

(Left column = mean speed error[m/s], Left column = number of samples, color bar=Bias/ STD)

Ø Max bias<30°，Max STD<16°

Ø Contrast to AMV<40° of METOP（Yang et al., 2021）



Ø Comparison to retrievals in July 2023(blue) 

and in decsmeber 2023(orange) in 5 pressure 

layers day by day

• Error increases significantly as the 

altitude increases

Troposphere

• Seasonally consistent bias at upper layers
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3°, 5°, and 10° hybrid tracking area

2023年12月ERA5平均风速图

Ø Global retrieval in 5° tracking area

Ø Instead by 10°tracking area in regin 

with high wind speed in background

Ø Instead by 3°tracking area in regin with 

low wind speed in background
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16Retrieved sample and corresponded RMSE in various tracking area in Exp.1 and Exp.2

Ø Oberviously increase of retrieved samples in hybrid tracking 

area

Ø RMSE decrease about 0.5m/s in 3° tracking area
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Ø Largest bias availible in 3° tracking area 

Ø Both bias and std decrease more than 1°within 10° 

tracking area

Comparison to bias and std of retrieved wind direction in Exp.1 and Exp.2



Ø Data

• NOAA20-21（Dec. 2023）

• NOAA20-FY3D（Dec. 2023 & July 2024）

• NOAA21-FY3D（Dec. 2023 & July 2024）

Ø Content：

Ø Correction of brightness temperature between 

satellites

Ø Altitude assignment to retrievals

Ø Time interval between satellites

Ø Hybrid optical flow grid

Ø Result of retrieved Wind by three consecutive 

satellite
18
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Ø Correction by a regressed value

BTMWHStheo=BTMWHSobs - DD

BTMWHStheo=BTMWHSobs  x A + B

Ø Simulation of brightness temperature
DD = OTD-STD
      = （TATMS·obs-TMWHS-II·obs）-（TATMS·obs-TMWHS-II·obs）  

Accuracy of 
calibration

ATMS :
0.2-0.5K 

MWHSII:
0.8-1.2K
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Mean bias, Rmse and STD of 5 time intervals to the 3 satellites

Ø Dec. 2023, NOAA20-NOAA21（24min）

Ø Dec. 2023, NOAA21-FY3D （55min）

Ø July 2024, NOAA20-FY3D（56min）

Ø Dec. 2023, NOAA20-FY3D（80min）

Ø July 2024, NOAA21-FY3D（105min）

21



Ø 3 time intervals for NOAA2/21, and FY3D, Dec. 2023

Ø Various of BIAS and RMSE to hybrid tracking area

• NOAA20-21

• NOAA20-FY3D

• NOAA21-FY3D
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Ø Dec. 1, 2023

Ø comparison between NOAA20-21 vs NOAA20-21-FY3D

2323



24 24

Scatter distributiion after QC
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