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Background

> Key factors to drive atmospheric motion

» Key factor to NWP

» Key factor to affect accuracy of NWP by
undifferentiated satellite observations

» Great positive impact of AMV in
application of NWP

(

The wind field is one of the
most influential assimilation
data sources currently.

All categories / 20190815T18002-20191016T0600Z

Relative total impact (%)

18.0

9.3

0.0

-9.3

-18.5

-27.8

27.8 =

AMVs

[

|

-25.0

-20.0 -15.0 -10.0

Relative total impact (%)

-5.0

MW Sound+Img

Hyperspect IR

Aircraft
Sondes
Surface-Land
Scatwind
GNSSRO
Surface-Ocean
Geo CSR
Ground GNSS

WindPro

0.0

\ . - ‘&,,jr ,

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)




Background (continued)

Location of used AMVs,

all levels, 00z 15 September 2020

» High-latitude: Polar AMYV of Polar-orbitin T —— - = W
N o 5 1L A
Satellite €< Al
» Global: AMYV of Metop
> Low-latitude: AMY of Geo-Satellite 40N
> All AMV are retrieved by Infrared o
observation EQ
20S |
40S
> Analysis to AMV by infrared -
radiance: T T o - %
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» Analysis to possible AMV by

microwave data:
® Few impact of cloud

® More accurate calibration

Could AMV retrieved by
Microwave radiance???




Background(continued 1)

183.31 GHz better

» AMV by sounding channel

penetrati N Clear and semi-

TF early all sky 183 GHz
> AMV by overlap orbit of METOP on ability transparent clouds
. . physica.l . . vibrational-
> Both absorptlon line of water vapor mecrl:‘anls rotational transition . oL ion 183 GHz
at 183GHz and 6.7um Sentivity .

to T ew yes 183 GHz

_ ) O['EI[13AN phase change of water Impact of cloud
FOV of 10.5um Geo-Satellite Three time- control vapor detection and T 183 GHz

and 6.7 um Except high- consecutive -

(4km) latitude images car 70%clear 5%clear (column) 183GHz

fraction

Polar-orbiting Two time-
FOV of hyper- Satellite consecutive
spectral (16km) High-latitude images

FOV of Train of METOP :
M HS/MWHS Overlap orbit of
Global the satellite train ! : -
(1 6km) T eonnnsonunsnna GIRSIFYA  tevvesesesesssrsnnens 1 ]0‘0005 18331+-1GHz. —Re——  1333141.8GHz
Hissra § S 183.31£4.5GHz
o NPP, r 18331+7GHz —ffl N
1.000
%20 IASUMETOP E F
IRSIMTG % L KT
< ISt
. X 0100 > 150.0 GHz
Possibility to AMV % E 236l
. X 60.0 GHz
by microwave data e I 50~80 GHz T
of channels of V0E Jaa ko
water vapor .
abasorption line 0001 . . . . . 5
0 50 100 150 200 250
%0 B0 1000 1200 1400 1800 1800 2000 2200 2400 2600 2800 (riom) Ji%/GHz




Method——Dense optical flow retrieval pixel by pixel

110000 Time 0 Wind Speed
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» Farneback Dense Optical Flow Method
® Wind vector is calculated by gradient of brightness

temperature of FOV
+ o+ = |~ 2. . 410 B -
® [Local Polynomial-Based Displacement Calculation | ; ' ' |
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® Multi-Scale Pyramid Iterative Optimization of |

ssonPra -

Optical Flow Field .
® [.ocal 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
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Preprocess | —— Fusion to observation of sequent satellites
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Proprocess II——Quiality control

» Routine QC
8 FOV removed at the edge of a orbit

183.31+-3GHz Brightness Temperature of ATMS

183.31+-3GHz Brightness Temperature of ATMS
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Experiment Scheme

> Exp.1: Evaluation in fixed tracking area

> Exp.2: Evaluation in hybrid tracking area

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

> Exp.4: Impact to data assimilation




EXP1.——Tracking area of optical flow retrieval
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EXP1.——Distribution of retrieval

and their bias

» 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)

(s )

Global cover of retrieved wind by radiance
of channels at 183GHz

» Systematically low wind speed with large

\_ error J
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EXP1.——Distribution

and Bias over land and over ocean

» Max wind speed over
ocean >60m/s (55m/s)

» Samples over ocean are 5
times than the one over

land

Sample Count

Sample Count

Sample Count

8000

7000

6000

50004

4000 4

3004

2000 4

10004

1]

000

7000 4

6000 4

5000

4000

30004

2000

1000

o

SO0

7000

6000

5000 4

4000 4

3000

2000 1

1000 4

L1}

850hPa Land-Sea BIAS and RMSE

(@)

B Ocean Sample Count
BN Land SampleLount ||

.1‘0

20
Wind Speed Interval (m-s ™)

800hPa Land-Sea BIAS and RMSE

(L]

=& Ocean RMSE
—&— Land RMSE ||

20
Wind Speed Interval (m's'l)

700hPa Land-Sea BIAS and RMSE

30

(©)

2 30 a0
Wind Speed Interval (m-s~1)

Samples (bar) at S pressure layers (850-450 hPa) over ocean(blue)

RMSE (m-s™1)

RMSE (m's™1)

Sample Count

Sample Count

8000

7000 4

6000 4

5000

4000 4

30040

2000 4

1000

0+

B000
7000
6000

5000

4000 4
3000 4

2000 4

1 0iKR

S00hPa Land-Sea BIAS and RMSE

(d)

20 30 40
Wind Speed Interval (m's™1)

450hPa Land-Sea BIAS and RMSE

50

30 40
Wind Speed Interval (m*s™1)

and over land(red) , and their RMSE(line)

12

RMSE (m's™1)

RMSE (m-s™1)



EXP1.——Bias to direction of retrieval

=,

» Smaller bias to zonal wind than t

meridional wind
» More retrieved to zonal wind than
to meridional wind J

> Max bias<30°, Max STD<16°
> Contrast to AMV<40° of METOP (Yang et al., 2021)

18
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Bias of retrieved wind direction
(Left column = mean speed ervor[m/s], Left column = number of samples, color bar=Bias/ STD)
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EXP1.——Seaonal change of bias

» Comparison to retrievals in July 2023(blue)
and in decsmeber 2023(orange) in 5 pressure
layers day by day

* Error increases significantly e
altitude increases

* Seasonal difference availible at low
Troposphere

* Seasonally consistent bias at upper layers
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EXP2.——Hybrid tracking area

ERAS 450hPa Maximum Wind Speed Distribution (Dec 2023)

-7, =3 Global Max: 106.62 m/s

> Global retrieval in 5° tracking area

> Instead by 10°tracking area in regin
with high wind speed in background

> Instead by 3°tracking area in regin ’  aT -

120°E 180°E

low wind speed in background o EE

" Hybrid tracking area c
used in various screen
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EXP2.——Distribution in various tracking area

( e e
b
» Oberviously increase of retrieved samples in hybrid tracking Few difference to bIaS, mse
and std
area . .
» Obervious increasement to
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EXP2.——Bias to direction of retrieval

> Largest bias availible in 3° tracking area ‘ Decreased retrieved wind

> Both bias and std decrease more than 1°within 10° direction availible

tracking area
Angular Deviation and STD Comparison
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EXP3. - Experimental Design

» Data
« NOAA20-21 (Dec.2023)
 NOAA20-FY3D (Dec. 2023 & July 2024)
 NOAA21-FY3D (Dec. 2023 & July 2024)
» Content:
» Correction of brightness temperature between
satellites
»> Altitude assignment to retrievals
» Time interval between satellites
» Hybrid optical flow grid
> Result of retrieved Wind by three consecutive

satellite
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EXP3.——Correction to brightness temperature of FY -3D /Sl
calibration

I Before: -2.80+1.00 K

» Simulation of brightness temperature [l After: 0.00+1.00 K
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EXP3.——

Dynamic Altitude Assignment of retrieval
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EXP3.——Impact of time intervals

> Dec. 2023, NOAA20-NOAA21 (24min)
> Dec. 2023, NOAA21-FY3D (55min) (5 Bias increase with A
> July 2024, NOAA20-FY3D (56min) ‘ larger time intervals
» Dec. 2023, NOAA20-FY3D (80min) \> Rmse and STD decrease)
> July 2024, NOAA21-FY3D (105min)
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EXP3.——Impact of hybrid tracking area

» 3 time intervals for NOAA2/21, and FY3D, Dec. 2023
» Various of BIAS and RMSE to hybrid tracking area

* NOAA20-21
* NOAA20-FY3D
* NOAA21-FY3D

Few impact availible to hybrid
tracking area
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EXP3.——Retrieval of three satellites in a time series

> Dec. 11,2023

» comparison between NOAA20-21 vs NOAA20-21-FY3D »

Three-Satellite Matching Coverage (20231201)
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» Same overlapping areas to dual-satellites, and
the number of retrievals remains unchanged
Wind speed errors of each layer increase



EXP4.——Impact to assimilation and to forecast

ERAS wind speed(m/s)
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EXP4.——Impact to assimilation anf to forecast (continued)

sgtob Bias&Rmse 2

Score Card for add against con

023113021—1 Domain |Parameter

500hPa

7

[}

600hPa.

600

Decreas

ing
0.1m/s

800hPa

950

my
; 7

. ‘/.—.o—
: A/ *-——e80=-p

1000

-1.2 -08 -06 =03 0 0.3 0B DB

smqtob Bias&Rmse

Increasi

Lavel

HGT

B60
500
2860

Anomaly Cerrelation

A

860

500

260

B850
500
250

TEMP
UWND
VWHND

860
500
250

HGT

860
500
260

B850
500
250

850
500
250

B850
500
260

ng

HGT

B60
500
250

N

860
500
260

B850
500
2860

*—®o-b

*—®o-—0

B6O
500
2860

HGT

860
500
260

B850
500
250

L IEIRIE)

1

4
4

860

500
250

TEMP
UWND
VWND

860
500
260

- = -
& N

REMS Error

5]

=

F

-

el
= -

: A Far better
{/ ¥ : Far worse

-12 0.8 06 -0.3 0

0.3 0B D8 12

D RS 1 15 2 25 3 35 4 45 5 585 6

4 . Better
* i Worse

[/ : Better but not significant
: Worse but not significant

N : Equality

1

— con
— add

144 168 192 216 240
na (hrel

— con
—— add

144 168 192 216 240
e (hrs)

B



Summary

» Pioneering to penerate atmospheric three-dimensional wind distribution by a microwave °
vision
» A dense optical flow method characterized by pixel brightness temperature of microwave

channel to retrieve global three—dimensional wind distribution

Y

Comparable in accuracy between our wind retrieval and products of METOP satellite

Y

A reduced error to velocity of low wind speed retrieval, and direction of high wind

speed samples by Hybrid grid

» Increased bias of retrieved wind within larger temporal interval between satellites,
while RMSE and STD decrease

» Comparable accuracy to retrieved wind between NOAA20/21/FY3D and NOAA20/21, while the
retrieval quantity reduced

» Assimilation in the operational environment of CMA-GFS shows a positive impact on the

forecasts of the Northern Hemisphere, the tropics, and East Asia, but a negative

impact in Southern Hemisphere

Microwave water vapor atmospheric motion vectors retrieval from polar-orbiting satellites, Remote Sensing of
Environment, Volume 330, 2025, 114983, ISSN 0034-4257, https://doi.org/10.1016/].rse.2025.114983
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