Impact of Aeolus horizontal line-of-sight wind
observations on Typhoon forecasting
in a global NWP system
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e Aeolusis...

 The Doppler Wind Lidar (DWL) is ...

1. Introduction

— The first satellite mission to acquire global-scale profiles
of Earth’s wind launched on 22 August 2018.

— Orbits Sun-synchronous dusk-dawn plain at the altitude
of 320 km above Earth.

— a single-perspective instrument.

— Rayleigh wind at 24 levels from the doppler shift of the
molecular scattering.

— Mie wind at 24 levels from the doppler shift of scattering
from aerosols and water droplets.

Observable under clear and thin cloudy condition ©
Observable over land and oceans ©

Not observable inside or under thick clouds ®

Only almost zonal wind component ®
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—» Flight direction

Flight altitude
320 km

What is the assimilation impact
on typhoon forecasting?
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2. Experiment and Result / Configuration

CNTL:JMA’s data assimilation + global spectral model (GSM) as of December 2019.
TST1:CNTL + Aeolus’s Rayleigh wind under clear-sky + Mie wind under cloudy

TST2:CNTL + Aeolus’s Rayleigh wind under clear-sky + Mie wind under cloudy
Backgrounds from CNTL were used for every analysis.

Quality control pass conditions for Aeolus data:
(ECMWEF technical memo 864, The NWP impact of Aeolus Level-2B winds at ECMWF, was referenced.)
— Limit estimated error and integration length according to Rayleigh and Mie winds.
— Reported quality check flag =1
(Additionally, some condition introduced in Okamoto et al. 2018 was applied.)
— Data outside the range of model’s top and bottom, and data at the lowest and highest level was rejected.

Observation error (used in assimilation system) for Aeolus data:
— Estimated error X inflation (inflation = 2.0 at tropics and mid latitude, 3.0 at high latitude)

Bias correction is NOT applied.
Validation period: August 1 to November 10, 2020.
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Impact of assimilating Aeolus wind data

TST1 (cycled-analysis) had a greater impact on averaged improvement ratios than TST2 (reinitialized-analysis).
However, the impact on typhoon track forecasting were similar between TST1 and TST2 until 72-hour forecast.
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3. Statistical investigation

oA

F

'

A Each analysis was categorized into one of the groups as follows;
|f' Near: Aeolus data used within 5 degree latitudes and longitudes.
,Ilf | West: The data used in the west of “near” area within 30 degree longitudes.
! East: The data used in the east of “near” area within 30 degree longitudes.
|
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4-1. Case study 1

Near case at 12 Utyphoon on August 29, 2020
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What happens at Aeolus wind assimilation?

As Aeolus DWL is a single-perspective instrument with 97.2° inclination angle,
almost zonal wind component is available.

Difference in analyses of TST2 and CNTL

U250(shade),VOR250(contour) Z250(shade),Z250(contour, TST2)
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"The increments spread downward and reached the ground level in several hours, after which difference
in the typhoon center position began to emerge. This demonstrates how the upper wind observations

revised the position of the typhoon center on the ground.”
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Wind speed analysis at 250hPa

SR 12Utyphoon on 4 Oct. 4‘2 . Ca se stu dy 2

West case at 12 Utyphoon on Oct 4, 20Hast case at 06 Utyphoon on Oct 5, 2020
AH ‘ - 60N * Troracrnor ngtance F——— 72)- = j; GON * Trzoracrr ot oance, Pseamwmry/ - (f'ﬁ‘ g
= = ST O EEETTY O
T -~ ‘& - 'jﬁ«; | | N a0 o] YO
v 2 ~ 40 &I:U 1%{}’ & C)?\L?,: ‘_J"/J i [

T 30Nw IL,I =4 (ﬁp | 30N { 5 & L - b
< Easterly wind & ooN o | b B | e ONw 0 oD -1

20 {d ] oS |I /N
A . &1 Typhoon _ Typhoon
£ - . 'w‘l ) . L\ NQ
ISTC(kt) Max:158. 6 == ! T A EA Ch hor i L Ch% -hom b
250hPa ISTC, Wind INIT'Z;;{!/IU;’N 12:00Z FT=0s LQ /{ L an- Om \\ /i} \ L
CNTL : 250hP o IRA4T b & ‘ ‘ ‘ g ek ‘ | ‘
— “ Eq. 100" 110° 120" 130" 140° 150" 160" 170" 180" Eq.0100' 110 120° 130° 140° 150" 160" 170" 1807
100E 180E 100E 180E

Change in track error ( dlstance[km] / Iatltude[O 1deg] / Iong|tude[0 1deg] )

100 100

S 80 Imarmriured Errrm 2 Ao £ i S 80

: & improved from 3-day forecast | £ %

e e e s s T O B 840"'i.,

S 20 - S 20

- S e o s e B B [ S PO S

= e g 80|

S 0l — T N V- S —100 . -

= > 0 24 48 w 96 120 0 24 48 72 9% 120

250hPa ISTC,Wind INIT=2020/10/07 12:00Z FT=0s forecast time [hour] forecast time [hour]

ﬂ _L%, Japan Meteorological Agency IWW16 (11. May. 2023) 10



East case The increment was brought to typhoon in a day by the easterly wind, started to revise the position.
The change in the position spread over forecast time.
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West case Theincrement was brought away from the typhoon by the Easterly wind up to 3-day forecast.

When the typhoon closed to the subtropical jet, it's position was started to be revised.

i

55N

i
C

{

-0.25
-05
-1
-2
-4
-8

L £ R M v -

150E 160E 170E 1 100E 120E 130E 1406 1506 160E 130E 1408

180E - =

IGES/COLA

;(:_\,%’T Japan Meteorological Agency

E

T10E

120

130

140

150E

160E 170E 180 E 110E 120€ 1306 140 150€ 160€ 170 1 100E 110 120€ 130€ 140€ 150E 160E 170€ 180 100E 110E 120E 130€ 1406 150E. 160E 170E 180

2022-06-21-17:08 LA 2022-06-21-17:08 /COLA 2022-06-21-17:08 3/COLA 2022-06-21-17:22

IWW16 (11. May. 2023) 12



Summary

e Aeolus DWL data assimilation impact on typhoons’ track forecasting was investigated in detail.

* Aeolus DWL provides a single-perspective horizontal wind data, and it is almost zonal wind
component observation.

* In the statistical investigation, each analysis of TST2 was categorized into one of the following groups:
Near, West, and East, according to the positional relationship between Aeolus data coverage and
typhoon center at the analysis time.

* There were 3 tips given in the statistical investigation and case studies:
1. Asingle-perspective wind observation contributes to improve the typhoon’s track

in both east-west and north-south directions. (This supports the Aeolus’s value for
numerical weather prediction.)

2. A wind observation in the upper troposphere contributes to improve the typhoons’
track forecasting, suggesting the importance of the upper troposphere wind as a
steering wind of typhoons.

3. The observation data assimilated in the upstream of a typhoon can revise the
typhoon’s position.
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