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Mechanisms governing TC tracks
Steering flow, Beta effect
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Mechanisms governing TC tracks
Steering flow, Beta effect

I)Mechanisms governing tracks
1) Steering flow
2) Béta effect
3) Fujiwahra effect, islands/land effects

IT)Differents types of guidance
1) Deterministic
2) Ensemble forecast
3) Consensus
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Mechanisms governing TC tracks [ﬂ

Steering flow, Beta effect METEO
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I)Mechanisms



What'’s govern TC track ?

* To a first approximation, TC motion is governed by conservation of relative
vorticity within the large scale steering flow (advection of the vortex within the
large scale flow)

* Second order includes the Beta term (conservation of absolute vorticity).

* Divergence term (wavenumber 1 asymmetry in convection, interaction with

orography, friction) SCALE ANALYSIS OF THE

) ) .. i VORTICITY EQUATION
* Vertical motions (e.g., twisting term) less important

Use scales for tropical cyclone outer wind:
— 3D dynamical model includes all of these terms. |7, ~ 500 &m
Rotational wind V ~10 m/s

Divergent wind U ~1 m/s
AP ~ 10° Pa

T~ ~5x10* sec

¢ ~ % ~ 2 x 10~ 5sec™!

6 ~ f,f ~ 2 x 10 %sec™1

w~ AP ~ 0.2 Pa/sec

8 a¢ 1%
(n m " (&) ()

1 -ie =i

i - - &
Yoo 4x6’  4we 2xe’®  1xew 410



Advection by the steering flow

ENVIRONMENT
ETEERIMS
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— A TC is steered by the horizontal wind characterizing the
environment in which it is located O]
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Level of the steering flow

Steering flow level depends on the intensity of the system
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Source : Velden and Leslie (1991) PRANCE



Level of the steering flow

Steering flow level depends on the intensity of the system

Early stage 850/700 hPa
Tropical Depression

Tropical Cyclone 500/400 hPa

500/300 hPa
ITC/VITC
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Effet de I'environnement
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Effet de I'environnement

High Amplitude Trough
Near Equatorial Ridge
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Exercise

Identify the level of the steering flow and recognize the
synoptic actors that are driving it !

Bo
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12

15/04/16 at 127 :

™ CTI Fantala (Vmax :110 kt)

Forward motion : westwards
(263°) at 16 km/h
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Which levels is appropriate for steering flow based on
current forward motion and intensity ?
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Situation at 500 hPa the 15/04/16 at 12Z
(Fantala position in red)
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Situation at 500 hPa the 15/04/16 at 12Z
(Fantala position in red)
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— SR = Subtropical Ridge i
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Forecast of the 500 hPa wind up to day3 (1 picture / day)

-y SR = Subtropical Ridge
~~| NER = Near Equatorial Ridge
) MLT = Mid-levels Trough
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Forecast of the 500 hPa wind up to day3 (1 picture / day)
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-y SR = Subtropical Ridge
~~| NER = Near Equatorial Ridge
) MLT = Mid-levels Trough
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FANTALA
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Useful websites

Steering Layer 700-850mb - Indian Ocean - Latest Available

Home TSR T | o O e | o SO | o BEITS. Produc Observed deep layer winds - CIMSS

Mouseover
Zoom for list Info

300-850mb 250-850mb 200-700mb

S TC MSLP/Vmax: 950-969mb/30-112kts | TC MSLF/Vmax: 540-9439mb/112-122kts|  TC MSLF/Vmax: <5340mb/=122kts

+3hr

< C @ © & nttpsye

&F Les plus visités @ Débuter avec Firefox

arth.nullschool.net/#current/wind/su

Data | Wind @ Surface
Date | 2021-10-22 18:00 Local 2
. . . Source | GFS / NCEP / US National Weather Service
Earth nullschool (or windy) for forecast windfield |k
Mode | [Air
Animate | [ Wind
Height | [ Sfe

Wind
Overlay

Projection |
about 1 ¥ O



http://tropic.ssec.wisc.edu/real-time/dlmmain.php?&basin=indian&sat=wm5&prod=dlm1&zoom=&time=
https://earth.nullschool.net/#current/wind/surface/level/orthographic=-300.00,0.00,439

What'’s govern TC track ?

* To a first approximation, TC motion is governed by conservation of relative
vorticity within the large scale steering flow (advection of the vortex within the

large scale flow)

* Second order includes the Beta term (conservation of absolute vorticity).

* Divergence term (wavenumber 1 asymmetry in convection, interaction with

orography, friction)

* Vertical motions (e.g., twisting term) less important

— 3D dynamical model includes all of these terms.

L ~ 500 km
Rotational wind V ~10 m/s

Divergent wind U ~1 m/s
AP ~ 10° Pa
T~E&~5%x10" sec

¢ ~ %- ~ 2 x 10 %sec™!

6 ~ % ~ 2 x 10 8sec™!
wn~6AP ~ 0.2 Pa/sec

o ¢

ety e VC—wap ,8«;—(_4:{)_6 -V x —
o m 0)) (€3) ()] +)
Yxio~ 43" we  2xie’®  1xe yxio"

SCALE ANALYSIS OF THE
VORTICITY EQUATION

Use scales for tropical cyclone outer wind:
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oP



3 effect

Reminder on the planetary vortex
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Source: S.Malardel



3 effect

The circulation of a TC, combined with the
North-South variation of the Coriolis parameter,
induces asymmetries known as Beta Gyres.

Beta Gyres produce a net steering current
across the TC, generally towards the NW
(northern hemisphere) or towards the SW
(southern hemisphere). This motion is known as
the Beta Drift.

15/20 % of TC motion (2-4kt), depend on outer
wind structure — more pronounced effect for
large TCs, taken into account by NWP models
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B effect

Conceptual Model of B-gyres for NH Tropical Cyclones with no

= The circulation of a TC, combined with the Environmental Flow Ve
North-South variation of the Coriolis ¥
parameter, induces asymmetries known as
Beta Gyres.

= Beta Gyres produce a net steering current
across the TC, generally towards the NW
(northern hemisphere) or towards the SW
(southern hemisphere). This motion is known
as the Beta Drrift.

= 15/20 % of TC motion (2-4kt), depend on
outer wind structure — more pronounced

effect for large TCs, taken into account by
NWP models

Source : Comet Program



What'’s govern TC track ?

* To a first approximation, TC motion is governed by conservation of relative
vorticity within the large scale steering flow (advection of the vortex within the

large scale flow)

* Second order includes the Beta term (conservation of absolute vorticity).

* Divergence term (wavenumber 1 asymmetry in convection, interaction with

orography, friction)

* Vertical motions (e.g., twisting term) less important

— 3D dynamical model includes all of these terms.

L ~ 500 km
Rotational wind V ~10 m/s

Divergent wind U ~1 m/s

AP ~ 10° Pa

T~E&~5%x10" sec

¢~ %- ~ 2 x 10" %sec™!
&~ % ~ 2 x 107 6gec™1
w~8AP ~ 0.2 Pa/sec
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SCALE ANALYSIS OF THE
VORTICITY EQUATION

Use scales for tropical cyclone outer wind:
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Effect of the relief of an island on the track

Eliakim (2018)

P

Ava (2018)

—
¢ e

l/?) — 33 2

Enawo (2017 _

— A deviation to the right
(equatorward deviation) is
noticed for recurving TS/TC
that made landfall over the
north-eastern coasts of
Madagascar

— Reasons are unclear and
apparently at odd with
observations from the North-
Western Pacific (Taiwan and
Philippines), were a
polewards deviation is
noticed (Yeh and Elsberry,
1993)
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Effet Fujiwhara

v Interaction binaire
Centroid-relative Track of a Pair of Interacting Tropical Cyclones entre 2 systémes = e

im the Northern Hemisphere .
P flux directeur de I’un

EA est donné par la

: circulation
dépressionnaire de
’autre ...

v Dépend de la taille des
systemes et de la
distance de séparation
(moins de 1000 km en
general)

A — Approach
C — Capture
0 — Orbit

M — Merger
R — Recurve =
E - Escape . =

Adapied from Lander and Holland (1983) | The COMET Program
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Differents types of « guidance »

= Deterministic models Use :

* Identify the dominant
scenario(s)

e Evaluate the influence
of the environment

e Serve as a basis for
model consensus

b .
» ! pie
- 0312 Iy b
we g odnz 4
. 2/
paiz dkie ol \
o) BEJISA / 0i1g '-a
A R

Prévision a J+3 pour le cyclone Béjisa (30/12/13 a 127)

Criteria for choosing a model :
* Climatological skill
* Quality of the position/intensity analysis
* Representation of the environment T
 Skill over the current system

(9




Differents types of « guidance »

m Ensemble forecast

]

Use :

* Identify the dominant
scenario(s)

* Give weight to the different
scenarios of the determinists

* Evaluate the dispersion
(confidence in the track)

~ « RSMC La Reunion: EPS is a
component of the uncertainty
cone

Main used : EPS (EURO), GEFS (US), MOGREPS (UK), PEARP (FR)
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Differents types of « guidance »

= Models consensus
| oo

Belna, models and simple consensus

:7
(in red) from 07/12 at 00Z
Obs .IOB.DO /00
//.}%%, nan;u
/ 7/{ Cons
' - 8
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Forecast for

the 08/18Z /

/

) 4
09100

DDDDDDDDDD

/

Construction :

* From the available
models with "weights"
depending on the skills
of the previous years

* Simple average from the
most relevant models on
the situation of the day,
according to the
forecaster.

* Often the best option
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Differents types of « guidance »

m Models consensus

Beware ! Limits of use : at the end of the forecast period, it happens that
the deterministic models diverge significantly, especially for
extratropicalisation. The consensus is no longer very realistic at this

point...
_/

Model Model 2

You have to choose between 1 and 0
2, consensus makes no sense ! i




RSMC La Reunion track forecast

5 years running mean direct position error (RSMC forecast — Best-track)

Errors in km

Biais en km

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

0

Erreur directe de prévision de trajectoire (CMRS - BESTRACK) sur 5 ans glissants

........ b b RGMBES Oe-Prévisions sUr-5-ans & aeheaned BR b b ]

1124 1001 1004 1043 1132 1003 981 1093 1089 1171 1318 1347

S = = @ & —?—-; —
T T T i T T T T T T | T
20072012 20092014 20112016 20132018 20152020 20172022

5 Saisons glissantes

5 running seasons

To be remembered, the orders of
magnitude of the average errors

- at 24h : 85 km

- at 48h : 140 km
- at 72h : 200 km
- at 96h : 265 km

-at 120h : 330 km

— Slight deterioration of track
performance from day 3 to day 5 in
the last few years !
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RSMC La Reunion uncertainty cone

— Brown area around the
track forecast

Le 05/12/2019 a 04h
Heures locales La Réunion

"o

— Show the area where
there is 3 chances over 4
that the real track occurs.
W
02-20192020 — It’s only the TS/TC
center ! Storm size and
associated rainfalls are
not taking into account ...

— based on
climatological RSMC
track errors and european
ensemble forecast (EPS)

'
Madagascar .

— Therefore the width
of the cone may vary
depending on the
predictability of the
situation

P - "
- LY s i
[ER-N— . . e
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