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EXTERNAL INFLUENCES
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VERTICAL WIND SHEAR (1)

(a) Jan-Apr  Mean 200-850hPa Shear NCEP reanalysis 1998-2000
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VERTICAL WIND SHEAR (2)

// / Upper troposphere

N

Wind shear < A Heaviest
rain
’ 7Z Forced

divergence

convergenc

Low troposphere /'/' /




VERTICAL WIND SHEAR (3)
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FIG. 3. Time series of simulated (thin solid line) and observed
(thick line) (a) minimum sea level pressure and (b) maximum
wind speed at the lowest model level. The dashed line shows the
magnitude of the 850-200-mb vertical wind shear averaged over a
circle of radius 300 km. T
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VERTICAL WIND SHEAR (4)
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Fic. 5. Simulated radar reflectivity structure at the lowest model level (38 m). Contours show the simulated radar reflectivity averaged
over the 6-h period ending at the indicated time. Arrows show the 6-h-averaged 850-200-mb vertical wind shear vector. Axis labels are
in km with the origin at the storm center.



VERTICAL WIND SHEAR (5)

Rogerset al. 2003
Mon. Wea. Revl131 1577-1599

The strongest convection the core is generally located on the downshear left side
of the shear vector. The vortex shows a downsheardit fvertical.

The accumulated rainfals ditributed symmetrically across the track of the storm
when the shear is across track

It is distributed asymmetrically across the traxfkhe storm when the shear is along
track

across- track shear along- track shear

vertical shear

accumulated ’
rainfall

vertical shes




VERTICAL WIND SHEAR (6)
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Eyewall mesovorticeare associated with
convective-scale updrafts. They move around
the eyewallt a speed slower than the
maximum tangential wind
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The eyewall is dominated by a cyclonic-
anticyclonic vortex couplgtroducing a strong
flow across the eywhich converges with the
low-level inflow and induces a strong
asymmetric updraft
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Large zones with very dry air (RH <50%),
loaded with aerosols, emerge sporadically
from Sahara and propagate westward over
the tropical Atlantic. These air masses
extend from 1500 to 6000 m and they are
associated with strong winds (10-25-ns

in the mid-troposphere (900-500 hPa).




Impact on Atlantic hurricanes : Dunion & Velden 2004

* Low-level inversion witAT,, ~ 5-10°C Bull. Amer. Meteor. Sod34, 353-365
 Dry air intrusion at 850-600 hPa
» Stronger vertical wind shear

(stronger African Easterly Jet near 700 hPa)
* Influence of aerosols on microphysics ?

» Saharan air propagate over large distances, withou
major changes of its characteristics
 Satellite images help to detect such events

. —a A.T. Evanet al. 2006,
= | 1 | Geophys. Res. Le83, L19813
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i r | 1 imagery time series show-
L ] ing Hurricane Erin's inter-
o [ T | NS S | S T W | S S S | T R | == action with the SAL at (top
1980 1985 1990 1995 2000 2005 to bottom) 0000 UTC 2
Years Sep 2001, 0000 UTC 4 Sep
2001, 1800 UTC § Sep
—@— AVHRR —@— TC Doys 1001, 1200 UTC & Sep
2001, and 1800 UTC ¢ Sep
Figure 4. Same description as Figure 3 except that data 2001. The yellow—red shad-
points from three positive phase (1982, 1987 and 1997), and ing Indicates likely SAL
. regions with increasing
two negative phase (1998 and 1999) ENSO events, and a amounts of dust content
year with missing satellite data (1984) are removed. The and dry lower-tropospheric

air, as detected by the

correlation coefficient between the two time series is 0.71, GOES |
magery.

significant at the 99.9% level.




UPPER TROPOSPHERIC FEATURES (1)

Sadler 1976
Mon. Wea. Rev]04, 1266-1278

S of Sub-Tropical Ridge - the NE flow leads to stronger wind
shear & weakened divergent anticylonic circulationh® north
— Unfavorable conditions

Trc:ggh
westerlies /”:
i et Autumn:

%"o'
A — the SW flow leads to stronger

divergent anticylonic circulation to the north

; Summer.
-« Tropical Upper Tropospheric Trough » north of a TC, the
_sEh- divergent anticylonic circulation aloft is stronger
— Favorables conditions 11



UPPER TROPOSPHERIC FEATURES (2)

Hanley et al. 2001
Mon. Wea. Rev],29 2570-2584

TUTT — TC interactions

Favorable factors :
« enhanced divergent flom altitude
e angular moment flux convergence

Unfavorable factors :
e stronger vertical wind shear

No definite conclusion (geometry is important ... )

12



UPPER TROPOSPHERIC FEATURES (2)

Leroux et al. 2013
J. Atmos. Sci.f0, 2547-2565
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TROPICAL CYCLONE MOTION (1)

NHC Official Annual Average Track Errors
Atlantic Basin Tropical Storms and Hurricanes
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TROPICAL CYCLONE MOTION (2)

Many components have to be taken into account : <

*The mean wind@




TROPICAL CYCLONE MOTION (3)

Chan 2005 :«The Physics of Tropical Cyclone Motion»
Ann. Rev. Fluid Mech37, 99-128

e Barotropic environment ( 0,T, 0,V,,=0):
» Advection by the mean flow
* B (meridional gradient of planetary vorticity) drift
* Horizontal gradients of relative vorticity

« Baroclinic environment ( 6,T, 0,V #0) :
 Low (mid) latitudes : to the righti€ft) of vertical wind shear
« Shift toward maxima od,PV
— Advection by the mean flolimid latitudes)
- Latent heat release

16



TROPICAL CYCLONE MOTION (4)
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LANDFALL (1)

Lin et al. 2006 3 -

A upstream, then southward

downstream deflection,

continuous track.

Moderate blocking

northward upstream
deflection, secondary vortex
on the lee side, discontinuous

track.

Strong blocking souththward
upstream deflection,
secondary vortices on the lee
side, discontinuous track.
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LANDFALL (2)

Wu et al. 2003[ Geophys. Res. LeB0, 6.1-4 ]
 Evolution of typhoon Zeb (1998) before, during and aitietandfall at Luzon
documented with satellite observations and MM5/ 15 /5 km, 72 h simulation
starting 00 UTC 13 Oct 98, 24 h prior to landfalll
* The terrain plays a critical role in the observed evoluti eyewall contraction just
before landfall a following breakdownand eyewall reformation after the storm
returned to the ocean

(a) 1800 UTC 13 Oct. (b) 0000 UTC 14 Oct. (c) 0600 UTC 14 Oct.

Tracks of Zeb (1998)
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LANDFALL (3)
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LANDFALL (4)

Jolivet et al. 2013[ Ann. Geophys31, 107-125 ]
A numerical study of orographic forcing on TC Dina (2pih SW Indian ocean »
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LANDFALL (5)

Schneider & Barnes, 2005
Mon. Wea. Revl] 33 3243-3259

Hurricane Bonnie

Enhanced
convergence
over land -
NW part of the
storm

Land
(N Carolina) -

Atlantic

intensifies
Ocean -
Inland
rainband
- weakens and
Eyewall SE part of the
structure i .storm. |
disorganizes R NN e s Intensifies
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Minimum P (mb)

LANDFALL (6)

Shenet al. 2002[ J. Atmos. Sgi59, 789-802 |

« Little is known on the effect of surface water over lahding decay of a
landfalling tropical cyclone.

« Different water depths and surface conditi@ns considered [ GFDL
model, 1°/1/3°/ 1/6° ]

 a layer of 0.5 m water can noticeably reduce landfaibge

* increase of surface roughness reduces the surface vioadsarely change
the surface temperature and evaporafiatierns.
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EXTRA-TROPICAL
TRANSITION (1)

Typhoon David (1987)

Klein et al, 2000
Wea. Forecastingl5 374-395
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EXTRA-TROPICAL TRANSITION (2)

NOEL_071102-00_WV

NOEL_071101-00_WV NOEL_071101-12_WV

NOEL_071102-12_WV ' NOEL_071103-00_WV

ET SCHEMATIC
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EXTRA-TROPICAL TRANSITION (3)

Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

(¢) 3-D View (Storm Relative Trajectories)
-

-

Warm Core Shaded

STEP 2

s wem e = Polar Jet

STEP 1

2. Decreased tropical cyclone convection in the
western quadrar

3. Environemental poleward flow of warm, moist
air maintains convection in the eastern quadrant
and results in an asymmetric distribution of
cloud and precipitation

4. Ascent of warm and moist inflowver the tilted
iIsentropic surfaces associated with baroclinic
zone (« warm fronp) ;

5. Wrapping ascemiroduces cloudbands
westward and equatorwaadound the storm
center ; close to the
circulation center erodes the eyewall convection
in STEP 3

6. Cirrus shiedvith a sharp cloud edge extends
poleward.




EXTRA-TROPICAL TRANSITION (4)

Agusti-Panedat al, 2004
Quart. J. Roy. Meteor. SQd 3Q 1047-1074

50 T T T T T
100 T
Figure 1. Schematic showing potential vorticity (PV) anomalies and other anomalies featuring in the extra- 150 .
tropical transition process: (1) a surface thermal anomaly on a baroclinic zone, (2) diabatically-generated positive 200"
PV anomalies along the baroclinic zone, (3) a positive PV anomaly associated with a midlatitude upper-level 750
trough, (4) the tropical-cyclone’s positive PV anomaly and (5) the negative PV anomaly assocated with the 00 -
tropical-cyclone’s outflow. The arrow represents an upper-level jet. The strength of the jet is associated with the : 50
horizontal gradient of PV at upper-levels, i.e. the steepness of the tropopause. — :IDD
v
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Figure 3. Potential vorticity (PV) and other anomalies involved in the extratropical transition of hurricane [rene
(12 utc 17 October 1999) shown by a north-south vertical cross-section of PV (full contours of 1,2, 3 and
4 PVU), potential temperature from 272 K to 356 K (dashed contours with 4 K interval) and mixing ratio in grey
scale (from 3 x 10~ t0 5 % 10~ kgkg™" inlight grey and from 5 x 10~ to 7 x 10~ kgkg™" in dark grey) from
the Met Office analysis. The anomalies associated with /rene are a positive PV tower (4), a moisture anomaly (6),
an upper-level negative PV anomaly depicted as a tropopause lift (3) and a surface potential-temperature anomaly
1 R ~ (7). The anomalies associated with the extratropical environment are a baroclinic zone (1), diabatically-generated
PV along the baroclinic zone (2) and an upper-level positive PV anomaly (3).




EXTRA-TROPICAL TRANSITION (5)

TROPICAL

= Onset time

Transformation
Stage

—+— Completion
time

Extratropical
Stage

EXTRATROPICAL

vtime

TC moves polewards, |
is influenced by mid-
latitude environment

Jonest al, 2003
Wea. Forecastingl8 1052-1092

Environmental changes:

% increased baroclinicity & vertical shear
% upper-level trough

% moisture gradients

% decreasing 88T

“ strang SST gradients

% increased surface drag after landfall

% orography 3% Rapid wave growth, large wave heights

TC response includes some or all of:

3¢ Decrease of TC intensity
3¢ Increased forward motion

3¢ Asymmetries In wind, thermal structure,
moisture field, cloud, convection,
precipitation, surface fluxes

3€ Increase in spatial extent of gale-force winds |

+ larger Coriolis parameter ¢ Loss of warm core

TC decays in
tropics and
does not
complete

transformation
'Y

|

system

= upper-level PV anomaly
= mature extratropical low
= surface baroclinic zone

TC develops extratropical characteristics
= extratropical appearance in satellite image

= fronts

= tilts away from vertical

= dominant energy conversions change

TC interacts with pre-existing extratropical |

Steady decay in

extratropics

Re-intensification as
extratropical system

FiG. 11. A two-stage classification of extratropical transition based on the classification of Klein et al. (2000). The onset and completion
times correspond to the definitions of Evans and Hart (2003). The “tropical” and “extratropical™ labels indicate approximately how the 28
system would be regarded by an operational forecast center.




TC-RELATED RISKS (1)

HIGH SEA, SwelLL
Maree de tempéte

D Heavy InN



Lattitude (degres nord)

TC-RELATED RISKS (2)
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TC-RELATED RISKS (3) /“fetlin., | cagris

Katrina on 29 August 2005 :
winds>300 km/h, stormsurge>12 m
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TC-RELATED RISKS (4)

MItCh 98 10 29 11152 INFRnBEﬁ

(Oct. 1998) E%ﬁg% 3
B,

43 Uit aroSie
H&IE”MH@

| A rar— Paci &%.

98 10 30 13452 INFRARED}
5 Ny =7 2 2.4 3

Transport

Continent d'humidite

— 1 O/ -




