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Extratropical Cyclones

A Extratropical Cyclonesform in mid-high latitudes ( >25N/S)

Extratropical Cyclone
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Models Miss Extreme Waves In Tropical Cyclones

A Highlight challenges of modeling waves under rapidly evolving/extreme conditions
A Strong dependence on cyclone region, speed, strength

Composites of Satellite Hs in TC reference frame Bias from Operational Wave Hindcaftg¢merGlobal )

L ASIOAISISEA) 55
nrmse ’ T h ' t1 U
35 10 TSE ' e | W .
o] - - o
5 //’ "\\\ e II\\\ <3 I,~\\ »
‘4
Q 30 ’ % 3 ’ 5 A . W i %
Q 1 g 1 1 15
1 ! ' B \ . g 1 \
- 0 1 J4) l 1 A) ! 1 J4) !
-ICE 25 X s \\ I’ : -7 \\ I, k -7 \\ I' ‘
1) \ e 5 § b 5 . e X g 10
5 B pri i > ~ \ e b
o) 20? ; L3 ~___z\\\ \___a\\ | ~~__¢\\\ 5
: - \ —
g £ g " amllse T ] W B
T T EE ©
= 15 cat2 BN “ Cat 4+ =
10w P -~ E
g > ’__-J, . ‘_--Jl J.JI 5
= 10 ’/ ll\\\ . ‘ y - ,I\\ b, II\\\
S i - . N\ 4 " \‘ - 4 K 10
S N B AW \
5 0 1 J4) ,' 1 J4) ,l t 1 '|
‘\’(/ W /I ' ‘\,," ‘\\\ - \\’,’ // 15
\ -\ -\
; 0 "S"If \\\ ‘\’,I " L& \\\ \\”/ l’l \\\ \\,,/ "
-10 -5 0 5 10 o ek N ' i iy
- - o I \ ‘ 4 r | 4
Normalized Distance LR S RN . . i o
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10

Normalized Dist -
ormalized Distance Collins et al. (2021)
6



Suspected Causes of Wave Model Underestimation

A Errors in wind forcing
A Missing physics in extreme regimes
A Lack of temporal and spatial resolution => smoothed fields and lower variance

Objectives of this Work:

A Investigate cause of this wave bias in Extratropical Cyclones

A Use wind and wave measurements to assess model
performance
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ERA5 Reanalysis

A European Centre forMediumange Weat her For exReanalysis ( ECMWF) 6s
A State of the art, data assimilating reanalysis
A High resolution => Hourly & 0.25 0.2% (~31 km)
A MSLP used for tracking Extratropical Cyclones
A U10 winds and significant wave heightJtised for

. . Mean Sea Level Pressure (MSLP)
comparison to observations

January 09 2018 09:00 UTC
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Lodise, J., Merrifield, S. T., Collins, C., Rogowski, P., Behrens, & J., TerrilR®J4. Global Climatology of
Extratropical Cyclones From a New Tracking Approach and Associated Wave Heights from Satellite Radar

Altimeter. Journal of Geophysical Research: Oceans , _
*Storm tracks available ongithub 10



Satellite Radar Altimeter Measurements

3 weeks of HS data from Saral Satellite in Jan 2021 (
| ) AW\ OO\ XN 0O OO AR Y g
60 AN AYAYASZA P
) \\ / !,.f&\// / \ % \\v / . /
50 2 MV
; AN
8 45 / \\\\ !/‘
3 / 1 '%"_‘ /
£ 40 MY WA 5
«© VAN «
30 | ‘
25 A
/ ( .\X\ |
20 TiRY

-100 -90 -80 -70 -60 -50
longitude

A Global coverage but low repeat resolution (1 wegknonth)

A High along track resolution (7km at 1 Hz)

A Can Empirically derivéds andwind speedmeasurements
J 11

| 3
mv




Altimeter Hs Along Extratropical Cyclone Tracks
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Satellite Altimeter Data in a Cyclone Reference Fran

Wind Speed From AItimeteg

(a) ms

A At each time step along every Extratropical

Cyclone track -

A Origin is defined as Cyclone center L

A Data is rotated to align all storm directiong~ .
A Binned and averaged spatially =

A Results highlight the alignment of wind and storrﬁ1
direction on right side of cyclones




Characteristic RadiusY( )

Laplace of MSLP
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Satellite Altimeter Data in a Cyclone Reference Fran

Wind Speed Significant Wave Height
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Asymmetry of Wind Speed in Extratropical Cyclone:

Storm Speed‘ +  Wind Speedt =  Total Effective Wind Speeq
TOtaI Wlnd Speed on LeftA ‘\ y warm front TOtaI W|nd Speed on nght
\\\‘ -
— \
N B NN _
‘ T = l Fetch h - ’ > P I ¥
~N o )\ ——p

| Radiating
) —,/ swell waves

cold front

/| VN5 Helletal (2021) Swell Generation ir
/] N Extratropical Cyclones

A Extended Fetch: Waves on the right propagate in storm direction => Increased momentum input
A Resonant effects when incident waves travel at the same velocity as Cyclones
A Young and Vinoth (2013) => Showed Extended Fetch in Hurricanes
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Organization of Wind and Waves with Cyclone Translational Spe
Wind Speed ( m/s)

ms’
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| ] 2o Organization of wind
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Significant Wave Height ( m ) Effects of Extended Fetch
2 3 4 5 6 7 8 A Largest waves in Cyclones
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' \ R A Deep water waves with 121s
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RMSE and Cyclone Speed

Wind Speed

ms

A Large RMSE in Cyclone Center

A Organization of error (wind speed and

LI - H,) with increasing storm speed
StSp<20kmhr! 20<StSp<40kmhr' 40 <StSp<60kmhr'  StSp > 60 km hr A We see largest error for cyclones
Significant Wave Height traveling 4660 kmhr
. SR R B— A Errors within extended fetch
2 Eii compounded as forcing travels with
waves

X/R,_
StSp<20kmhr' 20<StSp<40kmhr' 40<StSp<60kmhr'  StSp> 60 km hr



%Bilas and Cyclone Speed

Wind Speed

%
-45 -40 -35 -30 -25 -20 -15 -10

A Large underestimation in Cyclone
center

A Organization of bias (wind speed and

StSp<20kmhr! 20 <StSp<40kmhr' 40 <StSp<60kmhr'  StSp > 60 km hr’ e _
HJ) with increasing storm speed

A Largest bias for cyclones traveling
40-60 kmhr
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Wind Forcing Error anc
Hs Error by Quadrant

H_RMSE
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}, : A Clear regime changes from left side to right
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> 3 4 5 6 i 0 B0 20 <8 D side of cyclones
JU10| RMSE

A Hs on right side of cyclones show increased
sensitivity to errors in wind speed
A Likely due to extended fetch

A Large outliers from cyclone centers where
strong gradients exist

o e g & a®
g . .
Slomy — b — — — — -
&
v,

% Bias

H

A Lack of variance in the wind fields are
associated with larger errors in wave fields
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Lodise, J., Merrifield, S. T., Collins, C., Behrens, & J., Terrill,I&,Review). Performance of ERA5 Wind Speed and Significant Wave Height Within

Extratropical Cyclones Using Collocated Satellite Radar Altimeter Measurer@@atstal Engineering Journal: Progress of Ocean Wave Measurements
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