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waves (dah!)
), update wind rather than waves for DA
rom meteorological perspective :

> Accurate description of mesoscale features

- ® Competing view points ?

» Wave height scales quadratic with wind speed

Waves as low-pass filter of forcing

p— g Systematic assessment of impact of wind perturbations should be
very insightful

N/E - Notre Dame, October 3, 2023 2/18
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BadKgrouind (history, scales)

n (1992, 1994)
a, Cavaleri, Bidlot, Janssen 2002 and 2003
esolved scales, e.qg.
» Shuyi Chen et al (2013), high-resolution hurricane work
® Propagating wind perturbations (dynamic fetch), e.g.
> Tolman & Alves (2005), Xu et al. (2007), Chen et al (2013)
) Perturbing ensembles

e » Spread in wave ensembles is directly related to time scales of
perturbation of wind field (not just amplitude) (NCEP)

N/E - Notre Dame, October 3, 2023 3/18
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y with wind wave model

et up as for NCEP global models

imited grth starting with flat surface and U,,, = 20 ms
Syétematically perturbed wind speed

Usp(t) = Uyg , [1+ AUsIn(2m T35 + o) ]

Sives (systematic ?) wave height perturbation

AH,(t) = Hg(AU, Ts, ¢o,t) — Hspase(t)

® |deally described with AH ;,,, and std oy, In principle as f(t)

@ 2 Q\;&‘, Notre Dame, October 3, 2023
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100

scaling behawor
» Universal u. scaling for baseline run

0 1 2 3 %106 4

¢ Two distinct scaling ranges "
» Not for U,, scaling o /
3 > How do you scale with perturbed wind ?
‘® Sensitivity to perturbations 4
o » Generally good above AU = 10% e

» Noise introduced due to parametric tail transition skips

y @ 49 Notre Dame, October 3, 2023 5/18
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large range of Ty
ar low pass filtering even for T = 24h!

b)
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mean parameters (not o4 or f,)

® \Wind direction variability has small e - » %, @
: Impact e [ o o
- Air-sea temperature difference has o

- small impact P LA A rwrw
~ @ Note that drag coefficient reacts I W\MMM“

near instantaneous, without low WG UA
pass filter behavior

‘.-r"""“nl e}‘“ “’%‘A 23 235 24 245 25
NE . Notre Dame, October 3, 2023 r® %18
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. ¢, are used

box filter with width T}

® This is directly related to cumulative
effects of nonlinear initial growth

~ » Physically sound
» Not relevant in nature ?

~ All following results are phase ¢,
averaged and filtered as needed

@ @ 4{\@ Notre Dame, October 3, 2023

i
s N

DH,

(m)

05 |7

Mveraging)

0 12 24 36 ¢ (h) 48

Example with AU, = 20%
and Ts = 12h.

Red, green and grey lines
are results with all initial
phases

Black lines are mean
parameters 3/18
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Perturbation mean AH; 4, Is f(t)

» Initial growth (3-9h) range vs.
» mature growth (24-48h) range
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‘i I e
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W s W
< c oyt
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/ constant over time (0-48h)
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on-dimensional (u,)
® Filter function F(Ts)
® F(o)=1
- » Form from scaling

- Asymptote defines C

-

X C F(T;) AT

U

1.00
F
0.75
)
0.50

0.25

&
&
&
%
&
0.00 <

on relative to wind perturbation

0 12 24 36 1, (h) 48
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for
» Error propagation
» Wind resolution
» Wave ensembles
& Tsversus AT

y @ ‘Q@ Notre Dame, October 3, 2023

scaling behavior
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3
2 ¢ S O O O PO
o0 0 0 AT

® Constant C from experiment
B O asymptOtGS for Tg > 24h 0.05 note tail-skip induced noise

0.00
0 12 24 36 Ts; (h) 48
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' a2l

' Enhanced impact range
» Nonlinear feedback ?

Impact for

> ~ Gustiness

» Scale-aware physics

» Wind resolution

y @ ‘Q@ Notre Dame, October 3, 2023

asymptote
Consistent with expectation

0.15

)

0.10

0.05

0.00

J grOWth

ancement area
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45 Ts; (h) 6
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re growth

nd perturbation

045 —
& &
(i g i — :
0.30
2 | __asymptote ____________________________]
- ® C asymptote for Ts > 48h
® C enhancement for most T 0.15
Bigger impact than for AHj ;,;;
0.00
0 12 24 36 T, (h) 48
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0.50

ormalized slope b/b,

- growth with time >° | asymptote

® Fit fort = 24-48h . -
> AHS=a+bt,AHS= bot

y @ %,9 Notre Dame, October 3, 2023

24 36 T, (h) 48
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O N .
o PN S o o o o )
ct for 0.00
= . 0 48 96 144 Ts (h)192
- » Gustiness 150
» Wind resolution ‘Z/‘)’ I
- O
- Scale aware physics 100 T
_—; o NP
0.50
- 0.00
0 48 96 144 T, (h) 192
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cts ensemble building
Impacts DA, will Bauer et al. (1996) work?
» Impacts for coupling time scales (including C, results)
® Enhanced mean impacts, but ....
- Including previously unseen secondary feedback
» Do we need scale-aware physics?

¢ Can approaches with “effective wind” work?

—
-

y @ %,9 Notre Dame, October 3, 2023
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nfiguration
y idealized conditions

’0ssible next steps:

Nondimensional growth time and time scales assessments from
perational models

~ ® Similar assessments in fetch-limited conditions
-~ @ Similar assessment in moving storm conditions

"R Notre Dame, October 3, 2023 18/18
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