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Motivation

Obtain a better understanding of wind and wave interaction within tropical cyclones (TC)

Outline

1. Compare spatial distribution and intensity of wind speed and significant waveheight

within TCs
2. Use storm composite imagery to assess SWIM significant waveheight performance

within TC environment

NOAA National Environmental Satellite, Data, and Information Service




( Collocate sensor/model data within a preset radius (e.g. 750km) centered around storm center

Collocated data is gridded and set on a kilometer grid
Storm rotation is taken into consideration (i.e. ‘North’ of each snapshot corresponds to storm direction)

Once all snapshots are generated, a storm composite (of average/max wind speed, significant wave height, etc..) image can be
created

For this presentation, hurricane cat 1-5 snapshots are exclusively used

Centres of beams footprints over 40.0 s - omega=5.6 tr/min
100 T T 3 T T T T
[ 3 . . it 5 .~
: . . . .
.
'

Selected dataset T s

Range (km)

Selected sensors/models: e
—  0.25° HWREF (i.e. 1-3km HWRF regridded to 0.25°) il aC i A R
— IFREMER implementation of Wavewatch IlI B s ’

Azimuth along-track (km)

Source: SWIM product user guide (CNES)

— SWIM official L2 product (variables used: ‘wave_param_combined’ and ‘wave_param_part_combined’)

Selected hurricane seasons and basin: 2019-2021 | | Atlantic, Southern Hemisphere, Western, and Eastern Pacific basins

i L i i i I i
-50 0 50 100 150 200 250 300 350

J

NOAA National Environmental Satellite, Data, and Information Service



S

I
EP WP

HUR. CAT 1-5| SAMPLE COUNT S

L

30‘

~ < ¥ @ wn o [o2] © (2] o
N (3] N — — -
—_ |
proery '
(ot -
] |
1
o| /., : - . N
/i ’ ~ N N \ D\
Av ] \ & 7 P " SN % 2 \ LERY
—it ’ 4 ’ L Lem—a N N \ \ \
E—H [V e Gl 2~ VA VI )
@ 4 i ! £ i |" ) \ \ X ! ey

0o i l ' i \ \ 1 \
1.. BN TaLE. EREE:

B 4) v ! ! I \ \ Lot : |
—a v __ T T \ L, ﬂ =T \.. f [ “._
[ R 1 \ ! \ \ N % i i I ! ! !
— \ \ ¥ \ \ Sl / \ ' I ! 18
— \ \ \ N A 4 5 i i |
Y \ \ \ N 1 P, / » ’ 1 1
Al / \ \ \ ST 55 5 ; ’ 1

VR \ y p. SN ! I ’ ’ ’ /
o e N S~ 1 =7 ’ ’ ‘ 1
Al \ 3 N S-~de-=F i ’ ’ £y

\ N N | - 4 ’ 8y
(o)) (S N 3 Ssiss - € &
N r , G

~ 1 / P

o —-do-- ’ ©

A 3
7]

— Q

S ©

a I &
@

w N
~

= T —
> e i
— 1 P~ .
oS- TN

%) 1 = O

28 . g ? XN

prory

c

3

©) :
\

— \

I _

| 1

m, _-
|
— 1
1
< ]
]
—
Y 2
o e
=
A 2
- Q
— @
c
o 3
o
= 2
2
—
c
3
A}
®) )
—_— \
1
I
1
O 0§l
I i
| |

) 4
[ Iy
— -,
b, e 1
AI— 1
o 1

!
(o]
2
o °
A 3
7]
— Q
fe—— ©
o &
a
L )
©
—
C
3
/ ’ ’ - ' ~ \ \
QO /i ’ o 4 . | = B \ »
=|/ £, o -1 N LY
=y 2 ’ z 5 > v z
.. ¥ | >\ g
o i 5 4 i N 5 i \ \ 3 1 1 LI
H__ A v N e n

1 1 | \ \ | '

G I B NS SRR E, . RN |
S | " T ] \ ..., .". . ..¢ I 7 T ”.
Ia__ ; o \ 3 5 ’ 1 i i |

M \ \ \ \ ! _ ’ 5 N I L
— ' \ \ N 1 t/ ! ! ! i 1
L \ "
AL X L
o :

{f
— g
o £

7]
(V] =3
—_— ©
— c
— 2

<<
< N

200 400 600 #

0
X (km)

LECTED

-600 -400 -200

0 200 400 600

X (km)

-600 -400 -200

0 200 400 600

X (km)

-600 -400 -200

0 200 400 600

X (km)

-600 -400 -200

NW  NE
SW  SE +

:

w
%)
=
o

Z
LL
af
—
O
Z

w
Z
=
o

ol

A M

FIRTE IS S

30

7o)

o

uno)H

o

—

[Te}

NW  NE
SW  SE +

)VERAGE

30

C

~
?

NW NE
SW SE 4

(

SPATIAL

30




HUR. CAT 1-5 | HWRF WSPD (time collocation)
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HUR. CAT 1-5 | HWRF WSPD (time/space collocation with SWIM)
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HUR. CAT 1-5 | ECMWF WSPD (time/space collocation with SWIM)
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HUR. CAT 1-5 | IFREMER HS (time collocation only)
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HUR. CAT 1-5 | IFREMER HS (time/space collocation)
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HUR. CAT 1-5 | ECMWEF HS (time/space collocation)
SH

’019-2021 ||allHcat||Hs mean||CoIIoc ECMWF
e

AL

AL|[2019-2021||allHcat||Hs mean||CoIIoc ECI

EP

’019-2021 ||aIIHcat||Hs mean||CoIIoc ECI

WP

2019-2021 ||aIIHcat||Hs mean||CoIIoc EC

EELEEELE ™™ TR 3 3 O3 ) N5 U LU I
soof S y
.. o @ ] ]
400 - ,"I// ’/’ \\\\ \\\\\\ _: N \\\—-
i /’l,ll "l it ) \\ \\ \\ 1 A \‘ 1
F s f ” ’-[l \\ \‘ \\ \‘ 4 E
200 r ‘ll ‘, . 0// \“ v \\I \‘I 1‘l
£ ofige T .
> %) iy [
b . i
-200f Ly N A
L ) ] I ]
-400F w | _:
~600}- / 1 ‘
[124spapshots | 1~ cteitvin ] [E3smeshors | TTe N -
-600 -400 -200 O 200 400 600 -600 -400 -200 O 200 400 600 -600 -400 -200 0 200 400 600
X (km) X (km) X (km)
10— |- — © & & [ & & F 10 T T T 10 T T T
r NW NE 4 r NW  NE - r NW  NE -
F SW SE 4 r SW  SE ~ SW SE 4
8+ = 8+ — 8 —
o 1 4 1l ]
= L J L ] J
4+ B 4+ - 4+ _
Ny 1, 1, ]
f‘ 0- P R S RS S | ] 0- I | I 1 ] 0- I | 1 I ]

400 600

800

| R A L 1O

T T T T

[74 sngpshots |~ h‘ ; ,,. TSI
-600 -400 -200 O 200 400 600 meters
X (km)

10 T T T

r NW NE 4

i SW SE 1

8 |

6 B

0 1 L L 1 L 1 L 1 i 1 1 1 L L L 1 L n L
400 600 800 1000




AL

AL||2019-2021||allHcat||Hs mean||SWIM

HUR. CAT 1-5| SWIM HS

EP

=P||2019-2021 ||aIIHcat||Hs mean||SWIM

WP

WP[2019-2021 allHcat]Hs mean]|SWIN

LI B S S B B LA LA B

600 - 5 - 2 Ny AN
400 * g _
200f i
] ogﬁ = .
> [ l\ 1"' ": !
-200f 4 N i
1t §
R e - IR N -:
[124 spapshots | =~ . N 2P [635napshots | "~ . N . . ...
-600 -400 -200 0O 200 400 600 -600 -400 -200 O 200 400 600 -600 -400 -200 O 200 400 600
X (km) X (km) X (km)
10 T T 10 T T T 10 T T T
F NW NE 1 F NW NE 4 F NW NE 1
F SW SE A F SW SE 1 F SW SE A
8- R 8l - 8- .
6f - 6- ] 6L ]
E L 4 L 4 L 4
4t - 4k - 4t -
2; ; 2; ; 2; ;
L ] j ] i ]
fq 0- 1 L 1 ] 0- 1 L 1 1 ] 0- I L 1 1 1 L i L M 1 M 1 L L n 1 ]

400 600 800

SH

b~
1

3H|[2019- 2021||aIIHcat||Hs mean||SWIM

[74gngpshots |, =y 0 el ooen 00,

| e

er b g p o B g gy

10

-600 -400 -200 0 200 400 600  meters
X (km)

r I o I " NW NE/

[ SW SE

T

T

| LA L

1 L L ' 1

400

L L 1 L L
600 800 1000




AL||2019 2021||alIHcat|[B|as||SWIM ECM\

HUR. CAT 1-5 | HS BIAS (SWIM-ECMWEF)
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Overall Hs statistics within TC environment (all basins combined)

Hs bias and std vs. ECMWF wind Hs bias and std vs. HWRF wind
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HUR. CAT 1-5 | IFREMER dominant Wavelength (derived from fp)
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The Ocean Wave Height Variance Spectrum: Wavenumber Peak versus
Frequency Peak

WILLIAM J. PLANT
Applied Physics Laboratory, University of Washington, Seattle, Washington

(Manuscript received 3 April 2009, in final form 18 May 2009)

ABSTRACT

Many authors assume that the frequency peak and the wavenumber peak of an ocean wave height variance
spectrum are related by the ocean wave dispersion relationship. This note shows that this is not true and that
the true relationship depends on the shape of the spectrum, thereby introducing an element of randomness
into the relationship.
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A look at HS from the first two spectrum partitions referred to as “PHS0” and “PHS1”

NOAA National Environmental Satellite, Data, and Information Service
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Summary

* Even though SWIM resolution is quite coarse and spatial coverage is fairly limited, SWIM Hs spatial distribution around TC center
compares well with IFREMER model

* This is important especially knowing that certain ‘wave sensitive’ missions depend on modeled Hs for their retrieval (e.g. CyGNSS,
SMAP).

* confirmed Hs asymmetry around TC where strongest Hs is found on the right hand side of TC within Northern Hemisphere and left
hand side within Southern Hemisphere

« 7m+ mean HS extends to 150-200 km from right of TC center (AL basin)

* presence of small positive bias between SWIM and ECMWF Hs given either ECMWF or HWRF winds between 0 and 20 m/s

* Quite large discrepancies between IFREMER and SWIM HS from first and second partitions (especially the latter)

Possible future work

Ka-/Ku-band Interferometric Altimeter (KalA) :
+ KalA is a nadir-looking Ka-/Ku-band interferometric radar altimeterinstalled on the NOAA
WP-3D aircraft since the 2020 hurricane season
« Capable of centimetric altimetry (500 MHz bandwidth)
« Can retrieve significant wave height (SWH), mean-squared slope (MSS), relative ocean

e compare SWIM data with Kaia measurements including MFWAM, NOAA WW3, e sl NN

* Records the raw complex return from the surface
+  Ku-band channel added in winter 2021 (far right):
+ Adds rain retrieval, rain correction, and ice freeboard measurement capability

Hs from Altimeter data

2. Include in future analysis SWIM data produced by OceanDatalLab/IFREMER
X >

NOAA National Environmental Satellite, Data, and Information Service




