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~ Motivation

It has been shown that the presence of swell can impact L-band
radiometer and GNSS-R signals (e.g. SMAP, CyGNSS)

Above observation mostly focused on significant waveheight impact
(from full spectrum)

This time, interested in swell directional impact, including its
significant waveheight and peak period properties, to selected
radiometer and scatterometer retrieved wind speed

NOAA National Environmental Satellite, Data, and Information Service




- W

Dataset general information

Dataset Grid size Time period

SMAP JPL v5.0 25 km 2017 Jan-2020 Dec
SMAP JPL v5.3.4 25 km 2019 Jan-2020 Dec
SMAP RSS .25 deg 2017 Jan-2020 Dec
AMSR 2 NOAA 10 km 2017 Jan-2019 Dec
AMSR2 RSS .25 deg 2017 Jan-2020 Dec
ASCAT NOAA 25 km 2017 Jan-2020 Dec

— 0.5°/3 hourly IFREMER implementation of Wavewatch Il model bilinearly interpolated to each dataset

O  ‘first swell’ direction
O  first swell’ significant waveheight

O  ‘first swell’ peak period
— 0.25°/6 hourly ECMWEF forecast* u/v components bilinearly interpolated to each dataset

*used as input wind forcing to IFREMER WW3

NOAA National Environmental Satellite, Data, and Information Service
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The use of spectral wave steepness
Instead of generating hundreds of plots for different Hs, and H. "\ WAYE LENGTH // \\
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Wind speed bias as a function of wave steepness and swell/wind direction difference
Time period:20170101-20201231 | collocated model wind speed fixed a1 12 m/s +/- 1m/s

U10= 01 2m/s
0.030 ,I AR i V ;M ; " i | e 2.00
w | ' )\ /) ﬂ [.1! i T
",.V } N'“" “/ 180
1 I (0]
I | G / 1.60f] &
| (30 "‘\J [ % 3
1 fe. 4(;;
0.025 E b -‘l q\ ,., ' 1.40 o
O ' 0"" « 120f S
W 5 ". ) ‘0”0"‘“‘
A0, D ,.-"x‘. 1.00 |
: . o '\ ~'l ¥ 1 — N
2 : ,"[‘ ,"‘,.. i "?, ;‘- * g 0.80 Aligned Cross Opposite
Te) 0.020 B V1 e
: v ﬂ(A g 0.030 Rl 5%
N a W i B OE, 0.40 3.50
@ I : £ 2 E 55
I— § i : o 020 g 0.020 B gigg
| = ;
2 0.015F - 4 © o.00ff & 0015 § 2%
7] ] © @ £ 175
o i : 3  0.010 £ 150
' o 0.2 . S 1.
O s = s s
= E § -0.40 0.005 o
(D i : o 0.000 8%
0.010 - ! | «© - Aligned Cross Opposite
< i g 0.80 Dir bias [deg]
! 5 "
: T WW
! 0.025 [HN—_—"
i ! 1200 & ool
0.005}- i 1 _140fl &
A ! : 2 0.015
! "
: ~1.60 § 0.010
i binsize x:1deg | | -
I i binsize y:o.ooozg | 1.80 0.005
0.000 S TS e [ G -2.00 0.000
Aligned 45 Cross 135 Opposite Aligned Cross Opposite

Swell/Wind direction difference [deg] B Iod




Wind speed bias as

SMAPJPL

Wave steepness

function of wave steepness and swell/wind

yo !

)

Time period:20170101-20201219 | collocated model wind speed fixed at 12 m/s +/- 1m/s
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Wind speed bias as a function of wave steepness and swell/wind direction difference
Time period:20190101-20201231 | collocated model wind speed fixed at 12 m/s +/- 1m/s
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Wind speed bias as a
Time period:20170101-20201219 | collocated model wind speed fixed at 12 m/s +/- 1m/s
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Wind speed bias as a function of wave steepness and swell/wind direction difference
Time period:20170101-20210101 | collocated model wind speed fixed at 12 m/s +/- 1m/s
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Wind speed bias as
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Time period:20170202-20191225 | collocated model wind speed fixed at 12 m/s +/- 1m/s

U10=012m/s

0.000 [kl s i e |

binsize x:1deg
binsize y:0.00025

Aligned 45 Cross
Swell/Wind direction difference [deg]

135 Opposite

u10 bias (centered around the mean) [m/s]

2.00
1.80

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00

Wave steepness Wave steepness

Wave steepness

Wavelength [m]
n
[}
=]

Aligned Cross Opposite
Dir bias [deg]

s from primary swell [m]
N
on
(=X

I 0.75

0.50
835
Aligned Cross Opposite
Dir bias [deg]
0.030F W
Ll 50000
0.025 30000
20000
i 10000
0.020 5000
0.015 3
0.010
0.005
0.000
Aligned Cross Opposite
Dir bias [deg]

AMSR2NOAA-ECMWF (wave steep.>.015)

e

Opposite



0.015¢

0.010F

SMAPJPL

0.015}

0.010

0.005 ¢

ASCAT25NOAA

0.000

2.00
1.80
1.60
1.40
1.20
1.00
D.80
0.60
0.40
0.20
0.00

-0.20

-0.40

-060

-0.80

. -1.00

-1.20

: -1.40

-1.60

: e -1.80

- 30 -2.00
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

u10 blas (centered around the mean) [m/s]

-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

binsizs x:1 e
: m:u-y.o.oogg 1,80
VLo =Y e ikt (61 BB ) i -2.00

u10 blas (centered around the mean) [m/s]

Nigned 45

NOAA National Environmental Satellite,

Cross 135 Opposite
Swell'Wind direction difference [deg)

2.00
1.80
1.60
140
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60

0.015¢

Wave steepness

0,010+ : 1
: -0.80

u10 blas (centered around the mean) [m/s]

: ~1.00
-1.20
0.005 ¢ 1 140
-1.60
! -1.80
-2.00
200
1.80
160
1.40
120
1.00
0.80
0.60
0.40
0.20
0.00

SMAPJPLnew

0.015¢
-0.20
-0.40
-0.60
-0.80
-1.00

H -1.20
0.005 : 1 140

Wave steepness

0.010F : 1

u10 blas (centered around the mean) [m/s]

AMSR2NOAA

$ -1.60

[y || 0
0.000 Loty e 1oy oy 30 LT T T -2.00

Aligned 45 Cross 135 Opposite
Swell’'Wind direction difference [deg]

Data, and Information Service

SMAPRSS

AMSR2RSS

Wave steepness

Wave steepness

0.015¢

0.010F

0.005

0.015

0.010F

0.005 ¢

0.000

H
:
Vel L (SN HN S

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
~1.60
-1.80
-2.00
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

u10 blas (centered around the mean) [m/s]

-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

binsize 1 -
insize y 00028 150
Vil S ST PTIRY -2.00

u10 blas (centered around the mean) [m/s]

Aigned 45

Cross

135 Opposite

Swell’'Wind direction difference [deg]

Similar wind
speed trend for all
listed wind speed
products




SMAPJPL

ASCAT25NOAA

Wave steepness

Wave steepness

0.015

0.010

0.005

0.025}

0.020

0.015

0.010

u10 blas (centered around the mean) [m/s]

0.005 :
- ot
0000 ¢ f el v iy 8 LTy Ty
Aligned 45 Cross 135

) Oppo:
Swell'Wind direction difference [deg)

u10 blas (centered around the mean) [m/s]

site

2.00
1.80
1.60
140
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60
-1.80
-2.00
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00

A

SMAPJPLnew

AMSR2NOAA

Wave steepness

Wave steepness

0.030
0.025
0.020
0015
0.010

0.005 ¢

0.025

0.020

0.015} -

0.010F : J

0.005 & : 4

0.000 | ¢ 4ol v vy 3 LTy Ly
Aligned 45 Cross 135

u10 blas (centered around the mean) [m/s]

u10 blas (centered around the mean) [m/s]

Op
Swell’'Wind direction difference [deg]

Data, and Information Service

2.00
1.80
1.60
140
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60
-1.80
-2.00
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00

posite

SMAPRSS

AMSR2RSS

Model wind speed fixed at 9 m/s +/-1 m/s

0.030

Wave steepness

Wave steepness

é

0.015

0.010F

0.005 ¢

hresetEennnaaRE. s

u10 blas (centered around the mean) [m/s]

0.015 3
0010+ :
0.005 H
[
0.000 |0 ¢ gl o iy 3 Py 1l
Aligned 45 Cross 135

Op
Swell'Wind direction difference [deg)]

u10 blas (centered around the mean) [m/s]

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
~1.60
-1.80
-2.00
2.00
1.80
1.60
140
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00

posite




SMAPJPL

ASCAT25NOAA

Wave steepness

Wave steepness

0.015

0.010

0.005

0.000

Aligned 45

u10 bias (centered around the mean) [m/s]

binsize x:1deg
i 0025

et ST SN (SR

L
u10 bias (centered around the mean) [m/s]

WEE I e s, T

Cross 135 Opposite
Swell/Wind direction difference [deg]

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00
2.00

1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80
-1.00
-1.20
-1.40
-1.60

-1.80
-2.00

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80

u10 bias (centered around the mean) [m/s]

-1.00
-1.20
-1.40
-1.60

-1.80
-2.00
2.00

1.80

SMAPJPLnew

1.60

1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80

u10 bias (centered around the mean) [m/s]

-1.00
-1.20
-1.40
-1.60

i binsize x:1deg =
\ i |binsize y:0.00023 1.80
0.000 R Tl e SR T ] -2.00

Aligned 45 Cross 135 Opposite
Swell/Wind direction difference [deg]

AMSR2NOAA

Data, and Information Service

SMAPRSS

AMSR2RSS

Wave steepness

Wave steepness

0.010

0.005

0.000

Aligned 45

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80

u10 bias (centered around the mean) [m/s]

-1.00
-1.20
-1.40
-1.60

binsize x:1de -
binsize y.ﬂ.ooozg 1.80

= -2.00

e el

2.00
1.80
1.60

1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80

u10 bias (centered around the mean) [m/s]

-1.00
-1.20
-1.40
-1.60

= binsize x:1 =
r '\m _binsize ¥:0.0002! 1.80
Ay iy il

ST | -2.00

Cross 135 Opposite
Swell/Wind direction difference [deg]

As the fixed
model wind speed
bin increases, the
wind speed bias
trend becomes
more dynamic (as
a function of the
swell/wind
direction
difference)




SENSOR-ECMWF [m/s]

!
o ,4.? 4

Sensor wind speed bias* as a function of the primary swell/model wind direction
difference (given model wind > 8 m/s)
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Summary

Wind speed error (sensor-model) from SMAP, AMSR2, ASCAT increases when the swell direction
becomes opposite to the wind direction

This error becomes prevalent as the swell spectral wave steepness parameter increases

Most likely roughness and wave breaking slightly altered (tilt/hydrodynamic modulations perhaps?)
with ‘steeper’ swell passing in opposite/cross directions. However, did neglect potential impact of
ocean surface current

Respective GMF may need to be revisited to take into account above effect

Possible future work

Use SWIM data and identify measured swell Hs/direction and verify wind speed bias trend using ASCAT
data (don’t think AMSR2/SMAP can be used due to very low matchup)

Check potential impact on level 1 data (e.g. ASCAT sigma0, SMAP excess emissivity)

Repeat exercise with CyGNSS data

Include time component

Repeat exercise within tropical cyclone condition
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