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Report on 3 topics related to
SSB=f(SWH, o%wind), wave period)

1.Multi-mission 3D sea state bias (SSB) correction models for altimeter

Climate Data Record generation — wave model data
2.Revised and new Jason-2 wind models (from N. Tran)
3.New finding — SST impact on radar backscatter at Ka-band

Poster plugs

*Work on latest Topex retracked data incl. new 2 and 3D SSB models

!l Whitewater investigation reopened !!!
— breaking waves study using AMR and JMR + Jason radars
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SSB using wave model data

Wave model outline

1.Problem defined — stable continuous wave model data; requires wind
forcing and operational wave model; Focus on Tm02 spectral parameter
2.0ptions explored for simplicity, accuracy, availability
3.Solution :
1992-2014 IFREMER wavewatch 3 with NCEP-CFSR forcing
2015-forward Meteo-France WAM operational

2.Today just bit of detail on the marriage...

3.Table slide, Eval _exampl slides(2), SSB PDF, SSB result, Status —
ingesting MF since last Dec. NRT availability, CFSR should be updated
from 2012-2014 this fall, we have thredds server in place with models
and data in Brown CP format
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Motivation: 1-2 cm? of gain still possible in sea
state geophysical corrections (SSB) ?

« Example here: SSB with Wavewatch Ill global model input
« Difference Above = enhanced SSB - GDR_SSB
« Earlier talk uses Alt-Only; Metrics should help choice.
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Motivation: 1-2 cm? of gain?
2002-2009 Jason-1 example of zonal improvements
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« Example here: SSB with Wavewatch Il global model input
» Difference Above = enhanced SSB - GDR_SSB
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Problem to resolve: ocean wave model data
for point-point SSB correction from 1992-
present

Issues:
1.Drift (?): Wave model output dominated by wind model input
Wind drift or discontinuity -> wave output drift -> SSB drift -> sea level
error
2. Model options and availability: Wave models are many and varied
- physics, metrics/tuning, numerics, resolution, sea ice, islands,...
- Hindcast vs. operational for support of OSTST data processing
3. Proof of concept work used quite a few versions (e.g. Peachl talk, UNH
in-house, etc..) working with F. Ardhuin (focus on T _;,)

Our present solution/recommendation for T,,,, data:

a. 1992-2014 IFREMER-Wavewatch 3 with NCEP-CFSR winds
b.2015-forward  Meteo-France WAM with ECMWF winds

c.Care taken to monitor and remove small wave period offsets at level
sufficient to maintain stable SSB

d.Provide data to CLS, RADS, OSTST as netCDF correction products
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IFREMER Meteo France Meteo France ECMWEF
(IFR) (MF) (MF) (EC)
MODEL | WW3-test471 | WAM (~)Testd71 | WAM (~)Test 471 WAM
Assimilation No Assimilation Assimilation
Abbr. IFR:WW3 MF:WAM(A) MF:WAM(NA) EC.WAM
Grids 0.5-by-0.5degin | 0.5-by-0.5 degin lat/lon | 0.5-by-0.5 deg in lat/lon | 0.5-by-0.5deg in
lat/lon (77.5N to (90.0N to 90.0S) 90N to 90S ) lat/lon
77.5S) 90N to 90S )
Winds ECMWF ECMWF ECMWF ECMWF
Outputs 3 hourly 3 hourly 3hourly 6 hourly
(Hs, T01,T02) (Hs, T01,T02) (Hs, T01,T02) (Hs, T01,702)
Notes:

1) To;=m0/m1 (mean wave period), Ty,=sqrt(m0/m2)
2) m0=(Hs/4)? ; m1=m0/T01; m2=m0/(T02)?

3)Model runs for the period of Dec 2014, differences are computed pt by pt.
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JCOMM Home
About JCOMM
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neriod for SSB application

The Joint WMO-10C Technical Commission for Oceanography and Marine Meteorology
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Wave Forecast Verification

One of the most important activities of the ETWCH, in support of Met-COcean
Information and Maritime Safety Services, in particular, continues to be the Operational
Wave Forecast Verification Project. A routine inter-comparison of wave model forecast
verification data was first established in 1995 to provide a mechanism for benchmarking
and assuring the quality of wave forecast model products that contribute to
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Figurel Hs

Below: pdfs
Right: Diff maps
(Relative to IFR-WW?3)
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T4, Comparisons

t02Ditt. MFWAM(A) -IFR:WW3

Below: pdfs
Right: Difference maps
(Relative to IFR-WW?3)
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Figure 9 3D SSB ( in m) distributions
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There is a global bias, DT, of MF:WAM(A) or (NA) T02 related to IFR:WW3. Here 3DSSBs were also
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3D SSB correction difference due to wave model
transition (IFR product -> Meteo-France product)

3D5S5B(Hs.U10.IFRWW3 T02)-3DSSB(Hs, U10, MFWAM(NA)T02+DT)

 Some
geographical
variation but < 2
mm In Most cases

- 10 « Main source of
- 02 difference is likely
o data assimilation
in MF model (MF
0.6 . i
data simply a bit
0.8
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Zonal on-orbit J2 data 3D and 2D SSB relative to 1DSSB
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Website for SSB look up table and Wave
model data access and info

» All recent SSB models (2D and 3D) for Topex, Jason-1, Jason-2, Altika
» GDR formatted wave model data - Trial basis netCDF files to provide wave data

after S. Brown JMR and AMR on UNH THredds (Jason-1)
« Waiting on IFR CFSR 2012-2014 data, then full access possible 1992-present

W]

http://www.opal.sr.unh.edu/data/sea_state bias.shtml
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Altimeter wind speed modeling
for Jason-2

Ngan Tran and Hui Feng

Objectives:
1) Use latest Jason-2 MLE4 NRCS and SWH data to compute new 2 input
wind speed model
- J2 inherited the J-1 Collard 2005 model
- Since then bias issues, methods, and retracking suggest a revisit

2) Investigate the possibility of improving upon the 2 input wind model idea
using additional global wave model data
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Mew Allika 1-Hz wind speed (nv's)

orithms = J

d alg

Ervisat wind speed [Labroue] (m/s)

FOMWE wind speed (m/s)

ECMWF wird speed (m's)

20 ST TG A4 GAT T — |
) swh=6m - swh=6m i
«  New AltiKa global o «J2 global o
il .
s P s /zﬁ
_ A A Vo
12 '__i‘?-,r- ye Eg 12 f.:':_-_hjj_
P 2 Vi
& G 2" L
; 4 @ Sig. reduction of SWH 5 AT
i P__d__,‘_,.;:.l g . .:r'_:_;_:? . 1-1"'}* .
|t ,3’/ " deze”f_'encii abo"? 7t s g Lo /¥ @ 22D GDR wind does not
e 5m Je uc(;on ? s:zla ST | ds i T 4@ 2M gshow same suppression of
4 o 4 '
H’tgﬁ# PRENPHOY af OWﬁr winds s ~ P sea state compared to
R Cwh = 1'm an open.1ssue 1oL afl = swh =1 m Envisat, AltiKa or Topex algos
, algorithms and missions
o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1
ECMWF wird spesd (m/s) ECMWF wird speed (m's)
20 e T T | T TR
G I A EEF N AR =R & swh=6m -
.| EN global (2D model) s » TP global et
] -J':.;I’;}_ L E
£
o 12r
&
%‘IU
2
£
w8
3
= &
- d
1 2ﬂFﬁ“?"_F.P-"swh =1m
I:.I:I. : ; a -JI ; I;. :I' ; ; I:} IJI ili |-3 'I: 'II:'_| IIE. Il? 113 |L9 ;l] 2i| 2‘2 ;3 Fe nI:I 'II 2‘ ; -: ; B ;’ i: ; ‘Iltl 'II1 'IIZ 13 1:I 1I5 hl }I? 1IB 'II!I ZID 2" 2‘:‘! F=rt



New J2 wind — much improved in SWH

attenuation
J2 GDR New J2
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@ New 2D model
@  Model based on Jason-2 data themselves MLE4 (sig0, SWH)
@  Collocated ASCAT-A winds used as reference for its calibration
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New Jason-2 2D wind — bias and pdf

New 2D J2 / ECMWF J2 | ECMWF
I _ 9 J — |
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OBJECTIVE #2 — a 3D wind speed algorithm?
Ucor Jasone VS Ueemwe (@dditional Tm dependence)

- Using same approach, now adding wavewatch model Ty, data
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UJason-Z / UECMWF (SWH impaCt)

@ Larger reduction of the wave impact with the new estimates when one compares with

ECMWF winds

@ Better improvement with 3D model since it uses ECMWF winds for its calibration

Jasen-2 wind speed (m/s)
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New Jason-2 WS = f(sigma0, SWH, T_,)

. Global PDF comparison
Scatter Comparison to ECMWE

with ECMWF
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BIAS fmis)

BUOY VALIDATION AT NDBC STATIONS

July 2008- April 2015, Dtime < 1 hour, Ddist < 50 km, 7275 valid samples

dapga-i
=8I0\ Jeson

SWH carrelation
STD wrror (m's)

o

L[] -] L F] " ] W 1 '
Buays wind speed (mis) Buoys wind spaed (mis)

Bugys wind spesd (mds)

@ Larger reduction of the biases with the 3D model for light to moderate wind speeds and of the
correlation of the wind speed error with respect to SWH

@ Slight increase of the STD and RMS of the errors due to the addition of the third dimension

@ Some limited gain, TBD on pros/cons of promoting this towards operational
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Conclusions of new Tran and co. wind speed work

*The new developed models(using ASCAT) available as look up tables

-Better reduction of the SWH dependence is observed with the new J2 model regardless
of the wind speed source used as reference

3D algorithm that uses additionally Tm helps to better reduce the sea state effects
observed on retrieved winds when one compares to ECMWF winds as seen by the
reduction of the biases, the lower SWH correlation and the reduction of the
geographically-correlated differences

3D algorithm can/should be developed also for Altika mission

*TBD on pros/cons of moving towards operational (SSB, wave model, etc..)
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Reflectivity Variation (%)

Sea surface reflectivity variation with
ocean temperature at Ka-band using

near-nadir satellite radar data

Doug Vandemark, Bertrand Chapron, Hui

Feng, and Alexis Mouche

draft submitted to IEEE TGRS
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Near Nadir Geom Optics Backscatter

ao(0) = p/mss,zr - sec'f - exp

p (0, freq, polarization) = | R(0) R(0)|
is the reflectivity (= 1 — emissivity)

And R is the Fresnel reflection
coefficient tied to dielectric constant of
seawater

€ = F(temperature, salinity, frequency)
Thus: p (0, freq, polarization, sst, sss)

TO DATE - WE NEGLECT SMALL
VARIATION IN REFLECTIVITY, BUT
AT KA-BAND?

e

—tan?f/mss.ff

re



SST Impact on backscatter at Ka-band?

Can now evaluate globally using ALtiKa and using Global

Precip. Mission Radar
Methods:
» Use nadir backscatter data from GPM and ALtiKa matched to SST
* Invert backscatter equation at fixed wind speed assuming mss_g~=wind to
retrieve reflectivity (this at wind = 5 m/s)
« Compare to Meissner and Wentz dielectric model (2004)

R
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SST Impact on Backscatter — Multi-Frequency Check

10
£
g, e Assess data at C, Ku, and Ka-band
g ! e -
& 5 4 arr ) ) )
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SST Impact on Wind at Ka-band — Global View Application
SARAL ALtiKa Ocean Wind Speed (algo: Lillibridge et al 2014)

Significant geographical biases in altimeter vs. model (ECMWF)
wind ( e.g. > 1 m/s at high latitude)

U_AltiKa — U_ecmwf (1 year) Corresponding SST (1 year)

i
'.1* ¥ .
il .' e 0.8 o0 L
| bl T . 25
ant v M ' 40
YF qoa
20 L g e J ] 20 120
TR q0.2
of 10 0 115
AT —4-0.¢ _
_znH 20
| 1-04
=40 | ik -40
Poq-0.6
RO b i ' | IU 5 -E0
-150 -100 -5 0 50 100 150 - -130 -100 -a0 1] a0 100 150

see University of
CLS Ifremer OSTST Meeting, Reston VA 2015 New Hampshire



SST Impact on Wind at Ka-band — Global View Application
SARAL ALtiKa Ocean Wind Speed

Bias change with SST apparent at most wind speeds
«Zero bias shifts to colder water at higher winds (training set)

U_AltiKa — U_ecmwf (1 year)

ECMWF Wind Speed (m/s)
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SST Impact on Wind at Ka-band Largely Independent of Sea State
(Here wind-to-wind results giving for SWH =1 to 6 m)
UaLtika 2014 VS Ugomwe (from N. Tran)
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SST Impact on Wind at Ka-band — Global View

Preliminary and ad hoc correction approach:

a) B= p(SST) Ip(SST,.;) where SST,~f(U) is the SST at each wind
speed where U, ik =Uecnwi= 0
b) 0%, recteq = OB prior to Lillbridge2014 AltiKa wind algorithm input

U_AltiKa — U_ecmwf (1 year)
U AItha ecmwf (1 year) Fkk after correctlon fOl' SST***
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Reflectivity Variation (%)

Sea surface reflectivity variation with
ocean temperature at Ka-band using
near-nadir satellite radar data

Doug Vandemark, Bertrand Chapron, Hui

Feng, and Alexis Mouche
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Fresnel reflectivity variation with SST
does impact ocean radar
measurements at Ka-band

Effect accords well with models
developed using radiometry; thus
path to 15t order correction is quite
clear

Numerous implications for altimetry
(AltiKa (even wet tropo) and SWOT),
GPM and scatterometry

May even need to look back to cold
water at Ku-band where climate data
records are concerned
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Thank you

and thanks to NASA and CNES for project
support
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