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Motivation

Spaceborne wave observations
used for WAM assimilation and validation

» Radar altimeter (RA) products (Topex, Geosat, GFO,Jason, Envisat)
~ SWH
= UlO

» [A]SAR wave mode products (ERS-1, ERS-2, Envisat)

- WVI Imagettes
— WVW Ocean wave spectra

» New empirical CWAVE_ENYV algorithm
— Envisat ASAR-WVI > SWH, T, Trn1o



Methodology

» Algorithm development for derivation of integral
parameters from ASAR wave mode data.

»Tuning the algorithm using ECMWF re-analyses

» Validation of the empirical model CWAVE_ENV
vS. buoy data, altimeter data, wave models

» Validation of DWD wave model under stormy conditions



Summary of Conclusions

» CWAVE ENV provides SWH in high quality

» Accuracy comparable to in situ buoy and RA-2 measurements

» For high sea states DWD wave model has large BIAS and RMSE
» Double tracks of ASAR and RA-2 onboard the ENVISAT platform

should be used jointly for wave model assimilation and validation
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Empirical model development (CWAVE_ENV)

» Multiple Linear Regression

» Collocated pairs (Dec 2006) of
= ASAR wave mode data
= ECMWEF re-analyses

Si = ASAR image parameters
W = Integral wave parameters (e.g.SWH, T_.)
nS ns |
W=atdas+)da,ss
i=1 i=ls=1

1., Lehner, S., and Bruns, Th. (2011), “Ocean Wave Integral Parameter Measurements Using ENVISAT ASAR Wave



Tuning and Validation

of the CWAVE_ENV algorithm

Tuning data
Model data Period Number of collocated
data entries
ECMWEF re-analyses 2006 Dec 23464

odel data / Measurements

Validation data

Period

Number of collocated
data entries

In situ buoys

ECMWEF re-analyses
DWD op. wave model
GFO radar altimeter

JASON radar altimeter

2006/2007 DJF+May

2007 Jan&Feb
2007 Jan&Feb
2007 Jan&Feb
2007 Jan&Feb

L2740,
~56,000
~56,000

1,368

876



Comparison CWAVE_ENV vs. wave models

2007 Jan&Feb
18 18
Correlation : 0.93 Ceorrelation : 0.80
16| Bias(CWAVE_ENV-ECMWF) : -0.02m 16| Bias{CWAVE_ENV-DWD) : =3.05m
RMSE : 0.43m RMSE : 0.31m
14| Scatier Index : (.16 14| Scatter Index :0.18
Entries : 53884 Eniries : 35884
% 12| Period : 2007 Jan.& Feh, £ 12| Period : 2007 Jan.& Feh.
a 10 % 10
il
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Z Z
S &
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ECMWEF DWD
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[T T
0 1 & 15 83 30 70 100 200300+ a 1 B 18 80 30 TO 100 S00E00
o 2 3] ] 19 12 14 16 18 Q 2 4 & & 10 12 14 16 18
ECMWE_Model SWH(m) DWD Model SWH(m)
BIAS -0.02m BIAS -0.05m
RMSE 0.43m RMSE 0.51m

AWF re-analyses

WAM cycle 4.xx
1.5° x 1.5°; analyses 00,06,12,18z
assimilation of RA + SAR spectra

» DWD operational wave model

« WAM cycle 4.yy
e 0.75°x0.75°; forecasts T+06,T+12h
e until 2008 no wave data assimilation



CWAVE_ENV vs. buoys and RA-2

n .88
AVE_FENV=RBLICY} : 0.06m
LFZm

ex : (.24
1270

0062007 DJFM

Buoys

1 & 3 5 19 15 20 25 25

] 8 112 14 16
BUQY_SWH{(m)

BIAS 0.05m
RMSE 0.72m
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CWAVE_ENV_SWH(m)
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Correlation :0.94
Bias{CWAVE_ENV-JASON) : —0.13m
RMSE : 0.43m

Soatter Index : 013
Entriss : 862

Period : 2807 Jan & Feb.

JASON

1 2 3 5 10 15 28 35 25

z 4 8 8 10 1z 14
ALTI_JASON SWH{m)

16

BIAS -0.13m
RMSE 0.43m
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Correlation : 0.93
Bias{(CWAVE_ENV-GFQ) : 0.11m
RMSE : 0.51m
Seatter Index : 0.17
Entries : 1368 //
Period : 2007 Jan.& Feb. /
1 2 8 5 10 15 20 25 26.
2 4 B 8 10 12 14 18
ALTI_GFO_SWH{m}
BIAS -0.11m

RMSE 0.51m
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CWAVE_ENY_SWH

Calibration of CWAVE_ENV using buoy measurements

» One-year collocations (2006 Jan. ~ 2006 Dec.)

» Reducing collocation distance to 100 km, then No. Data pairs is 1987

12

Correlation : .90

Bims(CWAVE_ENV-BUOY) : -0.02m
10| RMSE : 0.63m

Seatier Index : 0.23 . . g

Entries : 1987 ———>> Linear calibration;
&| Period :2006

— *
‘ SWH_,, = a,+a,*SWH
4
a, =-0.068 m
2 a,=1.036
LT T
0 1 8 18 30 B0 7¢ 100 300300+
0 2 8 10 12

&
BUOY_SWH(m)



Model validation jointly using ASAR and RA-2 data




Model validation jointly using ASAR and RA-2 data
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Model validation North Atlantic, DJF 2006/2007
All collocations

DWD vs. ASAR

=

Corralation - 0.91
Bias{ASAR-DWD) : 0.28m
RMSE : 0.76m

Seatter Index - 0.20
Eniries : 5869

Period 2006/20070JF
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DWD Maodet SWH{m)
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DWD vs. RA-2

Caorrelation : 0.94
Bias(RA-2-DWD) : 0.45m
RMSE : 0.79m

Seatter Index : 6.18
Entries : 6869

Period :2006/2007DJF

[ T

1 & 15 30 5§ 70 100 380300+

2 4 12 14 16 18

6 8 10
DWD Model SWHim]

BIAS 0.45m
RMSE 0.79m



Model validation North Atlantic, DJF 2006/2007

VD SWH > 6m

fion : 0.74
A R=DWD) © =0.02m
. 1.2Fm

Indgx : .17
497
2008°20070JF

1 & 3 8 10 13 & 28 @i

8 10 12 14 16 18
DWD_Wede|_S¥WH(m}

BIAS -0.02m
RMSE 1.27m

Conditional collocations

DWD vs. ASAR
ASAR SWH > 6m

Correlation ; 0.77

16| BlaslASAR-DWD] :0.81m
RMSE : 1.42m

Seatter Index : 0.17
Enfries ; 640

Pefled ;2006/2007DJF

2 3 % 1015 20 25 2%

2 4 6 8 10 12 14 16 18
DWD Model BUWH(m])

BIAS 0.81m
RMSE 1.42m
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ABAR_BWH(m)

both SWH > 6m

Gorrelation : 0.75
Bias(ASAR-DWD) - 0.28m
RMSE : 1.1¢m

Scatter Index : 0.14
Enfries : 358

Feripd 2006:20070JF
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DWD_Model SWH(m}

BIAS 0.28m
RMSE 1.19m



Model validation North Atlantic, DJF 2006/2007

ND SWH > 6m

slation : (.88
Ra—2-DWD;) . 0.78m /

E:1.30m /
ar Indes 0,14

g - 428
d 2008/2007DUF

1 2 & 5 16 16 g2 25 EG:

a 6 8 10 12 14 16 18
DWD_Model_SWH{m]

BIAS 0.75m
RMSE 1.30m

16| Blas{RA-2-DWD) : 1.16m
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Ra-2_SWH

Conditional collocations

DWD vs. RA-2
RA-2 SWH > 6m

Correlation ; 0,88

RMSE ' 1.4Bm
Scatter Index : .18
Enfries ; 728

Perlod ;20062007DJF

6 (L)

1 2 3 5 1613 20 2 =

2 4 6 & 10 12 14 16 18
DWD KModal SWH(m)

BIAS 1.16m
RMSE 1.45m
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RA-2_SWH

both SWH > 6m

Correlation : 0.68
16 Bias(RA—Z-DWD} : 0.91m

RRSE . 1.32m
~n Scatter Index : 112
Enirigs : 375
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ABAR_call_SWH(m)

Model validation Global, Jan&Feb 2007
Conditional collocations

DWD vs. ASAR

both SWH > 6m

Correlation : 0,73

1 |Bias{ASAR-Liodel) : 0.27m
RISE : 1.12m

14 |Scaller Index ; 0,14
Eniries : 738

12 |period : 2007 Jan.& Feb.

] t 2 3§ § t0 16 2 25 25+

UNEIASSASSEESS 10 12 1heolBeil
DWD._Rodel_SWH(m)

BIAS 0.27m
RMSE 1.12m

Hm)

RAZ_SW

DWD vs. RA-2

both SWH > 6m

Carrelalion 1 0.84

16| Bias{AA_2-Model) : 0.74m
ARISE ; 1.17m

14| Scaftorindex:0.12
Enfries : 861

12| Perigd : 2007 Jan & Feb.
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t 2 3 5 MW 5 20 25 35

o] 2 4 6 8 16 12 14 18 18
DWD_Wodel SWH{m)

BIAS 0.74m
RMSE 1.17m



Conclusions and Outlook

» CWAVE_ENV provides SWH in high quality
» Accuracy comparable to in situ buoy and RA-2 measurements
» For high sea states DWD wave model has large BIAS and RMSE

»Double tracks of ASAR and RA-2 onboard the ENVISAT platform should
pe used jointly for wave model assimilation and validation

» Need for an improved assimilation scheme

» ASAR wave mode data since 2003 have to be processed

> \Wave model validation to be continued
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Thanks for your attention



