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EXECUTIVE SUMMARY

This document gives th&lobal Wave Statistics (GWS) report falobWave
Elevenareas from different ocean basins were selected for the GWS analysis, each
being large enogh to contain sufficient data for meaningful analysis (typicalfy 10
latitude by 20 longitude). For altimetry an overall comparison was made
between altimeter pairs ireight areas using QuantileQuantile plots. Monthly
results are also given, for areariithe main text and for other areas in an Annex.
For SAR there are statistics for Envisat including full global statistics giving mean
swellsignificant wave heights for the full time period of analysis as well as by year,
season and month. Global and regal distributions of integrated parameters are
included covering the altimetry regions.

© 2011 Logica UK Ltd Page 5/92
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1 INTRODUCTION
This document is th&lobal Wave Statistics report for GlobWalterepresents
deliverable D.12 of the DUE GlobWave Project. Statistics are calculated ove
eleven areas selected from different ocean regions and having different wave
characteristics. For altimetry, comparisons are made between satellite pairs for
time periods when they flew concurrently. The main means of graphical
presentation is the quang-quantile (QQ) plot comparing all data for a region for
a satellite pair. Example monthly results are also presented. For SAR, full global
statistics as well as regional analysis is included, based on the Envisat SAR data.
1.1 Document Structure
The documenstructure is as follows:
. Section I¢ Introduction: this section
o Section 2¢ Statistics areas: Map and descriptionalévenareas selected
for statistics analysis.
J Section 3¢ Altimetry statistics comparisons: Examples of histograms and
overall comparisos foreight regiors presented as QuantifQuantile plots.
Example monthly comparisons for area 1.
o Section 4 SAR wave statistics, includingjienal analysis
o Annex A¢ Altimtery monthly results: Tabulated monthly statistics for
altimetry.
1.2 Definitions and Acronyms
Acronym Definition
ASAR Advanced Synthetic Aperture Radar
ASCII American Standard Code for Information Interchange
CD Compact Disc
CDIP Coastal Data Information Program
CLS Collecte Localisation Satellites
CNES Centre National @®tudes Spaales
Csv Comma Separated Value
DUE Data User Element
ENVISAT 9{! Qa 9YQGANRYYSyGlt {IGStf¢
EO Earth Observation
ERS European Remot&ensing Satellite
ESA European Space Agency
ESRIN ESA Space Research Institute
GDR Geophysical Data Record
Page 6 /92 © 2011 Logica UK Ltd
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Acronym Definition
GEOSAT GEOdetic SATellite
GFO GEOSAT Follow On
GWS Global Wave Statistics
Hs Significant Wave Height
I/0 Input/Output
L2P Level2-Preprocessed
MDB Match Up Database
NASA National Aeronautical Space Administration
NDBC National Data Buoy Center
NetCDF Network Common Data Form
NOAA National Oceanic and Atmospheric Administration
NOCS National Oceanography Centre Southampton
NODC National Oceanographic Data Center
NRT Near Real Time
PDF Portable Document Format
QQ QuantileQuantile
RMS Root Mean Squar
SAR Synthetic Aperture Radar
SatOC Satellite Oceanographic Consultants
SST Sea Surface Temperature
TBC To Be Confirmed
UKMO United Kingdom Meteorological Office

© 2011 Logica UK Ltd
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STATISTICS AREAS

The GWShave beencalculated over selectedreas representing all thanajor

ocean basins, and being of a size suitable for meaningful statistical analysis

(typically 10 degrees latitude by 20 degrees longitudéle selectedreas include

regiors of high wave activity such as the North Atlantic and Southern Ocean.

Details d thesearess are given ifmmable2-1, and locations are plotted iRigure

2-1.

Region

Coordinates

1) N W Atlantic

30%40°N, 40%60°W

2)N E Atlantic

50%60°N, 20-30°W

3) Indian Ocean

10%20°N, 60<70E

4)N E Pacific

40%50°N, 140°160°W

5)N W Pacific

30%-40°N,160=180°E

6) Equatorial Pacific

0°-10°S, 110130°W

7) S Pacific / Southern Ocean

50%60°S, 106120°W

8) S Indian Ocean

40%50°S, 100°120°E

9) south east Atlantic

40+50°S, 10V -10°E

10) Agulhas current

35°-45°S5,20°-40°E

11) Gulf of Mexico

20=30°N 100W -80°W

Table2-1: Coordinates of thareas inFigure2-1
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Figure2-1: Areas selected for GWS analysis
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3 ALTIMETRY STATISTICS COMPARISONS

This section givethe Global Wave Statistics (GWS) comparisons for altimeter
significant wave height (Hs) measurements. Results are provided for the selected
areas for appropate time periods and satellite combinationEhe aim is not to
produceuseful productsthere are several existing providers of wave statistics for
commercial applications, anithdeedthe areashere are too large for this, with
spatial variation probableacrosseachregion, especiallythose at higherlatitudes

The aim is ratheto get statisticsfrom individual altimetersand to investigate

RA O S NieyvéeeSttem.

3.1 Time periods and satellite combinations

The GWShave beencalculated for the following time periods and satellite
combinations:

Time period Satellites
01/01/1996 ¢ 31/12/2002 ERS, TOPEX/Poseidon
01/01/2003 ¢ 31/12/2008 EnvisatJasonl, GFO

Table3-1: Time Period and Satellite Combinations

The time periods were chosen as the maximum number of whole years when the
satellite combinations were all operating at the same time, and amsidered

long enough to provide meaningful comparisons. The more recent Jasiome
series (which could also be compared with Jascend Envisat) is not yet long
enough for more than a one or twgear analysis, and as such the results would
be affectedby the sampling variability.

For each area the analysis has been carried out for satellite pairs over the whole
time period. For region 1 a monthly analysis has also been performed to look at
seasonal variations.

3.2 Quantile -quantile plots

The main means oénalysis used for the altimeter statistics comparisons is a
guantile-quantile (QQ) plot. The QQ plots compare the percentile values of Hs
from each altimeter based on all data for an area and time period. Selected key
percentiles are marked as red dots the plots.

An example comparison of data together with the QQ plot is given in FHiggoee

3-, and the same comparison with the histogram density plotted on a log scale is
given in Figure 2 The normal histogram shows very sifar distributions
estimated from the two altimetersThe log scale histogram allows more detailed
comparison at higher wave heights and shows that GFO measured slightly more
high waves than Envisat. This is visible in the QQ plot above the 0.95 quHrdile.

a ¢ I Yy RS NJplet atdhe highest swh valuggt around12m) is no doubt due

to sampling variability note that although there are about 600k records from

© 2011 Logica UK Ltd Page 9/92
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each altimeter the values from each transect of the area (gt®km intervals)
will have conslerable correlation

The QQ plots show the same information as the histogram comparisons but seem
easier to interpret, hence these are favoured for presenting the comparison
results. Examples of histograms for each area are also given in the overal result
in order to compare the different ocean regions.
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Figure 31: Histogram and QQ plot for swh from Envisat and GFO in area 2.
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Figure3-2: Histogram with log scale and QQ plot for swh from Envisat and GFO
in area 2

3.3 Overall results

3.3.1 Histogram comparisons

This section gives histograms for each area for Jasand Envisat enabling the
characteristics of different ocean regions to be compared. The N Atlantic areas (1
and 2) have a similar distribution, with higr waves in the NE. The Indian Ocean

Page 10/92 © 2011 Logica UK Ltd
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(area 3) has a narrower distribution with the majority of wave heights below 2m,
but also with a significant number of higher waves up to 6m that will occur during
the SW monsoon. The NE Pacific (area 4) has a sidistabution to the NE
Atlantic. The distribution in the NW Pacific (area 5) is narrower and there are
more low waves than the NE. The Tropical Pacific (area 6) shows a narrow
distribution of wave heights mostly between 1.5 and 3m, as expected from the
lower wind speeds found here compared to mid latitudes. The Southern Ocean
areas (7 and 8) have a similar distribution to the N Atlantic areas but with fewer
low waves.

Differences between the satellites are discussed in the next section.

Area 1: NW Atlantic Area 2: NE Atlantic
0.4 —
—— Envisat 0.25
— Jason-1 —— Erwisat
0.3 - 0.20 — Jason-1
=3 =
W @ 015
5 0.2 5
= = 010
0.1 -
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0.0 0.00
I I I 1 1 1 1
o 2 4 & & 10 12 (1] 5 10 15
swh (m) swh (m)
Area 3: Arabian Sea Area 4: NE Pacific
0.30 N
0.6 - I — Emwisat
— Envizat 0.25 — Jason-1
0.5 — Jason-1
> 04 - 5_’;l:l.zi:t
2 o3 - 2 0.15
8 0.2 g 0.10
0.1 0.05
0.0 0.00
I 1 | 1 I I | I
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Figure3-2: Histograms for significant wave heiglftom Envisat and Jasef in
areas1to4
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3.3.2

Area 5: NW Pacific Area 6: Equatorial Pacific
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Figure3-3: Histograms for significant wave heiglftom Envisat and Jasef in
areas5to 8

QQ plots

This section presents overall QQ plots for all areas and satellite combinations,
enabling each satellite pair to be compared across a range of wave height
distributions.

Figure3-4 and Figure3-6 show QQ plots comparing TOPEX/Poseidon anelERS
general there is good agreement between the 0.05 and 0.99 quantiles. The
exception is in the NE Atlantic (region 2) where TOPEX/Poseidueaisuring
higher significant wave heiglthan ER&. This is the most northerly area where
there are high winter waves, and one possibility is the difference could be related
to the sampling of TOPEX/Poseidon being greater than that ocRERS to the
different orbit inclinations (TOPEX/Poseidon is® Gihd RS2 81.5). This
difference however needs further investigation, and may be a similar issue to that
giving rise to differences between Envisat and Jas{see sectio’.3.3.

Above the 0.99 quantile there is more variatiors ean be expected with the
fewer number of data points.

Page 12/92
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Figure3-4: QQ plots comparing TOPEX/Poseidon and-ER8eas 1 to 4
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Figure3-5: QQ plots comparing OPEX/Poseidon and ERSareas 5 to 8

Figure3-7 and Figure3-9 show QQ plots comparingasonl and Envisat. There is
generally good agreement between the 0.05 and 0.9 quantile, but above this
Jasonl is generally measuring a lower proportion of high waves than Envisat. An
analysis of this phenomenon is presented in secBdh3below.

Page 14 /92
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Figure3-6: QQ plots comparing Jasehand Envisat, areas 1 to 4
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Figure3-7: QQ plots comparing Jasehand Envisat, areas 5 to 8

Figure3-8 and Figure3-9 show QQ plots comparingFO and Enmds Agreement
is generally good between 0.05 and 0.995 quantiles, though in a few cases GFO
has measured a slightly higher proportion of high waves.
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Figure3-8: QQ plots comparing GFO and Envisat, areés 4
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Figure3-9: QQ plots comparing GFO and Envisat, areas 5 to 8

Figure3-10 and Figure3-11 show QQ plots comparingFO and Jasah As with
the Envisatand Jasofl comparisons, Jasedh is often measuring a lower
proportion of higher waves. This is discussed further in se&idrBbelow.
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Figure3-10: QQ plots comparing Jaseéhand GFO, areas 1to 4
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3.3.3

Area 5: NW Pacific Area 6: Equatorial Pacific
— 15 ] E
E E .
£ £i“ 5 —
& &
o m
10 4 -

= =
(0] 2]
| 1 g .
§ ar]
o5 E 2
1 1
S g 17
m [ 7]
m [ 7]
= 0 = -] 0 =

L L] I Ll I T 1 T T

] 5 10 15 o1 2 3 4 5 6

GFO 2003 - 2008 swh (m) GFO 2003 - 2008 swh (m)
Area 7: 5 Pacific Area 8: SE Indian Ocean

— = iE
E 15 E
E F
[e=) m |
g 10 - g 10
L] L]
| ]
3 2
[=] (=]
™~ 5 o 5 -
T i
= =
3 ]
m (]
= o - = o -

] I I I I 1

0 5 10 15 ] 5 10 15

GFO 2003 - 2008 swh (m) GFO 2003 - 2008 swh (m)

Figure3-11: QQ plots comparing Jaseéhand GFO, areas 5to 8

Envisat and Jason-1 high waves comparison

To analyse the reason for the lower proportion of high waves measured byg-Jaso
1 compared to other altimeters the high waves were looked at for selected
regions, and measurements with a good quality level (swh_quality = 0) compared
to all measurements.

The results for areas 4 and 8 are givefrigure3-12 and Figure3-13. These areas

have been chosen as they are both associated with high waves, yet are associated
with different oceans and hemispheres and so reside in two very different parts of
the world. The pink bars represenbgd quality data according to the quality flag,

and the white bars are all available data (also showing default values at 32.767m).
It is clear that the proportion of good values is higher for Envisat than Jdgson
meaning that the Jaseh validation procss rejects relatively more data points at
high wave heights than for Envisat. This suggests that the validation of-Dason
should be reviewed as it may at present be egautious, see below.

Page 20/ 92
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Another possibility is the calibration at high wave heightd, the regression of
collocation points (Envisat and Jasbnfor waves above 6m shows this is not a
contributing factor.

Envisat NE Pacific Jason-1 NE Pacific
1500 — 1500
€ 1000 T 1000 ]
=] 3
o o
(4] [%]
500 - 500
0 - 0 -
1 | I 1 I | | I
5 10 15 20 25 30 5 10 15 20 25 30
swh calib (m) swh calib (m)

Figure3-12: Comparison of good quality and all measurements for Envisat and
Jasonlin area 4 (NE Pacific).
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Figure3-13: Comparison of good quality and all measurements for Envisat and
Jasonl in area 8 (SE Indian Ocean).

Further analysis has shown that a check on the range_rms value idatborl

data, used for quality evaluation, is oweautious. Figure 3-14 shows the
range_rms against significant wave height for the NE Atlantic (area 2). The limit
check on range_rms for L2P quality levels is 0.15 (red lifhdhisl check is
removed the limit check is relaxed to 0.2 (blue line) on account of the ocean /
non-ocean flag. The comparison of QQ plots with these different limits is given for
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areas 4 and & Figure 3-15 and Figure 3-16 and the agreement at high wave
heights is much improved.

The increase in range_rms with Hs suggests that even a limit of 0.2 may be over
cautious for high waves. It is recommended for Jakdhat the range_rms check
becomes a functionf wave height and the check on the ocean / raean flag is

also reviewed.
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Figure3-14: Range_rms agains Hs for Jasbim the NE Atlantic
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Figure3-15: Gmparison of Jasoil and Envisat QQ plots with and without
validation check on range_rms, Area 4.
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Figure3-16: Comparison of Jaseh and Envisat QQ plots with and without
validation check on range_rms, Areéa

Monthly results

Monthly results are presented here for area 1 to give an example of seasonal
variation in the comparisons. Because of the potential number of QQ plots
involved it is not practical to present these for all areas. Monthly results for all
areas and satellite combinations are tabulated in Annex A. The figures for GFO
should be treated with some caution as the distribution of these data throughout
the year is quite patchy.

Table3-2 gives the results from analyse$ all the good values of calibrated Hs
(i.e. with swh_quality = 0) from ER8 and Topex/Poseidon from 1997 to 2002 in
Region 1. (The Topex/Poseidon data were mostly Topex, with only 2274 good
Poseidon values compared with 593048p&xg. There are roughly He same
number of records in each month for both altimeters, so all the data psovid
reasonable estnates of the annual distribution.

Figure3-17 andFigure3-18 show the QQ®plots for the individual calesar months.
Below the 95%ile there is generally very good agreement in the distribution of the
altimeter for each month, as indicated ifable 3-2 (except in the lowest talil,
similar to that noted above in the ajear distribution). The upper tails have
considerable dierences, but with scatter to both sides of the dashed Wae,
suggestinghis is sampling variabilityThisclearly illustraésthat 7 years of data
from one altimeter are ins¥icient to provide estimates of extreenwave heights

in thisregionof the NW Atlantic.

© 2011 Logica UK Ltd Page 23/92



DUE GlobWave - GWS

Ref: GlobWave/DD/GWS Issue 1.2

o Date: 19 August 2011
Altimeter | month | N (k)| mean | s.d. | 5% | 25%/| 50% | 75%/| 95% | 99%
ER& all 601 | 249 |1.34|0.89|1.52|221|3.15|5.10| 6.85
T/P all 595 [ 251 |1.31|0.98|1.57|2.20|3.18|5.07| 6.83
ER& 1 50 3.45 | 1.50|1.65|2.40| 3.10| 4.15| 6.47| 8.38
T/P 1 47 3.53 | 1.46|1.75|2.41|3.23|4.29|6.18| 8.45
ER& 2 46 3.21 |1.27|161|2.31|298|3.85|5.74| 7.23
T/P 2 46 3.29 |1.27|1.69|2.31|3.12|3.95|5.79| 7.12
ER& 3 50 3.12 | 1.37|1.41|2.10| 2.82|3.90| 5.81| 7.16
T/P 3 57 3.01 |1.21|1.49|2.10|2.80|3.71|531|6.70
ER& 4 52 268 |1.13|1.27|1.89|248|3.21|4.86| 6.40
T/P 4 48 270 |1.15|1.39|1.90| 2.44| 3.23|4.90| 6.61
ER& 5 50 191 |0.77]0.89|1.37|1.80| 2.31| 3.30| 4.39
T/P 5 54 192 |0.70|1.00|1.42|1.79| 2.26| 3.28| 4.16
ER& 6 48 155 [0.62|0.69|1.11|1.45|1.88|2.73| 3.40
T/P 6 49 158 [0.61|0.87|1.18|1.41|1.90| 2.82| 3.56
ER& 7 47 143 |0.62|0.64|1.02|1.33| 1.72| 2.61| 3.48
T/P 7 49 146 |0.54|0.77|1.08|1.38| 1.69| 2.51| 3.35
ER& 8 50 139 | 0.65|0.62|0.98|1.27| 1.65| 2.48| 3.77
T/P 8 47 143 |0.60|0.77|1.07|1.28| 1.63| 2.41| 3.74
ER& 9 49 210 |1.06|0.89|1.41|1.88|2.53|4.02| 6.09
T/P 9 51 2.06 [ 094)0.98|1.45|1.89|241|3.79|5.38
ER& 10 52 245 |1.06|1.13|1.71|2.27| 2.98| 4.36| 5.99
T/P 10 44 247 |1.11)1.28|1.69|2.20| 2.98| 4.56| 6.54
ER& 11 51 296 |1.17|1.48|2.13|2.73|3.60| 5.14| 6.63
T/P 11 51 3.01 |1.21|157|2.10|2.72| 3.64|5.38| 7.01
ER& 12 55 3.5 1.45|1.63| 2.45| 3.23| 4.30| 6.27| 7.96
T/P 12 53 355 | 146|1.67|2.51|3.34|4.29|6.20| 8.30

Table3-2: Results of monthly analysis for REX/Poseidon and ERSn area 1

Figure3-17 and Figure3-18 show the Q@plots for the individual calendar months.
Below the 95%ile there is generally very good agreement in the distribution of the

altimeter for each month, as indicated ihable 3-2 (except in the lowest tall,

similar to that noted above in the aflear distribution). The upper tails have

considerable dierences, but with scatter to both sides of the dashed H&e,
suggestinghis is sampling variabilityl hisclearly illustragsthat 7 years of data

from one altimeter are ins¥icient to provide estimates of extreme wave heights

in thisregionof the NWAtlantic.
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Figure3-17: Monthly QQ plots from TOPEX/Poseidon and ERBr area 1,
January to June
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Figure3-18: Monthly QQ plots from TOPEX/Poseidon and ER®r area 1, July
to December

Page 26 /92 © 2011 Logica UK Ltd



DUE GlobWave i Wave Data Quality l
Report, Phase 1 oo CQ

Ref: Globwave/D16 o
Date: 19 August 2011

4 SAR WAVE STATISTICS

4.1 Time periods and regions

The GW3om ENVISAT SAR have bealtulatal for the following time period1/01/2003 ¢
31/12/2010

For the whole globe and for each region, the analysis has been carried ouhewghole time
period and also for the four seasons (BEEB,MARMAY, JUNAUG,SEMOV) to look at
seasonal variations.

4.2 Global statistics

421 Whole period

ENVISAT ASAR acquisitions modes are self exclusive and the wave mode is only one of them.
Wave mode coesrage is ruled by the background regional mission that is determined after all
other priorities are taken into account (commercial data requests, operational oil spill
monitoring over European seas, GHlIEe service, eicThe following yearly coverage map

shows the data acquisition coverage since the start of the mission.

¢CKS F2ftft26Ay3 YILI 2F ahOOdzNNBYyOS 2F 4+ @3S Y2RS
the global scale and represents the number of valid long wave spectra observations available
for each box of 2 by 2 degrees of longitude and latitude.

Ceeurence of wave mode observations : 2003—-2010
—a —45 a 45 20

=135

ET —i5
Number of imagettes per 2x2 deq.

0.a 192.0 2840 576.0 FEED 9&0.0

Figure 4-1: Occurrence of Wave Mode Observations 262310 White line
indicates the maximum extend of antartic sea ice
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The percentage of significantrig wave occurrence is the percentage of all valid wave spectra
that exhibit at least one wave partition wigwellsignificant wave height over 0.6m

Percentage of significant long wave cccurence (swh>0.Bm) 2003-2010
135 —a0 —45 ] 45 S0

a
Percentage (%)
I N : ___Tam

0.0 20.0 40.0 £0.0 a0.a 100.0

Figure4-2: Percentage of Significant Long Wave Occure2003¢ 2010 White
cells corresponds to area where the number of relevant observation is too low
to provide significant statistic.White line indicates the maximum extend of
antartic sea ice

We clearly observe a larger percentage of significant long waeegy in the southern ocean

and much less in the closed basins such as Gulf of Mexico, central Indonesiaiterfdeean
sea.Local variations in the central Pacific Ocean are caused by the presence of islands group
such as the French PolynesiaGalaggos.Swvell propagatioris blockedn the island group

and in the shadow of the island from the dominant source of ocean swell in the southern
ocean. Such shadowing can also be observed on the Argentinian coast and in northern
Australia.

The following mapf meanswellsignificant long wave height also shows the predominance of
long wave enmy in the southern ocean and to a lesser extarthe northern midlatitudes.
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Glebal statistic of SAR significant wave height 2003-2010
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Figure4-3: Global Statistic of SARwdl Significant Wave Height 20032010,
White line indicates the maximum extdrof antartic sea ice

In the following map, a further restriction is set on the dominant wavelength and the wind
speed to identify the swell conditions among all significanglamve observations. It appears

that swell regions are located mostly in the tropical and equatorial regions in the three world
largest oceand.ocal minima in the Central Pacific corresponds to Swell blockage by the French
Polynesian and Galapagos.

Percentage of significant swell cccurence (W|eﬂé}‘th>1BOm,SWh>O‘6m,Wiﬂd<10m/S) 2003-2010
136 =) 45 45 oo 138
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——— =

4]
09

=60
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0.0 20.0 40.0 E0.0 20.0 100.0

Figure 4-4: Percentage of Significant Swell Occurrence 2@0301Q White line
indicates the maximum extend of antartic sea ice
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This swell occurrence identification is confirmed by the following map of meanndoini
wavelength where large dominant wavelength is typical of swell conditlasal minima in

the central Pacific corresponds to swell blockag¢heyFrench Polynesian Island group. Closed
seas likehe Caritbean, Gulf of Mexico, Mediteanean or Indonsian are characterised by
lower mean dominant wavelength since the fetch is usually not large enough for long wave
development.

a 35
Mean Dominant wavelength (m)

50.0 100.0 150.0 200.0 250.0 300.0

Figure4-5: Global Statistic of SAR Dominant Wavelength 2@310 White line
indicates the maximum extend of antartic sea ice

Swvell mean direction is also an informative indicator of the mean origin of swell for each
region of the world ocean. Western south American,western tropical African, Southern
Indonesian and southwesterruétralian coastline are receiving mostly swell from the south
west (north earthern swell direction). Whereas Caribean islandgeceiving swell mostly
from the north east. Some interesting patterns appeay. in thenorth Mozambigue channel
or Argentira where direction is mostly from the east or south east because of large island
sheltering .

We note thatthere are virtuallyno swell systemwith the most energetigartition having a
direction between 270 and 360 (when averages doneover periods >Imonth). Therefore

the scalein figure 46astops at 27@legreeso make the colours looking more pleasing on the
eye
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Figure4-6a: Global Statistic of SAR Dominant Direction 20010 White line
indicates the maximum extend of antartic sea ice

Statistical occurrence of cross seas is also an important parameter that can be extracted from
SAR wave directional spectra that could help minimize hazards encountered by maritime users.

The percentage of crosseas is estimated by looking for the occurrence of several
simultaneous wave patrtitions within each individual SAR wave spectra and only retains those
that have significant dominant direction difference (oven 45 deg.) and sufficient energy (over
0.5 or 1mswell significant wave heightas illustrated by the following maps

F‘ercenta%e of cross sea cccurence (swh>0.85m,directions diff.>45 deq.,wl>180m) 2003-2010
—135 —ac —45 0 45 a0 1:’1-5

.

Lile]

09

0F

a
Percentage (%)

0.0 250 30.0 350 40.0

Figure4-7b: Percentage of Cross Sea Occurrence 2Q8BLO White line
indicates the maximum extenof antartic sea ice
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Figure4-8: Percentage of Cross Sea Occurrence 2083L0 White line indicates
the maximum exten of antartic sea ice

It appears clearly thamnild cross seas are quite frequent in general and mostly in the eastern
Equataial Racifig where distant swells from southern and northern mid latitude storms are
overlapping moderate to high cross seas seems to happen in more specific regions such as
southern pacific buglsoin the North ®a, Agulhas current region and southsvéustralia.

Swell crossing behind large islands can occur very regionnaly such as in the east of Shetlands or
Kergelen islands.
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4.2.2 Yearly statistics

Yearly coverage

Sincewave mode coverage is part of the background mission that has evolved with time along
ENVISAT mission duration, feeind it informative to provide a yearly evolution, since 2003, of
the wave mode observations occurrenddustrated as follows

Occurence of wave mode chservations : 2003
o —45 0 45

= =

ET —i5 0 15
Number of imagettes per 2x2 deq.
o.a 24.0 15.0 72.0 96.0 120.0

Figure4-9: Occurrence of Wave Mode Observatis 2003

Occurence of wave mode cbhservations : 2004
—48 0 45
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0.0 240 450 20 96.0 120.0

Figure4-10: Occurrence of Wave Mode Observations 2004

The start of a monitoring service in the Kerguelen islands in 2004 based on
ENVISAT Image mode clearly has an impact on the wave mode avigylabi
in this region since these two mode are mutually exclusive.
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Cecurence of wave rmode chservations @ 2005
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Figure4-11: Occurrence of Wave Mode Observations 2005

Oocurence of wave rmode chservations @ 2008
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Figure4-12: Occurrence of Wave Mod®bservations 2006
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Oocurance of wave rmode chservations @ 2007
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Figure4-13: Occurrence of Wave Mode Observations 2007

The start of a systematic monitoring of Agulhas current region with
ENVISAT wide swath mode in sept 2007 clearly has an impact avew
mode availability in this region since these two mode are mutually
exclusive.

Oecurence of wave rmode chservations @ 2008
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Figure4-14: Occurrence of Wave Mode Observations 2008
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Cecuraence of wave rmode chservations @ 2008
—45 0 45

o0 135
—

05—

THo—

50 —45 ] [
Number of imagettes per 2x2 deg.
aXa] 24.0 45.0 F2.0 96.0 120.0

Figure4-15: Occurence of Wave Mode Observations 2009

Oocurence of wave rmode chservations @ 2010
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Figure4-16: Occurrence of Wave Mode Observations 2010

We also found it interestingp look at yearly evolution afcaurrence of potentially harmful
cross seas acrossams to check if potentially dangerous seas aresame from one year to
the next, as is portrayed below
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Percentage of cross sea occurence (swh>0.5m directions diff.>45 deq.) 2003
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Figure4-17: Percentage of Cross Sea Occurrence 2003

Percentage of cross sea occurence (swh>0.5m directions diff.>45 deq.) 2004
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Figure4-18: Percentage of Cross Sea Occurrence 2004
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Figure4-19: Percentage of Cross Sea Occurrence 2005

Figure4-20: Percentage of Cross Sea Occuae 2006
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