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EXECUTIVE SUMMARY 

This document gives the Global Wave Statistics (GWS) report for GlobWave. 
Eleven areas from different ocean basins were selected for the GWS analysis, each 

being large enough to contain sufficient data for meaningful analysis (typically 10 

latitude by 20 longitude). For altimetry an overall comparison was made 
between altimeter pairs in eight areas using Quantile-Quantile plots. Monthly 
results are also given, for area 1 in the main text and for other areas in an Annex. 
For SAR there are statistics for Envisat including full global statistics giving mean 
swell significant wave heights for the full time period of analysis as well as by year, 
season and month. Global and regional distributions of integrated parameters are 
included covering the altimetry regions. 
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1 INTRODUCTION 

This document is the Global Wave Statistics report for GlobWave. It represents 
deliverable D.12 of the DUE GlobWave Project. Statistics are calculated over 
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 quantile-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 document structure is as follows: 

 Section 1 ς Introduction: this section 

 Section 2 ς Statistics areas: Map and description of eleven areas selected 
for statistics analysis. 

 Section 3 ς Altimetry statistics comparisons: Examples of histograms and 
overall comparisons for eight regions presented as Quantile-Quantile plots. 
Example monthly comparisons for area 1. 

 Section 4 ς SAR wave statistics, including regional analysis. 

 Annex A ς 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 dΩEtudes Spatiales 

CSV Comma Separated Value 

DUE Data User Element 

ENVISAT 9{!Ωǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŀǘŜƭƭƛǘŜ 

EO Earth Observation 

ERS European Remote-Sensing Satellite 

ESA European Space Agency 

ESRIN ESA Space Research Institute 

GDR Geophysical Data Record 
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Acronym Definition 

GEOSAT GEOdetic SATellite 

GFO GEOSAT Follow On 

GWS Global Wave Statistics 

Hs Significant Wave Height 

I/O Input/Output 

L2P Level-2-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 Quantile-Quantile 

RMS Root Mean Square 

SAR Synthetic Aperture Radar 

SatOC Satellite Oceanographic Consultants 

SST Sea Surface Temperature 

TBC To Be Confirmed 

UKMO United Kingdom Meteorological Office 
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2 STATISTICS AREAS  

The GWS have been calculated over selected areas representing all the major 
ocean basins, and being of a size suitable for meaningful statistical analysis 
(typically 10 degrees latitude by 20 degrees longitude). The selected areas include 
regions of high wave activity such as the North Atlantic and Southern Ocean. 
Details of these areas are given in Table 2-1, and locations are plotted in Figure 
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°-70°E 

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, 110°-130°W 

7) S Pacific / Southern Ocean 50°-60°S, 100°-120°W 

8) S Indian Ocean 40°-50°S, 100° -120°E 

9) south east Atlantic 40°-50°S, 10°W -10°E 

10) Agulhas current 35°-45°S, 20° -40°E 

11) Gulf of Mexico 20°-30°N, 100°W -80°W 

Table 2-1: Coordinates of the areas in Figure 2-1 

 

 

Figure 2-1: Areas selected for GWS analysis 
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3 ALTIMETRY STATISTICS  COMPARISONS 

This section gives the Global Wave Statistics (GWS) comparisons for altimeter 
significant wave height (Hs) measurements. Results are provided for the selected 
areas for appropriate time periods and satellite combinations. The aim is not to 
produce useful products; there are several existing providers of wave statistics for 
commercial applications, and indeed the areas here are too large for this, with 
spatial variation probable across each region, especially those at higher latitudes. 
The aim is rather to get statistics from individual altimeters and to investigate 
ŘƛũŜǊŜƴŎŜǎ between them. 

3.1 Time periods and satellite combinations  

The GWS have been calculated for the following time periods and satellite 
combinations: 

Time period Satellites 

01/01/1996 ς 31/12/2002 ERS-2, TOPEX/Poseidon 

01/01/2003 ς 31/12/2008 Envisat, Jason-1, GFO 

Table 3-1: 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 are considered 
long enough to provide meaningful comparisons. The more recent Jason-2 time 
series (which could also be compared with Jason-1 and Envisat) is not yet long 
enough for more than a one or two-year analysis, and as such the results would 
be affected by 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 of analysis used for the altimeter statistics comparisons is a 
quantile-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 on the plots. 

An example comparison of data together with the QQ plot is given in Figure Figure 
3-, and the same comparison with the histogram density plotted on a log scale is 
given in Figure 3-2 The normal histogram shows very similar distributions 
estimated from the two altimeters. The 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 quantile. The 
άǿŀƴŘŜǊƛƴƎέ vv-plot at the highest swh values (at around 12m) is no doubt due 
to sampling variability - note that although there are about 600k records from 
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each altimeter the values from each transect of the area (at 6 ς 7 km intervals) 
will have considerable 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 overall results 
in order to compare the different ocean regions. 

 

Figure 3-1: Histogram and QQ plot for swh from Envisat and GFO in area 2. 

 

Figure 3-2: 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 Jason-1 and Envisat enabling the 
characteristics of different ocean regions to be compared. The N Atlantic areas (1 
and 2) have a similar distribution, with higher waves in the NE. The Indian Ocean 
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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 similar distribution 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. 

 

Figure 3-2: Histograms for significant wave height from Envisat and Jason-1 in 
areas 1 to 4 
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Figure 3-3: Histograms for significant wave height from Envisat and Jason-1 in 
areas 5 to 8 

3.3.2 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. 

Figure 3-4 and Figure 3-6 show QQ plots comparing TOPEX/Poseidon and ERS-2. In 
general there is good agreement between the 0.05 and 0.99 quantiles. The 
exception is in the NE Atlantic (region 2) where TOPEX/Poseidon is measuring 
higher significant wave height than ERS-2. 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 of ERS-2 due to the 

different orbit inclinations (TOPEX/Poseidon is 66 and ERS-2 81.5 ). This 
difference however needs further investigation, and may be a similar issue to that 
giving rise to differences between Envisat and Jason-1 (see section 3.3.3). 

Above the 0.99 quantile there is more variation, as can be expected with the 
fewer number of data points. 
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Figure 3-4: QQ plots comparing TOPEX/Poseidon and ERS-2, areas 1 to 4 
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Figure 3-5: QQ plots comparing TOPEX/Poseidon and ERS-2, areas 5 to 8 

Figure 3-7 and Figure 3-9 show QQ plots comparing Jason-1 and Envisat. There is 
generally good agreement between the 0.05 and 0.9 quantile, but above this 
Jason-1 is generally measuring a lower proportion of high waves than Envisat. An 
analysis of this phenomenon is presented in section 3.3.3 below. 
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Figure 3-6: QQ plots comparing Jason-1 and Envisat, areas 1 to 4 
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Figure 3-7: QQ plots comparing Jason-1 and Envisat, areas 5 to 8 

Figure 3-8 and Figure 3-9 show QQ plots comparing GFO and Envisat. 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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Figure 3-8: QQ plots comparing GFO and Envisat, areas 1 to 4 
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Figure 3-9: QQ plots comparing GFO and Envisat, areas 5 to 8 

Figure 3-10 and Figure 3-11 show QQ plots comparing GFO and Jason-1. As with 
the Envisat and Jason-1 comparisons, Jason-1 is often measuring a lower 
proportion of higher waves. This is discussed further in section 3.3.3 below. 
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Figure 3-10: QQ plots comparing Jason-1 and GFO, areas 1 to 4 
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Figure 3-11: QQ plots comparing Jason-1 and GFO, areas 5 to 8 

3.3.3 Envisat and Jason-1 high waves comparison 

To analyse the reason for the lower proportion of high waves measured by Jason-
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 given in Figure 3-12 and Figure 3-13. 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 represent good 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 Jason-1, 
meaning that the Jason-1 validation process rejects relatively more data points at 
high wave heights than for Envisat. This suggests that the validation of Jason-1 
should be reviewed as it may at present be over-cautious, see below.  
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Another possibility is the calibration at high wave heights, but the regression of 
collocation points (Envisat and Jason-1) for waves above 6m shows this is not a 
contributing factor. 

 

Figure 3-12: Comparison of good quality and all measurements for Envisat and 
Jason-1 in area 4 (NE Pacific). 

 

Figure 3-13: Comparison of good quality and all measurements for Envisat and 
Jason-1 in area 8 (SE Indian Ocean). 

Further analysis has shown that a check on the range_rms value in the Jason-1 

data, used for quality evaluation, is over-cautious. 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 line). If this 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 8 in 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 Jason-1 that the range_rms check 
becomes a function of wave height and the check on the ocean / non-ocean flag is 
also reviewed. 

 

Figure 3-14: Range_rms agains Hs for Jason-1 in the NE Atlantic 

 

Figure 3-15: Comparison of Jason-1 and Envisat QQ plots with and without 
validation check on range_rms, Area 4. 
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Figure 3-16: Comparison of Jason-1 and Envisat QQ plots with and without 
validation check on range_rms, Area 8. 

 

3.4 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. 

Table 3-2 gives the results from analyses of all the good values of calibrated Hs 
(i.e. with swh_quality = 0) from ERS-2 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 593048 Topex). There are roughly the same 
number of records in each month for both altimeters, so all the data provide 
reasonable estimates of the annual distribution. 

Figure 3-17 and Figure 3-18 show the QQ-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 in Table 3-2 (except in the lowest tail, 
similar to that noted above in the all-year distribution). The upper tails have 
considerable diũerences, but with scatter to both sides of the dashed 45° line, 
suggesting this is sampling variability. This clearly illustrates that 7 years of data 
from one altimeter are insuŶcient to provide estimates of extreme wave heights 
in this region of the NW Atlantic. 
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Altimeter month N (k) mean s.d. 5% 25% 50% 75% 95% 99% 

ERS-2 all 601 2.49 1.34 0.89 1.52 2.21 3.15 5.10 6.85 
T/P all 595 2.51 1.31 0.98 1.57 2.20 3.18 5.07 6.83 

ERS-2 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 

ERS-2 2 46 3.21 1.27 1.61 2.31 2.98 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 

ERS-2 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 5.31 6.70 

ERS-2 4 52 2.68 1.13 1.27 1.89 2.48 3.21 4.86 6.40 
T/P 4 48 2.70 1.15 1.39 1.90 2.44 3.23 4.90 6.61 

ERS-2 5 50 1.91 0.77 0.89 1.37 1.80 2.31 3.30 4.39 
T/P 5 54 1.92 0.70 1.00 1.42 1.79 2.26 3.28 4.16 

ERS-2 6 48 1.55 0.62 0.69 1.11 1.45 1.88 2.73 3.40 
T/P 6 49 1.58 0.61 0.87 1.18 1.41 1.90 2.82 3.56 

ERS-2 7 47 1.43 0.62 0.64 1.02 1.33 1.72 2.61 3.48 
T/P 7 49 1.46 0.54 0.77 1.08 1.38 1.69 2.51 3.35 

ERS-2 8 50 1.39 0.65 0.62 0.98 1.27 1.65 2.48 3.77 
T/P 8 47 1.43 0.60 0.77 1.07 1.28 1.63 2.41 3.74 

ERS-2 9 49 2.10 1.06 0.89 1.41 1.88 2.53 4.02 6.09 
T/P 9 51 2.06 0.94 0.98 1.45 1.89 2.41 3.79 5.38 

ERS-2 10 52 2.45 1.06 1.13 1.71 2.27 2.98 4.36 5.99 
T/P 10 44 2.47 1.11 1.28 1.69 2.20 2.98 4.56 6.54 

ERS-2 11 51 2.96 1.17 1.48 2.13 2.73 3.60 5.14 6.63 
T/P 11 51 3.01 1.21 1.57 2.10 2.72 3.64 5.38 7.01 

ERS-2 12 55 3.5 1.45 1.63 2.45 3.23 4.30 6.27 7.96 
T/P 12 53 3.55 1.46 1.67 2.51 3.34 4.29 6.20 8.30 

Table 3-2: Results of monthly analysis for TOPEX/Poseidon and ERS-2 in area 1 

Figure 3-17 and Figure 3-18 show the QQ-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 in Table 3-2 (except in the lowest tail, 
similar to that noted above in the all-year distribution). The upper tails have 
considerable diũerences, but with scatter to both sides of the dashed 45° line, 
suggesting this is sampling variability. This clearly illustrates that 7 years of data 
from one altimeter are insuŶcient to provide estimates of extreme wave heights 
in this region of the NW Atlantic. 
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Figure 3-17: Monthly QQ plots from TOPEX/Poseidon and ERS-2 for area 1, 
January to June 
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Figure 3-18: Monthly QQ plots from TOPEX/Poseidon and ERS-2 for area 1, July 
to December 
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4 SAR WAVE STATISTICS  

4.1 Time periods and regions  

The GWS from ENVISAT SAR have been calculated for the following time period 01/01/2003 ς 
31/12/2010 

For the whole globe and for each region, the analysis has been carried out over the whole time 
period and also for the four seasons (DEC-FEB, MAR-MAY, JUN-AUG, SEP-NOV) to look at 
seasonal variations. 

4.2 Global statistics  

4.2.1 Whole period  

ENVISAT ASAR acquisitions modes are self exclusive and the wave mode is only one of them. 
Wave mode coverage 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, GMES ice service, etc). The following yearly coverage map 
shows the data acquisition coverage since the start of the mission. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƳŀǇ ƻŦ άhŎŎǳǊǊŜƴŎŜ ƻŦ ǿŀǾŜ ƳƻŘŜ ƻōǎŜǊǾŀǘƛƻƴǎέ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ǳƴƛŦƻǊƳ ƻƴ 
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.  

 

Figure 4-1: Occurrence of Wave Mode Observations 2003-2010. White line 
indicates the maximum extend of antartic sea ice 
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The percentage of significant long wave occurrence is the percentage of all valid wave spectra 
that exhibit at least one wave partition with swell significant wave height over 0.6m. 

 

Figure 4-2: Percentage of Significant Long Wave Occurence 2003 ς 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 wave energy in the southern ocean 
and much less in the closed basins such as Gulf of Mexico, central Indonesia or Mediterranean 
sea. Local variations in the central Pacific Ocean are caused by the presence of islands group 
such as the French Polynesia or Galapagos. Swell propagation is blocked in 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 map of mean swell significant long wave height also shows the predominance of 
long wave energy in the southern ocean and to a lesser extent in the northern mid-latitudes. 
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Figure 4-3: Global Statistic of SAR Swell Significant Wave Height 2003 - 2010. 
White line indicates the maximum extent of 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 significant long wave observations. It appears 
that swell regions are located mostly in the tropical and equatorial regions in the three world 
largest oceans. Local minima in the Central Pacific corresponds to Swell blockage by the French 
Polynesian and Galapagos.  

 

Figure 4-4: Percentage of Significant Swell Occurrence 2003 ς 2010. White line 
indicates the maximum extend of antartic sea ice 



 

 

 
DUE GlobWave - GWS 

Ref: GlobWave/DD/GWS Issue 1.2 
Date: 19 August 2011 

 

 

 

 
Page 30 / 92 

 
© 2011 Logica UK Ltd 

 

This swell occurrence identification is confirmed by the following map of mean dominant 
wavelength where large dominant wavelength is typical of swell conditions. Local minima in 
the central Pacific corresponds to swell blockage by the French Polynesian Island group. Closed 
seas like the Caribbean, Gulf of Mexico, Mediterranean or Indonesian are characterised by 
lower mean dominant wavelength since the fetch is usually not large enough for long wave 
development. 

 

Figure 4-5: Global Statistic of SAR Dominant Wavelength 2003 ς 2010. White line 
indicates the maximum extend of antartic sea ice 

Swell 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 southwestern Australian coastline are receiving mostly swell from the south 
west (north earthern swell direction). Whereas Caribean islands are receiving swell mostly 
from the north east.  Some interesting patterns appear e.g. in the north Mozambique channel 
or Argentina where direction is mostly from the east or south east because of large island 
sheltering .  

We note that there are virtually no swell systems with the most energetic partition having a 
direction between 270 and 360 (when averages are done over periods >1 month). Therefore 
the scale in figure 4-6a stops at 270 degrees to make the colours looking more pleasing on the 
eye. 
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Figure 4-6a: Global Statistic of SAR Dominant Direction 2003 - 2010. 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 cross seas is estimated by looking for the occurrence of several 
simultaneous wave partitions 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 1m swell significant wave height), as illustrated by the following maps. 

 

Figure 4-7b: Percentage of Cross Sea Occurrence 2003 - 2010. White line 
indicates the maximum extent of antartic sea ice 
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Figure 4-8: Percentage of Cross Sea Occurrence 2003 - 2010. White line indicates 
the maximum extent of antartic sea ice 

It appears clearly that mild cross seas are quite frequent in general and mostly in the eastern 
Equatorial Pacific, 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 but also in the North Sea, Agulhas current region and south west Australia. 
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 

Since wave mode coverage is part of the background mission that has evolved with time along 
ENVISAT mission duration, we found it informative to provide a yearly evolution, since 2003, of 
the wave mode observations occurrence, illustrated as follows.  

 

Figure 4-9: Occurrence of Wave Mode Observations 2003 

 

Figure 4-10: 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 availability 

in this region since these two mode are mutually exclusive. 
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Figure 4-11: Occurrence of Wave Mode Observations 2005 

 

Figure 4-12: Occurrence of Wave Mode Observations 2006 
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Figure 4-13: 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 on wave 

mode availability in this region since these two mode are mutually 

exclusive. 

 

Figure 4-14: Occurrence of Wave Mode Observations 2008 
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Figure 4-15: Occurrence of Wave Mode Observations 2009 

 

Figure 4-16: Occurrence of Wave Mode Observations 2010 

 

We also found it interesting to look at yearly evolution of occurrence of potentially harmful 
cross seas across years to check if potentially dangerous seas are the same from one year to 
the next, as is portrayed below.  
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Figure 4-17: Percentage of Cross Sea Occurrence 2003 

 

Figure 4-18: Percentage of Cross Sea Occurrence 2004 
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Figure 4-19: Percentage of Cross Sea Occurrence 2005 

 

 

Figure 4-20: Percentage of Cross Sea Occurrence 2006 

 


