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Abstract

The monthly exchange of operational ocean wave model data has successfully been
taking place for over 12 years. Nowadays, model datafrom twelve operationa centres
are compared with observations obtained from moored buoys and platforms. This
paper briefly reviews the status of this inter-comparison.

1. Introduction

A routine inter-comparison of wave model forecast verification data was first
informally established in 1995 following discussions at the WISE meeting in
Ensenada (Mexico). It was intended to provide a mechanism for benchmarking and
assuring the quality of wave forecast model products.

This original inter-comparison was developed around the exchange of model analysis
and forecast data at an agreed list of moored buoy sites at which observations of



significant wave height, wave period and wind speed are available over the Global
Telecommunication System (GTS) from the World Meteorologica Organization
(WMO). Five centres (ECMWEF), the Met Office (United Kingdom), FNMOC (USA),
NCEP (USA) and the Meteorological Service of Canada (MSC)) routinely running
wave forecast models contributed to the original exchange. The usefulness of thistype
of data collection was presented during WAVES97 (Bidlot et a. 1998).

The exchange was subsequently expanded with the addition of Météo France in 2001.
A paper discussing results from the exchange was published in 2002 (Bidlot et al.
2002). The Joint Technical Commission for Oceanography and Marine Meteorology
(JCOMM) via its Expert Team on Wind Waves and Storm Surges, during its first
meeting (ETWS-I, Halifax, Canada, June 2003) noted the value of the exchange, and
endorsed the further expansion of the scheme to include other wave forecast systems.
In recent years, this project has expanded to include Deutscher Wetterdienst (DWD),
the Australian Bureau of Meteorology (BoM), the Service Hydrographique et
Océanographique de la Marine (SHOM) and Japan Meteorological Agency (JMA). In
2007, contributions from the Korea Meteorological Administration (KMA) (Republic
of Korea), and Puertos del Estado (Spain) were received. All twelve centres actively
contribute data on a routine basis. Some participants are also providing observations
that are not commonly available on the GTS.

The mechanism for the data collection is similar to the one set up for the original
exchange. On a monthly basis, each centre provides files of model data collocated
with the buoy locations in an agreed format to ECMWF, where the data are collated
for subsequent access. The combined datasets are then processed to provide statistics
for each centre at each buoy. Observation data are also added at ECMWF, and are
quality controlled, with wind speeds adjusted to 10m height. A technical report on the
inter-comparison was submitted following the JCOMM Services Coordination Group
SCG-I meeting, and was published in 2006 (Bidlot and Holt, 2006). This report
provides a description of the project activity, and includes a full technical
specification of the data exchange process.

At the second JCOMM Expert Team on Wind Waves and Storm Surges (ETWSHI,
Geneva, March 2007), it was agreed that this activity should continue and that it needs
to be consolidated. It was also recognised that it should aso be more visible to the
wider community at large.

It is now opportune to review what has been achieved so far. Improvements in wave
forecasting are clearly visible. At the same time, from the slow, yet steady increase in
available wave observations, the inter-comparison is extending to more locations.
Finaly, it is hoped that the current results will motivate participants to discuss
possible new avenues for expanding this inter-comparison.

This paper is intended to show some of the results of the inter-comparison. It is
however not the intention of the authors to try to explain the possible reasons for the
differences between the different systems.

In the next section, data involved in this inter-comparison are briefly reviewed,
followed by examples of some recent results.



2. Data

Sea state and ocean surface meteorological observations are routinely collected by
several nationa organizations via networks of moored buoys or weather ships and
fixed platforms deployed in their near- and offshore areas of interest. The data are
usually exchanged via GTS. The geographical coverage of the wave data is till very
limited (yet expanding), and at the present wave model resolution, only a subset of all
these stations is within the wave model grids. Most measurements are taken in the
Northern Hemisphere (Figure 1).

The hourly wave and wind data are transferred continually via the GTS to national
meteorological centres and are usually archived with all other synoptic observations.
In the remainder of the paper, the word buoy will be used to refer to the selected
moored buoys, weather ships or platforms since most of the reliable observations
come from moored buoys. Note however that the observation principle for waves
from moored buoys is quite different from that used from platforms. Buoys usually
rely on time series analysis of the buoy motion to derive wave spectra whereas radar
imaging of the sea surface is employed by platforms to derive the wave spectra.
Collocations between these observations and the corresponding model values
interpolated to the buoy locations can easily be obtained. A direct comparison
between model values and buoy and platform observations is however undesirable as
some measurements may still be erroneous. Furthermore, model and observed
quantities represent different time and spatial scales.

Before using observations for verification, care has to be taken to process the data to
remove any erroneous observations. It is also necessary to match the scale of both
model and observations. This scale matching is achieved by averaging the hourly data
in 4 hourly time windows centred on the four major synoptic times corresponding to
the usual model output times. The original quality control and averaging procedure
was discussed in Bidlot et a. (2002). It was extended to include platform data as
described in Sadra and Bidlot (2004).

The inter-comparison relies on the exchange of model output at buoy locations. An
agreed upon list of locations is used where observations are known to be available.
Because buoy networks are changing with time, as witnessed by a rapid increase in
the number of buoys available since the mid-nineties (Figure 1), updates to the list
have been necessary. Not all participating centres have been able to update their list at
the same time however. Other participants are only running limited area model(s) or
use a coarser grid. Because of the limited number of buoys, afair comparison between
the different systems can only be achieved if the same number of buoys and the same
number of buoy-model collocations are used.

Buoy anemometers are not usually at an average height of 10 meters. However, the
wind observations used here will be compared to model wind 10 meters above mean
sea level. Therefore, the height of the anemometers was obtained from the data
providers and the wind speed statistics were produced by adjusting the buoy winds to
10 m. The wind speed is corrected assuming that on average the wind profile in the
planetary boundary layer is neutral (Bidlot et al. 2002). Winds from platforms are
usually adjusted to 10 m by the data providers. A reduction factor is used even though



the height of the anemometer could be in the several tens of meters. Winds from
platforms are therefore less reliable than buoy observations.

Besides wave heights, buoys also report wave period measurements. There is
however, no consensus on what type of period should be reported. Canadian and US
buoys report the period corresponding to the peak in the one-dimensiona wave
spectrum, the peak period (Tp), whereas the other data providers use a mean period,
usually the zero mean crossing period (Tz) which can roughly be equated to the
reciprocal of the sguare root of the normalized second moment of the frequency
spectrum.

In some countries, wave measurements are not made by the National Meteorological
Service. As a consequence, there is no, or only limited access, to the GTS for
dissemination. Nevertheless, it was possible to gather and exchange monthly datasets
of observations in some cases. This is currently the case with the South African
Westher Service. On a monthly basis, hourly time series of the observations from the
platform ZSWAYV are sent viaemail to alist of interested people. These data are used
to complement the data already received by GTS. Recently, Oceanor has made their
detailed buoy observations available via the web and monthly data sets are retrieved
to supplement the GTS data (http://www.oceanor.com/Barents Sea/).

Similarly, the Australian Bureau of Meteorology is kindly providing wind and wave
buoy data it has collected from different institutes around Australia (Figure 1). The
buoy data are sent to ECMWF every month together with the model data. Likewise,
SHOM has recently deployed a directional buoy off the west coast of France (buoy
62064) and has attached the relevant buoy data to its model data contribution. Puertos
del Estado is maintaining a network of buoys along both Atlantic and Mediterranean
Iberian coasts (Figure 8). Their wave spectral data should soon become available on
the GTS. In the mean time, as part of joining the inter-comparison, they have enabled
access to their ftp site where the hourly observations can be fetched.
(http://www.puertos.es/en/oceanografia_y meteorol ogia/index.html)

Twelve operationa centres are currently contributing data. All are running global
wave models except for MSC and Puertos del Estado, abeit with different wave
model(s), different wind forcing, and different model configurations. MSC has one
model set up for the North Pacific and another one for the North Atlantic. Puertos del
Estado has different models for the Atlantic and the Mediterranean Sea. MF global
wave model considered for this inter-comparison is not used by forecasters over the
Pacific dueto lack of resolution of the forcing winds (see appendix)

Forecasting systems are evolving with time, it is therefore hard to keep an up-to-date
description of each system. We have tried to provide alist of recent publications and
dynamic links in the appendix if areader isinterested in a detailed description.

3. Examples of recent results

Every month, each participating centre creates files that contain model monthly time
series of 10-m wind speed and direction, wave height, and wave period at the selected
locations. It was agreed to look at the analyses at the four major synoptic times (0, 6,
12, 18 UTC) if available and at the day 1 up to day 5 forecasts from 0 and 12UTC



(when available). In order to facilitate the data exchange, a ssimple fixed ASCII text
format is used. Thereisafile for each forecast step and all buoys and times have to be
included. These files are transferred via FTP to ECMWF (password required). The
contributions from all participants are combined with the corresponding buoy data
and the resulting files are made available to all participants viathe same FTP server.

It is the responsibility of each participant to retrieve the combined files from the
ECMWEF server. The statistical analysis of the data is left to each centre (i.e. scores
are not exchanged as is done for atmospheric models). However, ECMWF has a semi
automatic procedure to analyze the monthly results from which comparative tables
and summary plots are produced. The tables and plots are also available every month
from the ECMWF server (most plots are aso visible on the internal web pages at
ECMWEF). Summary reports have also been recently posted on the ETWS part of
JCOMM web site. A few examples are presented below.

The monthly comparison with the buoy datais performed by looking at basic statistics
- assuming that the quality controlled buoy data represent the truth - such as the mean
of the difference between model and observations (bias), the root mean square error
(RMSE), the scatter index (Sl), defined as the standard deviation of the difference
normalized by the mean of the observations, linear correlation coefficient (CC). The
model analyses and the different forecast steps are compared. These tabulated
statistics are supplemented by plots of time series of the different parameters as well
as plots of the evolution of the different quantities in function of the forecast range.
Time series of the different observed parameters at al buoy locations are provided as
well but with 12 participants, the plots are quite often hard to decipher (not shown).

A general perception of the fit of the model data with the buoy observations is also
presented in scatter diagrams. Figure 2 is such an example for wave height day one
forecasts for the 10 centres with a global wave model for June to August 2007. The
corresponding statistics are given in Table 1. Note that at the time of writing, not all
participants had updated their buoy list to the latest one, hence the relative small
number of buoys that were used when compared to Figure 1 (the buoy list roughly
corresponds to the original list used in Bidlot et al. (1998 and 2002), besides Japanese
buoys that are no longer available). Recall that a fair comparison between the
different outputs can only be made if the same observations are used. Table 2 and 3
show similar statistics for wind speed and peak period.

The evolution of the scatter index and the bias in terms of the forecast step can also be
plotted as presented in Figure 3 for the same period as in the previous Figure. From
these types of plots, it is pretty clear that some forecasting systems have quite
different characteristics. It is not the intention of this paper to review the possible
reasons why it could be so. Note however that discussions are taking place to resolve
(understand) some of the outliers.

This global picture of the performance of each system should be complemented with
the seasonal variation of the different statistics. The time series of the 3-month
running average of the day 1 and day 3 forecast wave height, wind speed and peak
period scatter indices are presented in Figure 4. The plots clearly illustrate the
seasona variation of the error, as well as the seasonal rate of degradation of the
forecasts. Note the arrival of many new participants in 2006-2007, overwhelming the



clarity of the plot. Clearer longer trend analysis can be shown by using a 12 month
running mean of the seasonal statistics, as shown on the right hand side of Figure 4. It
appears that, generally, nice improvements of the quality of wave forecasts have been
taking place for the last 10 years.

Regional variations of the fit to the data can aso be studied as shown for buoys
around Hawali in Figure 5, compared to European buoys in the North East Atlantic in
Figure 6 for December 2006 to February 2007. A dlightly more extended list of
locations than the original oneis used in these plots.

Similarly, regional models can be compared to global ones in each of the regional
model area of interest as illustrated in Figure 7 for MSC. The genera trend in these
scatter index time series confirms the ongoing improvements in wave forecasting,
even at regiona scale. It aso shows that the error characteristics can be rather
different from one ocean basin to the next.

Wave forecasts can have quite different quality in open ocean conditions or in
enclosed sea environments. The newly acquired Spanish buoy data, together with the
data aready available via GTS can be compared to forecasts from Puertos del Estado
and the few global systems that have a sufficiently fine resolutions for the European
Atlantic area and the Western Mediterranean Sea (Figure 8). As expected, enclosed
seas are harder to predict in terms of wave height and wind speed but not necessarily
in terms of mean periods.

Finally, as seen in Figure 1, the number of available buoys has increased in the past
10 years. A new list of locations has recently been suggested in which new areas have
become available for comparison. Figure 9 shows a recent example of forecast scores
for buoys around Indiaand Australia respectively.

4. Conclusions

Every month, wave model analysis and forecasts from the participating centres are
compared with buoy observations at selected locations. The buoy data are obtained
from the GTS and a few other sources. A basic quality control and averaging
procedure is used to produce observations which can be compared to the equivalent
model values. The resulting comparison serves as an additiona validation tool for the
operational wave forecasting system of each collaborating centre (winds and waves).
As such, it provides an independent reference for operational changes or problems
which could otherwise go unnoticed. This information is also being used to identify
wave modelling shortcomings and ultimately it should lead to improvements of future
wave models.

It is believed that centres engaged in wave forecasting will benefit from this activity
in the same way as weather centres benefit from the exchange of forecast verification
scores. In that matter, everyone involved in the project knows the actual skill of the
model forecasts, and sees what kind of errors should be tackled first.

The wave buoy data set is usually not included in the operational wave data
assimilation scheme; it therefore constitutes an independent reference. Its



geographical coverage is however very limited. In future, the collaboration could be
extended to include other types of wave data (satellites) as well as model forecast
scores verified against their own analysis (or a consensus) asit is done with numerical
weather prediction models. In that case, greater geographical coverage will be gained
at the cost of totally independent data.

We aso hope that by making the information more widely available, it will stimulate
a larger wave data exchange with organizations which collect wave data but do not
make them available on GTS.
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Figure 1: Locations where wind and wave data were collocated with the ECMWF model in 1996, 2002
and 2007. Most data were obtained via the GTS, except for data around Spain, Australia and the
Barents Sea (see text).



all buoys 0706 to 0708 all buoys 0706 to 0708 all buoys 0706 to 0708
all buoys 0706 to 0708

4 ENTRIE: /| enTRI
4 E.C.M.W.F. ENTRIES s M.S.C. / o . S: o J.M.A. / ES
=1-3 . 5 =1-3 =1-3
o =3-6 o § /" = |=3-6 o " 3-6
€ T, 6-13 E € . 6-13 E 6-13
£ . £ £ ;S
Eh . 13-29 i i - 13-29 E 13-29
- - = 29-67 - = 29-67 " = 29-67
2 2 2 2
= 67-155 = 67-155 = 6715
E 5530 = s " 530
2 3 Q g 2 7 Q g ) 2 7 G g 2 T 6
Hs(m) buoy Hs(m) buoy Hs(m) buoy Hs(m) buoy
Comparison of forecast(t=t+24) ECMWF wave height Comparison of forecast(t=+24) AES wave height Comparison of forecast(t=t+24) DWDwave height Comparison of forecast(t=t+24) JMA wave height
with averaged buoy data. fc from 0and 122 with averaged buoy data. fc from O and 122 with averaged buoy data. fc from Oand 122 with averaged buoy data. fc from 0 and 12Z.
J MetOffice ENTRIES: | | ENTRIES: ENTRIES: 4 KMA 7/ |ENTRIES:
=1-3 =1-3 =1-3 =1-3
V4 -
o "=3-6 o =3-6 o p =3-6 E 7 =3-6
£ 6-13 3 6-13 E 6-13 E 1= " 6-13
£ £ £ - = .
4 13-29 4 13-29 4 bl . 13-29 T 13-29
= 29-67 = 29-67 - = 29-67 u = 29-67
2 2 2 2
W 67 -155 W 67-155 W 67-155 - u 67-155
u 150 u 150 u 10 n ss%0
% 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6
H, (m) buoy H, (m) buoy H, (m) buoy H; (m) buoy
Comparison of forecast(t=t+24) NCEP wave height Comparison of forecast(t=t+24) UKMO wave height Comparison of forecast(t=t+24) BoM wave height Comparison of forecast(t=t+24) KMA wave height
with averaged buoy data. fc from 0 and 12Z. with averaged buoy data. fc from 0and 12z with averaged buoy data. fc from 0 and 12Z. with averaged buoy data. fc from 0 and 12Z.
LIy w7
J F.N.M.O.C. W/ |ENTRES J MeteoFrance ENTRIES: J S.HOM. ENTRIES: J PdelEstados
5 " =1-3 =1-3 =1-3
o "3-6 o =3-6 o =3-6 o
— — - " Cl — =
£ 6-13 £ 6-13 E 6-13 £
= A = " =
4 13-29 4 R 13-20 194 13-29 Ea
- = 29-67 = 29-67 = 29-67
2] 2| = 2|
= 67-155 L = 67-155 = 67-155
= 1530 u 10 u 10 I
2 7 G g B 7 G g kg 2 7 Q g 2 7 6
H; (m) buoy H,(m) buoy H, (m) buoy H, (m) buoy
Comparison of forecast(t=t+24) FNMOC wave height Comparison of forecast(t=t+24) METFRwave height Comparison of forecast(t=t+24) SHOM wave height Comparison of forecast(t=t+24) PRTOS wave height
with averaged buoy data. fc from 0 and 12Z. with averaged buoy data. fc from 0and 122 with averaged buoy data. fc from 0and 12Z. with averaged buoy data. fc from 0 and 12Z.

Wind and wave observations at common locations for all buoys from 200706 to 200708

160°W  140°W  120°W  100°W  80°W 60°W 0w 200w o 20°E 40°E 60°E 80°E 100°E 120°E  140°E 160°E
70°N 70°N
60°N - 60°N
. . J
. .
so'N . 45 so'N
L °
- ® .0
40°N °«® (4 40°N
o
0
30°N . 30°N
.
. .
20°N e 20°N
10°N 10°N
o o
10°s 10°8
20°s 20°s
30°s 30°s
40°s 40°s
50°S 50°5
60°S 60°s
70°s 70°s
160°W  140°W  120°W  100°W  80°W 60°W 0w 200w o 20°E 40°E 60°E 80°E 100°E 120°E 140 160°E

Figure 2: Scatter diagrams for the day 1 wave height forecasts at all common active buoys as shown on
the map above from June to August 2007. Only global models are used.

Table 1. Wave height statistics corresponding to Figure 2:

N=2456 ECMWEF | MetO FNMOC | NCEP MF DWD BoM SHOM JMA KMA

Sl (%) 151 210 |192 186 |231 |20.2 {226 [18.0 |20.9 |30.5

Bias (m) -0.02 1020 [0.04 |011 [0.22 |0.04 [0.03 |0.00 [-0.18|0.05

CC 095 [092 [094 [094 (10.89 |0.92 |0.89 {093 |091 |0.79

RMSE(m) | 025 [040 032 (033 |044 [0.34 [0.38 |0.30 [0.40 |0.50




Table 2: Forecast day 1 wind speed statistics for the same period as in Figure 2:

N=3250 ECMWF | MetO | FNMOC | NCEP | MF DWD | BoM | SHOM | JMA | KMA
Sl (%) 22.5 2321261 (279 249 [ 250 |278 222 |259 310
Bias (m/s) -0.03 023 |-014 |0.23 |-041 |-0.01|0.11 |-0.06 | 0.13 | -0.44
CC 0.87 087 (082 |0.81 084 |0.83 |081|087 |0.84|0.74
RMSE (m/s) | 1.43 149 | 1.67 179 [163 |[159 |1.77|141 |1.65 202

Table 3: Forecast day 1 peak period statistics for the same period asin Figure 2:

N=2750

ECMWF

MetO

FNMOC

NCEP

MF

DWD

BoM

SHOM

JMA

KMA

S (%)

26.8

44.8

315

24.5

40.1

36.9

Bias (s)

0.40

1.65

-0.21

-0.66

0.68

1.14

CC

0.63

0.40

0.54

0.65

0.34

0.51

RMSE ()

2.18

3.94

2.53

2.06

3.27

3.16
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Figure 3: Forecast scoresin terms of scatter index (left panels) and bias (model-buoy) (right panels) for
wave height (top panels), wind speed (middle panels) and peak period (bottom panels) for all common
active buoys as shown in Figure 2 for June to August 2007. Only global models are shown. Not all
participants provide peak periods.
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Figure 4. Scatter index time series for wave height (top panels), wind speed (middle panels) and peak
period (bottom panels) for all buoys common to 10 centres with a global model (when available). Thick
solid lines are used to display day one scores and thin dashed lines correspond to day 3 statistics. For
clarity, a 3 month running average of the statistics was used to display the data on the left (recent
period when all 10 centres contributed data) and a 12 months running mean of the 3 month running
average was used to display longer time series on the right (since Dec. 1996). Note that buoy data
coverage has changed over time. Not all participants provide peak periods. FNMOC did not provide
data for afew monthsin 2001 and DWD interrupted data dissemination for over a year in 2005-2006.
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Figure 5: Forecast scores in terms of scatter index (left panels) and bias (model-buoy) (right panels) for
wave height (top panels), wind speed (middle panels) and peak period (bottom panels) for all common
active buoys from the second list in and around Hawaii as shown on the map for December 2006 to
February 2007. Only global models, excluding the metoffice, Météo France and KMA, are shown. The
table on top of the map gives the number of collocations at each buoy for wind speed, wave height (Hs)
and peak period (Tp).
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SIGNIFICANT WAVE HEIGHT SCATTER INDEX at 11 NEATL buoys
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Figure 6: Forecast scores in terms of scatter index (left panels) and bias (model-buoy) (right panels) for
wave height (top panels), wind speed (middle panels) and peak period (bottom panels) for all common
active buoys from the second list as shown in the North East Atlantic area (British, Irish and French
buoys) as shown on the map for December 2006 to February 2007. Global models, excluding the
metoffice, Météo France and KMA, are shown. The table on top of the map gives the number of
collocations at each buoy for wind speed, wave height (Hs) and peak period (Tp).
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SCATTERINDEX FORWAVE HEGHT at North East Pacific buoys

SCATTERINDEX FOR WAVE HEGHT at North West Atlantic buoys.
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Figure 7: Time series of scatter index (top panels) and bias (bottom panels) since 2001 for wave height
for all buoys common to ECMWF, FNMOC, MSC, DWD, BoM and SHOM (when available). Thick
lines are used to display day one scores and thin lines correspond to day 2 statistics. A 3 month running
average of the statistics was used to display the data and a 12 months running mean of the 3 month
running average is overlaid. All common buoys in the North East Pecific (left) and in the North West
Atlantic were used (right) as shown in the attached maps. The tables on top of the maps give the
number of collocations at each buoy for wind speed, wave height (Hs) and peak period (Tp).
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Figure 8: Forecast scores in terms of scatter index for wave height (top panels), wind speed (middle
panels) and mean wave period (bottom panels) for all common active buoys to ECMWF, the metoffice,
DWD and Puertos del Estado for European Atlantic buoys (left hand side) and western Mediterranean
buoys (right) as shown on the map for August and September 2007. The tables on top of the maps give
the number of collocations at each buoy for wind speed, wave height (Hs) and mean wave period (Tz).
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SIGNIFICANT WAVE HEIGHT SCATTER INDEX at INDIA buoys
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Figure 9: Forecast scores in terms of scatter index for wave height (top panels), wind speed (middie
panels) and peak period (bottom panels) for all common active buoys to ECMWF, the metoffice,
FNMOC, DWD, BoM and SHOM for all Indian buoys (left hand side) and all Australian buoys for
August and September 2007. The map shows al common locations of the latest list, including data
from around India and Australia. Peak periods are not available for the Indian buoys. Only one
Australian buoy reports wind speed.
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The wave model is aversion of WAM4 with some WAM3 physics. Altimeter wave
heights are assimilated with spatially varying background errors.

The operational atmosphere and wave forecasting systems are described in NMOC
Operations Bulletins:
http://www.bom.gov.au/nmoc/bulleting/nmc_bulletin.shtml

Relevant publications:
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Bender, L.C. 1996. Maodification of the Physics and Numerics in a Third-Generation
Ocean Wave Model, J. Atmos. Oc. Tech., 13, 726 - 750.

Greenslade, D.J.M. and |.R. Young, 2005: The impact of inhomogenous background
errors on a globa wave data assimilation system, J. Atmos. Oc. <ci., 10, No. 2
doi:10.1080/17417530500089666

Greenslade, D.J.M. 2004: Marine Forecasting at the Bureau of Meteorology, In "The
Past, Present and Future of Numerical Modelling": extended abstracts of
presentations at the sixteenth annual BMRC Modelling Workshop, 6-9
December 2004, Melbourne, Australia, November 2004.

Greendlade, D.J.M., E. W. Schulz, J. D. Kepert and G.R. Warren, 2005: The Impact
of the Assimilation of Scatterometer Winds on Surface Wind and Wave
Forecasts, J. Atmos. Oc. i, 10, No 3, doi:10.1080/17417530600784976

Schulz, E. W., J. D. Kepert, and D. J. M. Greenslade, 2007: An Assessment of Marine
Surface Winds from the Australian Bureau of Meteorology Numerical Weather
Prediction Systems, Wea. and Forecasting, 22, No. 3, pp 609 - 632.

A9 Service Hydrographique et Océanographique delaMarine (SHOM) :

The wave model is a version of WAVEWATCH Il with some WAM4 physics,
forced by ECMWF winds. No data are assimilated. Until June 2007 the output
provided for this comparison combined only the global 1° and North Atlantic 0.5°
domains. As of July 2007, in order to alow a meaningful comparison at the Spanish
buoys, the 0.1° Mediterranean grid output is used when and where available.

Thanks to this comparison exercise, and questions from P. A. E. M. Janssen and J. R.
Bidlot, errors in the implementation of the ECWAM version of WAMA4 have been
found. The corrected model, based on version 3.13-beta of WAVEWATCH Il is now
used as of October 22, 2007. The source term package used will be part of the officia
3.14 version of WAVEWATCH Il released by NCEP, and activated by the ‘ST3
switch.

The model set-up used in the present paper is described at:
http://surfouest.free.fr/NY MPHEA/

and its ongoing upgrade is described at:
http://surfouest.free.fr/ CAPARMOR/

Model hindcast results can be found at:
ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/wavewatch3/HINDCAST/

Relevant publications:
Ardhuin, F., T. H. C. Herbers, G. Ph. van Vledder, K. P. Watts, R. Jensen et H.

Graber, Slanting fetch and swell effects on wind wave growth, J. Phys.
Oceanogr., 37, 908—931.
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A10 Japan Meteorological Agency (JMA):

The wave modéd is the ‘MRI-1II" which was originaly developed at Meteorological
Research Institute (Ueno and Kohno, 2004). This model is a third generation wave
model in deep water and observed data are not assimilated. The previous version of
the MRI-II1 had been in operation since 1998, but it was replaced by the current
version on 30th May 2007. The outline of the operational wave model is described in
the following notes (JMA, 2007), and the latest topics are presented in the session 17
(Model improvement) of this workshop.

The operational wave forecast based on model data are available at:
http://www.data.kishou.go.jp/kaiyou/db/wave/chart/fwpn e.html

Information on the atmosphere and wave models
http://www.jma.go.j p/[ma/jma-eng/| ma-center/nwp/outline-nwp/index.htm

Related publications:

Ueno, K. and N. Kohno, 2004: The development of the third generation wave model
MRI-I1I for operational use. in Proc. 8th Int. Workshop on Wave Hindcasting
and Forecasting, G2, 1-7.
(also available at: http://www.waveworkshop.org/8thWaves/Papers/G2.pdf)

A1l Korea Meteorological Administration (KMA):
Genera information can be found at

http://web.kma.go.kr/eng/wis/gws 04.jsp

Recent publication:

Park S., Lee D.-U., Seo J.-W., 2007: Operational wind wave prediction system at
KMA. Proceedings to the JCOMM Scientific and Technical Symposium on
Storm Surges, 2-6 October 2007, Seoul, Republic of Korea.

Available at

http://www.ioc-goos.org/index.php?option=com_oe& task=viewEventDocs& event| D=126

A12 Puertos del Estado (PRTOYS):

Modelling effort and observation networks are described at
http://www.puertos.es/en/oceanografia_y meteorologia/index.html
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Recent publication:

M. Gomez Lahoz and J.C. Carretero Albiach, 2005: Wave forecasting at the Spanish
coasts. Journal of Atmospheric and Ocean Science. 10, No. 4, December 2005,
389-405.

Catalogue of wave data on the web:

http://www.jcomm-services.org/Wave-and-storm-surge-data.html
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