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1. Introduction

1.1. Scope and Objectives of the Validation

The purpose of this validation document is to check that the new 35-year hindcast (v361)

1. Performs as can be expected
2. Performs at least as well as the previous 22-year hindcast (v352)
3. Has been improved (according to buoys) by means of calibration with satellites

The quality of the hindcast is evaluated both over the years and per region. This report focuses
on the normal wind and wave climate but higher and extreme hindcast values have also been
validated.

1.2. Grids of Interest

The hindcast has been validated for the global grid and for the regional EU-shelf grid.

Table 1 characterizes the available model grids; the model grids validated in this report are
highlighted in the table. Note that the global grid used for the new hindcast (v361) has finer
resolution than the global grid used previously (v352).

Model Grid Resolution Area S-N Area W-E Period Validated
Global (v361) 30" x 30’ 78°S-78°N 180°W-180°E 1979-2013
EU-Shelf 10' x 10' 40°N-66°N 15°W-31°E 1992-2013
Mediterranean 15'x 15' 13°N-47°N 5°W-56°E 1992-2013
NW Australia 10’ x 10’ 24°S-8°S 111°E-131°E 1992-2013
Indonesia 5 x5 9°S-3°N 98°E-122°E 1992-2013
Thailand 5 x5 2°N-14°N 99°E-121°E 1992-2013
Global (v352) 1°x 1Y4° 78°S-78°N 180°W-180°E 1992-2013

Table 1: Characteristics of available hindcast grids

The regional model grids are outlined in Figure 1.

1113_Validation_BMTA_35-year_Hindcast_17jun2016.docx
17 Jun 2016 Page 6 of 135



%

" p d for: BMT ARGOSS
w2 BMT ARGOSS repared for

Validation of the BMTA 35-year Hindcast Database v361

Figure 1 Extension of the available hindcast grids

1.3. Fitness for Purpose

Calibration of hindcast wind and waves with satellites as described in this report aims to remove
the systematic error in wind and wave parameters for the ambient offshore climate. The
calibration was done in an automated way, applying grid point specific corrections based on the
bulk of the model data.

Extreme conditions, effects of tropical storms, vicinity of land or shallow water need special
attention and cannot be dealt with by means of automated calibration. For these cases, manual
calibration by an expert is required.

The above means that for consultancy projects the distributions of auto-calibrated
higher and extremes values presented in this report would normally be further improved
by means of manual calibration of the tail of the distributions.
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1.4. Executive Summary

We validated BMTA’s new 35-year hindcast wind and wave database (v361; 1979-2013) and
we compared it to the previous 22-year version (v352; 1992-2013) with reference to nearly 100
buoys, spread over 13 different regions with a more or less homogenous climate. We also
checked the effect of basic, automated calibration with satellites meant to remove any
systematic model error for the ambient climate.

The quality of the hindcast is consistently high over the years, also before 1992, and the
guality has improved: wind speed is clearly better and height, period and direction of the
waves are equally good or better, provided that we calibrate with satellites.

The work done and the above claim are elaborated on in the remainder of this summary starting
on the next page.
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We validated the new hindcast (1979-2013) against 94 buoys and we compared it to the
previous hindcast (1992-2013), for the global grid and for the regional EU-shelf grid. We used
57 buoys spread over 6 regions for the global grid and 37 buoys in 7 distinct regions for the
regional grid. We also compared the quality of the new global hindcast before and after 1-jan-
1992 based on a subset of 28 NOAA buoys. Focus is on ‘best’ hindcast, i.e. auto-calibrated with
satellites. Apart from wind speed and wave height, we also looked at wave period and wave
direction. We investigated both ambient and extreme conditions. In this summary the quality of
ambient model data relative to buoys is expressed in terms of relative error and correlation
coefficient. The relative error incorporates both mean and standard deviation of the model error.
Higher values and extremes are checked by means of plots. The conclusions, related to the
three main questions (section 1.1), are formulated below.

1-The quality of the new database is high for all years 1979-2013

Overall error in ‘best’ model wind speed is 17-18% and the error in ‘best’ wave height is 15-
16%. Correlation between buoy and model samples is high, i.e. linear correlation coefficients
are 0.92 for wind and 0.96 for waves. Please refer to Table 2. For comparison: based on the
validation of satellites vs. buoys for the period 1992-2013, the overall error in altimeter wind is
17% and 10-11% for wave height. Correlation is 0.92 for wind and 0.98 for waves. See Table 7.

Over the years, quality of model wind and waves is consistently high, although model variability
is a bit higher before 1992 and wind quality suddenly reduces in 2010. Performance of the
global model is reflected by the red lines in Figure 2-Figure 5 (1992-2013) and by Figure 13-
Figure 18 (1979-2013). See Figure 29-Figure 32 for the regional model. As might be expected,
model performance varies over regions; see Table 3 and Table 4. Newfoundland statistics
might suffer a bit from lesser buoy quality; results in the English Channel are quite deviant.
Despite the fact that we only applied basic satellite calibration for the ambient climate, the
higher values of ‘best’ model winds and waves differ no more than say 10% from buoy data, as
illustrated by the red lines in Figure 9-Figure 12 and Figure 36-Figure 39. The appendices show
that quality of hindcast wave periods and directions is consistent over the years with good
correlation and small biases; see for example Figure 140-Figure 143 and Figure 148.

2-The new database is better than the previous one

Mainly thanks to less variability, but also through less bias, the error in ‘best’ model wind has
been reduced by 2-4%. Thanks to calibration, ‘best’ model waves improved by 1-2% (‘raw’
model waves are worse though). The new database is better for practically all regions. Please
refer to Table 3 and Table 4. Improvement over the years is seen from the red and yellow lines
in Figure 2-Figure 3 and Figure 29-Figure 32. From Table 5 and Table 6 and the associated
plots, it is found that high and extreme winds improved for the global grid. For some regions
however, particularly in the North Sea but also in areas affected by cyclones, higher and
extreme wind and waves did not improve. In the appendices it is shown that ‘best’ wave periods
and wave directions of both models are comparable.

3-Calibration with satellites significantly improves the hindcast

Calibration with satellites reduces the error in model wave height by about 2% and the error is
reduced for almost all regions (11/13) as indicated in Table 3 and Table 4. Over the years,
calibration consistently improves model waves as illustrated in Figure 6-Figure 7 and Figure 33-
Figure 34. Calibration also significantly improves the more energetic model waves in most
regions (11/13). Strongest impact is seen off Newfoundland (Figure 96), in the southern North
Sea (Figure 126) and in the Irish Sea (Figure 120). Exception is the English Channel, where
both model versions and altimeter clearly disagree with local buoys on the above average
waves. Please refer to Table 5 and Table 6. In the appendices it is demonstrated that
calibration also improves model wave periods as seen from e.g. Figure 136 and Figure 146.

1113_Validation_BMTA_35-year_Hindcast_17jun2016.docx

17 Jun 2016 Page 9 of 135



: ; Prepared for: BMT ARGOSS
BMT ARGOSS Validation of the BMTA 35-year Hindcast Database v361

The next table summarizes the overall error statistics of ‘best’ wind and waves produced by the
global and by the regional model. The term ‘overall’ means taken over the years 1992-2013 and
all buoys, i.e. 57 different buoys for the global model and 37 buoys for the regional model.

Hourly Mean Wind speed ul0 Significant Wave height Hs
Model
Mean Bias Std Rrmse Corr Mean Bias Std Rrmse Corr
(m/s) | (m/s) (m/s) (%) Q) (m) (m) (m) (%) )
Global 6.78 -0.08 1.29 17.0 0.92 1.99 -0.01 0.35 15.2 0.96
EU-shelf 7.89 0.06 1.54 17.7 0.92 2.01 0.05 0.39 16.4 0.96

Table 2: Overall error statistics of model version v361 rel. to buoys per grid

The following pair of tables provides the model-buoy error (%) and the impact of calibration with
satellites per region and per grid, both for the old and for the new model. Errors are based on
validation of the model against all buoy data in a particular region over the years 1992-2013.
Comparison of the model errors leads to the best model (‘best model’ follows from comparison
of ‘v361-cal to ‘v352-cal’) and to the effect of satellite calibration (‘Sat Effect’ is based on
comparing ‘v361-raw’ and ‘v361-cal’).

Hourly Mean Wind speed ul0 Significant Wave height Hs
Global
Model v361 v352 v361 Best Sat v361 v352 v361 Best Sat
Eel el raw Model Effect oel oel raw Model Effect
(%) (%) (%) (%) (%) (%)
Gulf of Mexico 19.4 22.0 v361 17.6 194 +
Atlantic 18.5 23.7 v361 16.9 19.8 +
Newfoundland 19.6 25.3 v361 18.6 21.3 +
Pacific 155 19.1 v361 14.4 16.5 +
Hawaii 14.7 17.1 v361 12.6 13.9 +
Caribbean 16.3 155 v361 14.6 16.8 +
Global 17.0 20.6 v361 15.2 17.4 +
Table 3: Error in global model and the effect of calibration with satellites per region
esieel Hourly Mean Wind speed ul0 Significant Wave height Hs
E,\L,ljfdh;” V361 | v352 | V3L | oo | o | VIOL | v352 | V3L | oo | ou
gel el raw Model Effect oel oel raw Model Effect
(%) (%) (%) (%) (%) (%)
EU-Atlantic 17.2 21.2 v361 14.9 15.7 14.5 v361
Celtic Sea 16.9 17.4 v361 15.7 16.7 18.7 v361 +
Irish Sea 20.8 20.5 v352 18.2 20.1 34.8 v361
Channel 23.6 24.1 22.4 v361 -
NS-South 17.3 18.7 v361 16.5 18.4 22.6 v361 +
NS-Central 18.3 19.4 v361 16.4 18.4 18.8 v361 +
NS-North 17.2 19.7 v361 16.9 18.1 17.6 v361 +
EU-shelf 17.7 19.7 v361 16.4 17.7 18.3 v361 +

Table 4: Error in EU-shelf model and the effect of calibration with satellites per region
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The pair of tables on this page provides an overview of model behaviour with respect to above-
average wind and wave conditions per region for both models over the years 1992-2013. The
tables also indicate how basic, automated satellite calibration, meant to improve average model
values, also affects the higher and extremes values. A questions mark means that the old and
the new model perform equally well.

Please click on the links in the tables below to see the QQ-plot and the PoE plot for a region.

Hourly Mean Wind speed ul0 Significant Wave height Hs
Global
Model Best Best . Best Best .
- Sat Link to - Sat Link to
\'j;?ﬁ:sr E\;(E:Ir Sg;e Effect Plots \';';?::g E\;(;Ir :g;e Effect Plots
Gulf of Mexico v361 v361 94 + 95
Atlantic v361 v361 96 + 97
Newfoundland v361 v361 98 + 99
Pacific v361 v361 100 + 101
Hawaii v361 ? 102 + 103
Caribbean v352 v361 104 + 105
Global v361 v361 31 + 32
Table 5: Performance global model for higher and extreme values per region
el Hourly Mean Wind speed ul0 Significant Wave height Hs
EU-shelf
Model H?ger?;r Ex??esr;e S Lo Hliager?;r Ethre;r;e Sl Liti
values values Sl Al values values £zl Pl
EU-Atlantic v361 v361 107 v361 v352 - 108
Celtic Sea v361 ? 109 ? ? + 110
Irish Sea v361 v361 111 v361 v361 + 112
Channel ? ? - 113
NS-South ? ? 114 ? v352 + 115
NS-Central v352 v352 116 ? v352 + 117
NS-North ? v352 118 ? ? + 119
EU-shelf V361 v352 54 v361 v352 + 55

Table 6: Performance EU-shelf model for higher and extreme values per region

Please note that calibration of hindcast wind and waves with satellites as investigated in this
report aims to remove the systematic error for the ambient offshore climate. This basic
calibration was done in an automated way: based on co-located model-satellite sample pairs,
grid point specific model corrections were found from fitting the bulk of the sample pairs at that
point. Extreme conditions, effects of tropical storms, vicinity of land or shallow water need
special attention and cannot be dealt with by means of this basic, automated calibration. For
these cases, manual calibration by an expert is required, which is common practice in BMTA
consultancy. The distributions of auto-calibrated higher and extremes values presented in this
report would normally be further improved by means of manual calibration of the tail of the
distributions.
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2. Frames of Reference

2.1. Units and Conventions

Units are expressed using the Sl (Systéme International d'unités) convention unless otherwise
stated.

Wave and Wind direction is expressed as ‘EFROM’ which the wind and waves are approaching
and in nautical degrees, i.e. degrees relative to true north (°T), positive clockwise.

2.2. Metocean Criteria Types
BMT ARGOSS typically distinguishes 3 different levels of offshore “climate” severity:

Ambient Climate: Normal conditions, comprising of conditions that prevail for the majority of
the time. Ambient climate is characterised by the statistical distributions of metocean
parameters as they appear in the hindcasts. These include the wide range from calm to severe
conditions. As statistics on ambient conditions are often used to support offshore operations,
they are also referred to as operational statistics.

Normal Climate Extremes: More energetic conditions, comprising of relatively severe
conditions that only rarely occur in a particular area but are not classified as tropical storms.
Extremes are statistical extrapolations based on the severest events observed in the hindcasts.
By definition, the extreme value is the estimated magnitude of a particular metocean parameter
to be equalled or exceeded once during a defined period, called the return period. Various
methods are applicable for extreme value analysis for metocean parameters.

Tropical Storm Extremes: More energetic conditions - not of relevance in this report.

2.3. Metocean Parameters

e Wind speed (ul0) and direction (u10d) at 10 m asl.
Hourly Mean Wind speed at 10 m asl and associated direction.

e Spectral density of sea surface waves S (wave spectrum)
The spectral density describes how the variance of the sea surface elevation is distributed
over frequency f. It is often referred to as wave spectrum.

e Significant wave height (Hs)
Derived from the zeroth spectral moment (mg) and defined as 4 x mo .

e Principle wave direction (Hsd)
The direction derived from the first-order directional Fourier moments (sine and cosine-
weighted moments) of the directional wave spectrum.

e Mean zero-crossing wave period — spectral estimate (Tz or Tm02)
Defined as (m¢/m,)®°. Spectrally derived Tz are typically a few percent shorter than the

deterministically derived (up-crossing) mean period.

e Spectral peak period (Tp)
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Derived as the reciprocal of the frequency associated with the peak energy of the wave
spectrum.

e Spectral moment (mjy)
For any integer p, m, is the integral over frequency f of f* multiplied by the wave spectrum,
with f frequency in cycles per unit time. Remark: mq is the total variance of sea surface
elevation.

2.4. Statistical Parameters

Model (or satellite) performance with respect to the ambient climate is expressed in terms of
basic model-buoy error statistics of wind and integrated wave parameters. Basic error statistics
involve

e Relative root mean square error (RRMSE)

e Bias (a negative bias means that model / satellite are too low)

e Standard deviation

e Linear correlation coefficient

e Number of samples

For directions, averages are found using the corresponding magnitudes as weight factors.

The relative root mean square error can be used as an overall performance indicator as it
reflects both (absolute) bias and standard deviation.

e Relative Root Mean Square Error (RRMSE)

The relative error is the root-mean-square error normalised by the root-mean-square value of
the buoy wave height:

2

i

‘H satellite _ H buoy
E ; ;

i=l,..n

> e

i=1,_.n

RRMSE =

2

The overall quality of satellite/model data can be conveniently expressed by this one
measure: the relative root-mean-square error (%) which incorporates both bias (offset) and
standard deviation (variability) of the differences between two data sources.
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3. Key Data Sources

3.1. BMT ARGOSS Hindcast Wind and Wave Database

BMTA runs a 3" generation wave prediction model* based on the WAVEWATCH IlI ™ (Wwilin)
code, further improved in-house. The model is operated both in hindcast and forecast mode, on
a global grid as well as on several regional grids. The new 35-year hindcast was generated for
the grids listed in Table 1 and outlined in Figure 1.

In this report, we distinguish two versions of the BMTA wind and wave database:
e The new 35-year database based on WWIII driven by CFSR wind fields covering the
period 1979-2013 (v361);
e The previous 22-year database based on WWIII driven by NCEP/ECMWF wind fields
covering the period 1992-2013 (v352).

Please refer to Appendix A — Wave Model for a more detailed description of the model.

3.2. BMT ARGOSS Buoy Database

The in-house buoy database covers the years 1992-2013. Most buoy data were downloaded
from NOAA website and checked for consistency and presence of outliers. Please refer to
Appendix B1 — Buoys Used for the Global Hindcast and Appendix B2 — Buoys Used for the EU-
shelf Hindcast for more detail.

3.3. BMT ARGOSS Satellite Database

The in-house satellite database covers the years 1992-2013 and all observations are
extensively calibrated and validated against wave buoy data; the calibration is re-run each time
the satellite database is extended, nhominally annually.

Due to their global coverage and accuracy, the satellite wind/wave data can be used to
validate/calibrate hindcast wind/wave data at practically any site in the world, and also at sites
where no local in-situ wave measurements are available. The systematic quality control applied
to the satellite data including their calibration/validation to wind and wave buoy data by BMTA
ensures that the satellite data can be used as a reliable source of reference data worldwide.

The error estimates for the altimeter data obtained from these comparisons encompass
sampling errors and spatial collocation errors. Satellite measurements are generally more
accurate than hindcast data.

Wind satellite measurements are provided by altimeters and by scatterometers. If available, the
scatterometer data are preferably used for model/dataset wind calibration: the error in
scatterometer measurements relative to wave buoy data is generally smaller, and scatterometer
data do not ‘saturate in the tail’ as the altimeter does for high wind speeds typically above 25
m/s. In the open sea, scatterometer data are generally available and supply the best wind
measurements. For coastal areas however, typically within 50 km from the shore, sufficient
scatterometer data may not be available; in this case altimeter measurements can be used to
supplement the analyses. Error statistics of the ‘best’ satellite data are provided in Table 7.

' A 3rd generation wave model involves the representation of the spectrum on a discrete frequency-direction grid, and
explicit computation of non-linear wave-wave interaction to re-distribute energy over frequency-direction bins such that
no a-priori constraints are imposed on the spectral shape.
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Appendix C — Validation of Satellite Data explains how the quality of our satellite data is
maintained. The appendix provides buoy-satellite error statistics per satellite mission and shows
the consistent quality of our ‘best’ satellite data over the years.

Buoy-Satellite Error Statistics 1992-2013 Altimeter Scatterometer
Hs u1o0 u1o
Buoy Mean 2.06 m 6.99 m/s 6.95 m/s
Bias (satellite minus buoy) 0.00 m 0.06 m/s 0.06 m/s
Standard Deviation 0.25m 1.33m/s 1.07 m/s
Linear Correlation Coefficient 0.98 0.92 0.94
Number of Samples 51762 49927 137201
Relative Root Mean Square Error 10.5 % 17.2 % 14.0 %

Table 7: Error statistics of calibrated satellite data relative to buoys
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4.  Approach

This section explains our approach to obtain the objectives of this study listed in section 1.1.

4.1. Creation of the 35-year Hindcast Database

CFSR wind fields covering the years 1979-2013 were used to drive our in-house WAVEWATCH
Il wave model and wind and computed wave parameters were added to the hindcast database
for the grids mentioned in Table 1. Prior to running the wave model, the CFSR winds were
calibrated with satellite observations in an automated way. Wave parameters stored in the
hindcast database are un-calibrated. The calibration coefficients (scale and intercept) for wind
speed and significant wave height were stored per grid point for each grid. The calibration
coefficients for significant wave height are used to auto-calibrate wave spectra. Integration of
calibrated wave spectra then provides auto-corrected integrated wave parameters, i.e.
significant wave height, wave periods and wave directions. Note that automated correction is
used for online services only. For consultancy projects the distributions of auto-calibrated higher
and extremes values presented in this report would normally be further improved by means of
manual calibration of the tail of the distributions.

4.2. Analysis of the Model Performance

To pursue the first objective of this study, the performance of the new 35-year hindcast was
checked against buoys and satellites, both globally, regionally and over the years 1979-2013. In
view of the second objective, the new 35-year hindcast was compared to the previous 22-year
hindcast in terms of model-buoy error statistics for ambient wind speed and significant wave
height (see section 4.3) as well as for the higher values and extremes (see section 4.4).
Following the third objective, model-buoy error statistics for significant wave height were
determined before and after calibration with satellites (see section 4.7). The consistency of the
hindcast before 1992 was checked separately against the more recent years (see section 5.3.
Finally, model wave periods and wave directions were validated against buoys where available.

The following buoy-related regions are distinguished for the global hindcast (the set of buoys is
elaborated and visualised in Appendix B1 — Buoys Used for the Global Hindcast):
e  Gulf of Mexico (GOM)
e NW Atlantic (ATL)
Newfoundland (NFL)
Northern Pacific (PAC)
Hawaii (HAW)
Caribbean (CAR)
North Sea (NS)
e Mediterranean (MED)

And for the EU-shelf (refer to Appendix B2 — Buoys Used for the EU-shelf Hindcast for details):
e The western part of the EU-shelf grid, i.e. the NE Atlantic (EU-ATL)
e The Celtic Sea (CELTICSEA)
e The Irish Sea (IRISHSEA, buoy M2 is the only buoy)

The English Channel (CHAN)

North Sea northern part (NS-N)

North Sea central part (NS-C)

North Sea southern part (NS-N)
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Parameters analysed for both the global and for the regional EU-shelf model:
e Wind speed (1-hr ul0)
e Significant wave height (Hs)

Wave periods and wave directions were evaluated where buoy data were available

e Wave period (Tz/Tp)- evaluated for the global model
e Wauve direction (Hsd)- evaluated for the regional EU-shelf model

Note:

Many buoys report wave periods as whole numbers, in particular the peak wave period. This
does not significantly influence the bias found between model and buoy data because positive
and negative differences will equal out. These low resolution measurements will however
weaken any linear correlation between co-located model data and buoy samples. Also bear in
mind that, by definition, model peak wave period is a bit more jumpy’ than integrated wave
periods like zero-crossing wave period. Consequently, it can be expected that any correlations
for peak wave period will be weaker than correlation for zero-crossing wave period.

4.3. Model Performance for the Ambient Climate

The performance of the hindcast for normal conditions was checked against buoy
measurements.

Model performance is expressed in terms of bias (mean of the model error), standard deviation
of the error, relative error and linear correlation coefficient between co-located model data and
buoy data. A negative bias means that the model values are too low in comparison to the buoy
measurements. The relative error conveniently combines (absolute) bias and standard deviation
of the error into one measure. Details on these statistical parameters are explained in section
2.4,

Consistency of the hindcast performance was checked over the years (1979-2013) and in
space. Hindcast-buoy error statistics were evaluated per year and per region with a more or
less homogeneous climate.

Global and regional model-buoy error statistics of wind speed and significant wave height were

e Plotted against the years
e Tabulated (statistics averaged over all years)

Spatial plots, both globally and regionally, of overall hindcast-satellite bias and correlation were
generated for wind speed and significant wave height.

4.4. Model Performance for the Extreme Climate

Hindcast extreme wind and wave conditions were compared to buoys and satellites, both
globally and per region.

Higher values of wind speed and significant wave height were compared to buoy data and
nearby satellite observations by means of Q-Q (Quantile-Quantile) plots or PoE (Probability of
Exceedance) plots. The latter focus on the extreme values, i.e. on the tail of the distributions of
wind speed and significant wave height whilst not so extreme but still relatively high values are
best compared by means of a Q-Q plot. In the Q-Q plots in this report, the following percentiles
of wind speed and wave height are plotted against each other: 50, 60, 70, 80, 90, 95, 96, 97,
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98, 99 and 99.9 %. These percentiles are marked by circles in the Q-Q plots and connected by
solid lines representing the distributions of the sorted samples (the value of sample number n in
a series of N samples sorted by increasing value relates to percentile (n-1)/N*100).

4.5. Selection of Processing Levels

Choices were made with respect to the model processing levels presented in this report. With
two model versions (v361 and v352), at least two parameters (wind speed and wave height)
and un-calibrated as well as calibrated model data one would have 8 possible versions for each
statistical table and plot. Bearing in mind the major questions (section 1.1) but also seeking to
limit the amount of information in this report, it seemed wise to
e Focus on ‘best’ model wind and waves of v361 (v352 is less relevant)
e Focus on comparison of ‘best’ wind and waves from v361 and v352 (comparison of un-
calibrated model data is less relevant)
e Present plots on the effect of satellite calibration on model waves (no such plots for
winds).

4.6. The Use of Terms and Colours in this Report

In the plots presented in this report, model versions and processing levels are consistently
indicated by specific colours and abbreviations used in the legend of the plots.

Processing levels are abbreviated as follows (abbreviation between parentheses)
¢ Un-calibrated (raw)
o Model wave height calibrated with altimeter (cal-alt)
¢ Model wind speed calibrated with satellite, i.e. with merged scatterometer and altimeter
samples (cal-sat)

Colours are used as follows:
e v361 un-calibrated (dark blue)
o v361 calibrated (red)
e v352 un-calibrated (light blue)
e v352 calibrated (yellow-green)
e Buoy or satellite (dark grey)

The term ‘raw’ refers to model data not yet calibrated with satellites and ‘cal’ refers to model
data that have been calibrated with satellites. Calibration by means of satellites is done
assuming a linear error model: model wind speed and wave spectra are corrected by means of
a scale factor and intercept (offset). Alternatively, the term ‘best’ model data is used for satellite-
calibrated model data.

Note:

Due to the relatively large distance between model points and buoy locations in the coarse
global grid of v352, error statistics of calibrated v352 model waves were left out in this report:
the comparison to calibrated v361 waves would be biased as the v361 grid is much finer (see
Table 1). This difference in grid resolution can be mitigated by interpolating hindcast data onto
the exact buoy locations instead of using hindcast data from the grid point nearest to the buoy.
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4.7. Application and Validation of Buoy and Satellite Data

Merged scatterometer and altimeter wind speed samples were used to calibrate the winds
driving the wave model. Altimeters were used to correct the resulting hindcast wave spectra;
corrected wave parameters, i.e. height, period and direction, are found by re-integration of the
corrected wave spectra. Calibration leaves the steepness of the waves unchanged. Corrections
are grid point specific. For the validation and automated calibration of the hindcast data, satellite
samples were co-located within 25 km of each model grid point. As satellite samples within one
pass are highly correlated, only one sample from each pass was used for calibration, namely
the sample nearest to the model point.

Prior to use for validation/calibration of the hindcast, all buoy and satellite data were extensively
checked for consistency in space and over the years (1992-2013). See Appendix B1 — Buoys
Used for the Global Hindcast, Appendix B2 — Buoys Used for the EU-shelf Hindcast and
Appendix C — Validation of Satellite Data.
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5. Results for the Global Model

The quality of wind speed and significant wave height of the global WW3 model is measured
against buoys in the first three sections of this chapter (5.1.1-5.1.3). The set of buoys is
elaborated in Appendix B1 — Buoys Used for the Global Hindcast. Model performance is
provided for various versions and processing levels of the hindcast (see section 4.5).

The last section (5.1.4) presents charts of differences between model and satellites.
Note:

The quality of global model wave periods, i.e. zero-crossing wave period and peak wave period
is evaluated separately in Appendix F1 — Validation of Wave Periods (Global).
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5.1.

5.1.1.

Results for the Ambient Climate of the Global Model

Overall Ambient Climate Results

The next table summarizes the error statistics of various versions of the global model for the
years 1992-2013 and relative to all NOAA buoys for the ambient wind and wave climate.

The numbers in Table 8 below demonstrate that, in relation to buoys

1.

Overall relative error in ‘best’ v361 wind speed is 17% and for wave height this is about
15%. Overall linear correlation coefficient is about 0.90 for winds and 0.95 for waves.

This is as good as can be expected. For comparison, see Appendix C — Validation of
Satellite Data; Table 23-Table 25. This appendix shows that the relative error in satellite
wind speed ranges from 14%-18% for altimeters (17% overall) and from 13%-15% for
scatterometers (14% overall); relative error in wave height from altimeter missions
ranges from 9%-13% (11% overall). Correlation for altimeter wind speed is 0.92,
ranging from 0.90-0.93 over missions. Scatterometer wind correlation is 0.94.
Correlation for all altimeters is 0.96 for wave height.

‘Best’ v361 winds are better than ‘best’ v352 winds: the relative error is about 3% lower
(mainly thanks to reduction of variability) and correlation with buoy data is higher. ‘Best’
v361 wave height is slightly better than v352 wave height: relative error is
approximately 2% lower, again mainly by virtue of a smaller standard deviation of the
error (un-calibrated v361 waves are too low and have more bias than un-calibrated
v352 waves).

Auto-calibration with altimeter practically removes the bias from v361 wave height and
slightly reduces standard deviation of the model error. As a result, the relative error in
hindcast v361 wave height is reduced by abou