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WIND PROFILING METHODOLOGY

ABSTRACT

Wind is an important variable to study because it is used for many purposes and, in extre-
me cases, causes natural disasters. From an energy point of view, it is a significant factor in
wind power generation; therefore, its correct estimation is essential. Still, on this subject,
estimating the vertical wind profile becomes essential since the wind turbines are not
located on the surface but at higher levels. This study aimed to analyze offshore wind pro-
files using the estimation methodologies calculated in the work by Carmo et al. (2021) and
compare them to a new methodology developed based on sea surface temperature (SST)
and air temperature (T). To this end, data from the ERA5 Reanalysis, the P25 platform, and
the buoy located on the P18 platform were used between August 1, 1999, and August 31,
1999. The findings showed that the method developed presented good results for the
study region and that the atmosphere presented a neutral stability class, with Skill Score
(SS) and Nash-Sutcliffe Efficiency (NSE) values that were relatively more representative
than those of the other methods studied. Comparatively, the inclusion of TSM and T in
the estimation of the profiles showed a significant improvement in the interpretation and
accuracy of the results.
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INTRODUCTION

Brazil, a country located in South America, concentra-
tes a large part of its border with the Atlantic Ocean, ac-
cording to the 2017 Agro Census of the Brazilian Institute
of Geography and Statistics (IBGE, 2017), approximately
10,900 km, or, percentage-wise, 39.2% of its maritime
border. This is an issue to be highlighted since both the
Brazilian coastal regions and the more distant offshore
regions of the South Atlantic Ocean are important regions
for the country from a social and economic perspective.

The increase in wind energy has been significant due
to its size and favorable winds for energy exploitation. In
the onshore region, wind energy is already a reality, with
most of the wind farms located in the northeast of Brazil.

Specifically in the offshore region, as of 2019, with the
imminent prospect of future offshore wind energy explo-
rations in Brazil, the Brazilian Environment and Natural
Resources Institute (IBAMA) held a workshop with va-
rious European experts and several Brazilian institutions
to determine the environmental licensing rules for com-
panies wishing to explore this region.

From that point onwards, the number of license appli-
cations has been steadily increasing, most of which are
located off the coast of the states of Ceard, Rio Grande do
Norte, Rio de Janeiro, and the southern region (IBAMA,
2022).

For these reasons, the knowledge and estimate of
winds are increasingly essential for all maritime opera-
tions. Since platforms and wind farms have different
structures and heights, it should be noted that wind es-
timates are relevant not only near the ocean surface but
also at higher levels. More specifically, for wind energy, it
is essential to know the wind profile at different atmos-
pheric levels with great precision so that a wind farm is
not installed in an unfavorable region or the wind turbine
is not at a height that is not the most suitable. When this
happens, losses can be incurred and profits minimized.

Atmospheric boundary layer

The transport processes on the Earth’s surface at this
boundary modify the lower levels of the atmosphere
from 100 m to 3000 m, creating what is known as the
Atmospheric Boundary Layer (ABL). Knowingly, the ABL
can be defined as the part of the troposphere that suffers
direct influence from the presence of the Earth’s surface
and responds to surface forcings on a timescale of around
a few hours or less. These forces include frictional drag,
evaporation and transpiration, heat transfer, pollutant
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emissions, and terrain-induced flow modification (Stull,
1988).

Classically, the atmospheric boundary layer can be
subdivided into several sub-layers, such as the Convective
Boundary Layer (CBL), the Surface Boundary Layer (SBL),
the Residual Boundary Layer (RBL), the Stable or Noctur-
nal Boundary Layer (SBL or NBL), the Mixing Layer (ML),
and the Entanglement Zone (EZ). More specifically, the
SBL, the region of interest in wind energy studies, is the
region at the bottom of the SBL where turbulent flows
and stresses vary by less than 10% of their magnitude
(Arya, 1981).

Throughout the oceans, the boundary layer depth var-
ies relatively slowly in space and time. The sea surface
temperature changes little over the diurnal cycle because
of the tremendous mixing at the ocean top. In addition,
water has a high heat capacity, which means it can absorb
large amounts of heat from the sun with relatively little
temperature change. Thus, a slow change in sea surface
temperature means a slow change in the forcing to the
bottom of the boundary layer (Stull, 1988).

Most changes in the depth of the boundary layer over
the oceans are caused by synoptic and mesoscale pro-
cesses of vertical movement and advection of different
air masses over the sea surface. An air mass with a tem-
perature different from the ocean will undergo a change
as its temperature equilibrates with the sea surface. Once
it is balanced, the depth of the resulting boundary layer
can vary by only 10% over a horizontal distance of 1000
km. Exceptions to this smooth variation can occur near
the boundaries between two ocean currents of different
temperatures (Stage and Weller, 1986).

Another relevant factor is the presence of waves in the
ocean, which further increases the complexity of estimat-
ing wind profiles. This is because the roughness varies
and changes according to the wave’s significant height
and period. Therefore, considering the static roughness in
the region (as is done in many parts of the continent) can
also lead to significant errors (Donelan, 1990; Donelan et
al., 1993; Carmo et al., 2021).

In the oceans, there is yet another complexity in the
ABL region. Under the conditions of high values of sig-
nificant wave height (Hs), the so-called Wave Boundary
Layer (WBL) is formed. According to Chalikov and Bab-
anin (2019), the Wave Boundary Layer (WBL) is defined
as the lowest part of the ABL, where the fluctuations pro-
duced by the waves influence the atmospheric region just
above. The WBL height can be calculated as a function of
the significant wave height. Equation 1 (Chalikov, 1986) is
an example of how to calculate the estimated height of the
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WBL, established through the numerical modeling of move-
ments produced by waves based on the two-dimensional
Reynolds equations, in which § is the adjustment coefficient.
Typical WBL heights can range from a few meters, in more
extreme cases with high Hs, to almost 30 meters.

Hepo = £aiHls (1)

Near-shore ocean measurements and
micrometeorological parameters

In the ocean, the most common form of measurement is
in situ collection (mainly by meteoceanographic buoys) and
remote sensors. Satellites are excellent alternatives and can
be applied to various parameters other than winds, with the
advantage of high spatial and temporal resolution. However,
in situ data can provide greater accuracy in measurements.

With the scarcity of vertically measured data, it becomes
necessary to estimate the wind profile of a given region
using some alternative method or in alternative regions. Ho-
wever, the well-known methods for calculating profiles are
not always suitable for direct application over the oceans
and can often produce inaccurate results.

Given the scarcity of remote sensors, such as LIDARs, for
example, for measuring wind at higher levels, it was neces-
sary to investigate some alternative methods for determi-
ning these profiles. The most widely used and best known
is the logarithmic wind profile method. Through the in situ
measurements, it was observed that the wind profiles were
approximately logarithmic, and therefore, it would be pos-
sible to determine an equation that represented this pro-
file. Then, using the Pi-Buckingham theorem (Kantha and
Clayson, 2000) and Monin and Obukhov’s similarity theory
(Monin and Obukhov, 1954; Wyngaard, 1973; Sorbjan, 1986;
Stull, 1988), Equation 2 is integrated, and Equation 3 is ob-
tained in the Surface Boundary Layer (SBL) to obtain the
wind speed for a given height z:

kzd
T )

u. dz

u(z) = % [In (%J — iy G)] (3)

in which u is the wind speed, u, is the friction speed, k is
the Von-Karman constant, Zo is the roughness, and L is the
Monin-Obukhov length.

In Equation 3, the term of the stability correction func-
tion is conventionally separated into three stability classes:
stable, unstable, or neutral. It is crucial to properly establish

the class to be used since, in non-neutral conditions, the
buoyancy and heat flow parameters will be considered in
the calculations of the equations.

Carmo et al. (2021) showed that, using the same methods
for estimating friction velocity and roughness but with dif-
ferent stability classes, the wind profiles showed significant
differences at higher levels of the atmosphere, and, conse-
quently, the wind potential differed greatly in the neutral
and stability scenarios. Therefore, the authors showed the
importance of correctly calculating the stability correction
term and, consequently, correctly estimating the Monin-
-Obukhov length (L).

In addition to the stability parameter and L, roughness
(z,) and friction velocity (u,) are highly relevant in wind pro-
file calculations. Roughness, in particular, has numerous
solutions. For the offshore region, for example, the most
widely used solutions are from Charnock (1955), Donelan
(1990), Donelan et al. (1993), Chalikov (1995), and Taylor
and Yelland (2001). In addition, Simiu and Scanlan (1978),
Panofsky and Dutton (1984), Dyrbye and Hansen (1997), and
JCSS (2001) also presented roughness values, or gamma (the
power law term), for different surfaces, which greatly facili-
tated computational calculations (Carmo et al., 2021).

Some authors, such as Lange et al. (2004), showed that
the roughness estimation models led to only small differen-
ces. He et al. (2019) found z, results with a systematic bias in
the estimation models and proposed a change in the power
exponent of z,.

As Carmo et al. (2021) have shown, although some mo-
dels show good results, research into wind profiles still
needs to make great progress since the methods are still
inefficient in many situations, and therefore, a more com-
prehensive method must be devised to improve the results
and present wind and wind potential values closer to reality,
minimizing losses.

With this in mind, this study aimed to estimate a new
wind profile methodology, comparing it to the methodolo-
gies used in the work by Carmo et al. (2021) for the offshore
region near the southeast coast of Brazil, here using ERA5
reanalysis data, the buoy located in the region of platform
P18, and an anemometer located on platform P25.

METHODS AND DATA

Data

Data on Significant Wave Height (SWH), peak period (Tp),
air temperature (T), sea surface temperature (SST), and wind



magnitude and direction were used from ERA5 reanalyses
(with a spatial resolution of 0.25°x0.25° for meteorological
data and 0.5°x0.5° for oceanographic data), buoy data loca-
ted in the P18 platform region, and wind data located on
the P25 platform for the period between August 1, 1999 and
August 31, 1999, with a temporal resolution of 1 hour for
ERAS. Figure 1 shows the points studied.

E i - = A

Figure 1. Southeast Brazil study area with the P25 platform point
and the meteoceanographic buoy located in the platform region
(P18)

Methodology

Regarding the methodology used to calculate the wind
profiles, the same methodologies were used as the profiles
used, tested, and compared in the article by Carmo et al.
(2021) (methodologies 1, 2, 3, and 4) and a new methodolo-
gy (method 5) developed using T and TSM.

Initially, for all the methods, the Pi-Buckingham theorem
(Kantha and Clayson, 2000) and Monin and Obukhov’s sim-
ilarity theory (Monin and Obukhov, 1954; Wyngaard, 1973;
Sorbjan, 1986; Stull, 1988) will be used to determine them.
As seen in the previous section, by integrating Equation 2,
Equation 3 is obtained for wind speed at any height z in the
region. Therefore, at first, the approximation for a neutral
stability class profile () was considered, as proposed in the
2014 DNV-RP-C205 manual (Equation 4, adapted from Equa-
tion 3).

wo-2(3)]

Zy

Later, stable average profiles will be considered since
some regions may have this characteristic atmospheric re-
gime, as was the case near the coast of Maranhao, as seen
in the work by Carmo et al. (2021).
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To clarify matters, each methodology applied to each sim-
ulated situation is described below.

Method 1: Typical z values for different locations (DNV-
RP-C205, 2014; Simiu and Scanlan, 1978; Panofsky and Dut-
ton, 1984; Dyrbye and Hansen, 1997; JCSS, 2001)

Inthis method, the z, roughness values will be determined
according to the ranges of maximum and minimum values
found in the ocean regions. These values can be found in
Table 1 based on the DNV-RP-C205 manual (2014) for the
values found by Simiu and Scanlan (1978), Panofsky and Dut-
ton (1984), Dyrbye and Hansen (1997), and JCSS (2001).

Table 1. Roughness values and y (adjustment constant used in the
power law estimation method)

20 (m
. 20 (m) 20 (m)
Terrain minimum .
maximum value
value
Windy coastal 0.001 0.01 -
area
Open sea wi- 0.0001 0.0001 -
thout waves
Open sea with 0.0001 0.01 0.12

waves

These maximum (0.01) and minimum (0.0001) values
were chosen because they fall within the ranges of the three
classes in Table 1 and also because these classes are the
ones used in offshore studies, as follows: open sea without
waves, open sea with waves, and coastal areas with onshore
wind. This is essential since, with these extreme thresholds,
it is possible to establish the maximum and minimum mag-
nitude of the wind at a given level for any type of situation,
considering a neutral atmosphere.

The friction velocity term was calculated from the aver-
age wind speed at a given height H (u,) above the sea sur-
face (indirect method). Thus, u, was obtained from Equation
5, in which w is taken to be the surface friction coefficient
(surface drag coefficient), defined by Equation 6, and B is the
logarithm of the height by the squared roughness.

u, = Vo uy
k2
B

5)
(6)

w

With Equations 5 and 6 solved and considering the min-
imum and maximum roughness established, the maximum
and minimum wind speeds for a height z are calculated us-
ing Equations 7 and 8 (adapted from Equation 4), in this case
considering a neutral atmosphere.

287



288

S&G Journal
Volume 18, Number 3, 2023, pp. 284-295
DOI: 10.20985/1980-5160.2023.v18n3.1911

S:G

Journal

mmm=%hgig]{n

umm=%hQ;J ®)

Method 2 - Wind profile calculated from z_ from
Donelan (1990)

In this method, the roughness value was calculated using
the method of Donelan (1990), who obtained, through field
experiments, z, values from a direct function of the signifi-
cant wave height given by Equation 9.

Zo ponso = § (‘1_5) C)]

where: Hs is the significant wave height and ¢ is constant.
Using Equations 5 and 6 again to determine the friction

velocity, the wind speed for a height z is obtained from
Equation 10 for a neutral atmosphere.

-3 @

Method 3 - Wind profile calculated from z  from
Donelan et al. (1993)

Donelan et al. (1993) determined a relationship between
roughness and the wave age parameter term through ex-
periments and numerical tests. The representation of these
terms is essential because they influence the sea state in the
Wave Boundary Layer (WBL). Therefore, Equation 11 con-
tains the solution used to calculate roughness.

N AYATT g
Zp ponus = P 2\

(4

(11)

Equations 7 and 8 are used again to determine the fric-
tion velocity, so the wind speed for a height z is obtained
from Equation 12 for a neutral atmosphere.

ue) = % [h (Zn Dirﬁi)] a2

Method 4 - Wind profile calculated from z of Taylor and
Yelland (2001) for different classes of atmospheric stability

Since Taylor and Yelland’s (2001) method is the main
method for estimating ocean roughness and has been used
constantly, with various applications in corrections and chan-
ges to its adjustment parameters, it will also be applied in
this study. In addition, the calculation of the stability classes
of the atmosphere will now also include unstable, neutral,
and stable. Therefore, the L term will need to be calculated.
To this end, they were calculated using the relationships and
solutions of Businger et al. (1971), Dyer (1974), Nickerson
and Smiley (1975), Benoit (1977), Arya (1988), Hansen et al.
(2012), and Carmo et al. (2021).

Equation 13, which represents the Taylor and Yelland
(2001) method, was thus used. As previously mentioned,
this method generally leads to the best results because it
uses significant wave height (Hs) and peak period (Tp) in its
calculations. Therefore, z, will represent a large part of the
processes involved in this region.

(AN gt
Fprypy = HH, (L) . and L"=(21:) (13)
[

Again using Equations 7 and 8 to determine the friction
velocity, the wind speed for a height z is obtained from Equa-
tions 14 (stable atmosphere), 15 (neutral atmosphere), and
16 (unstable atmosphere), where Cis a function of z/L.

ue) = [mm (zu fm} Fu@esr] )

U, F
w(z) =—|In ] 15
[ :] k l (z{.'l?'}’l:ll) ( :I

ulz) = I;;—rliﬂ (Z“]i"l"l) —lﬁu({hn's‘ (16)

Method 5 - New method developed - Calculation of z
and as a function of T, TSM, Hs, and Tp

Aiming to further increase the accuracy of the results for
wind profiles, this work will develop a new method that will
be adapted from the methods of Taylor and Yelland (2001)
and Carmo et al. (2021) for roughness. This method will be
innovative, as in addition to using the Hs and Tp variables al-
ready included in Taylor and Yelland (2001) and Carmo et al.
(2021), it will also use the air temperature (T) and sea surfa-
ce temperature (SST) variables. This was an important step,
as inserting T and TSM will indirectly represent the heat flow
in the region and give a better idea of its direction and inten-
sity. Figure 2 shows an example of this process.
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Figure 2. Representation of the interaction between air
temperature (T) and sea surface temperature (SST)

More clearly, in this new method, the adjustment para-
meters of the Taylor and Yelland (2001) roughness method
will be calculated empirically due to the ratio of T and TSM,
obtaining more representative values for the region of inte-
rest. New correction parameters will be used for the Monin-
-Obukhov length and, thus, for the Richardson number to
calculate the instability parameter. Repeating Equations 7
and 8 to determine the friction velocity leads to Equations
17 and 18 for roughness and profile.

H Y(T.TSM) gTI
zy = 0'(T, TSM)H, (—) ,and Ly = (—") (17)
Ly 2n

u(z) = %[m (%) ¥ ({'[m.n-m])] (18)

RESULTS

Figure 3 shows the average wave boundary layer (WBL)
for the period studied in the region of the points of interest.
It can be seen that, in this case, the WBL does not exceed 10
meters. Therefore, disregarding it (only in this specific situa-
tion) will not cause major problems in estimating the wind
profiles because the profiles are estimated by considering
the wind at 10 meters. In cases where its height exceeds this
value, it is necessary to consider it and, consequently, re-
-evaluate the methodology for estimating the profiles, inclu-
ding the height of the parameterized WBL.
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Figure 3. Average Wave Boundary Layer Height (WBL) for August
1999

Figures 4a, 4b, and 4c show the wind roses (with wind
direction and magnitude) from the ERA5 reanalysis for the
buoy point located on platform P18 and for platform P25. A
qualitative comparison of the ERAS5 results (Figure 4a) with
the P18 buoy (Figure 4b) shows little difference in wind di-
rection, except in the southeast quadrant (between 90° and
135°), where there was a slight difference in direction. In
terms of magnitude, the highest values were recorded at
buoy P18. When comparing the data from the P25 platform
(Figure 4c) to the data from the P18 buoy (Figure 4b), no sig-
nificant variation in wind direction could be observed either.
In this case, this may be a significant consideration as the
wind direction may not be varying significantly with height.
Therefore, this could indicate that the average atmospheric
profile of the region should be neutral. This will be confir-
med or not in the wind profile figures below.
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Figure 4. Wind rose from the ERAS reanalysis (a) for buoy P18 (b)
and platform P25 (c) for August 1999.

Figure 5 shows the comparison and difference between
the significant wave height of ERA5 and that of the buoy
located in the P18 platform region. It can be seen that the
ERAS5 showed more significant differences compared to the
buoy at the higher Hs values. These differences are often
expected since some studies, such as that by Carmo et al.
(2020), show that it is precisely in the extreme values that
the ERAS reanalysis ends up differing from the observed Hs
values. This further highlights the importance of using me-
teorological buoys to estimate profiles since some methods

use significant height as input data. Therefore, using ERA5
can further contribute to error propagation.

Figures 6, 7, 8, and 9 show the comparison and diffe-
rence between the wind magnitude estimated by the DNV
method, the new method developed for buoy P18 (Figures
6 and 7), and the data on platform P25 (Figures 8 and 9).
A qualitative comparison of the figures shows that the two
methods underestimate the wind values compared to the
observed data from the buoy and the platform. Neverthe-
less, the developed method seems more assertive than the
DNV method.

This greater assertiveness can be confirmed in Tables 2
and 3, showing that the model had better results for BIAS,
NSE, and SS. The correlations were similar, and the method
developed had a slight increase in standard deviation, which
does not influence its performance since this difference (in
both cases) does not exceed 0.3. Another notable factor
is that, in the study by Carmo et al. (2021), this difference
between the DNV method and the new methods suggested
by them was bigger, and the model performed even better
because, in the region studied by the authors, the region’s
characteristic atmospheric regime proved to be stable (unli-
ke the P18 and P25 regions that showed a characteristically
neutral regime, closer to the methods proposed by DNV).

Figure 10 shows the average profiles for August 1999, es-
timated by each method. This figure shows some relevant
factors. Although the Donelan (1990) and Donelan et al.
(1993) methods are very close (on average) to the values ob-
served on the P25 platform, it is noted that the curve of the
wind profiles of these methods is very different from what
would be considered “ideal.” In other words, on the surface,
the estimated values are very far from the values observed
at the buoy located at P18. However, in the method deve-
loped, the values are close at both P18 and P25, confirming
that the profile is closer to that characteristic of the region.
This result is highly relevant and confirms what was shown
in the previous tables, as it reveals that the insertion of
temperature and TSM helped adjust the profiles to present
more accurate results.
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Figure 5. Significant wave height of the buoy (P18) and ERA5 and the difference between the significant wave heights of the two

COMPARISON BETWEEN BUOQY (P18) AND ESTIMATE (DNV METHOD)
Wind magnitude (m/s)

" DIFFERENCE BETWEEN ESTIMATE AND BUOY (P18)

s

Figure 6. The wind magnitude estimated by the DNV method and the buoy wind (P18) and the difference in significant heights between
the two.

COMPARISON BETWEEN BUOY (P18) AND ESTIMATE (NEWLY DEVELOPED METHOD)

Wind magnitude (m/s)

[

DIFFERENCE BETWEEN ESTIMATE AND BUQY (P18)

OF = EFTRATIOE - ERAS

mis

date

Figure 7. Wind magnitude estimated by the new method developed and the buoy wind (P18) and the difference in significant heights
between the two.
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COMPARISON BETWEEN PLATFORM (P25) AND ESTIMATE (NEWLY DEVELOPED METHOD)

Wind magnitude (m/s)
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DIFFERENCE BETWEEN ESTIMATE AND PLATFORM (P25)

i

TP R -
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Figure 8. Wind magnitude estimated by the DNV method and the wind of the platform (P25) and the difference in significant heights

between the two.

COMPARISON BETWEEN PLATFORM (P25) AND ESTIMATE (NEWLY DEVELOPED METHOD)

Wind magnitude (m/s)

i

DIFFERENCE BETWEEN ESTIMATE AND PLATFORM (P25)

m%

nmm
date

Figure 9. The wind magnitude estimated by the method developed, the wind from the P25 platform, and the difference in significant

heights between the two.

Finally, Figures 11 and 12 show examples of average
roughness estimates using the Donelan (1990) method and
the method developed for the period of August 1999. It is
noted that, with the TSM and T insertion (in the new meth-
od), the calculated roughness shows variations in this param-
eter in locations that did not appear in the Donelan (1990)

method, for example. In other words, this method could be
more assertive if used in other locations. Furthermore, using
a tabulated roughness value, i.e., without varying its value
in space and time, can lead to even greater errors, which
were shown, for instance, in this study and in the studies by
Carmo et al. (2021) and He et al. (2019).
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Table 2. Comparison between the statistical metrics cal- Average wind profiles - 08/01/1999 to 08/31/1999

. DNV METHOD
I d f h . DONELAN 90
culated for the P18 point - . DONELAN 50
1 TAY & YEL 01 - ERAS.
TAY & YEL 01 - BUOY
METHOD DEVELOPED - ERAS
i Anemometer

Scores for forecasting

Height (m)

Experiments

&

H -

Speed :(m/s) E

MY CETIE

Figure 10. Estimated wind profiles for the DNV methods Donelan
(1990), Donelan et al. (1993), Taylor and Yelland (2001), adapted
by Carmo et al. (2021), and the developed method

nas L) RS MEAN CNf L= (it = L

Table 3. Comparison between the statistical metrics calculated for
the P25 point Roughness — Donelan 90

Scores for forecasting

Experiments

| EAETIE

P -
L) A MEAN Nt L= uoan - L

mg"cers
Figure 11. Roughness calculated using the Donelan 90 method for
the period of August 1999.
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Roughpess — New Method. (T, TSM, Hs, angiﬁ Tp)
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meters

Figure 12. Roughness calculated using the new method developed
for the period of August 1999.

CONCLUSIONS

Among the conclusions, it can be emphasized that new
methodologies for estimating wind profiles are welcome and
that the subject has not yet been exhausted. With regard to
roughness, it was found that different methods produced
significantly different results. Therefore, for the region of in-
terest in each study, each of these methods should be tested
to see which gives the best results.

In the work by Carmo et al. (2021), for example, the Tay-
lor and Yelland method proved to be more satisfactory than
others, such as Donelan (1990) and Donelan et al. (1993). In
this study, the Taylor and Yelland (2001) roughness method
adapted to T and TSM showed even more satisfactory re-
sults, revealing that there is still progress to be made.

Lange et al. (2004) showed in their study that the mod-
els for estimating roughness led to only small differences.
However, this study showed that this difference completely
altered the results.

As for the stability correction parameter, this study con-
cluded that it must be calculated regardless of whether the
region is neutral, stable, or unstable. Carmo et al. (2021)
found that the region of interest in their study was stable
and thus ended up significantly modifying the results. Al-
though the region studied is classically neutral, adopting a
stability value of zero is not ideal as the value is not zero but

close to zero. This will produce errors in the profile estimates
and change the logarithmic profile of the estimated winds.
These errors will significantly impact other relevant calcula-
tions, such as wind potential studies (since the potential is a
function of the cubed wind).

In this vein, it can also be concluded that when there are
concomitant errors between roughness and stability deter-
mination, the problem is even more significant. Therefore,
great care must be taken when estimating these profiles in
the ocean since they have “live” roughness. This means that
it is directly affected by the significant wave heights in the
region and is not a fixed, static value, as already mentioned.
Adding to the complexity, the higher the values of significant
wave height, the greater the height of the Wave Boundary
Layer (WBL). This implies a change in the paradigms for es-
timating wind profiles because within the WBL, winds will
behave differently from those estimated for the Surface
Boundary Layer.

In summary, this work shows the importance of calculat-
ing the micrometeorological parameters correctly for your
region and the significance of determining their stability
class. Without these, the models’ results may show an er-
roneous estimate and produce inadequate studies that will
not represent the reality of the region of interest.
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