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Approximate Stokes Drift Profiles in Deep Water SCECMWF

Abstract

A new approximation to the Stokes drift velocity profile i®posed as an alternative to the monochro-
matic profile. Comparisons with parametric spectra andtfudtdimensional wave spectra from the
ERA-Interim reanalysis in the North Atlantic show signifitamprovement over the monochro-
matic profile even for complex sea states. The profile givels Aeloser match and a more correct
shear compared to the monochromatic profile. This has ietjibics for ocean circulation since the
Coriolis-Stokes force depends on the magnitude and direcii the Stokes drift profile and Lang-
muir turbulence depends sensitively on the shear of thelg@rofihe proposed profile comes at no
added numerical cost and relies on the same two parameitetee\Stokes transport and the surface
Stokes drift velocity.

Technical Memorandum No. 716 1



SECMWF Approximate Stokes Drift Profiles in Deep Water

1 Introduction

With the inclusion of Langmuir turbulenc&kyllingstad and Denbo 199BIcWilliams et al. 1997, Thorpe
2004 Ardhuin and Jenkins 200@&rant and Belcher 2008ndBelcheret al. 2012 and Coriolis-Stokes
forcing (Hasselmann 1970Neber 1983 Jenkins 1987/McWilliams and Restrepo 1999anssert al.
2004 Poltonet al. 2005 and Janssen 2032n Eulerian ocean models it becomes important to model
the magnitude and the shear of the Stokes drift velocity correctly. StoKeprdifiles are also needed
when estimating the drift of partially or entirely submerged objects se&illiams and Sullivan 2000
Breivik et al.2012 Rohrset al.2012and references iBreivik et al. 2013for applications of Stokes drift
velocity estimates for particle and object drift). However, computing the Stdk# profile is expensive
since it involves evaluating an integral with the two-dimensional wave speatwvery desired vertical
level. It is also often impractical or impossible since the full 2-D wave spetimay not be available.

Here we propose an alternative approximate Stokes profile which will impaced to what is known
as the monochromatic profile (S8t The proposed profile was recently implemented in the ECMWF
version of the NEMO ocean modeaWiadeg 2008 (the coupled forecast system and the coupling be-
tween the wave model and the ocean model components are describaddsget al. (2013). This
paper is organized as follows. In Sgeve investigate how these two approximate profiles compare for
three well-known parametric spectra. Skeexamines the impact of a high-frequency spectral cut-off
on the Stokes drift profile and the Stokes transport. This has implicatiortedaromputation of pro-
files from discretized spectra from numerical wave prediction modtdsgelmanet al, 1988 Tolman
1991 Komenet al., 1994 Booij et al, 1999 Riset al, 1999 Tolmanet al., 2002 Jansse2004. We
investigate how well the proposed profile fits the full profiles computed frwordimensional wave
spectra from the ERA-Interim reanalysiBdeet al,, 2011 in Sec5. Here we also quantify how much
waves beyond the high-frequency cut-off affect the shear and tigaitnde of the Stokes drift profile.
Furthermore we investigate the impact of approximating the Stokes tranggetiah by the more read-

ily available mean wave direction as well as approximating the magnitude of thesStakisport vector
by the first order moment. Finally, in S&cwe present our recommendations for the computation of
approximate Stokes profiles.

2 Approximate Stokes Drift Profiles

The Stokes drift profile in water of arbitrary depth was showrKleyyon (1969 to relate to the wave

spectrum as
© k [2kcoshXx(z+d
Us(2) = g//_mF(k)B { sinh2(<d )] ok, @

wherek = |k| is the magnitude of the wavenumber vectbis the bottom depth (positivey,the gravita-
tional accelerationw = 2rf the circular frequency aralis the vertical co-ordinate (positive up). In the
following we will only consider the deep-water limit of the dispersion relation,

w? = gk 2)

Then Eq () simplifies to
_ 2 [ [ 3 ok
Us(z) = g//m‘*’ ke??F (k) dk, (3)

wherek = k /k is the unit vector in the direction of the wave component.
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We now recast the east and north components of the Stokes drift profilegimency-directior{ f, 9)

co-ordinates as
1613 (27
Us(Z) -
g 0

wheref is measured clockwise from north (going to) ahe- w/27r.

/w F3ke??F (f,6) dfdo, 4)
0

The Stokes transpofts = [°, us(z) dzbecomes in the deep-water limit

2 poo
TS:ZIT/ / fkF (f,6)dfde. (5)
0 0

The integrand here is the first-order moment of the wave spectrunweighted by the unit vectde of
the wave component, with theeth order moment of the 2-D spectrum defined as

nh:/ozn/owf”l:(f,e)dfde. (6)

Estimating the full profile from Eg4) can be a costly operation even when a modeled or observed wave
spectrum is available. When a wave spectrum is not available the StoKis praost be approximated
from the transport (E®) and the surface Stokes drift velocity. It is therefore customary to appro
mate Eq 4) by the exponential profile of a monochromatic wave (se8leglingstad and Denbo 1995
McWilliams and Sullivan 2000Carnielet al. 2005 Rascleet al. 2006 Saetreet al. 2007 Tamuraet al.
2012

Um = Ug€™m?. 7)

To ensure that the surface Stokes drift and the total transport of theahnmmatic wave in Egf) agree
with the values for the full spectrum, Eg®4(5), the wavenumber must be determined by

_ Y
km = T (8)

We have explored an alternative to the exponential profile of the form

e

e =UoT g1z

(9)

The transport under such a profile involves the exponential intégrahd can be solved analytically
(Abramowitz and Stegun 1973.1.29 to yield

_ UgeY*Eq(1/4)
s = T

It will in the following be referred to as the exponential integral profile.isTimposes the following
constraint on the wavenumber,

(10)

~ UgeY4Eq(1/4)
HereE;(1/4) ~ 1.34, thus
Ke ~ 50T, km/3. (12)

We will now assess the quantitative and qualitative differences betwedwohapproximate profiles,
referred to by subscripts for monochromatic and for exponential integral.
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3 Profiles under Parametric Spectra

Under a one-dimensional spectrum in the deep-water limidEggcomes
us(z) = 2 / W3F ()29 dw. (13)
0

We now introduce the Phillips spectruHillips, 1958 1985 Janssei2004), applicable to the equilib-
rium range of the spectrum of wind-generated waves above the dpeia
[ apPw S, w> wy
FP_{O, W< ap -
Here we set Phillips’ parametet = 0.0083 (there is some disagreement about its values with others

workers, includingHolthuijsen 200andWebb and Fox-Kemper 20Xdreferring the value 0.0081). The
peak circular frequency is denotegl. The Stokes profile under the Phillips spectrum is

up(z) = 2 / apgw 2629°2/9 4. (15)
“p
The transport under this Stokes profile can be found analytically, yielding
- apg?
Tp= 3R e (16)

Eq (15) is compared with the two approximate profiles (Eg@nd9) in Panel a of Fidl. The exponential
integral approximation has a root-mean-square (rms) error of abadxthatisat of the monochromatic
approximation.

Stokes drift profile under the JONSWAP spectrum
T T T ——

,-

Stokes drift profile under the Phillips spectrum 0
T T T —
J—

10k

Depth [m]

— JONSWAP spectrum, T, =10 s
»—x Monochromatic wave, Uy, = 6.22e-04
e—e Exponential integral, u,,,, = 2.72e-04

n

- — Phillips spectrum, T, =10 s
| x—x Monochromatic wave, Uy, = 1.85e-04
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n
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Figure 1: Panel a: The Stokes drift profile under the Phillgmectrum (§= 109. The monochromatic approxi-
mation (x) tends to overestimate the drift in the upper péthe water column while underestimating the drift in
the deeper part. The exponential integral approximationefdibits closer correspondence throughout the water
column, with an rms error about six times smaller than thainft for the monochromatic approximation. Panel b:
The Stokes drift profile under the JONSWAP spectria=(T0g. The results are similar to those for the Phillips
spectrum with an rms error of the exponential integral (opat60% times smaller than that of the monochromatic
approximation (x).

The Pierson-Moskowitz (P-M) spectrurRiérson and Moskowitz1964) is commonly used to model
fully developed (equilibrium) sea states,

5 4
Fem = apg?w > exp [—4 (%) ] . (17)
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We find the same general improvement as was found for the Phillips speabrowe with an rms error
about a fifth that of the monochromatic approximation (not shown). Notehinat the integral covers
also the lower frequencies as the spectrum remains bounded for alkkfreigs. Panel b shows the profile
under the JONSWAP spectrum. This spectrum is based on the P-M spewittuenpeak enhancement
to account for the spectral shape found in fetch-limited sel@sgelmanet al,, 1973 Janssen2004
Webb and Fox-KempeR011)

Fionswap= FemY' (18)

2
= exp [—; (” b 1) ] | (19)

Here typical values arg= 3.3, 0 = 0.07 for f < fy ando = 0.09 whenf > f,. The exponential integral
profile gives a reduction in rms of about 60% compared with the monochroprafite.

where

3.1 The Shear of the Stokes Profile

The production of Langmuir turbulence arises from a vortex force tegm, ] x u, in the momentum
equation [Leibovich 1983. The vortex force gives rise to a term involving tilgearof the Stokes drift
velocity profile in the turbulence kinetic energigntha and Clayson 2004olton and Belcher 2007
Grant and Belcher 2008elcheret al. 2012andJanssen 2032This is illustrated below in a simplified
version of the TKE equation where lateral gradients and advective teegrered,

g?:vm82+va-(ZUZS—VhNZ—p:\LN(;l(p’W)—;Z(eV\/)—s. (20)
Heree = ¢?/2 is TKE per unit mass, witly the turbulent velocity. We recognize the familiar terms of
the TKE equation [seStull 1988 Eq (5.1a)], namely shear productic®f,= (dtU/dz)?, and buoyancy
production,N2 = —(g/p)dp/dz (vmn are turbulent diffusion coefficients for momentum and heat, re-
spectively) as well as the divergences of the pressure correlatiarptaf and the turbulent transpastv

and finally the dissipatiog. The term involving the shear vect8r= du/dz multiplied with the shear

of the Stokes profile represents production of Langmuir turbulence.

It is of interest to investigate the shear under parametric spectra, attteféhillips spectruml) an
analytical solution can be foun&(adshteyn and Ryzhik 2003.321.3,

oup Ce2ld/eggy— [T 27
5, = ZGPQ/% e dw = 8|Z|en‘c g . (21)

On the surface the shear goes to infinity. This is in contrast to the shear amdonochromatic wave
(7), which remains bounded near the surface,
dun(z=0)
— =2 : 22
07 KmUo (22)
The shear of the exponential integral profi® élso remains bounded, but reaches a 50% higher value
than the monochromatic profile at the surface,

Oug(z=0) 10

Technically the singularity in Eg2(l) can be avoided by moving the computation of the Stokes shear
away from the surface through the use of a staggered grid, but it rermainpen question whether the
current understanding of Langmuir turbulence production is adequate.
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4 High-frequency contribution to the profile

The same procedure as outlined above can be used to compute the pnoftiesaports from discretized
wave spectra with a high-frequency cut-off. However, as the Stolftssdweighted toward the high-

frequency (HF) part of the spectrum, the tail beyond the cut-off ®eqy (f;) is significant both for the

profile and the transport. We follotomenet al. (1994 pp 233—-234 and assume a tail of the form

Fue = F(fe, 0) (1;0)5 (24)

which is consistent with the Phillips spectrutd]. The two-dimensional spectrum below the cut-off
frequency is here assumed to come from observations or from a nuhwvegigaprediction model. This
is the procedure used for adding the diagnostic high-frequency cotidriito the spectrum in the WAM
model, seeHasselmanet al. 1988 Komenet al. 1994 Janssen 200ECMWF 2012as well as the
WaveWatch-11l modelTolman 1991 Tolmanet al. 2002.

The high-frequency tail adds the following contribution,

© exp(8mzf?/ g)

e(2) = 16n3f5/ F(f,0)kde f 2

df. (25)
The latter integral can be solved analytically (se€segdshteyn and Ryzhik 2003.461.5, yielding

o 2
Une(2) = 16"3f5 [ Rt o)k | SRR —ert ey (26)

whereu = —81°z/g. The high-frequency addition to the surface Stokes drift in deep watebe found
by settingu = 0, which simplifies to

2n R
Unr(0) = 16;13f°4 F(f.,0)kde. (27)
0
The ECMWF WAM model ECMWF, 2012 computes and outputs the surface Stokes drift velocity

vector corrected for the high-frequency contribution.

The tail contribution to the transport becomes

2m
Thr= =

2n N
f2 [ F(f,0)kds. (28)
3 0

5 Modeled Profiles in the North Atlantic

The ERA-Interim is a continuously updated atmospheric and wave fieldlyesas produced by the
European Centre for Medium-Range Weather Forecasts (ECMWF) gtartl®79. The model and data
assimilation scheme of the reanalysis are based on Cycle 31r2 of the tateGmecast System (IFS).
The wave model WAM is coupled to the atmospheric part of the IFSJapssen 200#r details of the
coupling andDeeet al.2011for an overview of the ERA-Interim reanalysis). The resolution of theeva
model model componentis@ on the Equator but the resolution is kept approximately constant globally
through the use of a quasi-regular latitude-longitude grid where grid paietprogressively removed
toward the polesJanssen2004). A similar scheme applies for the atmospheric component, but here
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the resolution is approximately75° at the Equator. The wave model is run with shallow water physics
where appropriate. The spectral range frod53< 102 to 0.55Hz is spanned with 30 logarithmically
spaced frequency bands. The angular resolutions 15

For this study we computed the Stokes profiles down to 30 m depth from thditmemnsional ERA-
Interim spectra in a region in the north Atlantic ocean{880°N, 20— 1W, see FigR) for the whole

MWD distributio(r]lo at 59°N, 019°W

Model grid point

30

k]
1 o o
P €6O N
90° g \
Tk § 50°N

-4 40° N

2701

60°W50°W40°W30°W20°W10°W 0° 10°E

Number of occurences per 10° bins

Figure 2: Left panel: The directional distribution of the emewave direction (going to) in model location’5N,
019 W. A large spread in wave direction is found. The location adsgh prevalence of wind sea but is also
exposed to swell. Right panel: Model location.

of 2010. This region is stormy while also exposed to swell, providing a rahgemplex wave spectra.
To assess the difference between the monochromatic approximation axgomemstial integral approx-
imation the rms deviation from the full Stokes profile to 30 m depth was calculatezl/éry spectrum.
The results are shown in F& The rms deviation of the exponential integral profile from the full Stokes
profile is on average 35% that of the monochromatic profile for our chlo®ation and model period
(2010). The improvement is consistent for a range of different sé@ssts illustrated in Fig. In Panel

a the match is so close that the exponential integral profile overlaps thedtilep Poor performance is
expected in cases where a one-dimensional fit is made to wave spectra witliatwetrically opposite
wave systems. Such a case is shown in Panel b, where a swell systels inatie opposite direction of
the wind sea. Indeed, this spectrum represents the worst fit fourubthoat the model period, but even
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Figure 3: Panel a: The root-mean-square difference betwherfull Stokes profile and the monochromatic profile

to 30 m depth (vertical resolution 0.1 m). Panel b: The rm&edihce of the exponential integral profile is on
average about one third that of the monochromatic profilexshn Panel a.

here there is slight improvement over the monochromatic approximation. Thenurisias of theshear
of the Stokes drift profiles estimated over the water column to 30 m depth weane to be on average
66% and 55% that of the monochromatic profile.

5.1 High-frequeny Contribution to Stokes Drift

The contribution from the spectral tail to the surface Stokes drift velootipnd in Eq 26) is on average
about a third, and sometimes exceeding 75% @;iBanel a). It is well known that adding the contri-
bution from the high-frequency tail is important, and indeed it is standacktipe to include it in the
computation of the surface Stokes drift velocity (see eg the ECMWF modehaematation ECMWF
2012 p 52). In contrast, its contribution to thensportis generally marginal (average 3%, Panel b,
Fig 5), although in certain cases it may exceed 10%. The high-frequendsitzdgion decays rapidly
with depth, as can be seen in Panel a of &idBelow 0.5 m the difference between the low-frequency
(LF) profile and the full profile is marginal. Neither of the approximate prefitea particularly good
match, but of the two the exponential integral profile has a slightly bettefegriatthan the monochro-
matic profile. This mismatch in the upper half meter is in contrast to the good oneth found for the
whole water column (see F#). This means that the contribution from Langmuir turbulence near the sur-
face (Eq 20)) will be underestimated. Panel b shows the approximate profiles with thefrieighency
contribution added. Now the gradient is much closer to that of the theorétit&@tokes profile. In

8 Technical Memorandum No. 716



Approximate Stokes Drift Profiles in Deep Water SCECMWF

ERA-120100825, 59.00° N, 341.00° E o ERA-1 20100226, 59.00° N, 341.00° E
-
Y‘/
- -5
-10 -10
E E
£ -15 £ -15
g g
o [=]
—20 —20
25 —  WAM spectrum —25 —  WAM spectrum
»—x_ Monochromatic wave »—x  Monochromatic wave
e—e Exponential integral e—e Exponential integral
~Hooo 0.002 0.004 008 7010 0012 “*00 0.02 0.04 0.06 i 0] 011 0.16

0.006 0.08 0.
Stokes drift [m/s] Stokes drift [m/s]

NORMALISED 2-D SPECTRUM for 0001 wave ei NORMALISED 2-D SPECTRUM for 0001 wave ei
2:00Z on 25.08.2010 12:00Z on 26.02.2010
(59.00N, 341.00E) (59.00N, 341.00E)
Hs= 1.55m, Tm= 9.09s, Tp=1117s Hs= 337m, Tm= 9.08s, Tp=12.29s
Peakedness Qp = 1.00, Directional Spread = 0.93 Peakedness Qp = 0.65, Directional Spread = 0.79
MWD = 203 degrees PWD = 210 degrees MWD = 210 degrees PWD = 195 degrees
Propagation direction is with respect to North Propagation direction is with respect to North
North is pointing upwards North is pointing upwards
Concentric circles are every 0.05 Hz Concentric circles are every 0.05 Hz
1.00 1.00
0.96 0.96
0.64. 0.64.
0.43 0.43
§i—ozs §i—ozs
&g &g
< <
3 3
2 0.13 2 0.13
S S
£ £
SF—oos SF—oos
0.06 0.06
0.04 0.04
0.03 0.03
—~ —~
» »
o~ o~
< <
E E \/
w w
01 0.4 05 01 0.4 05

0.2 03 0.2 03
Frequency (Hz) Frequency (Hz)

(a) (b)

Figure 4: Panel a: The Stokes drift profile under a full twordinsional wave spectrum from the ERA-Interim
reanalysis. The location is in the north Atlantic. An extedyngood fit is found in this case. The 2-D spectrum
shows a strong bimodality which is masked in the 1-D spectrigamel b: Much poorer fit is found in this case
where a strong swell system is superimposed on locally gégetwind sea. There is still some improvement over
the monochromatic approximation. Here the swell part is thamt and of a lower frequency, making the 1-D
spectrum bimodal.

principle it is straightforward to add this contribution to the approximate profile/dy of Eq @6), but
it requires knowledge of the two-dimensional wave spectrum at the ttreqliencyf..

The Stokes transpor2®) is also affected by the high frequency contribution, although much less so
(about 10%, see Fi§, Panel b), which is to be expected since the transport is a function ofr#e fi
moment.
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Figure 5: Panel a: Ratio of high-frequency contribution teetsurface Stokes drift. On average the contribution
is about 39%. Panel b: Ratio of high-frequency contributiothe Stokes transport. On average the contribution
is about 3%, and only occasionally will it exceed 10%.

5.2 Discrepancy Between the Stokes Transport anah;

Itis clear that
|Ts| < 2rmmy, (29)

butitis not clear how large this deviation is on average for typical wagetspin the open ocean. Assess-
ing the overestimation is of practical value since the first spectral momerieis afchived or indirectly
measured. Since the mean frequency is defined asm/my (World Meteorological Organization
1998 Holthuijsen 2007 and the significant wave heighty, = 4,/mMg, we can derive the first moment
from the integrated parameters of a wave model or from wave observaiwhfind an estimate for the

Stokes transport,

2T A
G~ 1—6fH§bks. (30)

Hereks = (sinBs,cosbs) is the unit vector in the directiofs of the Stokes transport.

T

Note that this Stokes transport direction is not normally archived by wesdigiion models, but it can
be approximated by the mean wave directibas will be shown later. Estimating the Stokes transport
from the first moment is attractive since it involves only integrated paramegadily available from
wave models. Fig shows good correspondence between the the Stokes transport astriate based
onmy in Eq (30) with a correlation coefficient of.06, butmy will overestimate the transport on average
by 16%. Both transport estimates include the contribution from the diagnostieft@guency spectral
tail.

5.3 Deviation between the Stokes transport direction and th mean wave direction

The mean wave direction (MWD) measured clockwise from North in the direthie waves are propa-
gating to is defined as

27T o -

7 [ sin6F (f,0)dfde

6 = arctan| ~9_2 . (31)
o Jo cosOF(f,0)dfdo

It is of interest to assess how well it approximates the direction of the Stak@sport since it is a stan-
dard output parameter of many wave mod&€MWF, 2012 whereas the Stokes transport is generally

10 Technical Memorandum No. 716
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ERA-120100101, 59.00° N, 341.00° E, H, o= 3.1 m ERA-120100101, 59.00° N, 341.00° E, H, o= 3.1 m

0.0

0.0

- LF Stokes drift
— Total Stokes drift
»—x Monochromatic wave+HF
e—e Exponential integral+HF

- LF Stokes drift
— Total Stokes drift
»—x Monochromatic wave
e—e Exponential integral

2.0

25 L L T T 95 H H T
0.01 0.06 0. 0.12 0.14 0.16 0.01 0.06 0.08 0.14 0.16

i i
08 0.10 0.10 0.
Stokes drift speed [m/s] (b) Stokes drift speed [m/s]

(@)

Figure 6: Panel a: The high-frequency contribution to theke&ss drift velocity. The Short waves beyond the cut-off
frequency contribute only to the drift in the upper half métmmpare the dash-dotted low-frequency Stokes drift
to the total drift drawn with a full line). The two approxineaprofiles are pegged to the surface Stokes drift and
coincide exactly at the surface. The shear is not well regaveed by either of the approximate profiles in the upper
half meter, but the exponential integral profile is the bettetch of the two. Panel b: The same approximate
profiles with the high-frequency profile added. A much bettatch for the upper meters of the ocean is achieved,
both in terms of shear and absolute error.

not. Panel a of Fi@ shows the deviation of the Stokes transport from the MWD in the model location
in the north Atlantic during 2010. The average deviation is abowatriel 75% of the time the difference

is less than 1Q In contrast, Panel b shows a much larger deviation between the direttiom Stokes
transport and the surface Stokes drift velocity. This is due to the setysithigh-frequency wave com-
ponents arising from the third power of the frequericynder the integral in Ec4j. It will therefore in
general be better to estimate the transport direction from the mean waveodinether than from the
surface Stokes direction.

6 Recommendations for Approximate Stokes Profiles

The alternative profile proposed here has been shown to be a bettexiapgttion than the monochro-
matic approximation for both theoretical spectra and numerically estimatedspedthre open ocean.
Utilizing this alternative profile comes at no added cost since the computaties o& the same two
parameters required for the monochromatic profile, namely the Stokesdrgnkg and the surface
Stokes drift velocityup. We also found that in the open ocean the mean wave direction serveseg a g
proxy for the Stokes transport direction. It is a significantly better substihan the surface Stokes drift
direction. Furthermore, the one-dimensional first order monmentis found to correlate well with the
magnitude of the two-dimensional transp¢fi|. A factor of 0.86 (16% reduction) seems appropriate in
open ocean conditions.

Discretized spectra add a diagnostic high-frequency tail, se24rqW/e find that adding the contribution
from the tail gives an important contribution to the Stokes drift velocity in theeufalf meter in the
open ocean. Its impact rapidly decays, and below 0.5 m the differencerggnala(Panel a, Fid).
This has implications for the computation of the gradient of the Stokes drift inghermost part of the
ocean. Neither of the approximate profiles match the gradient in the uplpendter well, and this is
important to keep in mind for future studies of upper-ocean turbulencendiéeagain that although it is
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3On: 3000, a: 1.167, b: 0.09457, corr: 0.96, rank corr: 0.93
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Figure 7: The discrepancy between the two-dimensionaleStolansport|Ts| and the unidirectional estimate
2y from the ERA-Interim reanalysis. Good agreement is gehefalnd, but the unidirectional estimate will
on average be 16% too high.

numerically inexpensive to add the high-frequency contribution to thel@ras reliance on the full 2-D
spectrum makes this approach impractical for applications where thelgpdstunavailable.

We conclude that the proposed Stokes profile is a closer match than the chnuseth monochromatic
profile both in terms of speed and shear. Although both profiles poorly ntaéaieal shear in the upper
half meter, even here the new profile offers a slight improvement over tl@choomatic profile. As
Langmuir turbulence depends sensitively on the Stokes drift shear #stiou of whether approximate
profiles can be found that more closely mimic the gradient in the uppermosine&df merits further
work.
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ERA;!"c'jeviation of Stokes transp from mean wave dir. Mean diff -1.61°, stdev diff 16.29° ERA-llggeviation of Stokes transp from Stokes surf drift. Mean diff 4.11°, stdev diff 33.29°
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Figure 8: Panel a: The directional deviation between thekBtotransport and the mean wave direction (MWD).
The average deviation is aboBt and 75% of the time the difference is less tli#h. Panel b: The directional
deviation between the Stokes transport and the surfaceSthkt velocity is larger due to the®fveighting of the
wave spectrum which gives larger weight to high-frequenayexcomponents.
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