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FIELD MEASUREMENTS OF THE VERTICAL SHEARS FOR A DRIFT CURRENT
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We describe the procedure of field experiments aimed at measuring the vertical profiles of the
vectors of a drift current with the help of quasi-Lagrangian drifters.  We present the data on the
vertical shears of the current at depths of  0.5–5 m  obtained under the conditions of neutral strati-
fication in the upper  5-m layer of the sea in the presence of weak and moderate winds.  The cor-
respondence of the obtained data to the concept according to which the subsurface layer of the
sea is regarded as a near-wall turbulent layer with Ekman current located below is analyzed.  A
conclusion is made that the results of measurements correspond, on the average, to the classical
concepts demonstrating both the region of logarithmic sublayer and its transition into the Ekman
spiral. 

Introduction

The processes running on the sea surface and in the upper layer of the ocean (several meters in depth) play
an extremely important role in the global ocean–atmosphere system [1, 2].  In particular, they are responsible for
the exchange of momentum, energy, and substances between the ocean and atmosphere.  Hence, a broad circle of
problems of climatic and routine simulation requires the application of adequate parametrizations of the ex-
change processes.  The exchange processes in the ocean involve the wind waves, turbulence, and drift currents
characterized by their own vertical profiles.  However, their relative role in the processes of momentum and heat
exchange, as well as the correlation between these processes, remain unclear despite persistent efforts of numer-
ous researchers [2–4].  The relatively slow advance in this field is explained by the following inherent difficul-
ties: the realization of comprehensive and precise in-situ measurements is still beyond the existing technical
possibilities and, at the same time, any further advances in theoretical simulation require new physical ideas. 

According to the classical concepts, the subsurface boundary layer is regarded as a near-wall turbulent layer
subjected to the action of Earth’s rotation.  Therefore, it is expected that the vertical profile of current velocity
near the surface is logarithmic and, with depth, turns into the Ekman spiral specified by the coefficient of turbul-
ent viscosity at the corresponding depth [2, 3].  However, the presence of wind waves most likely violates this
simple picture.  In the course of numerous in-situ investigations [4–7, etc.], it was demonstrated that the inten-
sity of turbulence in the upper layer significantly exceeds the predictions of the theory of near-wall turbulence.
This disagreement was explained by the generation of turbulence as a result of breaking of the wind waves.  The
analysis of the in-situ data on the shears of a drift current performed in [8] revealed the deviations of the current

profile from the logarithmic law caused by the influence of wave breaking in a layer of thickness  1 / k,  where  k
is the wave number of the spectral peak of surface waves.  Parallel with breaking, there exist some other possible
mechanisms of influence of waves on the phenomenon of turbulence in the upper layer [4].  Thus, in particular,
the role of wave motions in the generation of turbulence remains unclear.  Note that, in the pioneer works carried
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out at the Marine Hydrophysical Institute in the 1970s, it was experimentally discovered (see, e.g., [9]) that these
motions induce Reynolds wave stresses.  Waves can also affect the Ekman drift current as a result of the aver-
aged action of the Coriolis force on the particles of water participating in the Stokes wave drift [10]. 

In this connection, it is of interest to study the situations in which the influence of wave breaking is absent
or definitely insignificant.  The present work is a step made in this direction.  Our main aim is to estimate the
profile of vertical shear of the subsurface current velocity in the upper  5-m  layer on the basis of the results of
purposeful measurements under the conditions of weak winds and neutral stratification of the subsurface layer of
water.  In this case, wave breaking cannot affect the dynamics of the upper layer and, hence, the measurements
of the vertical shears of the velocity enable us either to reveal the effect of the other mechanisms of formation of
the vertical profile of the wind drift current or to show that this effect is insignificant.  For comparison, we also
perform a similar analysis in the presence of moderate winds.  If we manage to construct a physical model of the
observed vertical profile, then it would be possible to establish indirect estimates of the vertical distribution of
the coefficient of turbulent viscosity which can be used in numerical models. 

The vertical gradients of the velocity are especially pronounced in the immediate vicinity of the free sur-
face, where the measurements performed by immobile rigidly fixed devices are impossible in the presence of
waves.  The vertical resolution of the existing ADCP-systems (Acoustic Doppler Current Profilers) does not en-
able us to measure the velocities in the layer located at depths of  0.5–1 m  under the surface [11].  In estimating
the current velocity according to the data of measurements by HF-radars, we, in fact, determine the integrals of
the velocity profile multiplied by a given weight function over the vertical coordinate [12].  This means that, in
order to reconstruct velocities, it is necessary to know the shape of the profile in advance.  This is actually a sub-
ject of our investigations.  It seems likely that a single suitable (but extremely laborious) procedure of measure-
ments is based on the use of quasi-Lagrangian drifters.  The procedure of measurements of this sort is fairly well
developed in the investigations of the evolution of a layer of diurnal heating of the ocean [13, 14]. 

Earlier, the in-situ experiments aimed at the description of shears of a current with the help of Lagrangian
drifters launched in the upper  1-m  layer were performed mainly in lakes and in the presence of weak winds (see,
e.g., [15, 16] and the references therein).  The analysis of these data make it possible to conclude that the veloc-
ity profile of the drift current obeys the logarithmic law predicted by the theory of near-wall turbulence [16]. 

In what follows, we present the data of in-situ measurements obtained in the sea in the presence of waves
and covering not only the logarithmic sublayer but also the region of its transition into the Ekman sublayer and
analyze the agreement of the obtained results with the classical ideas. 

Experiment

The experimental works were carried out in the summer periods of 2000 and 2001 near the stationary oce-
anographic platform of the Marine Hydrophysical Institute of the Ukrainian Academy of Science in Katsiveli
(Crimea).  In Fig. 1a, we present a schematic diagram of the experiments and a map of the water area.  The cur-
rent velocities were measured with the help of drifters launched from a motor boat at a distance of  1.5–2 km
from the coast.  The depths of the sea in the region of works was not smaller than  50 m.  In Fig. 1b, we present
the design and sizes of a drifter.  The drifters were made in the form of a surface float and a drogue connected by
a thin steel rope.  The drogue had the form of a box without bottom.  The possibility of measuring currents with
the help of drifters of this sort was confirmed in [13, 14]. 

We used five drifters with drogues located at different depths (regulated by the length of the rope).  The
depths of submersion of the drogues  hi  (i  =  1, … , 5)  specified as the distances from the geometric center of the
drogue to the sea surface were equal to  0.5,  1,  2,  3,  and  5 m  (or  10 m),  respectively.  Since the effective cross
section of the drogue is about  50  times larger than the cross section of the float, the drifter follows the current
velocity at the depth of the drogue.
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Fig. 1.  Schematic diagram of experiments and a map of the water area (a),  the design and sizes  (cm)  of a drifter (b), and an example

of locations of the drifters prior to lifting (c);  the numbers indicate the depths of measurements. 

The procedure of measurements is illustrated in Fig. 1a.  The drifters were simultaneously launched from
the boat at a distance of about  2 km  from the platform.  The coordinates of the boat at the point of launching

R0  =  ( x0, y0 )  were determined from the platform with the help of a laser range-finder with azimuth-indicating

goniometer.  After a certain period of time  Δ t  =  30–60 min  sufficient for the distance between the drifters to be-
come as large as about  100 m,  the drifters were successively lifted and returned to the boat.  The coordinates

R0  =  ( xi, yi )  of the places of lifting the drifters were also determined with the laser range-finder from the plat-
form.  The current velocity at the depth of the drogue was found as follows: 

ui  =  
R Ri

it

− 0

Δ
.

The mean velocity given by this formula corresponds to the actual motion only in the case where the trajec-
tory of a drifter is close to a straight line.  According to the data of visual observations, we did not detect any no-
ticeable deviations of the motion of floats from straight lines.  In Fig.  1c, we present an example of locations of
the drifters prior to lifting (see experiment 27 in Table 1) and the length of the boat.  As follows from Fig. 1c, the
uncertainty in measuring the velocity  u  is caused mainly by the “finite” length of the boat  l = 7 m.  Hence, for

Δ ti = 30 min,  the maximum error can be estimated as  δ ui  ≈   1 / Δ ti  ≈   ± 4 ⋅ 10–3 m / sec.  For  Δ  ti = 60 min,  the
maximum error twice lower. 

The measurements of currents were accompanied by recording the vertical profiles of water temperature in
the upper layer with the help of an MGI–4103 (BIPT) device from the boat.  From the platform, we continuously
recorded the velocity and direction of a wind at an altitude of  23 m  ( U23 ),  the air temperature at an altitude of
11 m,  water temperature, and the spectrum of waves (with the help of a resistance wave staff).  The detailed de-
scription of the equipment can be found in [17].  By using the measured values of the wind velocity, water tem-
perature, and air temperature, the friction velocity in air  u*  is computed according to the method proposed in
[18].  Then, in view of the condition of continuity of the flow of momentum on the sea surface, one can find the
friction velocity in water  v* 

:

v*  =  u a

w
*

ρ
ρ

. (1)
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For subsequent analysis, we selected the realizations obtained for the winds directed from the sea to the
coast and in the case of stratification of the upper layer of water close to neutral.  This means that the tempera-
ture drop in the upper  10-m  layer should not exceed  0.1°C.  These data do not include the effects of diurnal
heating, which can significantly affect the dynamics of the upper layer for weak winds [13, 14].  Thus, we can
analyze the vertical shears of current velocity caused solely by the wind action and, possibly, the action of sur-
face waves. 

Results 

The conditions of the experiments are presented in Table 1, where one can find the velocity and direction of
the wind, water and air temperatures, friction velocity in air, significant wave height, and the period of waves of
the spectral peak.  The data are gathered into two groups.  The first group includes 15 current profiles obtained

for weak winds with velocities not higher than  8 m / sec  (the average wind velocity is equal to  6.1 m / sec).  For
this group of data, we can definitely state that breaking waves cannot affect the phenomenon of turbulence in the
upper layer because their are either quite rare or absolutely absent (see Table 1, where we mark the cases of ab-
sence of white caps on the sea surface according to the data of visual observations).  The second group of data

includes 12 profiles corresponding to moderate winds with velocities of  8.1–14 m / sec  (the average wind veloc-

ity is equal to  10.5 m / sec)  for which the influence of wave breaking is, in principle, possible. 

For the major part of realizations, the location of the drifters prior to lifting was similar to that shown in
Fig. 1c.  In all cases, the principal component of the transport of drifters was connected with the coastal current

whose velocity was sometimes as high as  1 m / sec.  In order to exclude this component from consideration, we
analyzed the vector differences between the velocities of drifters 1–4 and the velocity of drifter 5 whose drogue
was located at the maximum depth  (10 m  in experiments 1–7 and  5 m  in experiments 8–27) under the assump-
tion that the coastal current velocity is constant in the upper layer.  Thus, the differences 

Δ u i, 5  =  u i – u 5,      i = 1, … , 4,

contain the information solely about the drift current. 

In Fig. 2, we present the dependences of the modulus and direction of  Δ u 1, 5 ,  i.e., of the drop of current
velocity between the upper  (0.5 m)  and lower drifters, on the wind velocity.  Here and in what follows, the
direction is measured clockwise relative to the direction of the vector of wind velocity.  In the plots, the direction
is denoted by the word “angle.”  On the average, the drop of current velocity constitutes about  1%  of the wind

velocity and the vector  Δ u 1, 5  deviates from the wind velocity to the right in agreement with the well-known
empirical ideas concerning drift currents (see, e.g., a survey [10]).  The data of this kind are most often charac-

terized by a strong spread of points (cf. Fig. 8 in [15]).  The mean modulus and direction of the vector  Δ u 1, 5  for

the groups of data obtained under weak and moderate winds with mean velocities of  6.1  and  10.1 m / sec  are, re-

spectively, equal to  7.0 cm / sec,  7.2°  and  8.5 cm / sec,  4.8°.  This means that the modulus of the vector  Δ u 1, 5

increases and its direction approaches the direction of the wind as the wind velocity increases. 

In Fig. 3, we present examples (experiments 9, 7, and 21 in Table 1) of measured vertical profiles of the
drops of current velocity relative to the lowest depth  (5  or  10 m)  normalized to the wind velocity.  These nor-
malized profiles are averaged over the two groups of data corresponding to weak and moderate winds.  The
mean normalized profiles are shown in Fig. 4.  It is easy to see that these profiles undergo systematic changes as
the wind velocity increases. 
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Table 1.  Experimental Conditions 

No. Date
Wind

velocity,

m / sec

Wind
direction
(from),
degree

Air tem-
perature,

°C

Water
tempe-
rature,

°C

u* 
, m / sec

Height of
waves, m

Period of
waves,

sec

Presence
of white

caps

1 16.08.2000 5.6 97 26.0 25.8 0.17 0.2 3.0 no

2 16.08.2000 8.3 95 26.0 25.8 0.27 0.2 3.0 yes

3 16.08.2000 8.6 101 25.8 25.7 0.29 0.25 3.0 yes

4 16.08.2000 9.0 98 25.8 25.5 0.30 0.3 3.0 yes

5 16.08.2000 7.8 99 25.8 25.5 0.25 0.3 3.0 yes

6 17.08.2000 7.8 99 25.5 25.3 0.25 0.2 3.5 yes

7 17.08.2000 8.1 100 25.6 25.4 0.27 0.2 3.5 yes

8 04.09.2000 5.8 247 21.8 22.0 0.19 0.3 3.0 no

9 04.09.2000 5.7 246 22.0 22.0 0.18 0.3 3.0 no

10 04.09.2000 6.7 237 22.2 21.9 0.21 0.3 3.0 no

11 11.09.2000 5.4 101 20.3 20.9 0.18 0.1 2.0 no

12 11.09.2000 6.1 99 20.3 20.7 0.20 0.1 2.0 no

13 11.09.2000 6.0 103 20.3 20.9 0.20 0.15 2.5 no

14 11.09.2000 3.0 108 22.2 21.5 0.06 0.2 3.0 no

15 18.07.2001 10.0 87 27.5 24.3 0.30 0.47 2.8 yes

16 18.07.2001 8.0 69 26.5 24.3 0.23 0.44 3.9 yes

17 18.07.2001 5.5 148 26.9 24.4 0.12 0.48 3.5 yes

18 21.07.2001 12.5 88 30.0 24.6 0.40 0.32 2.8 yes

19 21.07.2001 13.5 93 28.6 24.5 0.46 0.32 2.8 yes

20 21.07.2001 13.0 93 28.9 24.5 0.43 0.40 3.1 yes

21 21.07.2001 14.0 93 28.3 24.6 0.49 0.43 3.1 yes

22 11.08.2001 9.1 83 28.1 26.8 0.29 0.37 4.9 yes

23 16.08.2001 8.0 103 26.8 25.9 0.25 0.23 4.1 no

24 16.08.2001 5.5 93 26.9 25.9 0.15 0.19 3.5 no

25 21.08.2001 10.0 93 26.1 25.8 0.34 0.36 3.1 yes

26 21.08.2001 10.0 93 25.9 25.6 0.30 0.35 2.5 yes

27 26.08.2001 4.0 208 26.0 25.0 0.10 0.37 4.6 no
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Fig. 2. Dependences of the drops of the modulus of current velocity (left diagram) and its direction (measured clockwise from the di-

rection of the wind; right diagram) between the upper and lower drifters on the wind velocity (the squares correspond to the
experimental data; the curves in the direction from the top to bottom correspond to model calculations performed for  ε = 0.1,
0.13, and 0.2,  respectively).

In Fig. 5, we display the dependence of the dimensionless vertical gradient of the velocity  Φi  on the di-

mensionless depth.  The gradient  Φi  is introduced as follows: 

Φi  =  
  

κz

h h
i i i

i iv*

,Δu +

+ −
1

1
,

where  Δui i, +1  =  u  i – u  i + 1  is the drop of current velocity between the consecutive depths,  v*  is the friction

velocity in water, and  κ  =  0.4  is the von Kármán constant.  The dimensionless depth is equal to  z  f / v* ,  where

f  is the Coriolis parameter.  The estimates of the gradient  Φi  are referred to the mean levels  zi  =  ( ) /h hi i+ +1 2 .
For each point, we find the confidence intervals determined for the maximum error of evaluation of the current
velocity caused by the finite (nonzero) length of the boat.  The mean relative error of the velocity gradients and
the mean error of evaluation of the directions of the vectors are also presented in Fig. 5.  The data obtained for
weak and moderate winds are marked by different symbols.  As follows from Fig. 5, there are no systematic dif-
ferences between the indicated two groups of data if the results are presented in the dimensionless form. 

In Fig. 6, we present the same data but after vector averaging over four groups of points lying in the conse-
cutive intervals of dimensionless depth for which the coordinates of the boundaries increase in a geometric pro-
gression.  The points are referred to the mean values of the abscissa.  As confidence intervals, we use the doubled
standard deviations.  As follows from Fig. 6, the dimensionless vertical gradient of the velocity approaches  1  and
its direction approaches the direction of the wind as the dimensionless depth decreases. 

The presented data are obtained with the help of quasi-Lagrangian drifters and, strictly speaking, require
corrections with regard for the Stokes drift.  In our estimates, we assume that the drifters are completely en-
trained by the Stokes current at the depth of the center of the drogue.  In this case, the contribution of the Stokes
drift to the measured shear of the velocity at depth  z  can be estimated by the formula (see, e.g., [16, 10]): 
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Fig. 3. Examples of the vertical profiles of shears of the current velocity (circles) relative to the lower drifter (normalized to the wind

velocity).  Realizations 9, 7, and 21 for the moduli (left diagram) and directions of shears (right diagram) are presented from
the top to bottom (the curves correspond to the results of model calculations carried out for  ε = 0.13).

Fig. 4. Vertical profiles of the moduli (left diagram) and directions (right diagram) of mean normalized shears of current velocity re-

lative to the lower drifter for weak (circles) and moderate (squares) winds.  The continuous and dotted lines correspond to the
model calculations performed for wind velocities of  6.1  and  10.5 m/sec,  respectively, and  ε = 0.13). 
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Fig. 5. Dependences of the moduli (left diagram) and directions (right diagram) of the dimensionless gradients of current velocity on

the dimensionless depth for weak (circles) and moderate (squares) winds (the curves corresponding to the model calculations
performed for  ε = 0.1,  0.13,  and  0.2  are located from the top to bottom).

Fig. 6. The same as in Fig. 5 but the data obtained for weak and moderate winds are averaged over the consecutive intervals of di-

mensionless depth and marked by the squares. 

∂
∂

u

z
Stokes   =  2 22ω ( ) exp(– )ak kz

under the assumption that the amplitude  a  is  2   times larger  than the standard deviation of the surface and the

frequency  ω  and wave number  k  correspond to the spectral peak of the waves.  We computed the ratio of this
quantity to the actual shear of the velocity for each measured shear by using the data on the parameters of waves
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presented in Table 1.  The mean value of the ratio is equal to  9%.  Moreover, there are only six cases in which
this ratio belongs to the interval  30–70%.  Thus, under the analyzed conditions, the distortions introduced by the
Stokes drift to the data of measurements are insignificant. 

Analysis of the Data

As a starting concept for the analysis of the accumulated data, we use a simplified model of the atmospheric
planetary boundary layer proposed by Brown [19] and confirmed by the data of the in-situ experiments.  This
two-layer model consists of the logarithmic (for  z  <  d )  and Ekman (for  z  >  d )  layers.  In the Ekman layer, the
coefficient of turbulent viscosity  Kd  is independent of depth and equal to the coefficient of turbulent viscosity of

the logarithmic sublayer on the boundary  z = d.  Note that, in the logarithmic layer, we have  K = κ  u* z.  There-

fore,  Kd = κ  u* d.  On the boundary of the layers  z = d,  we impose matching conditions both for the velocities
and their vertical gradients.  These conditions enable us to determine the vertical profile of the velocity in the en-
tire planetary boundary layer and the resistance law specifying the dependence of stresses on the geostrophic
wind on the level of the underlying surface. 

This model (with minimum number of modifications) can be applied to the boundary layer in the sea.  In
this case, we assume that, instead of the geostrophic wind velocity, the role of external parameter of the bound-
ary layer is played by the momentum flux through the sea surface.  Hence, the “resistance law” expresses the
velocity vector on the surface via the indicated flux.  The solution of the problem is as follows:  For the profile of
current velocity, we get 

v ( z )  =  
  
v

v
s

z
z

− ⎛
⎝⎜

⎞
⎠⎟

* ln
κ 0

      for     z  <  d,

v ( z )  =  
  

v* exp ( )
κ ε

ε1
2

1 1− − + −⎛
⎝

⎞
⎠

⎡
⎣⎢

⎤
⎦⎥

i i z
d

      for     z  >  d.

The velocity on the sea surface is given by the formula 

vs  =  
  

v v* *ln
κ

κε
ε

2 1
2

2

0f z
i⎛

⎝⎜
⎞
⎠⎟

+ −⎡
⎣⎢

⎤
⎦⎥
.

In these equations,  v*  is the friction velocity in water given by Eq. (1),  d  is the depth of the logarithmic layer

connected with the depth of the Ekman layer  ( D  =  2 κ ε v* / f )  by the formula  d  =  εD,  f  is the Coriolis parame-

ter,  z0  is the parameter of roughness,  i  is the imaginary unit, and  ε  is a constant much smaller than  1  playing
the role of a single fitting parameter of the model.  For the atmosphere, this constant is equal to  0.10–0.15.
Hence, the dimensionless vertical gradients of current velocity are given by the formulas 

 

κz
zv

v

*

∂
∂

  =  1      for     
  

1
2 2κε

z f
v*

  <  1,

  

κz
zv

v

*

∂
∂

  =  1
2

1 1
2

1
2 2κε

ε
κε

zf
i

zf
v v* *

exp ( )− + −
⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥      for    

 

1
2 2κε

z f
v*

  >  1.
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As follows from these equations, the dimensionless vertical gradient of the velocity is a universal function

of the dimensionless depth  z f / v*  in agreement with the Kazanskii–Monin–Obukhov similarity theory  [20]. 
According to the model, the depth of the logarithmic sublayer is given by the formula 

d  =  
  

2 2κε v*
f

(2)

and varies from  0.3  to  2.4 m  under the analyzed experimental conditions.  The corresponding depth of the Ek-
man layer varies within the range  2.3–20 m.  Thus, the accumulated data should reveal the specific features of
currents in the Ekman layer.  The results of calculations performed according to the model are shown in Figs.  2–
6 (in Fig. 4, one can find the data obtained for the wind velocities averaged over each of the two groups of data).
It should be emphasized that, in all calculations, we determine the drops of velocities independent of the coeffi-
cient of roughness of the sea surface and, therefore, it is not necessary to determine this quantity. 

As follows from Fig. 2, the model curves pass through the central parts of the clusters of points and correct-
ly reflect their slopes, although the great spread of experimental values does not allow one to speak about defi-
nite agreement.  For specific realizations in the cases of both weak and moderate winds, the observed agreement
is sometimes quite good (see realizations 9 and 21 in Fig. 3).  At the same time, in other cases, we reveal a well-
pronounced disagreement (see, e.g., realization 7 in Fig. 3).  However, the results of model calculations presented
in Fig. 4 are in fairly good agreement with the averaged data and correctly describe the dependences of the vec-

tors of shear of the velocity on the wind velocity and depth.  The indicated correspondence is attained for  ε  =
0.13. 

In Figs. 5 and 6, we present the computed universal dependences of the modulus and direction of the di-

mensionless velocity gradient  Φ  on the dimensionless depth.  In these dependences, the logarithmic and Ekman

parts of the sea boundary layer are well visible.  Indeed, in the logarithmic part, we have  | Φ | = 1  and  angle (Φ) =
0.  Our data correspond to the Ekman part and the region of its transition into the logarithmic part.  The investi-
gations of velocity shears at smaller dimensionless depths carried out under the in-situ and laboratory
conditions show that the profile of the velocity modulus in this region is logarithmic and the direction of the
velocity gradient coincides with the direction of the wind (see surveys [15, 16]).  Since it is impossible to
represent the vast array of these data in the dimensionless form, we add only three points plotted according to the
data presented in [16] to Figs. 5 and 6.  These points give an idea of location of a cluster of the corresponding
experimental data in the coordinate planes used in the plots. 

In view of the available data on the presence of a logarithmic layer, Figs. 5 and 6 show that our measure-
ments do not contradict the model based on the classical hypothesis that the sea boundary layer can be regarded
as a near-wall turbulent layer on the rotating Earth.  However, the model data agree with the results of measure-
ments only on the average.  Just in this sense, the data on the moduli and directions of the gradients reveal the
Ekman spiral which transforms into the logarithmic layer with dimensionless gradient equal to one and directed
in the direction of the wind.  This conclusion is true in the cases of both weak and moderate winds. 

Note that the strong spread of data in the Ekman part of the layer is not surprising because the nonstationary
character of external conditions on the scale of several hours typical of our measurements leads to the variations
of the Ekman flow in the form of inertial oscillations, i.e., to the phenomena observed earlier with the help of the
method of quasi-Lagrangian drifters [14].  However, we cannot explain the fact that the spread of data remains
on the same level also in the logarithmic layer. 

In [4–7], one can find the description of the strong action of surface waves on turbulence realized via the
effect of wave breaking.  In our experiments, we avoided stormy conditions.  Therefore, our data on the velocity
profiles should not contain the effects of wave breaking.  However, in all experiments, we observed either the
wind waves or swell on the sea surface.  In analyzing the data, we did not reveal the action of waves on the aver-
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aged current profile.  At the same time, strong deviations from the averaged profile observed in specific realiza-
tions can be associated with the influence of waves on the subsurface turbulence even under the conditions of
weak and moderate winds. 

CONCLUSIONS

In the in-situ experiments carried out by using quasi-Lagrangian drifters, we obtained the vertical profiles
of the vectors of shear of the velocity for a drift current in the upper  5-m  layer of the sea under the conditions of
neutral stratification of the layer in the presence of weak and moderate winds.  The analysis of the data shows
that the measured shears of the velocity are, on the average, described by using the classical concept of near-wall
turbulent layer with Ekman current located below this layer.  The profile of the coefficient of turbulent exchange
by momentum agrees with the accumulated data and has the form 

K  =  κ  v* z      for    z  <  d,

K  =  κ  v* d      for    z  >  d,

where  v*  is given by relation (1) and  d  is given by relation (2) with  ε  =  0.13.  For moderate winds with veloc-

ities of  8–14 m / sec,  the phenomenon of breaking of wind waves, most likely, does not affect the shears of the
drift current at depths not smaller than  0.5 m. 

The present work was financially supported by the EC (Grant INTAS 01-234) and ESA-IAF within the fra-
mework of the program “GMES Networking with Russia and Ukraine” (OSCSAR Project). 
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