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ABSTRACT

In the summer period of 2018 satellite-tracked quasi-lagrangian drifter was launched in
saline stratified Lake Shira (Republic of Khakassia, Russia). The analysis of obtained
data was revealed a mesoscale vortex structure in the lake.

At the same time, measurements of the current velocity were carried out at several
points in the lake using an Acoustic Doppler Current Profiler (ADCP).

The reliability of the data obtained using the quasi-lagrangian drifter is confirmed by a
comparison with the data for the current velocity and for the direction and speed of the
wind.

The horizontal velocity was analyzed using complex empirical orthogonal functions.
The hodograph of the first temporal coefficient shows the elliptical structure of the
current. This effect may be due to the strong variability of wind on the lake during the
summer period or to the vortex structure of wind stress.

To clarify the origin and distribution of the mesoscale eddies (vortices) in Lake Shira, it
is necessary to conduct a study with a large number of drifters.
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INTRODUCTION

The vortex structures carry out an important role in the process of forming currents in
open bodies of water. Since vortices are source of energy transfer of internal waves,
they significantly contribute to the horizontal heterogeneity of phyto- and zooplankton
distribution.

In particular, the problems of study of these phenomena were discussed in the
International Symposium on Mesoscale and Submesoscale Processes in the
Hydrosphere and the Atmosphere (MSP - 2018).

Numerous investigations focused on the study vortex processes in the atmosphere and
ocean. The study of these effects in lakes is conducted much less. For example, the
study of mesoscale vortex structure in the Lake Stechlin was carried out in the paper [1].
Using four quasi-lagrangian drifters, the authors revealed a moving vortex in the lake in
November 2004.
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In this paper, the possibility of the appearance of vortex structures in the Lake Shira is
studied by using quasi-lagrangian drifter, the instruments for measurements of current
velocity and analysis of wind direction. This lake is located in the Republic of
Khakassia and is the subject of investigation in view of the great importance of this subject for
this region.

MATERIALS AND METHODS

In the summer period of 2018 satellite-tracked quasi-lagrangian drifter was launched in
the saline stratifiedd Lake Shira (Republic of Khakassia, Russia) by the researchers
from the Institute of Biophysics of Siberian Branch of Russian Academy of Sciences. At
the same time, measurements of the current velocity were carried out at several points in
the lake using an ADCP (Fig. 1).
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Figure 1. ADCP locations in summer 2018.

The tracked quasi-lagrangian drifter was deployed from the location T4.

RESULTS

Fig. 2 shows by a continuous line the trajectory of the movement of drifter during the
experiment, dots on the line indicate the time when the wind changed the direction. The
beginning of the experiment was in 12/07/18 at 7:22. The duration of the experiment
was 23 hours. The average speed of the drifter is 9 cm/s.
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Figure 2. The trajectory of the movement of drifter in June 12-13, 2018.
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To analyze the drifter movement the data of wind direction and speed (Fig. 3) from a
meteorological station located on the shore of Lake Shira about 2 km from the start of

the drifter were used.
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Figure 3. Wind direction and speed in 12/07/18 —13/07/18

According to Fig. 3 it can be seen that before the start of the experiment the wind had a
westerly direction, after the start of the experiment (Fig. 3, point A) the wind had west-
south-west direction a short time, then it changed direction to east-north-east. After
20:30 07/12/18 (fig. 3, point D) the wind again changed direction and until the end of
the experiment it blew mainly from the west. Comparing Figure 3 with Figure 2, one
can see that the change in wind direction leads to the change of drifter trajectory.

The Fig. 4 shows the results of measuring of the current velocity by ADCP instrument
in the location of the start of the drifter.
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Figure 4. The direction and velocity of flow on the surface of lake at the point T4

measured by the ADCP in 12/07/18

The Fig. 5 shows the direction and magnitude of the surface velocity measured by
ADCP at other locations.
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Figure 5. The direction and values of the surface velocity at locations T3, T7, T8, T9
measured by the ADCP 12/07/18

The measurements at T3, T4, T7, T8, T9 locations were conducted at different moments
during 2,5 hours, but we considered them as if measures were made at the same time.
This allows to use the method of empirical orthogonal functions to determine the main
components of horizontal velocity [2-3]. The Figure 6 shows the part of accumulated
energy. The Figure 7 shows the first mode and corresponding modal coefficient.
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Figure 6. The accumulated part of energy.
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Figure 7. The first mode and the first modal coefficient of horizontal velocity.

This velocity distribution does not contradict to the motion of drifter at the initial
moment of time (after the start at 7.22 to 9.30).
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The possibility of the vortex structure of flow specified by drifter can be explained also
by wind picture at the area of the Lake Shira. The data of direction and speed of wind
from several meteorological stations located around the Lake Shira were considered

(Fig. 8).
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Figure 8. Meteorological stations are located near Lake Shira.

The data from meteorological stations located at the vertices of triangle circumscribed
about the lake were considered for analysis.

The following triangles were considered: Uzhur - Lebyazhye - Shira, Svetlolobovo -
Uibat - Shira, Svetlolobovo — Lebyazhye - Shira, Svetlolobovo - Uibat - Kommunar.

Further, a linear interpolation of the projection of the wind in the direction of the axes
Ox and Oy of the Cartesian coordinate system was performed according to the values at
the vertices of the triangle. The wind speed rotor was found using obtained wind
interpolation.
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Figure 9. Wind vorticity change with time over the measurement period from 01/07/18
to 31/07/18.
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Figure 10. Wind vorticity evolution during the period of experiment with drifter from
12/07/18 to 13/07/18

The correlation between the values of wind vorticity was high in two cases. The first
case was when the Uzhur-Lebyazhie-Shira and Svetlolobovo - Lebyazhye - Shira
stations were considered during the measurement period from 01/07/18 to 31/07/18 and
during the measurement period from 12/07/18 to 13/07/18. The second case was when
Svetlolobovo - Uibat - Shira and Svetlolobovo - Uibat - Kommunar stations were
considered during the measurement period from 01/07/18 to 31/07/18 and during the
measurement period from 12/07/18 to 13/07/18.

The importance of study of wind exposure is related to the fact that a vortex flow is
produced if the value of vorticity of the velocity vector is non-zero. This fact is shown
by analytical solutions of simplified geophysical equations.

Let’s consider the system of Ekman equations [4] of a steady flow of a homogeneous
fluid in a Cartesian coordinate system Oxy
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Here u,v,w are horizontal and vertical current velocities, f is Coriolis parameter, K, is
coefficient of vertical turbulent exchange, gis acceleration of gravity, C is the free
surface elevation. On the lateral boundary the normal component of the total flow is

zero. On the bottom there is no-slip condition. On the unperturbed free surface, t*, t’
are surface wind stress along the axes Ox, Oy respectively.

The solution for the drift component was written in [5]. The slopes of the free surface
are found using the current function from the equation
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curl(rw):%(y—%, div(rw):%fv+%.

The coefficients C, D, E, F are written in [5].

If the wind stress is given by the formula t} =—y, </ =X, then in the case of a circular

cylinder of radius R the function @ is written out in the final form, in the case of a rectangular
basin this function is found in the form of a Fourier series.

The Fig. 10 shows the case of velocity field form under following parameters:
R =625 m and depth of 50 m, the Coriolis parameter f =0, 00015 s, K, =0,02 m?/s,

z=0 z=-10 z=—40

12001 PSS NSRRI 11200 - oo mns 1200 L DT T TTEEEEE00C0
1000}/ -
yﬂool.:.',’ :
sooftiii

400§ | |
pii

2001‘\“ TIIIEI000T 2001V INIIIIIIININ00 00 o0f

007300400 600 8001000 1200 0 200400 600 800 1000 1200 0 200400 600 800 1000 1200
x X x
z=0 z=-10 z=-40

Figure 10. On the top is velocity field in the basin of cylinder form, on the bottom is
velocity field in the basin of rectangular form.

In both cases, such wind exposure leads to the formation of vortex structures.
CONCLUSION

The observations of recent years have revealed significant velocity variability in the
Lake Shira in the summer. The instruments of the ADCP series, which allows long-term
measurements at one location at short intervals were used for the analysis of velocity. It
was found the horizontal velocity performed a full turn at the measuring location. The
interpretation of this fact was difficult due to the imperfection of the theoretical
description and the difficulty of experimental observations.

The lagrangian drifter was used for the first time in the summer measurement of 2018,
what made it possible to reveal the presence of vortex formations in the lake. The
question of the nature of their formation remains open: it can be the destruction of the
internal wave or the influence of vortex structure of wind.
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Analysis of the wind pattern for the three weather stations shows that the second case is
also possible. In this case, wind stress is a linear function of spatial variables with non-
zero vorticity, and as the analytical solution for the simplified Ekman model of three-
dimensional fluid flow shows, this leads to the formation of a vortex.

To clarify the trajectory of the vortex, it is planned to conduct in-situ observations with
several drifters in 2019.
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