Cexyus D. Konoencuposaunvie cocmosuus BIIIOD — 2007. C. 301-302

V]IK 556.556

CHEKTPAJIBHBIE XAPAKTEPUCTUKU BPEMEHHBIX PATOB TEMIIEPATYPBI,
MOJYYEHHBIX B FOKHOM BAMKAJIE

"H.M. Byanes, 'C.B. JIoBuos, ', "M.A. Hoprsinckas, 'A.J. Pacrernn, 'B.JO.Py6uos
’M.Shurter, M. Shturm, >A. Wuest

SPECTRAL CHARACTERISTICS OF TEMPERATURE TIME SETS
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B moxmane mpeacTaBiIeHBI Pe3ylIbTaThl U3YUEHHSI TEMIIEPAaTypHBIX BPEMEHHBIX PSIOB, H3MEPEHHBIX B IOKHOHM 9acTH 03epa
Baiikan. HatypHble HaO1r0IeHNS IPOBOIMIINCH B TOUKE YCTAHOBKU baifkaabCKOro HEHTPHHHOTO Teeckomna, B 3.5 kM oT Oepera B
paiione Mbica MBaHnoBckuid. JlaHHbIE U3MEPEHUI MOIyYEHbl TEPMUCTOPAMH, YCTAaHOBJICHHBIMU BEPTUKAIBHO HA paccTOsSHUU 50—
200 M gpyr ot apyra. MBI CONOCTaBIIsIeM CIIEKTPaIbHBIC XapaKTEePHCTHKU Ha PA3IMYHBIX NIyOMHAX JUIS M3YYEHHUS IIPOLECCOB
BEPTHKAIBHOTO HepeHoca dHepruu. Ha riyounax menee 100 M Hambosiee MHTEHCHMBHBIE BO3MYILCHHUS HAONIOAANNCH B JICTHUN
nepuof. TUITMYHOE BpeMsl pacpOCTPaHEHUs SHEPTHU Yepe3 IPUIIOBEPXHOCTHYIO 30HY ObLIO Mopsiika Mecsua. Benencrue oco-
OeHHOCTeH JeTHel cTpaTH(UKALMU ITOBEPXHOCTHBIC BO30YKACHUS MPAKTUYECKH HE JIOCTHIAIOT INIyOMHHBIX ciloeB. Bmecte ¢
TEM JHEPTrHs, HEMPEPBIBHO NUCCUIMPYS, OUEHb MEUIEHHO PACHpPOCTPAHSIETCS CKBO3b TOMILy o3epa. C JIpyroil CTOpOHEL, yxke
AKKyMyJIHUpPOBaHHAs TTyOMHHBIMH BOJAMH HEPTHs JOCTHTAeT NPHIOHHON 30HBI JIOBOJIBHO OBICTPO C THITHMYHBIMH CKOPOCTSIMU
pacIpoCTpaHEeHUs MOPAAKa COTHM METPOB B Hemento. Ha Gonpmmx rimyOuHax 3aMeTHbIE BO3MYIIEHNS HAOMIOAAIOTCS B TIEPHUOIEI,
ONM3KKe 10 BPEMEHNM K MOMEHTAaM BECEHHEH M OceHHeil roMorepMuu. [Ipy 3TOM OCEHHSS IMHAMHKA OTJIMYAeTCs 3HAYUTEIEHO
OoJrbIel HHTEHCHBHOCTBIO.

We examine spectra of temperature data obtained in the southern basin of Lake Baikal. The place of monitoring lies near
Baikal Neutrino Telescope. The mooring is located at distance 3.5 km from the shore in the area of Cape Ivanovskii. The tem-
peratures have been recorded from the thermistors installed on vertical line with separation 50-200 m. There may be more than
one way to fit the problem of analysis of temperature data. We discuss those evidences that can be got from the consideration of
spectral characteristics. Especially, the processes of vertical energy propagation lie with our scope. For depths lesser than 100 m
the most intensity of excitations takes place in a summer season. A typical time of propagation of excitation energy through near-
surface zone is about month. Due to the features of summer stratification the above influence do not penetrates into deep water.
Rather perturbations energy is very slowly transferred from the surface layer to deep layers. On the other hand, if excitations of
deep waters already accumulate significant energy then their penetration through deep zone up to near-bottom zone goes enough
quickly. A typical time of propagation is about hundred of meters per week. In the deep layers the considerable intensities of
excitations take place in those periods that are close to spring and autumn homothermy. During and after autumn homothermy

the total energy of excitations is very larger than in period of spring homothermy.

Lake Baikal is the largest reservoir of high-quality
fresh water. A unique flora and fauna have been evolved
in the Lake during several millions of years. Processes
of horizontal and vertical water exchanges are of great
importance for preservation of Lake Baikal ecosystem
[1]. They supply all layers of the 1640 m deep lake with
oxygen, redistribute soluted and suspended matter and
prevent accumulation of toxins. At the same time, it is
also interesting to study hydrophysical processes in
Lake Baikal from the physical point of view. Due to
specific geographical, meteorological and other factors,
very different phenomena are developed in the lake.
Their space-time scales range from fraction of millime-
ters and seconds up to several hundreds of kilometers
and several years. Nevertheless, the dynamic processes
of different scales are often closely related. The tem-
perature regime of the lake is a key factor that influ-
ences on physical as well chemical and biological phe-
nomenon in water medium.

In the present work the spectral characteristics of
temperature time series obtained in the southern basin of
Lake Baikal are considered. The place of monitoring
lies near Baikal Neutrino Telescope [2]. The position of
measurement devices is located at distance 3.5 km from
the coast line in the area of Cape Ivanovskii. The tem-
perature series have been recorded from the thermistors
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distributed on vertical line with separation 50-200 m.
The renewal rate of the deep water is very important for
the well-being of ecosystem of the lake [1]. This rate is
significantly depended on the temperature conditions of
the lake. Especially, the processes of vertical propaga-
tion of excitations energy lie with our scope.

We shall analyze those conclusions that can be ob-
tained from the consideration of spectral characteristics.
Let T(®, k) denote Fourier-transform of time series of
temperature at fixed depth 4. Then the spectral density
is defined as S(®, h)=|T(®, h)|2. Some approaches to
estimation of space-time scales of dynamical processes
demand that a concrete model of water displacement
should be used [5]. We will utilize other approach in
which the integral of spectral density is considered.
Namely, let us introduce the quantity

J(t,h) = j S(w,h)do,

where moment ¢ is a center of sampling window. In-
deed, in connection with the features of obtained data
we cannot use any two- or three-dimensional models.
On other hand, the integral of spectral density may be
accepted as the marker of total energy of excitations in
the concrete moment of time. The integral of spectral
density J(¢,h) is really approximated by Cauchy sum.

The lower and upper limits of summation are chosen for
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the following two reasons. First, a contribution of sea-
son evolution of temperature profile must be excluded.
Second, the upper limit is bounded by the installed rate
of response of thermistors. The dependences J(¢,/#) on

time for several depths in 2000 year are plotted on Fig-
ure. In the near-surface zone typical values of integral of
spectral density is considerably larger than typical val-
ues in deep layers. In order to clarify the changes of
J(t,h) for large depths we use relative units along the

ordinate. In other years we have observe analogous de-
pendences.

We have comparatively examined the calculated
values of J(¢,h) . As a result, the following conclusions

have been made. For depths lesser 100 m the most in-
tensity of water perturbations takes place in the summer
season. Apparently, this fact is a direct manifestation of
power wind stress. As it is well known, strong storms in
Lake Baikal often occur during August-September. A
typical time of propagation of excitations energy
through near-surface zone is about month. However,
due to the features of summer stratification the above
influence do not penetrates into deep water. Rather, per-
turbations energy is very slowly transported from the
surface layer to deep layers.

In addition, if excitations of deep waters already ac-
cumulate considerable energy then their penetration
through deep zone up to near-bottom zone occurs
enough rapidly. A typical time of propagation is about
week per hundred of meters. Of course, in the deep lay-
ers the considerable intensities of excitations take place
in those periods that are close to the spring homothermy
and the autumn homothermy. It should be emphasized
that during and after the autumn homothermy the total
energy of excitations is very larger than in period of
spring homothermy. This peculiarity is well shown on
Fig. 1. Apparently, this is a manifestation of the follow-
ing well-known fact. That is, in deep temperate lakes
only the surface water exhibits dimictic behavior [5].
On the contrary, the bottom waters are often monomic-
tic. The obtained dependences J(¢,4) on time and

depth do not contradict this remarkable peculiarity.
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The calculated values of integral of spectral density versus
time for several depths.
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