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BEPTUKAJIBHAS CTPYKTYPA TEMIIEPATYPHBIX CIIEKTPOB U BHYTPEHHHUE BOJIHbI
B FO’)KHOM BAUKAJIE

H.M. Bynues, C.B.JloBuos, U.A. IlopTanckas, A.J. Pacrernn, B.1O. Pyouos

VERTICAL STRUCTURE OF TEMPERATURE SPECTRA, AND INTERNAL WAVES
IN SOUTH BAIKAL

N.M. Budneyv, S.V. Lovtsov, L.A. Portyanskaya, A.E. Rastegin, V.Yu. Rubtsov

OmncaHbl pe3yIbTaThl CIIEKTPAIBHOTO aHAIN3a TEMIEPATYPHBIX PSJOB HA BBIACIEHHBIX YaCTOTAX, OTBEYAIOIINX BOJTHAM OII-
penenenHoro tuma B 03. baiikan. CTpykTypa CIEKTpoB HccaemayeTcs Kak (GyHKIuS rTyOuHsl. [To XxapakTepHBIM IepHOAaM BBI-
4nciieH (ypbe-o0pa3 TemrepaTypsl Kak GyHKIus rTyOonHsl u BpemeHu. B 2000 r. ma riry6unax 340 n 390 M amMIuuty1a Bo3poc-
11a B 1.6 pa3a 1o cpaBHEHHUIO CO 3HAUCHHUEM Ha 288 M, 4TO MOXKET yKa3bIBaTh HAa HAJIMYUCE y3J1a BEPTUKAIbHOM MOJbI BOIHEL. BBHU-
JIy OTHOCHTENBHO cI1aboi CTpaTH(UKAIMU COCTOSHHUE IOKOsI OJM3K0 K HEHTpanbHO ycToiunBoMy. CXOHOE BO3pacTaHHe NMeeT
MECTO AJIs IepHooB 2 cyT, 12 u u 278 muH. [IukoBoe 3HaueHHe OTBeyaeT Hayally OceHHel romorepmui. I[Ipu 3TOoM poct cnek-
TPaJbHOI MHTEHCHBHOCTH IIPSIMO CBHAETEIBCTBYET O BKJIaJe BHYTPeHHHX BOJH. OOHapykeHa siBHAas MHTCHCH(UKALMS BO3MY-
IIeHUH BOJIM3H IHA, UTO yKa3bIBAaeT Ha CYILECTBOBAHHUE B IPUAOHHOM 00JIaCTH ABMIKEHUH XKUAKOCTH CIIEIIM(HIECKOTO BUA.

Results of spectral analysis of temperature series are described. The analysis was made for typical frequencies related to
some kinds of wave motions in lake Baikal. Structure of spectra is examined as function of depth. There are several typical peri-
ods of oscillations of the lake. The Fourier transform of temperature was estimated as function of depth and time. In 2000, ampli-
tude for depths of 340 m and 390 m increased by factor of 1.6 in comparison with that for 288 m. This fact may be interpreted as
manifestation of the node of vertical mode of wave propagation. Water stratification at these levels is weak; consequently, the
quiescent state is close to the neutral stable one. Similar increasing is observed for periods of 2 days, 12 hours, 278 minutes. The
maximum amplitude corresponds to beginning of the autumn homothermy. Under these conditions, an unexpected increase in
amplitude indicates occurrence of internal waves. Moreover, intensification of excitations near the bottom is observed. This ob-
servation indicates water moving in the bottom area; this is not typical of the main water thickness.

In this paper, we describe results of spectral analysis
of temperature series and their related conclusions. Ex-
amination was made for typical frequencies connected
with certain kinds of internal waves in Lake Baikal.
Observations are carried out at the place of the Baikal
Neutrino Telescope location [1]. The Baikal Neutrino
Telescope Project has provided new opportunities for
continuous monitoring of water dynamics. For example,
new insights into origins of deep-water renewal were
gained [2]. The telescope is situated in South Baikal
(104 030" E, 51 045’ N) at the distance of 3.5 km from
the coastline. Due to exceptional variety of possible
oscillatory motions of distinct scales, separation of con-
tribution of specific wave kind into total energy balance
is very difficult. In the previous paper [3], we analyzed
seasonal changes in total spectral density of temperature
at several horizons. In this paper, dependence of spec-
trum structure on depth is investigated. In a certain
sense, this allows us to complete general knowledge on
energy exchange between different spatial-temporal
scales motions.

One of perspective methods is to make spectral
analysis with respect to the chosen periods concerning
certain kinds of oscillatory motions. Wave motions of
different types and spatial-temporal scales can be in-
duced in natural reservoirs. Typical periods for Lake
Baikal are 278, 140, 93 and 70 minutes for seiches, 12
hours for tidal oscillations, about 15 hours for inertial
waves, and 2-5 days for meteorological excitations [4].
For all mentioned periods, the Fourier trans-
form7(z,t| ®) of temperature is calculated as a func-

tion of time and depth (moment t is a center of sampling
window of 25 days). The maximum of 7'(z,t|w) for
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on Fig. 1. It should be emphasized that amplitude for
depths of 340 m and 390 m increased by factor of 1.6 in
comparison with that for 288 m. This local minimum
may be interpreted as manifestation of vertical eigen-
function node. The same increase was observed for pe-
riods 2 days, 12 hours, and 278 minutes. Due to rela-
tively weak stratification, an unexpected growth of
spectral intensity directly mentions on development of
internal waves with corresponding periods. In addition,
we call attention to the fact that considerable intensifica-
tion of perturbations takes place in the bottom layer. It
is important that such observation was made for all pro-
ceeded years. On the basis of such excitations existing
one may conclude that motions of specific kind are
regularly developed in the bottom layer. Thus, we have
found another confirmation of the well-known fact.

for each of horizons in 2000 is shown
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Fig. 1. Maximal values of T(z,z|®) on the horizons of
thermistor installation in 2000.
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Fig. 2. Fourier transform of temperature series in 2000.

On Fig. 2, a the Fourier transform of temperature se-
ries versus time is shown at different levels for 2000.
Each curve is normalized in such that its maximum is
equal to one. After that, we run the line through this
maximum. Using time intervals between peaks on curve
levels and distance between levels, one can estimate
speed of vertical energy propagation through water
thickness. We obtain value of ~0.18 centimeters per
minute. This is a typical value of energy propagation
along the vertical for the site of data acquisition [2]. In
the paper [5], results of processing the temperature data
within the model with diffusivity and mass-transfer co-
efficients are presented. We may point out the following
fact of some interest. When homothermy is forming, the
lower boundary of mixing area displaces down with simi-
lar rapidity. Let us merely call attention to this point.

Investigation into spectral characteristics of internal
waves requires detailed information about spatial-
temporal changes in water velocity. However, direct
measurements of velocity fluctuations are a very diffi-
cult experimental task. Nevertheless, temperature data
can be used for the above purposes. Much of internal
wave energy is usually pertinent to lower modes [6]. Let
ty denote maximal period of these oscillatory motions.
Then fluctuations of temperature and velocity are ap-
proximately related by [6]

T'~t, VT, (1)

where 7" is the temperature fluctuation, u'is the velocity

fluctuation and 7 is the averaged temperature. The gra-
dient of temperature is mainly defined by stratification
in situ. Dependence of spectral density of 7" is known
for inertial-convective interval in the form [6]

E(k)~k>". )

The correlation function of temperature is defined as
S(tlr0,2)=— [ T(t, 2)d 3
(10,2 = [T+t DT d )

where t0 is the first moment of sampling window. The
Fourier transform S(®|70,z) of this function can de
related to dependence (2) due to the approximation (1).
Using the above reasons, we have compared a spectral
picture with dependence

S(o|10, z) ~ 0", C))

For the given point of time and depth, we fit calcu-

lated quantity S(m|¢0,z) by power function ~ o>

and estimate parameter o. The results for 2000 and 2004
are shown on Fig. 3. In the areas with estimated value of
a close to one, the above power law may be regarded as
adequate. In 2000, the stratification was clearly ex-
pressed. According to Fig. 3, a, points with a~1 are es-
pecially observed in the presence of homothermies and
also formation of autumn homothermy. This result was
predictable from the following fact. Except for the peri-
ods close to homothermy, the evaluated value of vertical
diffusivity was found as relatively small during almost
the entire 2000 [5]. By contrast, the stratification was
atypically weak in 2004. In comparison with Fig. 3, a,
points with a~1 are expanded into very large area on
Fig. 3, b. We do not state that the lake thickness was
occupied by free convection in 2004. We only point
out that observed spectral picture indicates presence of
intensive mixing processes during almost the entire
year. In general, this interesting matter deserves more
detailed study.
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Fig. 3. The evaluated parameter a as a function of time
and depth for 2000 and 2004. The case a=1 is pertinent to the
power law (4).
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