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ABSTRACT. Year-round hydrological studies of water temperature throughout the Baikal water column,
which were conducted in 1973-1974, describe in a new way the methods for measuring the Baikal
water temperature and the temperature of the maximum density (TMD). To highlight the TMD zone,

we set some its limits, for example $0,25°-C-t, , +¢,,.

Notably, the spring thermal bar heats the water

in the lake (the weather is calm): the thermal bar tends to maximum values and the autumn thermal
bar, £0,25°C-t,, +1,,, cools the water in the lake (the weather is stormy): the thermal bar tends to its

minimum values.
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homothermy.

1. Introduction

Year-round hydrological studies of water
temperature throughout the Baikal water column,
which were conducted in 1973-1974, describe in a
new way the methods for measuring the Baikal water
temperature and the temperature of the maximum
density (TMD).

2. Materials and methods

Based onJ.R.Roebuck (1913), G.Yu. Vereshchagin
(Vereshchagin, 1929) determined the values for “the
temperatures of the maximum water density with
accuracy, at which hundredths of a degree cannot be
considered true”. We used the works that studied TMD
with accuracy to the fourth decimal place (Sherstyankin
et al., 2000; Sherstyankin and Kuimova, 2009) and
obtained new data. To highlight the TMD zone, we
set some its limits, for example F0,25°-C-t ,+¢ ,.
Notably, the spring thermal bar heats the water in the
lake (the weather is calm): the thermal bar tends to
maximum values (Sherstyankin,1964; Sherstyankin
and Kuimova, 2009), and the autumn thermal bar,
+0,25°C-t,, +t,,> cools the water in the lake (the
weather is stormy): the thermal bar tends to its
minimum values.

Solar radiation also has the maximum and
minimum in the annual cycle and depends on the
height of the Sun (Kondratiev, 1965). According to
the calculations of (Stepanova and Sherstyankin,
1984), the spectral distribution of solar radiation,
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taking into account albedo, leads to the maximum
photosynthetically active radiation (PAR) of 44.41
mW/cm? on 20 June and the minimum PAR of 11
mW/cm? on 20 December, which corresponds to the
available data.

3. Results and discussion

The annual cycle begins in late February-early
March, lagging behind the onset of the increase in solar
radiation (20 December) by more than two months.
We discuss the winter survey of 1973, which began on
17 February 1973 from Northern Baikal and then took
place in Central and Southern Baikal until 7 March.
Salinity was considered average throughout Lake Baikal
and was 0.069 mg/kg. The stations had all the features
of the diurnal cycle: wave mixing subzones (diurnal
convection) and the thermocline. The deepest position of
TMD at a depth of 250 (-150, + 350) m (Vereshchagin,
1936), was observed for Southern Baikal on 6-7 March
when the water temperature in the hole was 0.1-0.12 °C.
Further, the water temperature gradually “dissolved”
into a single convective layer, and by the onset of the
spring homothermy on 6-8 July, the water temperature
in the layer of 0 — 250 m was 3.74 — 3.6°C. Weather
during the spring homothermy is as follows: low wind
and calm; water mass heats owing to the volumetric
absorption (Boyarinov and Petrov, 1991) caused by
the minimum spectral absorption in the PAR area and
absorption coefficient approaching zero (—o — 0).
Horizontal movements turn into vertical ones (ca. 1
m wide) in the front of thermal bar, and homothermy
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becomes possible with complete calm (Sherstyankin,
1964). When limz , —¢,, ends, ?,, becomes complete,
and ¢,,+0,25°C makes the necessary marks for the
onset of the warming up of the lake and the slow
collection of all the features of the diurnal course
(Vereshchagin, 1929; Boyarinov and Petrov, 1991).
The August surveys yielded the results for the 0-300-
m layer: 9.12-6.79°C and 3.54-3.5. The survey yielded
the maximum results on 12-19 September for the 0-50-
m layer: 11.48-4.02, 12.42-4.15 and 13.51-3.93°C. A
reduction of solar radiation decreases the temperature
of water masses. The October surveys (5-9, 11-14, 14-
23 October) revealed that the upper layer from 0 to
25 m was more homogeneous: 6.43-6.17; 6.6-6.53 and
6.75-6.17°C, and became greater than the temperature
in the same layers of 700 m, 600 m and 300 m in
each Baikal basin. During the November surveys (12-
14, 14-21 and 16-18 November), the autumn thermal
bar was almost covered from 0 to 100 m and from 0
to 200 m in the first two basins. The thermal bar was
also in the northern basin. The autumn homothermy:
weather conditions are storm winds; water cools; in
the radiation area, PAR is minimum (Stepanova and
Sherstyankin, 1984); forced convection (wind) deepens
the autumn thermal bar (Shimaraev and Granin,
1991). The December surveys (8,9; 10,11 and 12-15
December) indicated that southern basin cools slower:
3.36; 2.92 and 2.01°C. The autumn homothermy:
weather conditions are storm winds; water cools; in
the radiation area, PAR is minimum (Stepanova and
Sherstyankin, 1984); forced convection (wind) deepens
the autumn thermal bar (Shimaraev and Granin, 1991).
The temperature becomes less than 4°C (the coefficient
of thermal water expansion +o — 0, =0,—c <0); it
cannot occur without wind (Shimaraev and Granin,
1991). This also concerns the inverse stratification:
the temperature decreases, lim(z,, —t) >t ,, and ¢,
moves from the temperature of 3.96°C to 0°C.

The surveys in February and March (13-19
March, 8,9 March and from 27 February to 6 March
1974) revealed 0.21, 0.52 and 0.1 °C, indicating that
in Southern and Central Baikal the onset of the annual
cycle already took place, and in Northern Baikal, it only
began.

The Baikal data can be used with the initial
data on the TMD fields (0 m;3.71-3.96-4.21°C) and
final ones (1600 m; 0.44-0.69-0.94 °C) only during the
spring heating and autumn cooling (thermal bar) from
the surface to 400 m depth.

We briefly described the temperature at deeper
sites. At almost all stations of Southern, Central and
Northern Baikal, the temperature was higher (1300
m, 3.39 (3.36); 1500 m, 3.32 (3.16) and 800 m 3.43
(3.41)°C.

4. Conclusions

Baikal water is known to have convective
features. According to V.M. Sokolnikov (1964), raising
or lowering of the zero boundary of TMD plays the
main role: even a slight increase in #,, =3.98°C leads
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to ¢>3.98°C, i.e. an increase in heat is the intrinsic
heat of the geoid, or the globe, which comes from the
Earth, and a decrease in heat, a decrease in [ ,, is a
cold of the surrounding space.
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