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Abstract: Climate change influences the temperature, ice and thermal regimes of lakes in the Northern
Hemisphere. This study discusses the change in the heat content of the water column in the slope area
of the southern basin of Lake Baikal under the influence of climate for the past 20 years. We clarify the
seasonal variability of heat content in different water layers selected taking into account temperature
and dynamic characteristics. During the study period, the value of heat content increased in the
upper water layer (45-100 m) only in May (12.4 (M]/ m?2)/ year). In the water layers deeper than
100 m, the value of heat content decreased: —3——4 (MJ/m?2)/ year from July to September in a layer of
100-300 m, —9-—13 (MJ/m?)/ year in all months in a layer of 300-1100 m and —1.5-—3 (M]/ m?)/ year
in all months, except for January in a layer of 1100 m-bottom. Despite the revealed trends of the
change in the heat content, the annual heat circulation remained within the normal range and did not
have any trends.
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1. Introduction

The influence of climate on the water temperature of the surface and deep-water
layers is being investigated in many lakes of the world, e.g., [1-9]. Some studies assess the
influence of climate on ice regime, stratification and stability of waters, e.g., [10-14]. Other
studies provide the results of assessing the influence on the number of nutrients, phyto-
and zooplankton in lakes, e.g., [15,16].

Similar studies are also being carried out for Lake Baikal [17-25]. In [20], a positive
relationship was shown between the changes in air temperature on the coast of Lake
Baikal and temperature in the upper water layer of the lake in the second half of the 20th
century. The highest water temperature trends were observed at all stations from August
to September (0.26-2.23 °C/10 years). At the same time, it was revealed that the trend
value increases from south to north due to lower (i) wind intensity over the northern basin
of Lake Baikal and (ii) epilimnion capacity (7-10 m in the southern and central basins of
Lake Baikal and at ~2 m in the northern basin during months with the maximum heating).
That study [20] and a later study [24] based on the water temperature data until 2016
from many coastal weather stations revealed spatial heterogeneity of temperature trends
in the upper water layer, which was especially evident in the southern basin of Lake
Baikal. Other studies have shown a reduction in the freeze-up period [14,17-19] and the
relationship between the change in the surface water temperature and ice characteristics
with atmospheric circulation [23,25]. In addition to the study of the influence of climate on
the surface water temperature, the influence on the temperature of deep-water layers in
different Baikal basins in some months has been also studied [26]. Several studies discuss
the influence of the changes in water temperature on chlorophyll 4, zooplankton and algae
in Lake Baikal, e.g., [21,27,28].

At the same time, there are very few studies on the changes in heat content and
annual heat circulation in lakes under the influence of climate [29-31]. These are among
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the important indicators of the heat budget of water bodies, although heat reserves in the
lake, their amount and redistribution within the year have a significant impact on both the
ecosystem of the lake and on the surrounding area.

The first estimates of heat content of the water in the coastal zone of Lake Baikal date
back to the early 20th century [32]. V.B. Shostakovich compared the heat content values in
different months of the year and observed the greatest amount of heat in October and the
lowest amount in April. In the middle of the 20th century, L.L. Rossolimo [33] estimated
heat content in the upper 200 m water layer and the deep part of the water column for
different areas of the lake based on the observation data on water temperature in Lake
Baikal accumulated by that time. V.B. Shostakovich and L.L. Rossolimo believed that the
main heat circulation in Lake Baikal occurs in the upper 200 m water layer, and deeper
water layers do not practically participate in heat circulation. Later, the fallacy of this
hypothesis was shown in [34,35].

Based on the observations from 1896 until the early 1960s throughout Lake Baikal,
V.I. Verbolov and co-authors [34] calculated heat contents in different water layers up to a
depth of 500 m. They revealed that (a) in the upper 500 m water layer heat content changes
within the year, (b) the greatest heat content value is observed in the upper 100 m water
layer, with the maximum in September and the minimum in February, (c) in deeper layers
there are two maximums (April and October-November) and two minimums (January and
May-June) and (d) there is a several-fold decrease in the amplitude of fluctuations in the
heat content value with depth. Additionally, they studied in detail the causes of changes in
heat content at different depths.

In [34,35], not only temporal but also spatial variability in heat content were shown.
Heat content is greater in coastal zones and lower in the pelagic zone of the lake. At the same
station, heat content values can change during hours and days due to advection processes.

Subsequently [36], based on routine measurements of water temperature from 1971 to
1985, heat content values were calculated for individual layers of the entire water column,
and annual heat circulation was estimated for the three basins of Lake Baikal. Long-term
changes in heat content were associated with interannual variability of the maximum heat
content values (September). The same study [36] provided the qualitative assessment of
the increase in the values of the minimum heat content in the upper 300 m water layer in
the southern basin owing to softer weather conditions in autumn and winter and a shift in
the onset of freeze-up to later dates.

This study aims to investigate seasonal and interannual changes in the heat content
and the annual heat circulation in the water column of the slope area in the southern basin
of Lake Baikal under the influence of climate for the past 20 years.

2. Materials and Methods
2.1. Materials

To calculate heat content (Q), we used the data on water temperature from 1999 to 2021
at buoy station Ice Camp (BS IC) located near the Baikal-GVD Deep Underwater Neutrino
Telescope (Ivanovskiy Cape, southern basin of Lake Baikal, Figure 1). BS IC was established
in 1999 at a distance of 3.5 km from the coast at the foot of the underwater slope (depth
1367 m). In different years, from 5 to 19 thermistors of the TR (RBR Ltd., Ottawa, ON,
Canada; accuracy £0.002 °C) and VEMCO (VEMCO Ltd., Nova Scotia, Canada, accuracy
£0.05 °C, installed until March 2009 in the upper water layers where significant seasonal
changes in water temperature were observed) series were used for records, which were
installed at depths of 1543 m to the bottom. In the upper 200 m water layer, thermistors
were installed every 15-50 m, and in deeper layers every 50-300 m. In the near-bottom
layer, they were installed at depths of 150, 100, 30 and 4 m from the bottom. Discreteness of
measurements in different years and different layers varied from 15 s to 15 min.

The analysis did not use the data obtained from March 1999 to March 2000 because of
the small number of thermistors (five) at BS IC as well as from March 2002 to March 2004
due to overestimated values of the measured water temperature below 100 m depth. In
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different years, the first thermistor from the water surface was located at BS IC at depths
from 11 (from March 2005 to March 2007) to 43 m (from March 2015 to March 2016) and
from 15 to 20 m (in other years).
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Figure 1. Isobath map in the southern basin of Lake Baikal [37,38], the location of buoy station Ice
Camp (orange triangle) near Ivanovskiy Cape (a) and a scheme of the buoy station (b).

2.2. Calculation Methods

Heat content (Q) was calculated taking into account the characteristics of temperature
regime and dynamic processes for the layers of 0-100 m, 100-300 m, 300-1100 m and 1100 m—
bottom as well as for the entire water column. Based on the data from BS IC, the average
daily temperatures were calculated first, and then the weighted average temperatures
of the water layer were calculated for certain days. Thereafter, values of heat content in
each water layer were calculated for certain months; the trends and their reliability (p)
were estimated. Additionally, annual heat circulation (AQ) of the entire water column was
studied for the observation period.

Based on the data from the stations near the west coast of the southern basin (WCSB),
heat content was calculated for March and September. At the initial stage, heat content was
calculated in water layers and the entire water column for each station. Then, the average
values of the heat content in the water layers at all stations for a particular month were
calculated by averaging. Additionally, the Q trends and their reliability were estimated,
and AQ was studied for the observation period.

The AQ value was determined as the average of the absolute values of increments
of heat content in the entire water column during heat accumulation (AQ,) and heat loss
(AQ-). The AQ, and AQ_ values were calculated using the heat content values obtained
in March and September near BS IC and for WCSB.

3. Results
3.1. Seasonal and Long-Term Changes in Heat Content

As expected, the most significant seasonal variation in Q is characteristic of the upper
water layer of 45-100 m (Figure 2a). The Q45-100 m maximum occurs in October, and the
minimum is in February. The greatest differences between the maximum and minimum
Q45-100 m values are observed in September and October (1225.2 and 1008.2 M]J/ m?, re-
spectively), which is associated with weather conditions during the ice-free period (air
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temperature, wind activity, cloudiness, etc.), affecting heat accumulation by the end of the
summer warm-up.

In the lower part of the active layer, the Qj99-300 m maximum (Figure 2b) occurs one
month later (November), and the minimum is observed a month earlier (January). The
greatest variations in the Q19300 m values are observed in October and November (506.0
and 417.1 MJ/m?, respectively) as well as in January (421.2 MJ/ m?). Such variability in
Q100-300 m in October and November is associated with weather conditions of the summer
warm-up, which determine the amount of the incoming heat to the water column, and
autumn cooling when heat release into the atmosphere begins. Moreover, during this
time, Q100-300 m also depends on the intensity of the free temperature convection in the
active layer of the water column. It develops in autumn during the transition from direct
stratification to reverse stratification in November and contributes both to the redistribution
of heat deep into the water column and to the release of heat into the atmosphere.
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Figure 2. Seasonal variability in the average (blue curve with circles), maximum (red circles) and
minimum (green circles) values of the heat content in the layers of 45-100 m (a), 100-300 m (b),
300-1100 m (c), 1100 m-bottom (d) and 45 m-bottom (e) calculated for 2000 to 2021.

In January, weather conditions before the freeze-up period and during the freeze-up
determine the great variability in Q1gp-300m [25]. The earlier the ice cover appears the
more heat is retained in the lower part of the active layer and, conversely, with a later
onset of the freeze-up, the lower layer of the active layer releases more heat into the upper
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100 m water layer and cools more intensively. For instance, the observations on the pier of
Limnological Institute SB RAS in the Listvyanka settlement revealed that in the southern
basin the freeze-up periods from 2000 to 2021 varied within a month: from 4 January (2010)
to 2 February (2014).

In the deep-water layer, seasonal variability in the Q301100 m value is insignificant
(Figure 2c). Nevertheless, there is some maximum in the winter months (December and
January) and a minimum in the middle of summer (July). The greatest variability in the
Q300-1100 m Values, as well as for the layer of 100-300 m, is typical of October and November
(477.6 and 528.4 MJ /m?, respectively). Perhaps, it is also associated with weather conditions
(mainly wind activity). With a small wind activity in the active layer, more heat should
be retained, which then enters the deep-water layer with turbulent diffusion. With high
wind activity, heat loss in the active layer is greater and, hence, its supply to the deep-water
layer decreases.

In the bottom layer, the average Q1109 m-bottom Value slightly increases during the year
(Figure 2d). A slight decrease can be observed in December and January. The greatest
variations in the Q3zpo-1100 m Values are characteristic for January (139.1 MJ/ m?2) due to
intrusions of cold surface waters [39-41], depending on the freeze-up onset. The influence
of spring intrusions in June affects only the minimum Q3gp-1100 m values from June to
August (3722.4, 3729.8 and 3723.3, respectively). These Q300-1100 m Values were obtained for
2007 when on 28 May a cold-water intrusion with a volume of 165 km? was recorded [41].

Seasonal distribution of Qg5 m-bottom (Figure 2e) corresponds to that for the water
layer of 45-100 m, the heat content of which affects the heat content of the entire water
column most. The maximum variations in the Q45 m-pottom Values, as in the upper water
layer, are observed in September and October (1765.5 and 1818.6 MJ/ m?, respectively).
Therefore, seasonal variations in the heat content at the end of the heat accumulation period
(September and October) largely depend on the heat accumulation in the upper 100 m layer.
At the same time, the heat contents in the water layers of 100-300 and 300-1100 m with the
greatest variations in Q values in October and November make a clear contribution to the
Q45 m-bottom value.

The uppermost water layer (45-100 m) is distinguished by the greatest interannual
variability in the heat content (Figure 2, Table 1). The standard deviation (SD) for all months
varies within 11-40% of the average Quonin Value from 2000 to 2021. In deeper water layers,
long-term changes in the heat content values are less significant by an order of magnitude.
In a water layer of 100-300 m, the standard deviation ranges from 1 to 4%. In deeper water
layers, the standard deviation does not exceed 1%, and for the entire water column, 2%.

The greatest changes in the heat content (SD 33-40%) in the upper water layer
(45-100 m) are typical of January to April (Table 1). In winter, this is associated with
air temperature and wind activity before the freeze-up period, which affect the formation
of the ice [25]. High wind activity and low air temperatures contribute to the large heat
losses during evaporation from the lake surface before the freeze-up. However, very low
air temperatures and weak wind activity contribute to the earlier formation of the ice (first
half of January).

In spring, with the onset of the under-ice warm-up, the ice thickness and the presence
of snow on the ice play a more important role. The thicker the ice and snow on the ice,
the less sunlight penetrates the water and, conversely, the thinner the ice and snow on the
ice, the more intensively the under-ice water layer warms up. Moreover, the end of the ice
period has an influence in April. Based on the observations from 2000 to 2021, the end of
freeze-up in the southern basin of Lake Baikal varied, like the freeze-up onset, within a
month (13 April (2014) and 11 May (2010), the average date was 23 April).

In a layer of 100-300 m, the changes in the heat content depend not only on weather
conditions but also on the process of vertical mixing that develops in the field of temperature
and density heterogeneity (free temperature convection, forced deep convection, turbulent
diffusion, etc.) and carries heat to the lower part of the active layer. The greatest variations
(Table 1) were found for October-November and January—February (3—4%).
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Table 1. Average values (upper value, MJ/ m?) and standard deviation (lower value, absolute (MJ/m?)
and relative (%) values) of the heat content values for certain water layers calculated based on the BS
IC data.

Layer, m
Month
45-100 100-300 300-1100 1100-Bottom 45 m-Bottom

478.8 2902.6 11,584.2 3759.3 19,015.7

January
161.7/34 127.6/4 87.3/1 27.3/1 393.9/2
Februar 446.5 2940.8 11,557.1 3762.9 18,838.4
y 179.8/40 83.6/3 79.9/1 18.4/0 348.9/2
March 465.1 2959.1 11,550.2 3764.1 18,858.3
arc 170.1/37 65.2/2 100/1 19.0/1 304.7/2
Aol 493.2 2974.6 11,545.5 3765.9 18,929.0
p 161.6/33 60.2/2 98.4/1 19.3/1 317.2/2
Ma 575.8 2969.2 11,539.7 3766.0 19,094.7
y 119.0/21 55.8/2 101.9/1 21.0/1 293.5/2
jun 793.5 3018.5 11,540.0 3765.6 19,500.8
une 107.9/14 47.3/2 99.9/1 23.0/1 322.4/2
ul 896.3 3090.4 11,533.8 3766.4 19,822.7
y 106.7/12 34.1/1 101.1/1 23.6/1 248.0/1
Aucust 997.2 3114.8 11,548.9 3767.7 20,230.1
& 169.7/17 325/1 99.5/1 24.7/1 369.8/2
September 1244.8 3153.6 11,567.0 3769.2 20,655.1
P 315.4/25 44.1/1 102.1/1 27.1/1 490.8/2
1328.4 3253.4 11,584.0 3771.0 20,871.1

October
249.6/19 131.5/4 111.8/1 275/1 513.9/2
N b 1062.9 3267.8 11,587.4 3772.9 20,454.6
ovember 130.2/12 111.8/3 121.8/1 28.4/1 364.2/2
Decemb 792.5 3112.4 11,601.1 3770.5 19,825.0
ecember 89.5/11 439/1 114.5/1 23.6/1 282.9/1

The deep (300-1100 m) and near-bottom (1100-bottom) layers have the lowest variabil-
ity of the heat content (Table 1). The deep layer is distinguished by the highest dynamic and
thermal stability both within the year and in the long-term aspect. In the near-bottom layer,
there is a change in temperature owing to the sinking of water along the underwater slopes
in the flow field from July to October and intrusions of cold surface waters in January and
late May—early June. Although intrusions near BS IC can reach large volumes in some
years (171 km® on 17 December 2002, 203 km? on 5 January 2007 and 165 km?® on 28 May
2007 [41]), they do not have a significant impact on monthly values of the heat content in
near-bottom layer.

In the entire water column, the interannual variability of the heat content is small in
different years (SD < 2%). This allows us to conclude that though the heat content in the
upper 100 m water layer makes the maximum contribution to the interannual variability
of the heat content in the entire water column, its variability is insignificant for the heat
content of the entire water column.

During the study period, the upper water layer (45-100 m) did not show a significant
positive trend of heat content (Table 2). In the lower part of the active layer of the water
column in Lake Baikal (100-300 m), significant negative Q trends occurred from July to
September. In the deep zone, significant negative trends of heat content were observed in
all months (Table 2). Furthermore, the greatest changes occurred in November and Decem-
ber (—12.1-—13.4 (MJ/m?)/year). In the near-bottom layer (1100 m-bottom), significant
negative Q trends were identified in all months, except for January. In the entire water
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column, significant negative Q trends occurred in July and August (Table 2), accounting for
—25.5--34.6 (M]/mz)/year.

Table 2. Trends of the heat content in certain water layers (top row, (MJ/ m?2)/ year), correlation
coefficient (r, bottom row) and its confidence intervals (bottom row, in parentheses) at the p-value
of 5%.

Layer, m
Month
45—100 100—300 300—1100 1100-Bottom 45 m-Bottom
Januar 12.16 0.00 —8.92 —~1.05 8.12
Y 0.28(—0.17-0.98) 0(—0.52-0.52) —0.61(—(3.80-0.24))  —0.23(—0.89-0.25) 0.12(—0.37-0.69)
Februar 0.82 —2.48 —9.44 —1.51 —3.48
y 0.10(—0.37-0.64) —0.18(—0.79-0.30)  —0.71(—(3.80-0.44))  —0.50(—(3.80-0.07))  —0.06(—0.60-0.44)
March 9.95 0.27 —11.74 —1.76 0.72
arc 0.22(—0.26-0.87) 0.02(—0.51-0.57) —0.68(—(3.80-0.36))  —0.54(—(3.80-0.11)) 0.01(—0.52-0.55)
Aol 10.43 —0.39 —11.04 —2.20 —0.99
P 0.29(—0.16-1.00) —0.04(—0.57-047)  —0.67(—(3.80-0.36))  —0.68(—(3.80-0.38))  —0.02(—0.54-0.49)
Ma 12.4 —0.84 —11.5 —2.38 —231
Y 0.43(—0.01-1.57) —0.09(—0.64-0.41)  —0.68(—(3.80-0.37))  —0.68(—(3.80-0.38))  —0.05(—0.58-0.46)
June 2.73 —1.09 —10.7 —2.38 —14.7
0.14(—0.33-0.70) —0.14(—0.72-0.35)  —0.64(—(3.80-0.30))  —0.62(—(3.80-0.26))  —0.27(—0.99-0.20)
Jul —5.69 —2.981 —11.6 —2.54 —25.5
y —0.01(—0.52-0.48)  —0.52(—(3.80-0.11))  —0.69(—(3.80-0.38))  —0.64(—(3.80-0.30))  —0.62(—(3.80-0.25))
Aucust —12.7 —3.07 —11.1 —2.53 —34.6
& —0.08(—0.60-0.41)  —0.57(—(3.80-0.17))  —0.67(—(3.80-0.35))  —0.62(—(3.80-0.25))  —0.56(—(3.80-0.16))
September —8.58 —3.75 —10.5 —2.79 —-336
p —0.02(—0.53-0.47)  —0.51(—(3.80-0.09))  —0.62(—(3.80-0.25))  —0.62(—(3.80-0.25))  —0.41(—3.80-0.04)
Octab —114 —2.05 —11.1 —2.97 —282
ctober —0.12(—0.66-0.36)  —0.09(—0.65-0.40)  —0.59(—(3.80-0.21))  —0.65(—(3.80-0.31))  —0.33(—1.15-0.13)
N b —2.90 —3.48 —12.1 —3.10 —~16.9
OVEmBEr — _0.01(—0.51-0.49)  —0.19(—0.80-0.29)  —0.60(—(3.80-0.22))  —0.66(—(3.80-0.32))  —0.28(—1.00-0.19)
6.65 0.23 —134 —2.67 —3.54
December

0.31(—0.14-1.06)

0.03(—0.48-0.56) —0.70(—(3.80-0.41))  —0.68(—(3.80-0.37)) —0.08(—0.62-0.42)

! The significant values are marked in bold.

Therefore, we can assume the local features of the changes in the heat content of
certain water layers near Ivanovskiy Cape in different months. In the entire water column,
a decrease in the heat content occurs only in July and August. Shortening of the freeze-
up period contributes to the greater heat release not only from the active layer but also
from deep layers before and during the freeze-up. During the warm-up period, this
overexpenditure is not replenished. This is likely caused by the increased stratification of
the upper water layers, which prevents the transfer of heat to deep layers due to turbulent
diffusion. Negative trends of heat content in a water layer of 100-300 m from July to
September indirectly confirm this. Even if heat accumulates in the upper 100 m water layer,
it quickly returns to the atmosphere due to wind and wave-driven mixing and evaporation
from the surface of the lake during the ice-free period.

3.2. Heat Circulation

The AQ value (Figure 3) has significant interannual variations (635.9-2767.7 MJ/ m?,
the average 1778.9 M]/ m?, SD 704.8 MJ/m?). Nevertheless, in most observation years, the
value of heat circulation was within the range of standard deviations (Figure 3). In some
years, the heat circulation was beyond the standard deviation range (exceeded in 2005,
2010, 2015 and 2016; was lower in 2002, 2018 and 2019). The excess of heat circulation in
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2005 is probably associated with the maximum heat content in August in September in
all observation years, while in 2010 and 2015 with the minimum values of heat content
in January and February, respectively, from 2000 to 2021. In 2006, no peculiarities were
observed. Between 2000 and 2021, when the values of heat circulation were beyond the
lower limit of SD, the maximum values of heat content were identified in 2002 from April
to July. In other years, no peculiarities were observed. The value of linear trend is small
(—=17.7 (MJ/m?)/year) and insignificant (r = 0.13, p > 0.1).

3000 -
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g .
C ) _‘.
T L e W
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3 R
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2000 2005 2010 2015 2020

Years

Figure 3. Interannual changes in the heat circulation in the entire water column (green curve with
circles). The blue line is the average value of the annual heat circulation from 2002 to 2019, and the
blue dotted lines are SD limits.

4. Discussion

The data from the buoy station with large time discreetness allowed us to clarify
seasonal changes in the heat content of the slope area in the southern basin of Lake Baikal.
In the upper water layer (45-100 m) and the entire water column, the minimum heat content
occurs in February and March, and the maximum in October. In the deeper water layers,
the extremums shift. In a layer of 100-300 m, the minimum heat content occurs in January,
and the maximum in November; in a layer of 300-1100 m, the minimum occurs in July,
and the maximum in December and January; in a layer of 1100 m—-bottom, the minimum
occurs in December and January, and the maximum in November. Comparison of seasonal
variability of a layer of 45-100 m and the upper 100 m water layer is incorrect. In the water
layers deeper than 100 m, there were no shifts in the maximum and minimum heat contents.
To check the change in the seasonal variability of the heat content in the upper 100 m water
layer, data on ship measurements from the surface to the bottom should be used.

Even though the upper water layer was studied from the 45 m depth, its heat content is
characterized by insignificant interannual differences throughout the year. The maximum
variations in the Q values (up to 40%) are observed in the southern basin of Lake Baikal
during the months with the ice (from January to April); the minimum variations—from
June to August and in November—-December (up to 14%). In the deeper water layers,
interannual differences in the heat content in different months do not exceed 4% in a layer
of 100-300 m and 2% in the water layers below 300 m.

The revealed trends of heat content indicate a redistribution of heat in the water
column. Considering that we studied the upper water layer from the 45 m depth, we can
assume that in the past 20 years heat has been accumulating in the upper 100 m water layer
of the slope area in the southern basin of Lake Baikal under the influence of climate change.
Positive trends of the average weighted water temperature (0.36-0.31 °C/10 years) in a
layer of 0-100 m were observed in the southern basin in June and July from 1972 to 1992 [26].
However, later, from 1994 to 2016, long-term variations in the surface water temperature
near the west coast of the southern basin of Lake Baikal did not have any significant trends
from May to October [27]. Consequently, this should have led to a decrease in trends of the
upper 100 m water layer. Fires occurring both in the watershed of Lake Baikal and in East
Siberia could play a clear role in a decrease in the surface water temperature trends. The
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smoke from fires prevents the flow of solar heat to Baikal water. Severe wildfires in East
Siberia were recorded in 2015, 2016, 2018, 2019 and 2020 [42-47].

Nevertheless, we revealed significant negative trends of the heat content from July
to September in a layer of 100-300 m, throughout the year in the deep zone and in all
months, except for January, in the near-bottom layer. On the one hand, this can be due to
the intensification of stratification in the warm-up period and an increase in the vertical
gradients of temperature and density, which prevents the heat supply into the deeper layers.
This can take place not only with the growth of the surface water temperature caused by
a greater heat supply from the atmosphere but also owing to a decrease in wind activity
observed in recent years from May to October [48]. On the other hand, advection heat
transfer in the water column from one area to another cannot be excluded.

Significant negative trends of the heat content in the water layers deeper than 300 m
in late autumn and winter are associated with the shift in the freeze-up onset to later dates
in the southern basin of Lake Baikal. The rise in air and water surface temperatures from
November to January contributes to the increase in heat losses due to evaporation from
the surface. With an increase in the wind speed in November and December, heat losses
increase. On the contrary, in January, increased wind speed contributes to the growth of
heat losses due to ice breaking and heat losses with evaporation from the lake surface.
This leads to large heat losses from the active layer (0-300 m) and a heat deficiency in the
water layers deeper than 300 m. After the formation of the negative stratification, the heat
deficiency in the water layers deeper than 300 m persists until July when the minimum
heat content is observed in a layer of 300-1100 m.

Previous research [26] revealed the significant negative trend of the average weighted
water temperature (—0.03 °C/10 years) from 1995 to 2007 only in a water layer of 100 m
from the bottom for the entire southern basin of Lake Baikal. In the water layers above,
the trends of the average weighted water temperature were also negative, but their values
were insignificant.

Intrusions of cold surface waters to the near-bottom area could influence the heat
content of a layer of 1100 m—bottom, but this was revealed only in 2007 when some of the
strongest intrusions were observed [41]. Most likely, deep intrusions influence the heat
content of the water layer with a smaller thickness. Based on the obtained results, the issue
of the influence of cold surface water intrusions on heat content in the near-bottom layer
requires an individual study in the future.
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