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The influence of the Tomsk water intake on the ecosystems of the Ob-Tom interfluve is studied. It is revealed
that the exploitation of the underground water field for almost 50 years has led to the transformation of the natural
environment as a result of changes in the hydrological regime in the aeration zone. The most significant changes
were observed in hydromorphic ecosystems located in the area of the first well line of the Tomsk water intake,
which is associated with both the longest exposure and the feature of the lithological structure. A series of studies
has been conducted here since 2000. the estimation of the ecosystems state was done, including the assessment of
moisture of ecotopes via phytoindication method. To reconstruct phytocenoses that existed before drying (before
2000), the composition of plant macrofossils of the upper layers of peat was analyzed. There is noted the dependence
of changes in the hydrological regime of ecotopes on the dynamics of groundwater levels associated with the
operation of the Tomsk water intake against the background of cyclical climate variability. The main changes in the
water regime on the territory of the Ob-Tom interfluve occurred at the first stages of the water intake operation in
1970s during the formation of a depression funnel in the area of the first well line (it was before the beginning of
our research in 2000). Currently, the transformation processes have slowed down and there is a stable functioning
of ecosystems in the new conditions of moisture, established at a more or less constant level, in accordance with
the reduced volumes of water intake. Hydroclimatic calculations for the basin of river Poros have shown that the
volume of groundwater renewal in the Ob-Tom interfluve exceeds the current volume of water extraction, which
excludes or significantly slows down the further transformation of ecosystems.

Key words: water intake influence, Ob-Tom interfluve, drying of mires, method of hydrological and climatic
calculations, phytoindication, indicator values of plants.

Wccnenosano BausiHue ToMcKoro Bomo3adopa Ha skocucteMbl O0b-ToMcKOro Mexaypeubsi. BoisiBlieHO, UTO
9KCIUTyaTalus B TedeHre modTh 50 JIeT MeCTOPOKICHMs TTOA3eMHBIX BOI TIpHBeJia K TpaHCHOpMaIuu TPUPOTHOM
cpelbl B pe3ysibTaTe U3MEHEHMIA TMAPOJIOrMYECKOro pexkruma B 30He aspauuu. Haubosee 3HauuTeIbHbIE U3MEHE-
HUSI OTMEYEHBbl B TUAPOMOP(MHBIX 9KOCUCTEMAaX, PACIOJOXKEHHBIX B paiioHe NEUCTBUSI MEPBOIl ouepeau BOmO3a-
0opa, 4TO CBSI3aHO Kak ¢ HauboJjee MPONOKUTEIbHBIM BO3IEMCTBUEM, TaK U OCOOCHHOCTBHIO JIUTOJOTMYECKOTO
CTpoeHUs. 3/1ech M MPOBEACH OYepeaHON LMK uccienoBaHuii, npomoypkatomuxes ¢ 2000 roma. /JlaHa oneHka
COCTOSIHMSI 9KOCHCTEM, a TakKKe YBJIAXKHEHUsI 3KOTONa (DUTOMHAMKAIIMOHHBIM METOIOM. IS PEeKOHCTPYKIIUHU
(UTOIIEHO30B, CyIIeCTBOBaBIIMX a0 obOchixaHus (mo 2000 T.), TIpoBeneH OOTAaHWMYECKUI aHaIM3 BEPXHUX CJIOCB
Topda. OTMeUeHa 3aBUCUMOCTh M3MEHEHMUSI THIPOJIOTMYECKOTO PeXXMMa 3KOTOIOB C JUHAMMKON YpPOBHEH IOMI-
3eMHBIX BOJI, CBSI3aHHOM ¢ paboToii ToMckoro Bomo3abopa Ha (poHe MUKITNIECKON KITMMATUIeCKOM N3MEHINBOCTH.
OCHOBHBIE M3MEHEHUsI BOTHOTO pexnma Ha Tepputopru O6b-TOMCKOTO MeXIypeubs MPOU3OINUIM Ha TEePBBIX
9Tanax aKcruryataluu Bomo3abopa u opMHUPOBaHUsS B palioHe MEepBOii ouepeay BOPOHKU NENPEeCcCHu, 10 Havdaia
Hamux ucciaegoBanuii B 2000 romy. B Hacrosiiee BpeMst mpoliecchl TpaHC(hOpMaLMK 3aMeIMIUCh U HaOIo1aeTcst
ycToitunBoe (hyHKIIMOHUPOBAHUE DKOCUCTEM B HOBBIX YCIOBMSIX YBJIAXKHEHUsI, YCTAHOBMBILIETOCS Ha OoJjiee W
MeHee MOCTOSIHHOM YPOBHE, B COOTBETCTBMU C MOHMXEHHBIMU 00beMaMu BogooToopa. ['maposoro-kimMmaTuyeckue
pacuethl st 6acceiiHa p. [Topoc mokasanu, 4To 00beMbl BO30OHOBJIEHUS MOA3eMHBIX BOJ O0b-ToOMCKOro Mexuy-
peubsi TIPEBBIIIAIOT TEKYIIME O0BEMbI BOJOOTOOpA, YTO MCKIIIOYAET, WJIM CYIIECTBEHHO 3aMeIsIeT MalbHEUIIYIO
TpaHchOPMAaIIUIO 3KOCUCTEM.

KuiroueBsie ciaoBa: BiusiHue Bomno3abopa, O6b-Tomckoe Mexaypeube, O0ChIXaHue OO0JIOT, METOM TUAPOIOTO-
KIMMAaTUYECKUX PacuyeToB, (DUTOMHANKAIINS, SKOJOTUUECKUE IIKAIIbI.

INTRODUCTION territory of the Ob-Tom interfluve solved an impor-
tant problem of providing the population with clean

The discovery and commissioning of an under-  drinking water. By the early 2000s, the volume of
ground water deposit in the immediate vicinity of water extraction reached 250 thousand m3 per
the city of Tomsk in the Paleogene horizons on the day with approved reserves of 260 thousand m?.

ANHAMNKA OKPYKAIOWEN CPEADI

Tom 10 < Bbinyck 2 < 2019 N rNOBAMbHBIE H3MEHEHNS KNNMATA




S. Kopysov

https://doi.org/10.17816/edgcc21184

However, in the first years of operation (since
the early 1970s), an extensive depression funnel
formed in the aquifers. The depth of the water
level decrease reached 9—10 m in the wells of the
first line, and for individual wells — up to 15 m
[Popov et al., 2002]. The decrease in the level
of underground water in the exploited Paleogene
complex increased the flow of ground water from
the overlying horizons, which led to a decrease in
the level in the Quaternary aquifer complex and
caused active drying processes in the landscapes
adjacent to the water intake lines.

In some mires of the Ob-Tom interfluve, the
drying to varying degrees was revealed — from
insignificant on the periphery to complete drying
of the peat deposit. The change of hydro — and
hygrophilous plant species to less moisture-loving
hydro-mesophilic ones was observed in the ground
cover [Chernova, 2011]. In soils, a decrease in
the level of soil-ground water and the formation
of drying horizons were revealed [Dyukarev and
Pologova, 2009, 2011].

Is drying up in areas with a wide distribution of
hydromorphic and semi-hydromorphic landscapes
considered a negative or positive phenomenon?
In the second half of the 20th century, in the South
of the taiga zone of Western Siberia, including the
territory of the Ob-Tom interfluve, hydro-forestry
measures were widely deployed, and mires were
drained over large areas in order to increase for-
est productivity [Efremov, 1987; Panchenko and
Dyukarev, 2015]. However, drainage did not pro-
duce the expected results and proved ineffective.
Forest productivity has not increased much, but the
risk of fires and associated negative consequences
has increased significantly, including air pollution,
a decrease in the resource and economic potential
of the territory, and a deterioration in the recre-
ational qualities of the territory. Given the negative
consequences, in recent years not only in Russia
but in other countries suggested the need to reduce
reclamation works and to revive the mires that pro-
vide important biosphere functions, in particular
biodiversity balance of water cycle, and carbon cycle
[Williamson et al., 2017; Sinyutkina et al., 2018].

The purpose of this work is to assess the current
state of the natural environment of the Ob-Tom
interfluve, identify negative consequences associ-
ated with the operation of the Tomsk water intake,
and forecast the further development of ecosystems
in its zone of operation.

THE OBJECTS AND METHODS OF RESEARCH

The study area is the Ob-Tom interfluve.
It is located in the South of the taiga zone of
Western Siberia. The average annual temperature
is -0.6°C. The radiation balance is positive —
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20—25 kcal/cm?. The sum of temperatures above
10 degrees is 1700—1750°C per year. The average
annual precipitation is 517 mm. The hydrother-
mal coefficient is 1.1—1.2. The territory belongs
to the zone of moderate humidification, where the
probability of natural, climate-related drying is low
[Climate of Tomsk, 1982]. In geological and geo-
morphological terms, the Ob-Tom interfluve has
a complex structure, which is associated with his-
torical factors of its formation. Here, the ancient
plain, composed of loam deposits, is washed by
ancient runoff hollows of different ages, composed
of deposits of light granulometric composition from
sorted sands to layered loam-sandy loam deposits
[Dyukarev and Pologova, 2011]. The total palu-
dified area is low — about 20%. The main areas
of the mires are concentrated on terraces and in
the hollows of the ancient runoff. Mire nutrition is
generally atmospheric, sometimes with the partici-
pation of soil and ground water [Platonov, 1963].

The Ob-Tom interfluve is an economically active
territory. Both forest management and agricultural
land use are developed here, and the recreational
load is high [Panchenko and Dyukarev, 2015].
Among the economic activities that contribute to
hydrological transformations, the drainage of mires
in 1960s and 1970s should be noted. At the same time
the laboratory of Forest Institute for detailed field
research of mire reclamation was created to develop
drainage technologies and evaluate the results of
applying these technologies in the territory of the
Ob-Tom interfluve. But the most significant and
profound factor affecting the natural environment
is the commissioning of the Tomsk water intake in
1972. Water extraction is carried out from depths
of more than 80 m. However the indicators of the
chemical composition of the extracted drinking water
show that the lack of water in the exploited geologi-
cal layers is compensated by both the over- and the
underlying aquifers [Popov et al., 2002].

Because of the high landscape heterogeneity
of the Ob-Tom interfluve, the hydrological trans-
formations, which detected here, were confined
to different areas of the territory and to different
types of landscape. Semihydromorphic and hydro-
morphic landscapes of ancient runoff hollows were
the most susceptible to hydrological transformations
[Dyukarev and Pologova, 2009]. To study the pro-
cesses occurring in landscapes and identify the role
of water intake in their transformation, we have laid
a series of landscape-ecological transects. This paper
presents the results of a study on the landscape-
ecological transect laid down in the zone of the
maximum drying (2.5—3 km from the first line of
water intake wells), including all the elements of
the relief of the ancient runoff hollow: ridges of
different heights and inter-ridge depressions that dif-
fer in the thickness of accumulated peat (Fig. 1).
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Fis. 1. Landscape and ecological transect in the area of operation of the Tomsk water intake. Numbers 1—5 indicate

the points of peat sampling

Pnc. 1. JlanamadTHO-3KOJIOrMYecKnii Ipodmiib B 30He AeiicTBUsI ToMmckoro Bogo3abopa. Lludpamu 1—5 o603Ha-

YeHbl MecTa OTOOpa TOP(MSTHBIX CKBaXXWH

The transect with a total length of 820 m is ori-
ented to the South-East and is laid along a clearing
between 33 and 34 blocks of Timiryazevsky forestry.
Geographical coordinates of the beginning of the
transect 56°26'43" N 84°49'36" E. In routestudies
[Dyukarev and Pologova, 2009], no drainage sys-
tem of hydro-reclamation was detected near the site
where the transect was laid. The nearest drained
mire — Chaginskoe — is located 3.5 km to the
North-East and does not communicate with the
mires we studied.

In 2000, 2007, and 2018, the vegetation releves
of all plant communities by terrain elements were
carried out on the landscape-ecological transect.
This paper focuses on the analysis of hydromorphic
and semi-hydromorphic ecosystems of inter-ridge
depressions that are most susceptible to hydrological
transformations. To reconstruct the phytocenoses
of mires that existed before the water deposit was
put into operation and the beginning of drying, the
composition of plant macrofossils in upper layers
of peat was analyzed. The peat samples were taken
in the central parts of the inter-ridge mires. (see
Fig. 1, points 1-5). The assessment of the ecological
structure of plant communities was carried out using
ecological groups of species proposed for mires of
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the South-East of Western Siberia by E.D. Lapshina
[2003]. Also, the soil moisture was calculated via
phytoindication method using indicator values of
plants, developed by L.G. Ramensky [Ramensky
et al., 1956], which allowed us to trace the dynamics
of moisture both before and after the start of drying.
The calculations were maid taking into account the
abundance of species and their indicator significance
in accordance with the recommendations [Zverev
and Babeshina, 2009].

Modeling of humidification conditions was
performed using the method of hydrological and
climatic calculations [Karnatsevich et al., 2011]
based on data on daily precipitation and air tem-
peratures for the period from 1936 to 2017 for
the nearest weather station — Tomsk — from the
VNIGMI-MCC database [Bulygina et al., 2019].

RESULTS AND DISCUSSION

Dynamics of plant communities associated
with changes in the hydrological regime
of the territory

Analysis of the dynamics of phytocenoses showed
that the change in hydromorphic landscapes detected
in the Ob-Tom interfluve occurred unequally both
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in space and time. The most significant changes
occurred at points 1—3, where the thickness of the
peat did not exceed 2 m before drying. At point 1,
the initial thickness of the peat (reconstructed
according to the peat density) was about 180 cm.
However, by 2000, as a result of drying, compaction
and partially mineralization of the peat, its thickness
decreased to 1 m. To date (2019) the thickness of
peat deposits has reduced to 35 cm. At the point
2 the thickness of the peat continues to decrease
from 0.9 m in 2000, to 0.5 m in 2019 From the
surface the peat has become loose, “dusty”, lost the
ability to absorb and retain moisture. The level of
mireground water is detected only in early spring
and then outside the peat layer. According to the
composition of plant macrofossils in peat (table),
previously there were herbal and herb-sphagnum
fens with a predominance of aerohydro — and
subhydrophytes — plants that prefer more or less
watered habitats (Carex limosa, Menyanthes tri-
Joliata, Sphagnum subsecundum). However, even
before the start of monitoring studies (before 2000),
soil moisture was significantly reduced (by 13—18
steps of the Ramensky's moisture scale) (Fig. 2),
the peat deposit has dried up and compacted, sparse

Table 2 / Tabamua 2

ECOSYSTEM PROCESSES IN THE AREA OF THE TOMSK WATER INTAKE

forests of pine and birch have formed on the site
of the fens. These forests have the extremely poorly
developed ground cover, in some areas — rarefied
moss cover. Since 2000 no significant changes in soil
moisture either up or down have been observed —
the fluctuations of this parameter ranged from 0—1
to 3(5) steps (Fig. 2). Accordingly, forest com-
munities with a predominance of plants that prefer
medium — moisture conditions — mesophytes and
hydromesophytes (Betula pubescens, Pinus sylves-
tris, Pleurozium schreberi, Polytrichum strictum,
Sphagnum angustifolium) and a smaller participa-
tion of subhydrophytes have been steadily preserved
on the site of the former fen phytocenoses for almost
20 years.

In General, the the revealed in phytocenoses
changes are similar to those observed after hydro-
reclamation of mires and have been described in
detail by S.P. Efremov [1987] in the Ob-Tom inter-
fluve. However, if the modern stand of trees, which
formed during the initial phases of changes in the
hydrological regime, looks almost normal, then the
modern regrowth of Pinus sibirica and P. syl-
vestris is oppressed, which is because of a lack of
moisture. With sufficient numbers for reforestation

Transformation of hydromorphic ecosystems in the Ob-Tom interfluve
TpaHchopmanms coobecTs 60A0T HO O6b-TOMCKOM MEXAYpeybe

Peat ) After drying
thickness, m Sl 2000 year 2018 year
1 1.0/0.65 | herbal fen (Carex limosa, Birch forest with extremely Birch forest with extremely
(1.8) Menyanthes trifoliata, poorly developed ground cover | poorly developed ground cover
Eriophorum vaginatum) (Betula pubescens) nec (Betula pubescens)
2 0.9/05 | herb-sphagnum fen (Carex | Pine dwarf shrub moss forest Pine dwarf shrub moss forest
(1.9) limosa, Scheuchzeria (Pinus sylvestris, (Pinus sylvestris,
palustris, Sphagnum Chamaedaphne calyculata, Chamaedaphne calyculata,
subsecundum) Pleurozium schreberi, Pleurozium schreberi,
Dicranum polysetum) Dicranum polysetum)
3 0.6/0.5 | herbal fen (Carex limosa, Pine moss forest (Pinus Pine moss forest (Pinus
(L.1) Menyanthes trifoliata) sylvestris, Polytrichum sylvestris, Polytrichum
strictum, Sphagnum strictum, Sphagnum
magellanicum) magellanicum)
4 3.2 Pine-dwarf shrub-sphagnum | Pine-dwarf shrub-sphagnum Pine-dwarf shrub-sphagnum
bog (Pinus sylvestris, bog (Pinus sylvestris, bog (Pinus sylvestris,
Sphagnum angustifolium, Chamaedaphne calyculata, Chamaedaphne calyculata,
S.magellanicum) Sphagnum angustifolium, Sphagnum angustifolium,
S. magellanicum) S. magellanicum)
5 5.2 Pine-dwarf shrub-sphagnum | Pine-dwarf shrub-sphagnum Pine-dwarf shrub-sphagnum
bog (Pinus sylvestris, bog (Pinus sylvestris, bog (Pinus sylvestris,
Sphagnum fuscum) Chamaedaphne calyculata, Chamaedaphne calyculata,
Sphagnum angustifolium, Sphagnum angustifolium,
S. fuscum) S. fuscum)

Note. Peat thickness (m) in the numerator — 2000, in the denominator — 2019 (in brackets, the initial thickness of
the peat deposit, calculated from the change in the peat density).

Tlpumeuanue. MoiHocts Topha (M) B ynciautene — 2000 rox, B 3HameHatesie — 2019 ron (B ckoOKax NpuBeaeHa
MCXOIHAsI MOITHOCTh TOP(MSHOI 3aIeXXH, pacCYUTaHHAS 0 UBMEHEHUIO TIJIOTHOCTHU CIIOKEHMST).
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Fig. 2. Dynamics of soil moisture in the phytocenoses of
inter-ridge depressions in the Ob-Tom interfluve. The
point numbers as in Fig. 1 and in the table

Pnc. 2. JluHaMuKa YBJIaXXHEHUSI ITOYB B (PUTOLICHO3aX
MEXTPUBHBIX 3amaanH Ha OOb-TOMCKOM MeXIypeube.
HoMepa Touyek Takue Xe, Kak Ha puc. | u B Tabauie

(12—20.5 thousand. units /ha) its average height is
42 cm, and the average age is 15—16 years, while the
same regrowth from natural habitats [ Nikolaeva and
Panov, 2012] has an increase of 2—3 times higher.
In addition, the formation of ground cover in the
studied forests is very slow. This is probably because
of the lack of moisture in the habitat after drying.
T.T. Efremova et al. [2011] noted a decrease in the
productivity of stands on dry peat soils when the
level of soil and ground water drops to a depth of
50 cm. And in our case, it dropped to a depth of
more than 2.5 m [Dyukarev and Pologova, 2009].

Mires with thicker (more than 3 m) deposits
(points 4 and 5) have dried up to a lesser extent.
There were no significant changes in habitat condi-
tions, in particular soil moisture, in the central part
(in the place of peat sampling) (Fig. 2). Both the
composition of plant macrofossils of the upper lay-
ers of peat and modern observations indicate that
there were previously, as at present, pine dwarf
shrub-sphagnum communities (bogs) with a pre-
dominance of hydromesophytes and subhydrophytes
(Pinus sylvestris (bog form), Chamaedaphne
calyculata, Sphagnum angustifolium, S. magel-
lanicum, S. fuscum) (table.). Signs of drying were
found only on the periphery of these bog massifs.
At point 4, they were expressed in the formation of
a narrow strip of pine-birch forest with an extremely
poorly developed ground cover along the edge of
the bog, confined to areas of dried peat deposits.
At point 5, the changes were weaker — the peat
was not dry on the periphery, but the ground cover
was dominated not by hydromesophytic mosses
(Sphagnum angustifolium, S. fuscum), but by
mesophytic mosses (Pleurozium schreberi). All
these signs of drying were detected at the very
beginning of the research (in 2000), and no further

Tom 10 <> Bbinyck 2 < 2019
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changes had been observed in the vegetation cover.
However, there was an increase in peat subsidence
in the marginal part of the bog (on the border of
the bog and mineral ridge), which continues at the
present time.

Thus, the dynamics of phytocenoses in the inter-
ridge depressions occurred as follows. Maximum
drying occurred before 2000, and from 2000 to the
present time, no significant changes were observed
either in habitat conditions (in particular, soil mois-
ture) or in the structure of phytocenoses (species,
ecological). Only the subsidence phenomena on the
border of the bog and the mineral ridge increased
somewhat.

Dynamics of hydroclimatic conditions

Based on data from the Tomsk hydro meteo-
rological station [Bulygina et al., 2019] we ana-
lyzed the dynamics of the hydrothermal regime for
the period from 1936 to 2017 (Fig. 3). In addi-
tion to the dynamics of annual moisture content
(Fig. 3, a) the moisture content for MayAugust was
analyzed separately (Fig. 3, b), since, according
to [Kolomyts, 2018], it is the summer moisture
content of the soil that serves as the main link in
the transmission of hydrothermal signals from the
global level to the regional and local level. A slight
trend was detected (Fig. 3, a) from 0.88 to 0.92,
caused by an increase in precipitation relative to
heat-energy evaporation resources (evaporability).
However, the increase in precipitation is more typi-
cal for the winter period and primarily contributes
to the growth of high water, so the moisture of
the active layer for the growing season May-August
(Fig. 3, b) does not reflect this trend, which indi-
cates the stability of climatic conditions for vegeta-
tion in the long-term mode. O.V. Mezentseva and
co-authors came to similar conclusions. Mezentseva
et al. [2010], who studied the spatial and temporal
dynamics of the characteristics of natural heat and
moisture supply in Western Siberia, came to similar
conclusions.. They showed the absence of a reli-
able climate trend of the humidification coefficient,
and received multidirectional linear trends in the
characteristics of natural moisture and heat supply,
which give the right to doubt the unidirectional
climate process in recent decades. The absence of
a long-term (multi-year) unidirectional change in
the moisture coefficient indicates that the reason
for the change of plant communities observed in
the Ob-Tom interfluve was not the dynamics of
the hydrothermal regime.

It should also be noted that the depth of soil and
ground water increased by more than 2 m during
drying of mires in the inter-ridge depressions (from
the depth of 0.1-0.2 m, typical for mesotrophic
fens according to [Lapshina, 2010], to 2.5—-3.0 m
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Fis. 3. Dynamics of moisture coefficient (precipitation/evaporation) (a) and relative moisture of the active layer

for May-August (b)

Pnc. 3. Iunamuka koadduimmeHTa yBiIaxXHeHUsT (OCaaKu/UCcTapsieMocTh) (a) MU OTHOCHUTEJIbHOW BIAXXHOCTH [ie-

SITEJILHOTO CJIoS 3a Maii-aBryct (0)

according to the observations of A.G. Dyukarev and
N.N. Pologova [2009]). This change is significantly
greater than the amplitude of natural mire water
level fluctuations detected during monitoring in
years with different weather conditions, which did
not exceed 15—20 cm [Dyukarev and Pologova,
2009].

Therefore, it can be argued that the dynamics
of moisture and vegetation conditions detected in
the Ob-Tom interfluve were caused not by climatic
processes, but by an anthropogenic violation of the
hydrological regime because of long-term water
intake activity and corresponding changes in plant
growth conditions. This conclusion is supported
by the spatial unevenness of ecosystem drying.
While the moisture content of inter-ridge depres-
sions decreased significantly, no such changes
were observed in the ridges. This indicates that
the identified drying processes are related to the
dynamics of groundwater levels. There were no
significant changes in the ecosystems formed on
ancient plains composed of loamy deposits. Other
researchers also noted negative processes associated
with the Tomsk water intake activities [Popov et al.,
2002]. When it was put into operation, this influence
largely overlapped the course of natural dynamics
of groundwater. In the research of O.G. Savichev
and Yu.V. Makushin [2004] in different wells in the
Tomsk region that are not affected by anthropogenic
factors, there was a gradual increase in groundwa-
ter levels from the 1960s to 1970s. At the same
time, since the beginning of the Tomsk water intake
(1972), a natural decrease in water levels has been
observed in wells of the Ob-Tom interfluve together
with the formation of a vast depression funnel

ENVIRONMENTAL DYNAMICS
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[Popov et al., 2002]. It is important to note that the
change in groundwater levels was not gradual, but
rather abrupt. Their main decrease was noted in the
1970—1980s. — from 7—9 m to 12—16 m for the first
most exploited well line [Popov et al., 2002; State
of..., 2017, p. 97]. Then, after establishing a certain
more or less constant volume of water extraction by
the Tomsk water intake, minor fluctuations in levels
were observed — within 1—-2 m, associated with the
operation mode of water intake wells and climatic
factors [Savichev and Shmakov, 2012; State ...,
2017]. Thus, the dynamics of groundwater levels
in the Ob-Tom interfluve, caused by the work of the
Tomsk water intake, has the same character as the
dynamics of changes in habitat moisture, revealed
by the phytoindication method. The close relation-
ship between the drying of mires in the Ob-Tom
interfluve and the operation of the Tomsk water
intake is also confirmed by the territorial proximity
of the maximum drying zone to the center of the
underground water depression funnel [ Dyukarev and
Pologova, 2011].

The underground water deposit of the Ob-Tom
interfluve is a renewable natural resource, since the
water supply of the Paleogen complex operated by
the Tomsk water intake is infiltration [Popov et al.,
2002]. Calculations of the distribution of climate
runoff in the Ob-Tom interfluve allowed us to esti-
mate the annual volume of groundwater renewal. As
a model for calculations, we used the river Poros —
the left tributary of the river Tom. In the work of
L.I. Dubrovskaya and N.A. Ermashova [2001], based
on the data of 1973—1998, there is a tendency to
reduce the flow of the river Poros, possibly related
to an increase in the use of the upper water supply
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for feeding the aquifer of “Kochkovskaya” forma-
tion, the level of which near the valley of river Tom
has significantly decreased because of the operation
of the Tomsk water intake. But based on the data
up to 2001 [Savichev et al., 2003] it is concluded
that changes in the water regime of the river Poros
are related to not only anthropogenic factors. If we
consider the observation period from 1974 to 2015,
the average water consumption in the river Poros
insreases by 8%, compared to 1974—2001, to the
value of 0.49 m/s. This increase is 3% higher than
the accuracy of hydrometric flow metering. Thus,
the flow of water in the river Poros is weakly depen-
dent on the amount of groundwater intake, which
indicates its weak hydrological connection with the
groundwater aquifer, since it is formed on the ter-
ritory of an ancient plain, which is composed of
loamy and clay deposits. This is also evidenced by
the fact that, since 1997, according to [Savichev
and Shmakov, 2012], the study area has seen an
increase in the level of groundwater.

The average annual climatic runoff in the
river Poros catchment area near the village of
Zorkaltsevo modeled by the method of hydrocli-
matic calculations is 158 mm, and the measured
hydrometric runoff layer is only 49 mm. Therefore,
the average annual infiltration supply of groundwa-
ter is 109 mm per year. Such a significant amount
of water supply is explained by the abundance of
wells, mostly funnel-shaped, which are zones of
active replenishment of underground water reserves
by macropores [Kopysov, 2015]. The average
annual renewable underground flow of the Ob-Tom
interfluve, taking into account the area drained by
the Tomsk underground water intake (1500 km?),
can be estimated at 650 thousand m? per day. Only
a third this volume should be extracted, i.e. 215
thousand m? per day, which is 20% less than the
approved reserves. If in the early 2000s the volume
of water intake reached 250 thousand m? per day,
in 2018 the Tomsk water intake pumped out only
119 thousand m? per day [State ..., 2019, p. 103].
Currently, the volume of water extraction is much
less than the estimated volume of groundwater
renewal and has recently been maintained at a
stable level. This also indicates the stabilization of
the ecological conditions of plant growth in the
territory of the Ob-Tom interfluve, which means
that further catastrophic growth of hydro transfor-
mation areas, as previously assumed [Dyukarev and
Pologova, 2011], is not expected.

CONCLUSION

The study of forest and mire ecosystems in the
Ob-Tom interfluve showed that a significant change
in habitat conditions that caused the drying of the
territory occurred before 2000 and affected mainly
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the hydromorphic ecosystems — bogs and fens.
Then, in the course of long-term monitoring of
dried-out forest-mire complexes, started in 2000,
no further significant changes in habitat conditions
and, consequently, ecosystems were detected. We
consider such dynamics of drying against a back-
ground of relative constancy of climatic conditions
(hydrothermal regime) in long-term perspective, as
the result of the dynamics of groundwater levels
in the Ob-Tom interfluve, caused largely by the
commissioning of the Tomsk water intake — the
increase of the volume of water extraction and the
corresponding decrease of the groundwater levels
in the 1970—1980s, and then a relative stabilization
of the volume of water extraction by the 2000s,
and even a slight decrease in water withdrawal in
recent years.

The currently established volumes of water
extraction in the Ob-Tom interfluve are signifi-
cantly less than the volumes of annual renewal of
groundwater. Therefore, further strengthening of
drying of the territory is not expected. The hydro-
morphic ecosystems of the Ob-Tom interfluve that
were previously dried out now function stably in
the conditions of the newly formed level of ground,
soil-ground and mire waters.
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