Monitoring’2023 EAGE

Mon23-206

*T. Mykytyn (Vasyl Stefanyk Precarpathian National University), N. Bielova (Vasyl Stefanyk
Precarpathian National University), N. Dolynko (Vasyl Stefanyk Precarpathian National
University)

SUMMARY

The study purpose is to determine the water permeability of forest and field soils of the
Precarpathians and Carpathians, to study the water-regulating and soil-protective properties
of the forest, their impact on the conservation of agrolandscapes in these natural regions.
Research results. The water-regulating role of forest lands on the example of river basins of
the Precarpathian region is estimated. A comparative analysis of the development of harmful
natural processes that take place on watersheds with a significant contrast of forest cover is
carried out. The features of the formation of surface water runoff depending on the ratio of
land. The water permeability of forest and field soils was studied. The features of snow
accumulation on different categories of land in forest-agrarian landscapes have been clarified.
Water permeability of sod-podzolic-gley soils of the Precarpathian region has been estimated,
which is 3-6 times less on agricultural land compared to forest soils. This contributes to the
formation of harmful surface water runoff, as well as large-scale erosion processes, ravines,
beams, landslides and destruction of river banks. The dependence of the moisture capacity of
the Precarpathian soils on the age of the forest was established: the indicators of water
absorption by the soil in young plantations almost do not differ from the indicators of agro-
cultivated lands. An increase in the age of woodstands, for every 40-50 years, causes a 2-3
times increase in the moisture capacity of forest soils. In most forests of the foothills, the
indicators of surface water absorption by forest soils exceed the intensity of the main mass of
rain, so the formation of surface water runoff on them and the development of erosion
phenomena are unlikely. The water permeability of field soils decreases with the transition -
from fluffy arable areas to ruffled arable areas.
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Introduction. Under the influence of anthropogenic transformations of forest lands into field, water-
physical properties of soils undergo deterioration. This is accompanied by the occurrence of surface
water runoff, which sharply increases the intensification of erosion processes. As a result of the
removal of erosion products into water bodies, the quality of river runoff deteriorates, the erodibility
of slope lands increases, their productivity decreases and the shores are eroded. In this regard, it is
quite relevant to study the water permeability of soils of various land categories in the mountainous
and foothill conditions of the Carpathians, to develop measures to improve the ecological state of the
soil cover, to increase the productivity and stability of the agrolandscapes of these territories. The
purpose of the study is to determine the water permeability of forest and field soils of the
Precarpathians and Carpathians, to study the water-regulating and soil-protective properties of the
forest, their impact on the conservation of agrolandscapes in these natural regions.

Methods of investigation. Field research began with the selection of experimental areas
representative of the forest-agrarian landscapes of the Precarpathians. The study of the features of the
occurrence of snow cover and water permeability of soils was carried out on the outskirts of
settlements in the Western, Middle and Eastern Precarpathians. Statistical processing of the obtained
results was carried out using correlation-regression analysis. Observations of the snow cover were
carried out during the peak winter of 2022-2023 in accordance with the instructions of the
hydrometeorological service. During snow surveys, the height and density of the snow cover, the
thickness of the ice crust and the degree of its distribution (if any), the condition of the soil surface
under the snow, the nature of the occurrence and the structure of the snow were taken into account,
and the intensity and duration of spring snowmelt was also observed. Studies were conducted by route
method on agricultural and forest lands using portable snow gauge rail and weight snow gauge
Liuboslav. The distance between the measurement sites on the same categories of land did not exceed
10 m, the number of measurements — 15 with double repetition. Soil water permeability was
determined by the method of tubes with variable water pressure. The studies were confined to the
upper S-centimeter layer, which directly absorbs moisture from melt and rainwater. The repeatability
of measurements at each site is 15-fold, while their error does not exceed 5-10%.

Results of investigations. Due to the long-term anthropogenic activity, in particular the ancient
agricultural culture, the forest cover of the Precarpathians has been significantly transformed into field
land. The modern natural background of the region is represented by forest-agrarian and agrarian
landscapes, for which the forest cover varies from 10-20%, in contact with the Western forest-steppe,
to 35-50% in the foothills of the Carpathians. The ploughing of land, respectively, ranges from 25-
50%. Excessive atmospheric humidification (740-930 mm of precipitation per year), a significant
proportion of erosion-hazardous slopes with a steepness of more than 10°, high ploughiness of the
territory in combination with low forest cover contribute to the intensive development of surface
water runoff, which causes erosion processes, they cover 12% of the total area of the Precarpathian
region and 23% of agricultural land (Oliynyk, 2013). In addition, in parallel with these harmful
processes, flooding of agricultural land and erosion of the coast by flood waters of transiting
Carpathian rivers also occur. The distribution of clay soils, in most of the region, contributes to
swamping. Landslide processes intensified in the southeastern part of the study territory.

In the formation of the water regime of the territory, atmospheric precipitation and moisture-
regulating properties of the forest tent are crucial. According to our research (Oliynyk, 2002, Oliynyk,
Bielova, 2014), the amount of annual precipitation in the Precarpathian region ranges from 740-930
mm, of which about 9% is delayed by the tent in terms of 30% forest cover of the region. Compared
to the neighboring mountain conditions of the Carpathians, the interception of precipitation by a forest
tent in the foothills is 2-3 times less, which is clearly not enough to effectively protect the lands from
the development of water-erosion processes. Snow accumulation in the territory of research is
variable and significantly depends on natural conditions. This is evidenced by the results of
observations of this indicator of the water regime (Table 1).
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It was found that forest plantations play a leading role in the distribution of snow precipitation. So, in
the adjacent areas near the forest snow lies fairly evenly, its average height varies about 39-40 cm,
and with the approach to the forest, this figure increases by 55% and reaches a height of 70-71 cm. In
the forest, the height of the snow cover decreases sharply — eight times compared to the edges and
three times — with agricultural land. Instead, in open areas there is a completely different situation —
the height of snow ranges from 18 to 40 cm, which is associated with its blowing, transfer and
subsequent accumulation in ravines, beams, etc. (Table 2).

Table 1 Distribution of snow cover on different land categories

Ne Land category Observatio | Distance Features of snow occurrence
ns dates to forest
uneven, sometimes it happens bare
1. Arable land, 05.02.2014 1 km ground surface
open area slope steepness | 10.02.2014 900 m very uneven, there are many naked
about 3° places without snow
2. Pastures, 05.02.2014 500 m evenly, completely covering the earth's
open section steepness 4° surface
10.02.2014 400 m uneven, many exposed surfaces
without snow
3. Transfers, 05.02.2014 300 m uneven, many drifts
open area slope steepness | 10.02.2014 350 m uneven, a small number of naked
5° places without snow
Edge of the forest, semi- | 05.02.2014 15 m very uneven with numerous drifts, 1-
4. | open section with slope 1.5 m high
steepness 4° 10.02.2014 10 m evenly, no open areas without snow
5. Mixed coniferous- - uneven, sometimes there are naked
deciduous mature 05.02.2014 areas without snow
woodstands, closed - uneven, many open surfaces without
section from the wind by | 10.02.2014 Snow
slope steepness 3°
6. Forest glade, 05.02.2014 — evenly, without drifts
closed section slope 10.02.2014 - uneven, many exposed surfaces
steepness 3°

Table 2 Indicators of maximum snow accumulation

Ne Experimental site Snow indicators
05.02.2014 10.02.2014
depth, density, water | depth,cm | density, water
cm gcm? reserve, gcm? reserve,
mm mm
Agricultural land
1. | Fallow land 39,1 0,21 82 17,3 0,26 45
. | Pastures 21,9 0,20 44 14,9 0,26 39
3. | Arable land 18,5 0,19 35 13,4 0,24 32
Forest lands

4. | The forest's edge 70,9 0,19 135 12,6 0,28 35
5. | Meadow 16,8 0,20 34 5,4 0,26 14
6. | Ripe oak-beech-fir tree 8,4 0,18 15 8,6 0,27 23

The unequal water permeability of different categories of Precarpathian lands indicates that the
infiltration properties of forest soils are 3-6 times lower compared to field lands (Table 3). This is due
to the presence of a layer of litter in the forest and a dense root system that plays a ripping function,

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

which significantly improves porosity and increases soil infiltration. The latter, in turn, contributes to
the absorption of water of precipitation and snow, while reducing the intensity of surface (plane)
washing and linear erosion of soils.

Table 3 Water permeability of soils of Precarpathia forest-agrarian conditions

Ne Experimental site Water permeability, mm-min! %
M+m extreme indicators,
min — max
Forest lands
1. | Ripe oak forest 7,16+0,59 4,37-11,79 100
2. | Medieval hornbeam-oak plantation 3,15+0,25 1,69-4,72 44,0
3. | Hornbeam-oak young 1,04+0,21 0,29-3,25 14,5
Agricultural land
4. | Arable land 1,59+0,14 0,78-2,77 22,2
5. | Fallow land 0,92+0,07 0,33-1,32 12,8
6. | Hayfields 0,84+0,13 0,25-1,71 11,7
7. | Perennial plantation (garden) 0,76+0,40 1,76-0,18 10,6
8. | Pastures 0,60+0,06 0,19-0,94 8,4

Maximum indicators of soil water permeability under tree stands, which are characterized by the most
developed root system, and, accordingly, high porosity of soil masses. At the same time, there is a
clear dependence — with a decrease in the age of tree plantations, their water-absorbing properties are
sharply reduced. So, on average, for every 40-50 years reduction in the age of woodstands, the rate of
surface absorption of moisture by forest soils decreases by 2-3 times. This is due to a decrease in the
power of the root systems, their placement in the upper 30-40 cm layer, an increase in the volume
mass of the soil and a decrease in its porosity. In general, in most forests of the foothills, the
indicators of surface water absorption by forest soils exceed the intensity of the main mass of rains, so
the formation of surface water runoff on them and the development of erosion phenomena are
unlikely. The water permeability of field soils decreases with the transition from loose arable areas to
ruffled arable areas. The natural grass cover and its tapping of the surface of agricultural land protects
the soils from flushing, but is a significant accelerator of surface runoff to the hydrographic network.
The analysis table 4 shows that the formation of slope runoff from river basins depends on a
combination of interdependent natural and anthropogenic factors. The key among which is the
hypsometric location of the catchment area. An increase in their height leads to an increase in the
annual amount of precipitation, forest cover and water runoff.

The height correlation coefficients with these characteristics are respectively 0.79, 0.77 and 0.69. At
the same time, with an increase in height, the anthropogenic load on landscapes in the form of
ploughing of lands decreases. Atmospheric humidification is the main factor in the formation of slope
runoff, in this respect the dependence of runoff on precipitation is almost functional (r = 0.95). In
general, it follows from the above material that in the region of the study two main factors of the
formation of slope water runoff are quite clearly distinguished — precipitation and forest cover of
watersheds, with an increase in moisture content this water balance component increases.

An increase in the forest cover of the catchment by 1% leads to a decrease in the value of this type of
runoff by 0.441 mm. That is, on forest lands it is 44.1 mm smaller than on the field. In general, this is
due to the surface component of the slope runoff, which is absorbed by the forest. It should be noted
that the stock-regulating role of the forest is more pronounced compared to its values for increasing
groundwater resources, since it reduces slope runoff by 41 mm, while increasing the underground by
only 24 mm (Oliynyk, 2013; Oliynyk, Bielova, 2014).

Recommendations and conclusions. In the context of a significant anthropogenic transformation of
the landscapes of Precarpathia, forest lands are an essential regulator of the water regime of the
territory and a factor in the prevention of adverse natural phenomena — floods, erosion of land and
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others. The modern forest cover of the Precarpathian watersheds, which varies, depending on the
orography, within 20-50%, is low enough to optimize the hydrological regime of the region.

Table 4 Main characteristics of watersheds and indicators of their water regime

Ne Catchment area . NE N _E < <| g — e § _E
i - B0 =~ © o ® = 2 ° < 4 o
(river - post) £57% :* s2g EE% £s g& g%%?:“ :g’_“g;g
R RIS
1. | Shchyrek — Shchyrets 300 | 307 1,7 740 12 50 130 0,18
2. | Dereglui — Molodiia 300 | 289 4,1 740 21 25 105 0,14
3. | Vereshchytsia — Komarno 310 | 812 0,8 748 23 50 134 0,18
4. | Svir — Bukachivtsi 310 | 465 1,5 750 20 35 125 0,17
5. | Gnyla Lypa — Bil’shivtsi 320 | 848 1,1 760 21 50 118 0,16
6. | Zubra—Dymivka 330 | 212 1,7 765 24 50 150 0,20
7. | Vorona — Tysmenytsia 330 657 3,4 763 26 30 178 0,23
8. | Gnyla Lypa — Rohatyn 340 | 467 1,5 775 31 50 126 0,16
9. | Bolokhivka — 350 | 268 | 28 832 48 40 221 0,28
Tomashivtsi
10. | Tysmenytsia — 390 | 250 | 9,1 884 47 25 268 0,30
Drohobych
11. | Stryvigor — Luka 400 | 910 1,7 854 38 40 266 0,31
12. | Mihydra — Lypovany 480 | 147 3,1 844 35 25 217 0,26
13. | Bystrytsia — Ozymyna 520 | 206 | 64 930 41 30 314 0,34
14. | Malyi Seret — Verkhni
Petrivtsi 550 | 488 7,7 845 47 25 205 0,24
15. | Seret — Storozhynets’ 590 | 672 | 4,7 852 51 25 230 0,26

In the forest-agrarian landscapes of Precarpathia, forest plantations play a significant water-regulating
role. An increase in forest cover of watersheds by 1% leads to a drop in this runoff by 0.44 mm.
However, the modern low 30% forest cover of Precarpathia is not able to radically improve the water
regime of the territory, and therefore it is necessary to increase it and create protective strips and
plantations.
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