FORESTRY IDEAS, 2020, vol. 26, No 1 (59): 30—45

WATER-CONSERVATION AND PROTECTIVE FUNCTIONS
OF UKRAINIAN FORESTS IN CATCHMENT AREAS

Sergiy Musienko, Oleksandr Lyalin, Ludmila Tkach, Vira Bondarenko’,
Marina Kolenkina, and Oksana Tarnopilska

O. M. Beketov National University of Urban Economy in Kharkiv, 17, Marshal Bazhanov Str.,
Kharkiv, 61002, Ukraine. "E-mail: Ispg@ukr.net

Received: 07 December 2018 Accepted: 22 January 2020

Abstract

The objects of the study were the forests in different natural zones in Ukraine. The aim was to
reveal the relations between forest cover of water catchments of about 50 rivers of Dnipro, South
Bug, Desna, and Siversky Donets basins in different natural zones and the components of water
balance, atmospheric precipitations, surface, subsurface and total runoff and evapotranspiration.
It was revealed that due to the increase in forest cover up to 20-25 % there was an increase in
precipitation up to 95 % in all natural zones of Ukraine. However, further increase in the forest
cover did not significantly affect it. The maximum amount of surface runoff (up to 90 %) absorbed
by forests was detected when an increase in forest cover was up to 20 % in the steppe part of
Ukraine and up to 50 % in Polissya zone. The highest increase in total evaporation — up to 60 %
— can be observed if the forest cover increases up to 20—25 % in the Steppe zone and up to 50 %
in Polissya and Forest-Steppe zones. Water conservation functions of catchment forest ecosys-
tems are closely related to their spatial distribution and vegetation development as well as the
specificities of economic activities within catchments. Significant improvement of Ukrainian rivers
is impossible without sustainable management of the territory and increasing its forest cover to
certain — optimal or minimum required — level. In this case, a small river catchment is to be the
primary territorial unit for land and forest management. Water system sustainability and floodplain
agricultural land improvement require complete afforestation of the meandering zones of rivers,
as well as meander bars, dead stream branches, coasts of lakes, and scrublands.

Key words: commercial forests, forest cover percent, protective forests, recreational forests,
water catchment.

Introduction

Forests are the natural base of the bio-
sphere and play a key role in the conser-
vation of natural resources and in support-
ing biogeochemical cycles in ecosystems,
including climate mitigation targets (Grassi
etal. 2017, Ferrara et al. 2016). They form
an integral part of the natural environment
and are able to improve substantially the
environmental conditions, including water

balance of the areas where the role of for-
ests takes on particular importance due to
the intensive increase of fresh water defi-
ciency. At the same time, too little atten-
tion has been given to moisture exchange
in landscapes by means of forests as a
powerful self-regulating ecosystem (Mad-
rigal-Gonzalez et al. 2017). In particular,
climate and biota are likely seemed to be
the primary determinants of carbon fluxes
mainly through interacting carbon quantity
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and quality inputs and through soil water
and temperature (Chapin et al. 2012).

Forests on the catchments of rivers
and their tributaries are the most power-
ful factor in stabilizing, at a certain level,
the functional organization of natural eco-
systems and enhancing their resilience
to anthropogenic pressure and climate
change (Bonan 2008, Tkach 2012, Kul-
chytskyi-Zhyhaylo 2018). The forests play
important water conservation functions
and act as constant natural biological
barriers, positively affecting water quality
and thus reliably protecting water bodies
from silting and pollution (Mikhovych et
al.1986, Olijnyk 2014). One of the main
goals of Ukraine’s forest policy at present
is to increase the forest cover to the op-
timum level in all natural zones. It is one
of the strategic areas of activity that can
not only increase the timber resources but
also stabilize the environmental situation,
make a significant contribution to mitigat-
ing the climate change and greenhouse
effects, restore and preserve biological
and landscape diversity, and create fa-
vourable conditions for harmonious and
sustainable development (Tkach 1999,
Olijnyk and Rak 2018).

The results of many years of research
show (Mikhovych et al. 1986, Tkach 1999)
that the water conservation functions of
forests are closely related to their location
within catchments. For example, accord-
ing to Mikhovych et al. (1986), the increase
in the forest cover of the catchment areas
in Polissya zone to the optimal water-con-
servation level (23-40 %) will increase the
subsurface component of the river runoff
by 50-73 mm (the weighted average in-
crease will be 65 mm). It will, on average,
exceed the initial value of the subsurface
runoff by 500 %. Therefore, under the op-
timal water-conservation forest cover, the
subsurface recharge of rivers and springs

will increase by six times compared to that
in the treeless catchment areas. The to-
tal runoff will increase by an average of
33 mm, or 41 %.

In the Steppe zone, the rise in the
forest cover of the catchments up to the
optimal water-conservation level will in-
crease the subsurface component of the
river runoff by 6-30 mm (by an average
of 14 mm), or by 318 %, compared to the
initial value of the subsurface runoff in
the treeless catchments — i.e. subsurface
water recharge of the rivers and springs
will increase by 4 times (Mikhovych et al.
1986).

Tkach (1999) has determined the op-
timal forest cover for the floodplain for-
ests within the Left-Bank Ukraine, which
is 60.3 % for Siversky Donets floodplain,
35.4 % for Psel floodplain, and 40.4 %
for Vorskla floodplain. The minimum nec-
essary forest cover of treeless lands of
the floodplains, however, should reach
15-20 %. These values of optimal forest
cover should be taken into account when
designing and planting new forests in
floodplain areas within river catchments.

Tkach et al. (2008) calculated the op-
timal water-conservation forest cover,
based on the analysis of the structure of
catchments of the midstream of Siversky
Donets River and its tributaries within
Kharkiv Region. The estimated optimal
forest cover varied from 18 to 23 % de-
pending on river catchments.

The formation and distribution of for-
ests in river catchments depends on the
geomorphological structure, soil condi-
tions, surface relief, and climatic charac-
teristics (Mikhovych et al. 1986; Tkach
1999, 2012; Tkach et al. 2008; Olijnyk
2014). These specificities should be con-
sidered in forest management. It is neces-
sary to ensure maximum diversity and dif-
ferentiation of the catchment landscape,



32 S. Musienko, O. Lyalin, L. Tkach, V. Bondarenko, M. Kolenkina, and O. Tarnopilska

that is, the mosaic of its structural units,
to maintain the natural potential. This en-
ables natural resilience, high productivity
and aesthetics of the landscape (Tkach
1999).

At the catchment area, the optimal
ratio of field, meadow and forest lands is
necessary, which provides a stable nat-
ural balance and conservation of arable
land and its fertility, as well as water re-
sources and other components of the nat-
ural complex (Tkach 2012). The ratio of
different lands, that is, the landscape bal-
ance of the catchment area should match
the heat and water balances of a particu-
lar region. Field-protective, water-regu-
lating, anti-erosion, roadside, backyard,
and other forest belts and tree groups, in
addition to their basic protective functions,
significantly increase the aerodynamic
roughness of the land surface and cause
a significant, several hundred meters, rise
in airflows, their cooling, and addition-
al precipitation. At the same time, these
plantings slow down the surface runoff
and change it into subsurface one, espe-
cially if combined with other anti-erosion
activities (agrotechnical, hydrotechnical,
etc.). In this case, forest stands should be
placed to fully absorb surface runoff — on
watersheds and upper slopes, i. e. in plac-
es of its initial formation. Such placement
is necessary not only to prevent soil ero-
sion and to improve the water regime of
the territory but also to provide effective
water protection by the forests. Locating
forest shelterbelts in a certain catchment
area across the northwestern direction of
humid winds is the most rational for wa-
ter conservation, maximally contributing
to the precipitation. The increase in the
aerodynamic roughness of the earth’s
surface and the additional atmospheric
precipitation largely depends not only on
the area of forest stands per unit area

but also on their height. Therefore, pref-
erence to tall and, at the same time, few
transpiring species should be given when
selecting them for planting, taking into
account soil and hydrological conditions.
Due to the decrease of forest cover below
the level required and plowing of large ar-
eas, intensive water and wind erosion of
the soil begins. Subsequently, much of the
arable land loses its fertility and becomes
unsuitable for agricultural use, and water
bodies become unsuitable even for tech-
nical water supply due to siltation and pol-
lution. Therefore, it is necessary to clearly
identify which lands in the catchment area
should be afforested and not plowed un-
der any conditions (Tkach et al. 1997, Tk-
ach 1999).

Forest stands and farmland form com-
plex forest agrarian coenoses within the
catchment area, which are the single par-
agenetic system. Optimization of agricul-
tural landscapes with forest-reclamation
measures is a system of activities aimed
at achieving high productivity of the com-
plex while reducing erosion processes,
preventing pollution and silting of water
bodies, and ensuring the normal hydrolog-
ical regime of rivers (Tkach 1999). A pre-
requisite is that the protective plantings in
the terrain should form a single biological
reclamation system and occupy the area
of separate catchments. The role of single
plantings is negligible in preventing water
pollution.

If it is impossible to increase the forest
cover due to the historically formed ratio
of different lands, the insufficient forest
cover can be compensated by planting
protective stands on the treeless banks
of the hydrographic network and erosion
sensitive open areas.

Another important way to preserve
and enhance sustainability and protective
properties is to improve forest manage-
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ment.

Tkach (1999, 2012) considered the
change in management to the water
catchment scale to be carried out in sev-
eral phases. The first phase establishes
standards that allow identifying a mini-
mum catchment area depending on the
geographical zone, topography, geomor-
phological features, etc., as well as the
spatial organization and structure of the
catchment area. The second stage defines
the strategy for optimizing the structure of
the catchment, including forest cover, and
develops a plan for the transformation of
land, taking into account the farm devel-
opment prospects and the need to gradu-
ally achieve an ecological balance of the
catchment. In the third stage, manage-
ment systems should be introduced con-
sidering the specificities of the catchment.

The organization of forestry should
take into account the location specifics
for different purpose forests (both forest-
ed areas and shelterbelts). Also, the age
structure and species composition of for-
ests should be optimized and appropriate
felling should be designed in the catch-
ment area.

The aim of the study was to estimate
the impact of forests on water balance
components, namely precipitation, sur-
face runoff, total evaporation, and subsur-
face runoff, as well as its change within
Ukraine by natural zones depending on
the forest cover of river catchments.

Materials and Methods

Both the materials of our studies and
50-year scientific researches of other
authors for about 50 rivers of Dnieper,
Southern Bug, Desna, Siversky Donets
basins (Fig. 1) in different natural zones of
Ukraine were used for analysis and syn-

thesis. The studies were conducted by es-
tablishing ecological profiles on the catch-
ments of the investigated rivers (Forest
inventory ... 2006).

Mapinfo Professional 12.5 software
and vector map of Ukraine were used to
demarcate the boundaries of water catch-
ments. They were determined by divide
lines, which passed through the points
from which the slopes split off in different
directions. Such points are located in the
places where the bends in the isohypses
are the greatest. Catchment divides follow
the ridge lines through the peaks and sad-
dles.

An actual forest cover percent was de-
fined as the ratio of the area covered by
forest vegetation to the total area of river
catchment (Tkach 2012).

Ecological profiles of the terrain along
the slopes were established perpendic-
ular to the terraces of the rivers to study
the characteristics of forest formation on
river catchments. If the relief allowed, the
direction of lines was straightforward. The
land navigation was carried out following
a compass and map-boards of stands in
state forestry enterprises (scale 1:10,000
or 1:25,000).

In selecting the study objects, we ana-
lyzed forest inventory data, plantation
plans, soil, topographic, geomorphologi-
cal, geological, landscape, hydrologic, cli-
matic and vegetation maps, and scientific
publications regarding this region.

We classified catchments of rivers by
part of the area covered with forest vege-
tation by the method of Grodzynsky (1993)
as follows: well-forested — 75-100 %, rel-
atively forested — 50-75 %, medium-for-
ested — 25-50 %, less-forested — 5-25 %,
almost treeless — up to 5 %.

The methodology for determining the
standard values for optimal water conser-
vation forest cover in the catchment are-
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Fig. 1. Location of forests.

as of small and medium-sized rivers, and
the quantitative assessment of expected
changes in the main components of wa-
ter balance and river runoff under the
optimal water conservation forest cover,
with different spacing of forest stands on
the catchment area (even and uneven), is
based on mathematical modeling of the
impact of forest stands on atmospher-
ic precipitation, surface runoff and total
evaporation with estimating subsurface
runoff change.

The methodology for quantitative es-
timation of the water-regulating role of a
forest is based on a mathematical formula
derived from the general formula (1) of the
water balance of the land.

P=SR+SSR+E, (1)

where: P is atmospheric precipitation, SR
is a surface runoff, SSR is a subsurface

runoff, and E is total evaporation.

Atmospheric precipitation P, surface
runoff SR, total evaporation E, and sub-
surface runoff SSR are the main com-
ponents of the water balance. The value
of SSR remains unknown and could be
found by solving the equation with one
variable.

The change in subsurface runoff —
ASSR — is taken as the total indicator of
forest water-regulating role. Change in
SSR under the influence of forest can
also have different effects in different con-
ditions. If ASSR value is greater than zero,
the forest fulfils a moistening role and, if
less than zero, the forest exercises a
draining function.

The impact of forest on each compo-
nent of water balance is obtained by com-
paring the forested and treeless lands by
formula (2) (Mikhovych et al. 1986).



Water-Conservation and Protective Functions of Ukrainian Forests in Catchment Areas 35

ASSR = AP — ASR - AE, (2)
where: AP is a change in atmospheric
precipitation, ASR is a change in surface
runoff, AE is a change in total evaporation
under the influence of forest.

To determine the optimal forest cover
for water conservation on the water catch-
ment areas, we used multi-year data on
the water balance, rainfall, and index of
SR in the studied area. For this, observa-
tions of gauging stations between 1975
and 2015 were used.

By the method of Mikhovych et al.
(1986), mathematical models for changes
in the components of water balance and
river runoff were calculated for different
forest cover percentage, from 1 to 100 %.
These calculations showed how the forest
stands influenced the river runoff at a full
and partial forest cover of the catchment
areas and in which specific forest cover
the greatest increase in SSR can be ob-
tained. The percentage of forest cover,
in which there is a maximum increase in
SSR, is the optimal one for water conser-
vation. Changes in annual runoff under
the influence of forest cover were estimat-
ed using graphs developed by Mikhovych
et al. (1986).

The objects of the study were the
forests in Polissya, Forest-Steppe and
Steppe natural zones in Ukraine.

Results

The present study shows that forest bio-
coenoses perform important water-con-
servation and protective functions. They
positively influence on the increase of
precipitation amount, total and subsurface
runoff and on the whole water balance of
landscapes. Due to the SR transformation
into SSR, they substantially improve the
quality of water resources, their chemical,

physical, bacteriological, thermal proper-
ties as well as prevent erosion processes
and increase soil fertility. The forests per-
form also bank-protecting, river-bed-reg-
ulating, and anti-meandering functions,
reduce the negative impact of floods and
mudflows and even positively influence
the water balance and climatic parame-
ters on open areas bordered on them.

Summarizing experimental materials
obtained during past few decades (Mik-
hovich 1969; Mikhovych et al. 1986; Tkach
1999, 2012; Tkach et al. 2008; Goroshko
et al. 2015) gave an opportunity to get
the system of mathematical relationships
between the forest cover of water catch-
ments of about 50 rivers of Dnipro, South
Bug, Desna, and Siversky Donets basins
in different natural zones of Ukraine and
the components of water balance, atmos-
pheric precipitations, surface, subsurface
and total runoff and evapotranspiration.
Change in SSR under the influence of for-
est cover and a specific forest location on
a water catchment was taken as the index
of water-regulating role of the forests, the
value of which determines water content
of rivers in a summer low streamflow pe-
riod when the water deficiency problem is
acutest.

It was determined that the rise of pre-
cipitation amount (up to 95 %) is observed
with the forest cover increasing up to 20—
25 % in all natural zones, but its further
increase does not substantially influence
the precipitation increase. The highest
amount (up to 90 %) of the SR taken up
by the forests is found under forest cov-
er to increase up to 20 % in steppe part
of Ukraine and up to 50 %, in Polissya.
The largest increment of evapotranspira-
tion (up to 60 %) will be observed at the
increase of forest cover up to 20-25 % in
Steppe and up to 50 % in Polissya and
Forest-Steppe (Table 1).
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Table 1. Dependence of change of water balance components, percent from the maximal
change value at 100 % forest cover.

Forest Precipitation Surface runoff change Total evaporation increment change
coo\/loer, lnccl::nmgeent Polissya Steppe Polissya, Forest-Steppe  Steppe
81-100 100 98.8-100.0 99.2-100.0 96.6-100.0 96.6-100.0
61-80 99.5-100.0 95.7-98.8 98.1-99.2 86.1-96.6 86.1-96.6
41-60 99.0-99.5 82.9-95.7 95.3-98.1 52.1-86.1 62.1-86.1
21-40 93.0-99.0 53.8-82.9 88.9-95.3 35.3-52.1 52.0-62.1
1-20 3.0-92.0 3.0-51.6 15.0-87.9 1.7-33.4 5.0-50.7

The forests positively influence on all
components of water balance. However,
this effect is the most evident in the forest
SR. During it transformation into SSR, not
only the qualitative characteristics of river
runoff (to be recharged by ground waters
purged from eroded material and pollut-
ants) will be improved, but also erosion
processes will be slow down substantially.
This is particularly significant for planning
forestry measures for land improving for
water catchments with steep slopes.

An optimal water-conservation forest
cover will result not only in the maximal
increase in the SSR but also in improve-
ment of other water balance components:
the ratio of SR will decrease and the pre-
cipitations amount will increase.

The results of the study (Table 2,
Fig. 2) indicate that in Polissya, on water
catchment of Mena River, for example,
P influenced by the forest plantations
will increase by 47 mm, SR will increase
by 45 mm, and evapotranspiration will
grow by 51 mm, according to territori-
al norms and for the case of continuous
afforestation of the territory. As a result
of this, the underground recharge of
Mena River will grow due to the increase
of SSR by 41 mm. However, the maximal
increase in underground recharge of the
river will be observed not at 100 % of for-
est cover but at 28 % and the increase of
SSR will be 51 mm. This is the water-con-
servation forest cover that will be the op-
timal one.

Table 2. Changes in water balance under different forest cover of water catchments.

Sum of surface

Forest Change in Change in Change in Change in runoff and sub-
cover. % precipitation, surface run- evapotranspi- subsurface surface runoff
70 mm off, mm ration, mm runoff, mm

changes, mm

Polissya, Mena river to the mouth (catchment area 775 km?, actual forest cover 2 %,
P 618 mm, SR 66 mm, evapotranspiration 508 mm, SSR 44 mm)

100 +47.0 -44.9 +51.0 +40.9 -4.0
60 +46.7 -43.0 +43.9 +45.8 +2.8
28* +45.8 -30.1 +24.8 +51.1 +21.0
20 +43.2 -23.2 +17.0 +49.3 +26.1
1 +1.4 -1.4 +0.9 +1.9 +0.5

8 %, P 628 mm, SR 48 mm, evapotranspiration 568 mm, SSR 12 mm)
+38.9 -36.0 +68.0 +6.9
+38.7 -34.9 +58.5 +15.1

100
60

-29.1
-19.8
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Sum of surface

Forest Chz_m_ge_in Change in Change in _ Change in runoff and sub-
cover. % precipitation, surface run- eva;zotranspl- subsurface surface runoff
’ mm off, mm ration, mm runoff, mm
changes, mm
20 +35.8 -25.1 +22.7 +38.2 +13.1
19* +35.2 -24.6 +21.4 +38.4 +13.8
1 +1.2 -3.2 _+1.1 +3.3 +0.1

Steppe, Yevsuh river to the mouth (catchmeﬁt area— 1190 khz, actual forest cover — 2 %,
P 536 mm, SR 37 mm, evapotranspiration 429 mm, SSR 7 mm)

100 +17.2 -29.6 +58.9 -12.1 -41.7
60 +17.1 -29.0 +50.7 -4.6 -33.6
20 +15.9 -26.0 +30.0 +11.9 -14.1
17* +14.9 -25.0 +27.5 +12.4 -12.6
1 +0.5 -4.4 +2.9 +2.0 -2.4

Note: * — Optimal forest cover.

60

Water balance, mm

Forest cover, %

—e—Polissya

-8 Forest-steppe

-4 -Steppe

Fig. 2. Impact of forests on change in the water balance (SSR) of natural zones.

Toward the south of Ukraine, the
changes in water balance characteristics,
influenced by the change in forest cover
of catchment areas, have certain specif-
ic distinctions. At Forest-Steppe (water
catchment of Vorsklytsya River), as com-
pared with Polissya, at forest cover of
100 %, an increase in P is less and E is

greater. In such a case, a SR is decreased
and an increase in the SSR is insignifi-
cant. At the same time, in the case of the
optimal water-conservation forest cover,
the increase in the SSR will be 38 mm
that exceeds considerably the actual wa-
ter yield accounted for 12 mm.

In the Steppe zone (water catchment
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of Yevsuh River), there is even a reduction
in the SSR at calculated forest cover of
100 %, and in the case of the optimal wa-
ter-conservation forest cover, its increase
will be 12 mm that is almost 2 times ex-
ceeds the initial value (7 mm).

On the basis of the calculations per-
formed, the limits of water-conservation
forest cover percentage for water catch-
ments of the main Ukrainian rivers were
determined (Fig. 3). It is characteristic that
the forest cover varies widely within the
boundaries of administrative districts of
many regions in Dnipro basin, in particu-
lar: from 6.7 % to 53.9 % in Volyn Region,
from 6.3 % to 65 % in Zhytomyr Region,
from 2.4 % to 42.1 % in Kyiv Region.

These results of the research must be
taken into account at planning works con-
cerning new forests planting in the admin-
istrative districts of the regions. Figure 4
presents the limits of water-conservation
forest cover percentage by administrative
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Note that, for most regions of Ukraine,
the optimal limits of forest cover coincide
with the limits of optimal forest cover per-
centage calculated by Sayko (2008).

The results of the study indicate that
the forest cover of Ukrainian regions, in-
cluding mountain part, should be sub-
stantially increased. To get the optimal
water-conservation forest cover, at least
additional 2.5 million ha of forests need to
be created (Tkach 2012).

It is important to take into account the
forests placement on water catchments.
Results of the fundamental studies testify
that the even placing of forest plantations
of all kinds along the water catchment
area is the most rational in point of water
conservation. Performing basic protec-
tive functions (field-protecting, water-reg-
ulating, erosion-preventive, etc.) they
enhance the aerodynamic roughness of
earth surface and cause the considera-

Regions of Ukraine

m Average

m Optimal water-conservation forest cover

Fig. 3. Average and optimal water-conservation forest cover.
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Fig. 4. Actual and optimal water-conservation forest cover percentage.
Note: URIFFM — Ukrainian Research Institute of Forestry and Forest Melioration.

ble (by several hundred meters) raising of
air streams, their cooling, and additional
precipitation. These plantations, especial-
ly when they affect as a whole with other
erosion-preventive measures (land treat-
ment, hydroengineering and others like
that), entrap SF and transform it into SSR.
Thus, they need to be placed in such a
manner as to provide better absorption
of the SR — on watersheds and heads of
slopes — including the places of its initial
forming, not only to prevent soil erosion

but also to improve the water regime of
the territory.

In different parts of water catchments,
the water-conservation functions of the
forests have certain features. Thus,
the riverside forests slow down river
meandering processes and destruction
of coastlines. The direction and intensity
of this influence are determined by the
geomorphological features of the valley,
the bed-formation water flow rate, the
value of forest cover of the floodplain and
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near river part, and also by species com-
position of the stands grown in the river-
side.

Biological features of the species de-
termine deep root developing that allows

holding tightly the upper 2-meter soil layer.

River meandering zone, meander de-
velopment coefficient, and turning angle
are decreased with the increase of forest
cover of the floodplain (Table 3).

Table 3. Dependence of morphometric indexes of river-beds on the pattern of riverside
afforestation.

Pattern of riverside afforestation

Meander devel-
opment coeffi-

Meandering Turning angle,

. zone, m degree
cient
Vorskla River
Non-afforested 1.44 +0.05 508 £38 144 +7
Afforested from one side of the river-bed 1.13 £0.03 338 +40 113 £14
Afforested from the both sides of the river-bed 1.13 £0.04 324 +62 109 £13
Psel River
Non-afforested 1.87 £0.11 804 161 152 5
Afforested from one side of the river-bed 1.45 +0.09 613 £77 149 16
Afforested from the both sides of the river-bed 1.39 £0.06 588 +48 132 7
Siversky Donets River
Non-afforested 1.71 £0.27 613 £107 156 14
Afforested from one side of the river-bed 1.60 +£0.21 515 70 146 11
Afforested from the both sides of the river-bed ~ 1.46 £0.17 446 +40 137 £10
In floodplains of the largest rivers of left- Discussion

bank part of Ukraine, anti-meandering and
river-bed-stabilizing functions are peculiar
not only to forest stands directly contacted
with a river-bed but also to those growing
on the distant floodplain sites. The forest
stands significantly slow down the bank
eroding velocity on adjacent woodless ar-
eas of the rivers. Thus, if in the case of
continuous afforestation of the floodplain
site near a river but only partial afforesta-
tion of all floodplain the calculated mean-
dering zone of Siversky Donets is 446 m,
then assuming continuous afforestation
of all floodplain the meandering zone will
be increased up to 229 m. Herein, a new
type of out-of-boundary influence of a for-
est appears.

As the result of the study shows, the for-
ests of the left-bank part of a floodplain
influence more significantly on the mean-
der morphometric parameters and mean-
dering processes as compared with the
forests of the right-bank floodplain. This
aspect should be taken into account when
establishing forest shelterbelts in flood-
plains.

Economic activity in floodplains should
be aimed at the maximal afforestation
of meandering zone. The average width
of this zone will determine the width of
bank-protecting forest strips, which be-
long to the number of especially valuable
areas of the forest resource. In particular,
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the width of such strips must be 150 m for
Vorskla River, 200 m for Siversky Donets
River, and 250 m for Psel River (Tkach
1999).

Agricultural part of floodplains should
consist exceptionally of meadows, hay-
lands, and pastures. Water system sus-
tainability and floodplain land improve-
ment require complete afforestation of the
meandering zones of the rivers, as well
as meander bars, dead stream branches,
coasts of lakes, and scrubland as agricul-
tural part of floodplains.

A maximal effect is possible to be
achieved by the creation of forest hydro-
engineering complexes. Proof of that is
the high efficiency of functioning of Kaniv,
Norynsk and Rzhyshchev forest hydroen-
gineering reclamative systems. Thus, only
at Kaniv system, 1,820 ravines were sta-
bilized. As a result of it, about 22 thousand
ha of fertile croplands have been prevent-
ed from disturbance, 10 thousand ha have
been restored for agricultural use, and the
additional amount of wood has been got,
the annual increment of which on the af-
forested areas is about 40,000 m3.

However, the current state of hydro-
engineering constructions deteriorates
steadily; their considerable part became
out of action. It reduces the efficiency of
reclamative influence of the protective
forest planting substantially. The state of
many water-regulating plantations is also
unsatisfactory. At a rough estimate, the
forest stands perform reclamative func-
tions effectively only on the one-third of
the area, and about 40 % of water-regu-
lating forest strips need a complete or par-
tial reconstruction. On large areas, forest
strips had been created without consid-
ering scientifically reasonable standards
and requirements.

A complete use of forest reclamative
functions is possible only if the related

systems of protective forest plantations
and strips having the certain purposes are
created in accordance with natural zones
and types of Ukrainian landscapes. It is
clearly defined on the well-known objects
of Dokuchaev’s expedition, Starobilsk and
Velykoanadolsk areas, where scientists
from Mariupol and Luhansk Forest Melio-
ration Research Stations of URIFFM carry
out investigations during many decades.
The results are unrivaled throughout the
world agroforestry science. They testify
that the system-based placing of forest-
ed areas and forest strips in hard steppe
conditions brings a vast improvement of
the microclimate: the air humidity rises,
the range of extreme values of air and
soil temperatures is reduced. During veg-
etation period, nonproductive moisture
evaporation is decreased by 20-30 %
and transpiration ratio, by 30-35 %. In
the systems of strips, the amount of the
trapped snow rise by 30-50 %, the con-
ditions of winter crops overwintering is
improved, the soil is supplied additionally
by 10-20 % of water and waterborne soil
movement is decreased by 1.5-2 times.

In the forest strips systems, the spring
water tables rise more moderately, and
the summer lowering of the soil water ta-
ble is slow down. That, therefore, creates
the best conditions for water vapor con-
densation on the soil, thereby dew is fall-
ing in a greater amount and remain for a
longer period here, and moisture enriched
air removing is decreased noteworthily.
Moreover, it is currently thought that water
balance and temperature might be one of
the most important factors for determining
soil carbon fluxes and storage (Chapin et
al. 2012).

Lately, the discussions continue on the
practicability of the creation of new forests
in Steppe, as an increase of forest cover
percentage in this natural zone, apparent-
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ly, will result in loss of faunal and floristic
diversity and will have a detrimental effect
on Red List species. Related to this issue,
itis worth noticing that in past centuries the
forest cover percent of Steppe was sever-
al times higher. However, the forests grew
here not everywhere, but only on certain
areas: mainly in river valleys, effectively
protecting them from a silting-up, and also
in ravines and lower reaches. Considering
extremely large plough-disturbance of the
lands, the steady decrease of soil fertili-
ty, many small rivers ending and effective
reclamative influence of the forests, it is
necessary to study and clarify the regional
standards of forest cover percentage and
determine the structure of the forests and
protective forest strips. Only those lands
should be afforested that are suitable for
the regeneration and are not in the list of
such objects as valuable faunal and floris-
tic complexes that are the subject or can
be the subject of protection.

For planting new forests in Steppe, it is
necessary to follow landscape-ecological
principles on that new strategy of affores-
tation on sands of Lower Dnipro valleys
was developed. It provides the following:

* Forest cover should not exceed 75 %
of the area on hilly sands (50 % on burnt
areas) and 50 % on flatly and hummock
lands (40 % on burnt areas);

« Afforestation of lowlands of 0.5 ha
between hills as well as tops of hills and
sandy terraces is not advisable;

 Hills of up to 5 m height and their
slopes must be afforested. Such areas
should be classified as ‘Reclamation ar-
eas’;

* It is necessary to protect the areas
with natural regeneration of forest species
and to implement measures on natural re-
generation assistance.

The optimal forest cover comprises not
only the optimal area of the forests but also

their optimal structure that is a balance of
the massive and linear plantations of the
certain functional uses that will provide
an equilibrium between the productivity of
landscapes and quality parameters of the
environment (Tkach et al. 2008, Goroshko
et al. 2015).

Depending on the ecological and so-
cio-economic role of the forests it is rea-
sonable to distinguish the systems of the
massive plantations (merchantable, pro-
tective, recreational forests, and planta-
tions of environmental, scientific, histori-
cal and cultural purposes) and systems
of the linear plantations (field-protective,
ravine, growing along watercourses, etc.)
(Bondar et al. 2016).

During the creation of new forests and
protective forest strips of different desig-
nated use, which have an optimal struc-
ture, it is important not to disturb the nat-
ural meadow and bog coenoses and the
natural integrity of all of the components
of ecosystems: animal and plant kingdom
and microorganisms (Tkach et al. 2016).

Therefore, further research is neces-
sary to study the typification of territory of
Ukraine by the qualitative characteristics
of ecological disturbances of cultivated
lands and to develop, selectively to the
types of landscapes, the zonal systems
of forest improvement measures, as well
as the technologies of the creation of spe-
cial-purpose forests for the effective land
protection against water erosion and soil
retirement, of the water resources im-
provement, desertification prevention and
biodiversity conservation.

The conducted studies allow us to for-
mulate problems to be solved in agricul-
tural afforestation as follows.

Scientific:

» To ground the optimized systems
of protective forest plantations of differ-
ent uses selectively to the types of land-
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scapes, taking into account the developed
limits of protective forest cover;

» To improve the ecological and eco-
nomic evaluation of reclamative functions
of the special purpose protective forest
stands.

Legislative and regulatory:

» To develop the way to change the
economic management principles to
catchment-landscape ones;

« To practice a mechanism of a simpli-
fied land cession for the creation of pro-
tective plantations and to legitimate it.

Organizational:

» To inventory the areas covered by
protective forest strips and other planta-
tions on reserve land;

» To develop land management plans
in economies, which should include plan-
ning of forest strips of the certain function-
al uses;

« To transfer, at no additional charge,
the protective forest strips and protective
forest plantations into ownership or for the
use (by lease or on a permanent basis) to
natural and legal persons and to conduct
forest management there;

* To draft proposals on making corre-
sponding changes and additions regard-
ing the legal status of the protective forest
strips and plantations;

» To resume the activity of State Ser-
vice of Agroforestry.

A water catchment should be an ele-
mentary territory economic unit during
planning and implementation of economic
measures. Within the boundaries of cer-
tain water catchment, one should deter-
mine the balance and the areas of mas-
sive and linear plantations. These are for-
est cover optimization principles on which
forest management strategy and forest
reclamation should be based in Ukraine.

The solution of the problem will be also
facilitated by the implementation of meas-

ures documented in ‘Concept of agrofor-
estry in Ukraine’, authorized by Cabinet of
Ministers of Ukraine (in 2013).

It is necessary also to provide the
implementation of top-priority business
measures for maintenance of protective
forest strips and forests on reserve land.
Primarily, an inventory should be made
for such plantations, and then land man-
agement plans should be developed con-
cerning the allocation of the areas on the
reserve lands under the forests and pro-
tective strips for the further assignment for
charge-free ownership, use by lease or
sustained use. Furthermore, according to
Forest Code, it is reasonable to transfer
the closed land plots covered with forest
vegetation, of more than 5 ha in area,
being a part of lands of farms and other
economies, into natural or legal people’s
charge-free ownership. Land plots cov-
ered with forest vegetation, including
forest strips, of more than 5 ha in area,
being a part of lands of farms and other
economies, should be transferred for nat-
ural or legal people’s use by lease with a
minimum land charge. Woodlands border-
ing forest areas should be transferred for
the sustained use of forestry enterprises,
establishing in such a case the corre-
sponding land servitude for joint owners
and land users for unimpeded access to
protective forest strips and plantations (for
the proper protection and forest tending).
After that, an inventory should be made
for these plantations. For the maintenance
and creation of new protective forest strips
and forests, it is expedient to resume the
activity of State Service of Agroforestry
and also to make corresponding changes
and additions in laws and regulations in
relation to the legal status of such plan-
tations.

In the past, the protective planting pro-
jects were the component part of inner
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land-utilization system of former collective
and state farms; the targeted financing of
protective strips creation had been provid-
ed, including publicity-funding. A similar
approach would be applied even today
when developing plans for land manage-
ment, inventory, and territorial planning
projects of different levels. Projecting
for the creation of new forest plantations
should be also carried out during national
ecological network forming.

The history of successful farming in
many developed economies of the world
indicates the importance of the use of
forest land-reclamations as an integral
component of modern soil management.
In these countries, the protective plant-
ing creation programs are adopted at a
state level and budgeted; such measures
encourage owners to implement the pro-
grams on their territories.

The successful solution of the stated
problems will improve not only the water
regime of landscapes but also the efficien-
cy of agribusiness.

The presented results are of prime
importance as they determine strategic
sector of optimization of forest cover in
Ukraine. Creation of the new forests, in
Steppe and Forest-Steppe as a priority,
will substantially improve the hydrological
regime of the landscapes.

Conclusions

Forests have a positive effect on all com-
ponents of water balance, especially on
the surface runoff. By changing surface
runoff into subsurface one, not only the
quality indicators of river runoff will be im-
proved, but also erosion processes will
be slowed down. It must be given due
attention when designing forest reclama-
tion works for water catchment areas with

steep slopes.

It was revealed that due to the increase
in forest cover up to 20-25 % there was
an increase in precipitation up to 95 % in
all natural zones of Ukraine. However, fur-
ther increase in the forest cover did not
significantly affect the increase in precip-
itation. The maximum amount of surface
runoff (up to 90 %) absorbed by forests
was seen when an increase in forest cov-
er was up to 20 % in the steppe part of
Ukraine and up to 50 % in Polissya zone.
The highest increase in total evaporation
— up to 60 % — can be observed if the for-
est cover increases up to 20-25 % in the
Steppe zone and up to 50 % in Polissya
and Forest-Steppe zones of Ukraine. The
estimations can be used to determine the
limits for water-conservation forest cover
within the catchments of the main Ukrain-
ian rivers.

References

Bonbar O.B., Musiienko S.I., TkacH L.I. 2016.
The role of forests and groups of forest
types in river basins. [Rol lisiv ta hrupuvan-
nya typiv lisu na vodozborakh rik]. Young
Scientist 11(38): 58—61 (in Ukrainian).

Bonan G.B. 2008. Forests and climate change:
forcings, feedbacks, and the climate ben-
efits of forests. Science 320(5882): 1444—
1449.

CHarPIN F.S., Matson P.A., Vitousek P.M. 2012.
Principles of terrestrial ecosystem ecology.
Springer, New York. 529 p.

FOREST INVENTORY sAMPLE PLOTS 2006. Estab-
lishing method. Corporate standard 02.02-
37-476:2006. [Ploshchi probni lisovpory-
adni. Metod zakladannya. SOU 02.02-37-
476:2006]. 2007. Minahropolityky Ukray-
iny, Kyiv. 32 p. (in Ukrainian).

GorosHko V.V., LyaLiNn A.l., Bucaev S.N., Tk-
AcHENkO T.G. 2015. Forest cover and land
structure of Psyol River watershed. [Lisys-
tist i struktura zemel vodozboru richky



Water-Conservation and Protective Functions of Ukrainian Forests in Catchment Areas 45

Psel]. Bulletin of Kharkiv National Agrarian
University 1: 163—169 (in Ukrainian).

GRrass! G., House J., DenTeNER F., FEDERICI S.,
DEN ErLzen M., Penman J. 2017. The key
role of forests in meeting climate targets
requires science for credible mitigation.
Nature Climate Change 7(3): 220-226.
Available at: https://doi.org/10.1038/ncli-
mate3227

GRrobpzynsky M.D. 1993. Basic principles of
landscape ecology [Osnovy landshaftnoyi
ekolohiyi]. Lybid, Kyiv. 224 p. (in Ukraini-
an).

FeErRrARA A., KeELLY C., WiLsoNn G.A., NoLe A.,
Mancino G., Basocco S., Sawvati L. 2016.
Shaping the role of ‘fast’ and ‘slow’ drivers
of change in forest-shrubland socio-eco-
logical systems. Journal of environmen-
tal management 169: 155-166. DOI:
10.1016/j.jenvman.2015.12.027

KuLcHyTskyl-ZHyHavLo |LYE. 2018. The char-
acter of location of forests within the Car-
pathian mount ains catchment as a factor
of spring flood formation [Kharakter roz-
tashuvannya lisiv na vodozbori hirskoyi
richky v Karpatakh yak odyn z chynnykiv
formuvannya vytrat vody vesnyanoho vo-
dopillya]. Scientific Bulletin of UNFU 28(5):
69-73. (in Ukrainian). Available at: https://
doi.org/10.15421/40280515

MAaDRIGAL-GONZALEZ  J., BALLESTEROS-CANOVAS
J.A., HERRerRO A., Ruiz-Benito P., StorreL
M., Lucas-Borsa M.E., AnDiviA E., SAN-
cHo-GaRrcia C., Zavaa M.A. 2017. Forest
productivity in southwestern Europe is
controlled by coupled North Atlantic and
Atlantic Multidecadal Oscillations. Nature
communications 8(1): 2222. DOI: 10.1038/
s41467-017-02319-0

MikHovicH A.l. 1969. Methodology for the quan-
titative assessment of the water regulating
role of forests [Metodika kolichestvennoy
otsenki vodoreguliruyushchey roli lesal.
Urozhay, Kyiv. 22 p. (in Russian).

MikHovycH A.G., PasTerRNAK P.S., AnaNEV P.P.,
KuprINA N.P., LanDIN V.P., MaTukHNO Yu.D.,

Popokur P.P., Porova V.YE., PRYKHODKO
M.M. 1986. Water conservation afforesta-
tion [Vodookhoronni lisonasadzhennyal.
Urozhay, Kyiv. 144 p. (in Ukrainian).

OuLnyk V.S. 2014. Criteria for the hydrological
role of forests evaluating in the Carpathi-
ans [Kryteriyi otsinky hidrolohichnoyi roli
lisiv Karpat]. Hidrolohiia, hidrokhimiia i hi-
droekolohiia 4(35): 58—64 (in Ukrainian).

Ouunyk V.S., Rak A.Yu. 2018. Ways to promote
protective properties and sustainability of
forests of Gorgany. Scientific Bulletin of
UNFU 28(5): 9-14 (in Ukrainian). Available
at: https://doi.org/10.15421/40280501

Savko V.F. 2008. Agriculture in connextion with
climate change [Zemlerobstvo v konteksti
zmin klimatu]. Proceedings of the National
Scientific Center ‘Institute of Agriculture of
NAAS’ Special issue: 3—14 (in Ukrainian).

TkacH L.1., BonDAR A.B., SoLobovnik V.A. 2016.
Typological forest’s structure of the water-
shed of the river Vorskla [Tipolohycheskaya
struktura lesov vodosbora reki Vorskly].
Proceedings of BSTU 2(183): 74-78 (in
Russian).

TkacH V.P. 1999. Floodplain forests of Ukraine
[Zaplavni lisy Ukrayiny]. Pravo, Kharkiv.
368 p. (in Ukrainian).

TkacH V.P. 2012. Forests and forest cover of
Ukraine: the current state and perspectives
of development [Lisy ta lisystist v Ukrayini:
suchasnyy stan i perspektyvy rozvytkul].
Ukrainian Geographical Journal 2: 49-55
(in Ukrainian).

TkacH V.P., GorosHko V.V., KuprINA N.PH. 2008.
Optimal water protective forest coverage
of the middle course of Siversky Donets
River [Optymalna vodookhoronna lisystist
vodozboriv serednyoyi techiyi richky Siver-
sky Donets]. Forestry and Forest Meliora-
tion 114: 21-27 (in Ukrainian).

TkacH V.P., MikHaLklv V.M., GoLovasHkIN V.A.,
KuprINA N.PH. 1997. Scientific grounds of
forestry in Ukraine: purposes and princi-
ples. In: Proceedings of the XI World For-
estry Congress. Antalya. V.6: 175-179.



