DOI 10.31489/2021BMG4/31-45

UDC 630.0.228.8 (574.1)

V.Yu. Kirillov, V.P. Aleka, A.A. Ivashchenko, A.N. Rakhimzhanov,
N.S. Kelgenbayev, D.U. Auezov, G.S. Aitekov, T.N. Stikhareva”

A.N. Bukeikhan Kazakh Research Institute of Forestry and Agroforestry, Shchuchinsk, Kazakhstan
*Corresponding author: kazniiles@mail.ru

Current state and future development potential of the oak forests
in the floodplain of the Ural River (West Kazakhstan)

The article provides information on the current state of the oak forests of the Ural River floodplain (West Ka-
zakhstan) based on the analysis of forest inventory materials (as of 01.01.1992 and 01.01.2016) and field sur-
veys. The study of the dynamics of the oak forests (Quercus robur L.) is timely and relevant due to the im-
portant ecological role of the oak forests as the most resilient among floodplain forests, and the need to pre-
serve their biological diversity near the south-eastern limit of the natural distribution range. Over a 24-year
period, the area of the oak forests decreased by 98.7 hectares (4 %). During the study there has been
a decrease in the stand density and site productivity, as well as the predominance of mature stands reproduced
through re-sprouting. Pure oak forests or oak forest with an insignificant admixture of Ulmus laevis Pall.,
Populus alba L. and Acer negundo L. are the most common oak forest types. Natural regeneration of Q. ro-
bur is unsatisfactory or absent altogether. The total projective cover of the grass layer is up to 90 %, however,
its floristic diversity is low. Authors of the article present estimates of the carbon balance of the oak forests
under various management scenarios, obtained by using the EX-ACT tool. We stress the need to develop
measures aimed at preserving these unique forests, including promotion of the natural regeneration of Q. ro-
bur and the creation of sustainable forest plantations. To reduce the impact of anthropogenic factors on oak
forests (felling, grazing, recreation, etc.), we propose to create a specially protected area in the region.

Keywords: Quercus robur, floodplain forest, site quality class, age composition, stand density, natural regen-
eration, EX-ACT, anthropogenic impact.

Introduction

Protection of forests in general and preservation of their biological diversity in particular is a globally
paramount task, which is especially relevant for poor forest countries such as the Republic of Kazakhstan.
According to the Committee of Forestry and Wildlife of the Ministry of Ecology, Geology and Natural Re-
sources of the Republic of Kazakhstan [1], as of 01.01.2021 the total area of the state forest fund was
30 047.7 thousands ha, of which 13 316.9 thousand hectares were covered by forest; thus, the forest cover
was ca 4.9 %. The most important forest stands are those with the predominance of rare, economically valu-
able species. The oak forests growing in the floodplain of the Ural River are among such forest stands.

Within its natural distribution range, an oak (Quercus robur L.) is an economically valuable forest tree;
it is one of the dominant species of deciduous forests in many European countries. In Russia, it grows from
St. Petersburg in the north to the steppe zone in the south, and from the eastern country border to the western
slopes of the Ural Mountains. In Kazakhstan, the oak grows only in the floodplain forests of the Ural River
within the West Kazakhstan region, where it reaches the south-eastern limit of its distribution range [2]. Be-
ing a rare type, Q. robur is listed in the Red Data Book of Kazakhstan [3]. It has been suggested [4] that oak
forests, together with the characteristic elements of the herbaceous layer, penetrated into the territory of Ka-
zakhstan from the Cis-Urals only in historical time.

Oak ecosystems have been extensively studied across the world, from the 19th century onwards. Let us
focus on the studies carried out on the territory of Kazakhstan and in the regions of Russia bordering on the
West Kazakhstan region.

In the available literature, we found descriptions of the general silvicultural characteristics and growing
conditions of the oak forests of West Kazakhstan [5], results of detailed floristic and geo-botanical studies of
vegetation in the floodplain of the Ural River, including the oak forests [6—10], and characteristic features of
the growth and productivity of forest stands in the region [11]. A typological forest classification
was developed, which is still used in forest inventory; according to this classification, the oak stands are de-
scribed as “oak forests of medium and high levels of the central floodplain” [2]. By origin, they are repre-
sented by those reproduced by seed and re-sprouting.
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The floodplain forests of the Ural River have a European character [6] that is in their structure and spe-
cies composition, they are similar to forests in the central regions of the European part of Russian Federation.
The ongoing processes of the oak forests degradation and other vegetation of the floodplain are due to
changes in the hydrological regime, as well as a high level of anthropogenic impact (fire, grazing, etc.)
[12, 13]. Over a fifty-year period, the southern boundary of the distribution of Q. robur in the floodplain of
the Ural River shifted from 49°40' N to 51°15' N [14]. Nevertheless, in the absence of significant anthropo-
genic load, oak can be a stable and viable species even in the steppe climate [6].

The ongoing anthropogenic transformation of natural ecosystems makes the problem of decreasing bio-
diversity of the oak forests more acute [15—17]. Of particular concern is the fact that the reduction in the oak
forests area and their condition deterioration under the influence of both climatic and anthropogenic factors
is noticeable even in the regions with optimal growing conditions, i. e. in the centre of the distribution range,
including European countries such as Slovenia and Serbia, as well as the Central regions of Russia [18-21].
Negative factors have a particularly strong influence on the oak forest near the limits of their natural distribu-
tion range.

Sustainable forest management plays a significant role in mitigating climate change impacts either by
reducing CO, emissions or by capturing and storing atmospheric CO,. The former can be achieved
by reducing deforestation and forest degradation rate, introducing improved agricultural practices (limited
land cultivation, integrated use of nutrients and water resources); and the latter, by applying methods of con-
servation agriculture and improving forest management, by afforestation, reforestation and agroforestry, and
by improving grassland management and restoring degraded lands.

To conduct a preliminary assessment of the impact of agriculture and forestry projects on greenhouse
gas emissions and carbon sequestration, Food and Agriculture Organization (FAQO) developed an Ex-Ante
Carbon-balance Tool (EX-ACT). This method allows to estimate the overall impact of a project on the car-
bon balance, compared with the conservative approach scenario (Fig. 1). Carbon balance is defined as the net
balance of all greenhouse gases, expressed in carbon dioxide equivalent that was emitted or isolated as a re-
sult of the project. EX-ACT is a land-based accounting system that measures carbon stocks, stock changes
per unit of land, and CH4 and N,O emissions, expressed in tonnes of CO» per hectare per year [22-25]. Of
particular interest is the use of this method to assess the carbon balance of the oak forests in Western Ka-
zakhstan as the most valuable declining forest ecosystems.

C balance
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C sequestered)
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Figure 1. Logic diagram of the EX-ACT method

Taking into account a small forest area, ecological role of forests, as well as the need to increase both,
the Strategic Plan of the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan
for 2020-2024 developed the strategic direction “Ensuring the protection, reproduction and rational use of
flora and fauna, water resources and specially protected natural areas” [26]. At the same time, special atten-
tion should be paid to rare species, especially if they are the main forest-forming species. One of such spe-
cies is Q. robur which forms the most durable floodplain forests in Western Kazakhstan. Therefore, the study
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of the oak forest dynamics is timely and relevant. In view of the increasing negative impact of climatic and
anthropogenic factors, technologies and methods of sustainable forest management developed with the help
of predictive modelling should become a priority. Analysis of the available literature revealed that despite a
long period of research, the majority of studies have focused on the geo-botanical and floristic features of
plant communities in the Ural River floodplain, and only a few, on the silvicultural characteristics and dy-
namics of the oak forests; the carbon balance of the oak forest has never been estimated.

The specific research objectives of the present study are: i) to assess the current state of the oak forests
in the floodplain of the Ural River (West Kazakhstan) using forest inventory materials and our own experi-
mental data; ii) to estimate the carbon balance of the oak forests using various management scenarios; iii) to
develop recommendations for the protection and regeneration of these unique natural objects.

Experimental

1. Characteristics of the study area and analysis of the forest inventory materials

The studies were carried out in West Kazakhstan. This region is located in the subzone of light chestnut
desert-steppe (semi-desert) soils. The strongly continental climate of the region is characterized by wide
temperature fluctuations between day and night, and between winter and summer, as well as by a rapid sea-
sonal change, especially from winter to summer. The climate is also characterized by little rainfall and thin
snow cover, also by low air humidity. Annual precipitation is 239-273 mm. The isotherms of January and
July are —11 °C and +24 °C, respectively. The main part of the territory is occupied by the basin of the Ural
River, which divides the region into two approximately equal parts. Within the study region, the length of the
river is 781 km, and within the country, 1084 km [27]. To study the dynamics of the main forest inventory
parameters (the forested area by forest owner, age class, basal area, and site productivity class), the materials
of the Republican State Treasury Enterprise (RSTE) “Kazakh Forest Management Enterprise” were ana-
lyzed. Specifically, we focused on the characteristics of the oak forests in the West Kazakhstan region as of
01.01.1992 [28] and of 01.01.2016 [29].

2. Survey of the sample plots

During the growing season of 2021, we carried out detailed studies of the oak forests using sample plots
with a size of 50 m x 50 m. On the sample plots, the following parameters were measured: tree diameter at
breast height (using a caliper), tree height (using a Haglof altimeter), tree age (by taking cores), and basal
area. The natural regeneration of tree species and undergrowth were studied using sample plots with a size of
1 m x 1 m established within the main sample plot according to the standard methods [30, 31]. On each sam-
ple plot, we measured the total projective cover of all plants and all species [32]. We also identified all plant
species found on the plots. The taxonomic affiliation of plants was determined in compliance with the Flora
of Kazakhstan (1956-1966) [33]. The nomenclature of species followed the International Plant Names Index
(IPNI) [34]. Species were assigned to the category of rare according to the Red Data Book of Kazakhstan
[3]. In total, five sample plots were established in the Burlinskiy and Yanvartsevskiy communal state institu-
tions (CSI) for the protection of forests and wildlife of the Department of Natural Resources and Environ-
mental Management of West Kazakhstan region. The coordinates of the sample plots were established by
GPS.

3. Development of the carbon balance scenarios

The EX-ACT V9.0 tool [35-36] was applied to assess the carbon balance of the oak forests under vari-
ous management scenarios. The tool used the following region-specific coefficients: climate, moisture re-
gime, dominant regional soil type, and vegetation type. Two scenarios were taken as examples [37].

Scenario 1. Potential carbon benefits were calculated based on the following assumptions:

— Silvicultural activities involve tree planting in areas that have previously not been forested, and in-
clude land preparation, planting of oak and other species, and sustainable management of the created forest
areas. The total area to be planted is 30 ha (6 ha of mixed oak stands to be planted over five years) [28]. It
should be emphasized that in 1992-2016, in the West Kazakhstan region oak plantations were created and
registered as forested lands in a satisfactory condition in an area of only 2.9 ha, which, in our opinion, is in-
adequate.

— Forestry activities aimed at restoration of degraded forested areas without planting trees imply an im-
provement of the state of the oak forests and their management. Restoration of degraded forests will be
achieved through the promotion of natural regeneration, better protection and conservation of the oak forests,
enforcement of relevant laws, and by use of modern management practices. The “moderate” degrada-
tion level is to be changed to the “low” over 20 years. According to the available forest management data
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[28], the area of the oak forests of 3—5 site productivity classes, including reproduced through re-sprouting
oak forests, was 2 318.5 ha. This area was taken as the one with the “moderate” level of degradation (Ta-
ble 1).

Scenario 2. Calculation of carbon benefits was made for 2 318.5 ha of degraded oak forests, where the
initial level of degradation was “moderate” and changed due to the 15-years sustainable management to the
“very low” level of degradation (Table 1).

Table 1
Methodology for calculating the carbon balance according to the proposed Scenarios

Scenario 1

Scenario 2

Module of the EX-ACT_ V9.0 tool

Module: Land-use changes.
2.2 Afforestation and reforestation.
Module: Forest management.

Module: Forest management.
5.1 Forest degradation and man-

5.1 Forest degradation and manage- agement
ment
Continent Central Asia
Country Kazakhstan
Climate Cool Temperate
Moisture Dry
Soil type High-activity clay soils
Implementation phase, years 5 25
Capitalization phase, years 15 15
Total duration of accounting, years 20 40

Type of forest vegetation Temperate continental forest
Module 2: data entry
NO
Annual cropland
Module 5: data entry

Scenario 1

2.2 AFFORESTATION & REFORESTATION If country-sp

Fire used
Initial land-use

Final land-use Fire used? Initial land-use Initial agroforestry systems Reforested area (ha)
(y/n) Without With
* *
Temperate continental forest NO Annual cropland Please select 0 30
5.1 FOREST DEGRADATION & MANAGEMENT Hf country-sp

Type of forest vegetation
that will be managed

Fire occurrence

Without With Without With
(ym) (y/n) (year) (vean)

NO NO 1 1

Forest degradation level
Start Without With

Fire periodicity Impact (% bumt)

Without ~ With

Forested area (ha
Start Without With

*
Temperate continental forest 2319 2319 ‘

Moderate Low Very low

Scenario 2

5.1 FOREST DEGRADATION & MANAGEMENT It country-sp

Type of forest vegetation
that will be managed

100% 100% 2319

Fire occurrence

Without With Without With
(ym) (y/n) (year) (vean)

NO NO 1 1

Forest degradation level
Start Without With

Fire periodicity Impact (% bumt)

Without ~ With

Forested area (ha
Start Without With

Temperate continental forest Moderate Low Very low 100% 100% 2319

5
2319 2319 |

Results and Discussion

1. The oak stand parameters according to the forest inventory data

As 0f 01.01.2021, the forest fund total area of the West Kazakhstan region was 220 thousand ha, includ-
ing the forested area of 89.7 thousands ha; the forest cover was 0.6 %, one of the lowest in the country [1]. In
the region, the share of the most valuable natural oak stands (Q. robur) was diminutive. As a result of the
analysis of the data on the oak forests, the West Kazakhstan region obtained from the State Enterprise “Ka-
zakh forestry enterprise” as 0of 01.01.1992 and 01.01.2016, the following was established.

34 BecTHuk KaparaHgmHckoro yHmBepcuteTa



Current state and future development potential ...

In 1992, the oak forests total area on the territory of the four CSI for the protection of forests and fauna
(Burlinskiy, Uralskiy, Yanvartsevskiy, and Chingirlauskiy) amounted to 2,465.9 ha (Fig.2). As of
01.01.2016, only the first three forest owners preserved the oak forests with a total area of 2,367.2 ha, which
is 2.6 % of the area covered by forests in the region. On the territory of the Chingirlauskiy CSI, the oak for-
ests were absent. It was not possible to establish the exact reason for their absence; perhaps they disappeared
under the pressure from frequent droughts and wild fires. On the whole, over 24 years the total area of the
oak forests decreased by 98.7 ha, or 4 %.
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Figure 2. The distribution of the oak forests (ha) by forest owner in the West Kazakhstan region

Changes in the basal area of the oak forests were also recorded. Analysis of the distribution of the oak
forests by basal area (Fig. 3) illustrated that as of 01.01.1992, stands with the 0.7 and 0.6 relative basal area
dominated and accounted for 56.3 % of the oak forests total area. As of 01.01.2016, stands with the 0.5 and
0.6 relative basal area prevailed and accounted for 64.3 % of the total area of the oak forests. At the same
time, the forest stands area with the 0.5 relative basal areas increased, while the oak forests area with the 0.7
basal areas decreased; that is, the tree density decreased since 1992. There were only few high-density stands
(with the 0.8 basal area and above), and their area had been decreasing.
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Figure 3. The distribution of the oak forests (ha) by basal area

Analysis of the distribution of the oak forests by the site productivity class (Fig. 4) revealed that as of
01.01.1992, stands of the second site productivity class predominated, which accounted for almost 50 % of
the oak forest arca. As of 01.01.2016, oak stands of the fourth site productivity class predominated and ac-
counted for 50.2 % of the oak forest area. This indicates a decrease in the productivity of the oak forests be-
cause of deterioration of soils and changes in the climatic conditions.
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The analysis of the distribution of the oak forests by age class (taken as 10 year) showed that in 1992,
stands of the sixth and seventh age classes dominated, accounting for 65 % of the total area of the oak for-
ests. Stands, younger than 60 years, accounted for 30.7 %, while stands, older than 70 years, — for 4.4 %.
In 2016, stands of the seventh and eighth age classes dominated, accounting for 61.1 % of the total area of
the oak forests. At the same time, the younger stands area was only 8.5 % of the total area of the oak forests

(Fig. 5).
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Figure 4. Distribution of the oak forests (ha) by the site productivity class

Presently, mature and over-mature oak stands prevail in the West Kazakhstan region. Changes in the
distribution of stands by age class occurred as a result of natural aging and transition from one age class to
another, and because of anthropogenic factors, including forest fires. It should be noted that seed regenera-
tion of broad-leaved species, including Q. robur, is suppressed at the extreme limit of their natural distribu-
tion range due to weakened seed production, intensive development of herbaceous plants in low density
stands, and anthropogenic impact. However, owing to reproduction through re-sprouting, forest-forming spe-
cies can regenerate and are able to persist in the occupied area [6]. This is also observed in the floodplain
forests of the region, where the oak forests reproduced through re-sprouting dominate [38] and occupy about
80 % of the oak forest areca [29].
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Figure 5. The distribution of the oak forests (ha) by age classes
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Thus, the results of our analysis of the forest inventory data on the oak forests of the West Kazakhstan
region for 1992-2016 indicate a decrease in the area occupied by 4 % of Q. robur, a decrease in stand densi-
ty and site productivity, as well as the prevalence of mature and over-mature stands reproduced through re-
sprouting.

2. The oak forests’ current state according to the sample plot surveys results

To obtain the detailed information on the oak forests’ current state, we carried out surveys of five sam-
ple plots in the middle reaches of the Ural River valley in 2021. The sample plots layout is demonstrated in
Figure 6.

OFlot 5

I 1

Plat HEd

Figure 6. The sample plots layout

The surveyed oak stands were represented mainly by low-density, pure stands of the sixth and seventh
age classes (Tab. 2, Fig. 7a). Some stands had an insignificant admixture of Ulmus laevis Pall., Populus al-
ba L., and Acer negundo L. Our data are in good agreement with the results of the analysis of the forest in-
ventory materials (see the previous sub-section). Natural regeneration of Q. robur (Fig. 7b) was recorded in
small quantities in one plot (sample plot 1) only. The presence of the invasive species Acer negundo L. in all
sample plots designates an anthropogenic impact and can lead to undesirable changes in species composition.
Lately, several authors have pointed to this problem [9].

a b
a — general view of the sample plot 1; b — natural regeneration of Q. robur

Figure 7. An oak stand
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The undergrowth contains mainly Lonicera tatarica L. and Cerasus fruticosa Pall., and less often, Rosa
majalis Lindl.

The grass layer was abundant with a total projective cover of 60-90 %, but poor in floristic diversity.
Only one sample plot was dominated by an early flowering mesophilic forest species Convallaria majalis L.
(Fig. 8a). In other areas, Aristolochia clematitis L. is predominated (Fig. 8b). Although it is also an element
of the mesophilic forest flora, it is less valuable in phytocenotic terms.

a — Convallaria majalis L.; b — Aristolochia clematitis L.
Figure 8. The dominant herbaceous species of the oak forests

P.L. Gorchakovskii [8] commented on a poor and uniform floristic composition and simplified structure
of the oak forests in the Ural River valley. According to B.A. Bykov, Convallaria majalis L. and Aris-
tolochia clematitis L. are typical representatives of the herbaceous cover of the European forests; they pene-
trated into the territory of Kazakhstan together with Q. robur [4]. The oak forest with Convallaria majalis is
considered the most widespread oak forest in the region [9]. At the same time, oak forests with Convallaria
majalis L., Euonymus verrucosus Scop., and Corylus avellana L. are listed as relict [7] and require special
protection. It should be noted that such rare species as Corylus avellana L., Euonymus verrucosus Scop., and
Convallaria majalis L. are listed in the Red Data Book of Kazakhstan [3].

In 1980, proposal for the need to preserve the unique flora and vegetation of the region was made to
create a nature reserve encompassing floodplain poplar and oak forests and meadows [39]. The proposal has
not yet been implemented but is still relevant.

3. Carbon balance

Forests contribute to climate change mitigation by absorbing CO; and using it to form aboveground and
underground biomass, and to replenish soil carbon. To develop proposals for improving the environmental
conditions in the region, we carried out calculations of the carbon balance using various scenarios. Accord-
ing to Scenario 1, the carbon balance was calculated for the oak forests with an area of 2,348.5 ha, which
included forest stands of 3—5 ha site productivity classes and future forest plantations (Fig. 9, Tab. 3).

Table 3
Carbon potential of oak forest management in Western Kazakhstan

. CO»-equivalent, ton COs-equivalent,
Type of activity Area, ha (with in terventi:)ns) ton / year / ha
(with interventions)
Silvicultural 30.0 12 723 21.2
Forestry 2318.5 359 406 7.75
Total 2 348.5 372 128 7.9
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Project name Management in oakwoods of Ural River in W estern Kazakhstan

Continent Central Asia
Country Kazakhstan
Climate Cool Temperate

Moisture Dry

GROSS FLUXES

In1CO e over the whole period analysis

PROJECT COMPONENTS WITHOUT -

Project duration (in years) Total area (ha) 2349
Implementation Mineral soil 2349
Capitalization Organic soil 0
Period analysis Waterbodies 0

SHARE PER GHG OF THE BALANCE

In 1CO e over the whole period analysis

Global warming potential (100 yrs)
1

co,
CHs 34
N0 298

AVERAGE ANNUAL EMISSIONS

In (COz-e/r

Deforestation 0 0 0 0 0 0 0 0 0 0
t:’::‘g“j: Afforestation 0 12723 12723 1177 952 0 0 0 636 636
Other land-use 0 0 0 0 0 0 0 0 0 0
Annual 0 0 0 0 0 0 0 0 0 0
Cropland Perennial 0 0 0 0 0 0 0 0 0 0
Flooded rice 0 0 0 0 0 0 0 0 0 0
Grasslands & Grasslands 0 0 0 0 0 0 0 0 0 0
Livestock Livestock 0 0 0 0 0 0 0 0
Forest mngt. -239 604 -359 406 -119 802 -119 802 0 0 0 -11 980 -17 970 -5990
Inland wetlands 0 0 0 0 0 0 0 0 0 0
Coastal wetlands 0 0 0 0 0 0 0 0 0 0 0
Inputs & Invest. 0 0 0 0 0 0 0 0 0
Total emissions, tCO e -239 604 -372128 -132 524 -131 572 -952 0 0 0 -11 980 -18 606 -6 626
Total emissions, tCO,-e/ha -102,0 -158,5 56,4 -56,0 0,4 0,0 0,0 0,0
Total emissions, tC0,-e/ha/yr 5,1 7,9 28 28 0,0 0,0 0,0 0,0 0,0 0,0 0,0
+=Source /- = Sink
R al and orgaric sois Uncertainty level 1C02-epr Percent
Without 11980 33%
With -18 606 40%
Balance 6626 33%

Figure 9. Results of calculating the carbon balance according to Scenario 1

Without project interventions, the carbon balance for the reporting period (20 years) will be 0.24 mil-
lion tons of CO»-equivalent or 5.1 CO,-equivalent/ha/year. Thus, the additional net carbon uptake achieved
as a result of the implementation of the measures will amount to 2.8 tons of CO,-equivalent/ha/year.

Data on the average and total growing stock per hectare of the oak forests in the floodplain of the Ural
River, obtained between 1992 and 2016, demonstrate the degradation dynamics (Tab. 4).

Table 4

The oak forests development in Kazakhstan between 1992 and 2016

Indicators Measur.ement Period Difference
unit 1992 2016 m’ %
Total growing stock 1000 m? 303.4 292.5 -10.9 3.6
Increment / ha m? 1.8 1.8 0.0 0
Growing stock / ha m? 123 124 -1 -0.8

An average annual growth rate of about 1.8 m® per hectare is considered low. The results of calculating
the carbon balance according to Scenario 2 are presented in Figure 10 and Table 5.

Projectname Management in oakwoods of Ural River in Western Kazakhstan

Continent Central Asia
Country Kazakhstan
Climate Cool Temperate

Moisture Dry

GROSS FLUXES

Project duration (in years)

Implementation
Capitalization
Period analysis

SHARE PER GHG OF THE BALANCE

Total area (ha) 2319
Mineral soil 2319
Organic soil

Waterbodies

Global warming potential (100 yrs)
1

CO,
CH, 34
N,0 298

AVERAGE ANNUAL EMISSIONS

In 1COg-¢ over the whole period analysis In CO-¢ over the whole period analysis In (COzeAr
PROJECT COMPONENTS WITHOUT WITH BALANCE CO; BIOMASS CO, SOIL N20 “ OTHER WITHOUT WITH BALANCE
Land Deforestation 0 0 0 0 0 0 0 0 0 0
and use Afforestation 0 0 0 0 0 0 0 0 0 0
changes
Other land-use 0 0 0 0 0 0 0 0 0 0
Annual 0 0 0 0 0 0 0 0 0 0
Cropland Perennial 0 0 0 0 0 0 0 0 0 0
Flooded rice 0 0 0 0 0 0 0 0 0 0
Grasslands & Grasslands 0 0 0 0 0 0 0 0 0 0
Livestock Livestock 0 0 0 0 0 0 0 0
Forest mngt. -239 604 -359 406 -119 802 -119 802 0 0 0 -5990 -8 985 -2995
Inland wetlands 0 0 0 0 0 0 0 0 0 0
Coastal wetlands 0 0 0 0 0 0 0 0 0 0 0
Inputs & Invest. 0 0 0 0 0 0 0 0 0
Total emissions, tCOz-e -239 604 -359 406 -119 802 -119 802 ] 0 0 0 -5990 -8 985 2995
Total emissions, t€C0,-e/ha -103,3 -155,0 -51,7 -51,7 0,0 0,0 0,0 0,0
Total emissions, tCO,-e/ha/yr -2,6 -3,9 -1,3 1,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0
+ = Source /- = Sink
Resuits preserted here include GHG fluxes on mineral and orgaric soils Uncertainty level 1C02-efr Percent
See further down for detailed results on organic solls Without 5990 33%
With 8985 40%
Balance 2995 33%

Figure 10. Results of calculating the carbon balance according to Scenario 2
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Table 5
Carbon streams with and without project activities
Type of activity COs-equivalent, ton COs-equivalent, ton Balance
Reducing degradation (without the project) (with the project)
Total emissions 239 604 359 406 119 802
Per hectare 103.3 155.0 51.7
Per hectare / year 2.6 3.9 1.3

With a decrease in forest degradation, the net carbon uptake (ha/year) will be 3.9 tons of CO»-
equivalent, which will provide an average potential. Thus, sustainable forest management allows for a posi-
tive carbon balance in the future.

Conclusions

According to the data from “Kazakh Forest Management Enterprise”, the oak forests occupy 2 367.2
hectares in the West Kazakhstan region, which is 2.6 % of the all forested area in the region. In 19922016,
the area of oak forests decreased by 98.7 hectares, or 4 %. The analysis of the forest inventory data illustrat-
ed the negative dynamics of the oak forests: the decrease of stand density and site productivity, and the pre-
dominance of mature and over-mature stands reproduced through re-sprouting.

The above results are consistent with the results of our field studies. A characteristic feature of the sur-
veyed oak forests is a poor natural regeneration and a relatively low floristic diversity, which can be ex-
plained by the unfavorable conditions of their existence at the border of the natural distribution range. The
presence of an invasive species Acer negundo L. in all sample plots indicates the potential undesirable
change in the species composition leading to the displacement of the most valuable species.

In view of the paramount ecological role of the oak forests, the reduction of their areas, and poor natural
regeneration, we emphasize the need for the special protection and further study of the oak forests, primarily
through the development of measures to promote the natural regeneration of Q. robur and the creation of
sustainable forest plantations.

One of the main ways to preserve the oak forests in the face of climate change is sustainable forest
management. Rational management decisions will ensure a positive carbon balance in the oak forests of the
West Kazakhstan region.

To preserve the relict forests of the Ural River floodplain, including the oak forests with their biological
diversity and rare floristic elements, it is necessary to create a specially protected natural area, which will
reduce the negative impact of such anthropogenic factors as felling, recreation, grazing, and wild fires.
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B.1O. Kupumnnos, B.I1. Aneka, A.A. UBamenko, A.H. PakpiMmxkaHOB,
H.C. Kenren6aes, /[.V. Oye3os, I'.C. Aiitexos, T.H. Ctuxapesa

7KaiibIK e3eHi kaiibliIMachIHAaFbI (BaTbic KazakcTan 00/1bICHI) eMeH OpMaHIAPbIHBIH
Ka3ipri karaaibl JkKoHe 0JIapAbIH TYPAKThI 1aMy KeJielleri

Makanaza opMaH IIapyamIbUIBIFBIHBIH MaTepuanaaps tamgay (01.01.1992 . sxenme 01.01.2016 x.) sxoHe
aBTOPJAP/BIH JANANBIK 3epTTeyiepi Herizinge XKaitbik o3¢Hi (bateic KazakcTaH 00JIBICH) KaHbIIMACHIHIAF B
eMeH OpMaHIapbIHbIH Ka3ipri jkardaiiblH KepceTeTiH MajiMertep KenTipinren. JKaiipiimansl opmaHzmap
apachIH/aFbl €H Oepik eKmenep peTiHAe eMEH OpMaHAApPBIHBIH 3KOJOTUSUIBIK MaHbI3IbUIBIFbIHA OaliIaHbICTHI
Quercus robur L.-TeH TypaThlH OpMaHIApbIH Kai-KYHiHIH JUHAMHUKACBIH 3€PTTEy FBUIBIMU 3€PTTCYJEPIiH
©3eKTi OarbIThl OOJIBINT TaOBLIAIBI, apeaIblH OHTYCTIK-IIBIFBICBIHAA OJApAbIH OHOJIOTHSUIBIK SPTYPIIUIriH
CaKTay KaKETTLIIr TYbIHIAUABL. 24 KBUIIBIK Ke3CHIC aiiMaKTaFbl €MCH aFalITapblHbIH ayaaHbl 98,7 ra, sFHU
4 %-ra KpICKapraHbl aHbIKTaIABL. CYpekIOiHHIH cupeyi, OHBIH OOHHTETIHIH TOMEHAEYi, )KOFaphl >KacTarbl
cypekainaepain 6aceiM Ooiysl yaepictepi atan ertinai. CypekmiHHIH TYpJK KypaMbl OOHBIHINA Ta3a eMeH
opMannapsl OaceiM Hemece Ulmus laevis Pall., Populus alba L., Acer negundo L. mamansl Kocriackl 6ap.
Q. robur Tabufu >XaHApybl KaHAFaTTaHAPIBIKCHI3 HeMece MynaeM koK. llemTep kammbl MPOEKIMSIIBIK
JKaMBUIFBIHBIH XKOFapbl KepceTkimTepine ue (90 % neitin), 6ipax daopucruxansik Kypamsl Hamap. EX-ACT
KYPaJIbIH KOJIaHa OTBIPBIN, OpTYpsi Oackapy ClLEHapuiiepiHae eMeH OpMaHIapbIHOAarbl KeMipTeri
GanaHchIHBIH Oomkambl kenripiareH. Ocbl Gipereit opmaHmap/bl cakrayFa, COHbIH itminae Q. robur Taburu
JKaHApYBIHA JKOpAEMJIECY JKOHE TYPaKThl OPMaH JaKbULAAPBIH KypyFa OarbITTalFaH ic-IIapajapibl o3ipiey
KaXeTTimiri atan eTinmi. EMeH opmaHmapblHa aHTPOIOTeHAIK (haKTOpJIAPABIH CepiH a3zaifTy ymriH (aram
Kecy, MaJl Xalo, peKpeanys oHe T.0.) allMaKTa epeKiIe KOpFaJaThiH TAOUFU ayMakK Kypy YCHIHBIIIBL.

Kinm ce3dep: Quercus robur L., xaiibiMa opMmaH, OOHHTET, jKac KYPaMbl, CYPEKIIHHIH TOJIBIMIBUIBIFEI,
taburu xaHapy, EX-ACT, anTponoreHmik acep.

B.1O. Kupumnnos, B.I1. Aneka, A.A. UBamenko, A.H. PaxumxaHos,
H.C. Kenren6aes, /[.V. Aye3os, I'.C. Aiitexos, T.H. Ctuxapesa

CoBpemenHoe cocTosiHue 1y0OpaB B nmoiiMe pexu YpaJ
(Banmaagno-Ka3axcranckasi 00,1acTh) M NIEPCNEKTUBBI UX YCTOWYHUBOr0 Pa3BUTHS

B craree mpuBeneHB! CBEIEHUS, OTPAXKAIOIINE COBPEMEHHOE COCTOSIHUE AyOpaB moimsl p. Ypan (3amamHo-
Kazaxcranckas 007acTb) Ha OCHOBE aHalIM3a JIECOYCTPOMTENbHbIX MaTepuanoB (Ha 01.01.1992 r. u
01.01.2016 r.) 1 moseBbIX 0OCIe0BaHMId aBTOPOB. V3yueHue TMHAMUKH COCTOSIHUS JIecOB U3 Quercus robur
L. siBisieTcs akTyanbHBIM HAIIPaBJICHUEM HAYYHBIX HCCIEI0BaHUI BBUIY BaKHOTO KOJIOTHYECKOTO 3HAUCHUS
IyOpaB Kak HauOoJee JONTOBEYHBIX HACAKICHUI Cpey MOIMEHHBIX JeCOB, HEOOXOAUMOCTH COXPAHEHHS UX
OMOTIOTHYECKOr0 pa3HOOOpa3us Ha I0r0-BOCTOKE apeayia. Y CTAHOBIICHO, YTO 32 24-JIeTHUH NepHoA IIIomaib
nyOpaB B pernoHe cokparuiack Ha 98,7 ra, T.e. Ha 4 %. OTMEUCHBI MPOIECCH H3PEKUBAHUS J[PEBOCTOS,
CHIDKEHHUS ero OOHHUTETa, MpeodIagaHus BRICOKOBO3PACTHEIX JIPEBOCTOEB, IIPEHMYIIECTBEHHO OPOCIEBOTO
npoucxoxzeHus. Ilo BuIoBoMy cocTaBy ApeBOCTOs MPE0OIANAIOT YUCThIE JyOHIKH THO0 C HE3HAUUTENbHOI
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npumecbto Ulmus laevis Pall., Populus alba L., Acer negundo L. EcrectBenHoe Bo3o6HOBIeHHE Q. robur
HEYJI0BJIETBOPUTENIBHOE WM BOOOIIE OTCYTCTBYeT. TpaBOCTOH ¢ BBICOKMMH HOKa3aTeNIsIMH OOIIEro MpoekK-
TUBHOTO MOKPHITHS (10 90 %), onHako GemHbIi Mo opucTHdecKoMy cocTaBy. IIpuBesneH nporHos 6anaHca
yriepoja B 1yOpaBax IpH pa3iIndHBIX YIPABICHYECKHUX CIEHApHIX ¢ npuMeHeHneM nucrtpymenta EX—ACT.
OtMeueHa HEOOXOAUMOCTh pa3pabOTKH MEPONPHUATHH, HAIIPaBICHHBIX Ha COXPAaHEHHE STHX YHUKAJIBHBIX JIe-
COB, B TOM YHCJIE II0 COJICHCTBHIO €CTECTBEHHOMY BO300OHOBIEHHIO (. robur W CO3AHUIO YCTOWUMBBIX JIEC-
HBIX KyJNbTyp. sl CHIKEHHs BIMSHHS Ha XyOpaBbl aHTPOIOTEHHBIX (haKTOpOB (MOpYOKH, BHIIIAC CKOTA, pe-
Kpeawys U JIp.) MPEeUI0KEHO CO3aTh B PErHOHE 0C000 OXPaHAEMYIO IPHPOIHYIO TEPPUTOPHIO.

Kniouesvie cnosa: Quercus robur L., moiiMeHHbIH Jiec, OOHUTET, BO3PACTHON COCTaB, MOJIHOTA APEBOCTOS,
ecrecTBeHHOE Bo30OHOBIeHHEe, EX—ACT, aHTpoInoreHHoe BO3AeHCTBHE.
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