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Our work is devoted to the analysis of changes in the structure of forest types in the Zakarpattia
Region using the example of the Zahatske Forestry. The aim of the work was to compare the data of
the soil-forest typological survey of 1962-1963 with modern planning and mapping materials of the
2010 forest management using geo-information technologies. The methodological basis was
vectorization and comparison of cartography materials using QGIS tools, in particular the “Overlap”
algorithm, which made it possible to determine the percentage of overlap and spatial discrepancies
between individual forest typological units. The results of the analysis showed significant differences
within forest types, which are due to different methodological approaches to their mapping. The
greatest discrepancies we observed within the common beech-oak types in fresh fertile soil conditions
(D2-fsQp) and in fresh relatively fertile soil conditions (Co-fsQp), where the proportion of
discrepancies reached 32-80 %. At the same time, the differences mainly concerned the moisture
index, while the composition of the stands remained relatively stable. The identified discrepancies
confirm that modern forest management is mainly focused on the taxonomic indicators of stands,
while the data of previous forest typological surveys reflect a more detailed spatial structure of forest
types. As a result, we concluded that the discrepancies are not critical for forestry production, but their
consideration is important when planning measures for reforestation and the formation of native
stands. The results emphasize the scientific and practical significance of archival cartographic
materials and the relevance of their digital processing for modern needs of forestry, monitoring the
dynamics and functioning of forest ecosystems.
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Introduction

Forestry in Zakarpattia has been going on for a long time and is one of the priority industries in the
region. During each revision period, we observed certain structural changes in the forests, which
result of local forestry activities. Such changes were recorded in planning and cartography and
inventory materials with each repeated inventory of the forest resource. An important task in forest
surveys is the estimation of forest types, which occupy a special place in the formation of forestry
production and the preservation of the natural composition of forests (Herushynskyi, 1996; Stoyko,
2006; Burianyk et al., 2021). The forest category is currently used for planning and designing
measures during reforestation and organizing of new plantations. These determines the importance of
their exact cartographic representation.

One of the main modern stages of studying the structure of forests in the Zakarpattia Region was the
soil-forest typological survey in the 1960s-70s of the territories, the timber processing plants, the
materials of which remain relevant and valuable today from the point of view of studying the
typological structure of forests. However, according to current regulations, the organizational and
economic division of the forest sources into taxation areas is carried out on the basis of taxation
indicators of existing stands, and the criterion of forest type is not properly used in forest management
(Ukrainian State..., 2024). The modern key tasks of foresters include ensuring the maximum possible
fulfillment of ecological functions by the forest (Verkhovna Rada ..., 2024). For this, the emphasis of
management must be directed to the cultivation of indigenous stands, since such forests are optimally
adapted to the conditions of the site and fully fulfill their ecological role (Stoyko, 2006). Therefore, it
remains relevant today to compare cartographic materials from the previous soil-forest typological
survey with modern forest management in order to identify discrepancies between them and further
optimize future forest inventory work (Shparyk, Krynytskyy & Debryniuk, 2009). Proper spatial
representation of forest types on the territory of forestry will ensure effective reproduction and further
formation of highly productive forests.

Method

The methodological basis of our study is the comparison of cartographic materials of the soil-forest
typological survey of 1962-1963 with modern planning and cartographic materials of forest
management using geo-information techniques in 2010. The initial data of the study are taxonomic
descriptions, plans of forest types and forest plantations for the model object, the Zahatske Forestry a
branch of the «Khustske lisnictvo» — affiliate of "Carpathian forest office" of the State Forest Service
"Lisy Ukrainy". The preparation of research data was carried out according to the method of V.
Roman et al. (Roman et al., 2025) using specialized software QGIS. To compare vectorized data from
the plans, the "Overlap" algorithm (QGIS, 2025) was used, which allowed us to determine
quantitative indicators of differences in the areas of forest typological units. Its application made it
possible to highlight parts of objects that overlap by overlapping layers L1 and L2 (Figure 1).

Layer 1 (L1) - Layer results from superimposing of
forest planting plan and taxation description 2010.

Layer2 (L2) — Base layer (on the basis of forest
types plan 1962-1963)

Layer 3 (L1) — as the result of L1 and L2 cross

Figure 1. The 3" layer development scheme from elaboration of vector data
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The resulting objects of the output layer (L3) were assigned by corresponding attributes from the
input layers L1 and L2 for their further comparison. The areas of vector objects were calculated using
the “$area” algorithm, and the names and indices of forest types are given according to V. Tkach et al.
(Tkach, Tarnopilska & Orlov, 2024).

Results
Comparison of digitized materials mapped using geographic information systems allowed us to
identify some discrepancies between forest management materials and materials from soil and forest

typological surveys (Table 1).

Table 1. Combined data on the detected discrepancies

Ne Forest Forest types Overlap e Forest Forest types Overlap
" | types (L2) (LD (L3), % " | types (L2) (LD (L3), %
Ds- fsOp 25,6 Ds - fsOp 24.8
Ds - gr-kbFs 1,5 Cs - fsOp 0,5
1 ffés%’ D, - fsQp 70,2 D; - gr-kbFs > 0,1
’ C: - fsOp 0.7 Ds - gr-kbFs 0,1
D;-Fs 1,3 Cs - gr-kbFs 0,1
Ds - fsOp 8,0 D; - Fs 0,2
C; - fsOp 1.6 4 ?626@%; Ds - fsOp 63.0
Ds fsOp D: - fsOp 58,7 ’ C> - fsQp 4.6
2 (4,1%) C> - fsOp 29,9 C; - kbOp 0,5
’ C; - kbQp >0,1 D; - gr-kbFs 0,3
D, - gr-kbFs 0,4 D,-Fs 0,2
C]-Qp l,l C4-Ag >0,1
Ds - fsOp 16,0 Ci-0p >0,1
Cs - fsOp 0,3 D: - fsOp 1,1
D; - kb-aaFs 0,2 5 Ci-fsOp D; - fsOp 95,3
Ds - gr-kbFs 0,5 0,4 %) C:-fsOp 3,1
3 C, fsOp D; - fsOp 61,4 C2- kbOp 0,6
(27,3%) C; - fsOp 20,0 Ds - fsOp 30,3
C; - kbOp 0,6 Ds - gr-kbFs > 0,1
D: - gr-kbFs > 0,1 6 D; Ao}g 0.4 Cs - gr-kbFs 1,4
D;-Fs >0,1 ) C2 - fsQp 27.9
Ci-0Op >0,1 Cy-Ag 2,2

Note: Ds-fsQp — beech-oak forest in wet fertile soil conditions; Cs-fsQp — beech-oak forest in wet
relatively fertile soil conditions; Ds-kb-aaFs — hornbeam-fir-beech forest in wet fertile soil conditions;
Ds-qp-kbFs — oak-hornbeam-beech forest in wet fertile soil conditions; Cs-qp-kbFs — oak-hornbeam-
beech forest in wet relatively fertile soil conditions; D3-Fs — beech forest in wet fertile soil conditions;
D,-fsQp — beech-oak forest in fresh fertile soil conditions; C,-fsQp — beech-oak forest in fresh
relatively fertile soil conditions; C,-kbQp — hornbeam-oak forest in fresh relatively fertile soil
conditions; C>-qp-kbFs — oak-hornbeam-beech forest in fresh relatively fertile soil conditions; D>-Fs —
beech forest in fresh fertile soil conditions; C4-Ag — black alder forest in wet relatively fertile soil
conditions; Ci-Qp — oak forest in dry silt conditions.

In general, the overlap of inappropriate forest types comprises 51.0 %. For the most common forest
types, beech-oak forest in fresh rfertile soil conditions (D-fsQp) and beech-oak forest in fresh
relatively fertile soil conditions (C»-fsQp), within which the overlap of inappropriate forest types was
32.0 % and 80 %, respectively. These discrepancies consist in the discrepancy in the moisture index,
and to a lesser extent — soil trophicity. In particular, for the D,-fsQp forest type, the overlap of the Ds-
fsQp forest type is 24.8 %, and the overlap of the C,-fsQp forest type is 4.6 %. For another forest type
- D»-fsQp, the largest overlap is D»-fsQp (61.4 %) and Ds-fsQp (16.0 %). In order to reflect the
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differences in the boundaries of forest types on the territory of the Zahatske Forestry on various
cartographic materials, their fragments are presented in Fig. 2.

The nature of the location of taxation plots, the forest types data of which do not coincide with the
data of forest typological surveys, only confirms that the reason for the discrepancies is the
incompatibility of the compared cartographic materials was due to different methodological
approaches to their creation (Fig. 2). For instance, to create a map of forest types according to the
2010 forest plantation plans, an existing network of taxation blocks and plots with the designation of
the forest type, which is taken from the taxation description, is used. According to the boundaries of
taxation plots, established by taxation indicators of existing forest plantations, several forest types
may fall within these boundaries. In contrast, the forest type plans of the 1962-1963 forest typological
surveys reflect the real spatial structure of forest types without binding and averaging of indicators by
plots. Little errors in the contours of forest types may appear by technical errors during mapping in
repeated forest management.

O Forest quarters
Forest types:

Figure 2. Fragments of digitized cartographic materials: a) map of forest types of Zahatske Forestry
based on materials of soil and forest typological surveys (1963-1964); b) plan of forest plantations of
Zahatske Forestry with forest types marked according to the tax inventory (2010)

Conclusions

Using GIS tools, a comparative analysis of vectorization cartographic data of the soil-forest
typological survey of the Zahatske Forestry with its modern forest management materials was
performed, which confirmed significant differences in the areas of forest types and methodological
approaches to their allocation. These differences are significant and mainly concern deviations in the
types of site conditions, which in different cases were reflected differently on cartographic materials
(fresh/wet, relatively fertile / fertile, etc.). The type of stand, which indicates the most optimal
composition of grown stands, in the territory of the studied forestry for the most common forest types
almost did not change on different cartographic materials.
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The identified discrepancies are not critical and do not have a significant (negative) impact on forestry
production. However, for the design of forestry measures, we recommend taking into account and
being guided by primary sources of cartographic and descriptive information on forest types, their
distribution and structure within the allotments and performing field surveys to determine the forest
type on site.

Our study also demonstrated the relevance and importance of primary cartographic materials for
forestry production and scientific research in general. In our case, for Zahatske Forestry and other
forestry departments in the Zakarpattia Region, the materials of the soil-forest typological survey,
which were carried out in the 60s-70s of the 20th century, remain extremely important and relevant.
They form the initial data on the soil-forest typological structure of the territory, on which the results
of forest use and climate change have been imposed for a long time and to this day. Therefore, there is
a need to restore and digitally process the available cartographic materials to study changes in the
structure of forest types and the functioning of forest ecosystems, information content and support for
reforestation measures, forest formation, etc.
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