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SUMMARY

Forest harvesting negatively impacts ecosystems and increases land degradation, especially when this
work is done using heavy machinery. This study aims to map the spatio-temporal distribution of forest
harvesting in a protected area in Lithuania, the Dzukija National Park. The felling areas were plotted
from orthophoto imagery, and felling types were differentiated. The results show a non-linear increase
in the annual area harvested from 2000 to 2018 and a shift in the contribution of each type of felling
over time. With time, forest harvest became less damaging (thinning and partial cuts compared to
clear or almost clear cuts). Overall, the management is becoming more sustainable, although forest
harvest should be limited in Protected Areas.
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Introduction

Forests supply are vital ecosystem services (ES) providers, such as timber, carbon
sequestration, and flood regulation (Janeczko et al., 20-23). As such, forests are essential for
supporting human well-being. Thus, recent studies highlight a decline in the provision of forest
ES, mainly due to increasing anthropogenic pressures with higher demand for timber supply
and climate change (FAO, 2022; Acharya et al., 2019). Despite the observed decrease in
deforestation rate as well as the development of protected areas (18% of the forest in 2022),
management strategies focused on high wood productivity are still used in some parts of the
world (FAO, 2022; Petrokas et al., 2022a). In Lithuania, 4 forest management groups are
defined: I - II, which aims to protect the ecosystem, and IlI- 1V, which allows logging for
commercial purposes and where clear-cutting is allowed (State Forest Service, 2020). This
management structure is also applied in protected areas, where groups Il and IV occur,
allowing clear-cutting, which can hurt the ecosystem.

Forest governance is crucial for countries seeking to meet climate change objectives (Ameray et al.,
2021). The sequestration and storage of carbon are dependent on the sum of a number of
environmental and anthropogenic variables. Forestry results in variations in the type of logging,
ecosystem fragmentation, and geographical distribution of harvested plots and their sizes (Petrokas et
al., 2022b). The aim of this study is to map the spatiotemporal distribution of forest harvesting in a
protected area in Lithuania, the Dzukija National Park.

Materials and methods

Dzukija National Park, established in 1991, is the largest protected area in Lithuania (58 334ha). It is
characterised by an especially high biodiversity. Within its 48 716 ha of forest, 17.86% are strict
reserves and areas with strict rules regarding woodcutting. Located in the south of the country, other
types of land use in addition to forests include agricultural land, water bodies (streams and lakes),
wetlands, and urban areas (State Protected Areas Service, 2019).

Orthophoto imagery available on the Lithuanian Geoportal (www.geoportal.lt) was used to map the
harvested plots. In total, 6 periods are available: 1995-1999; 2005-2006; 2009-2010; 2012-2013;
2015-2017; 2018-2020. The orthophotos comprise several pictures (sometimes spreading over 3 or 4
years). In some Ortophoto maps, the southernmost part of the national park was missing (e.g., 2009-
2010). To overcome this problem, Google Earth Pro (version 7.3.6.9796) imagery was used to map
harvested areas based on an 11th September 2009 image.

The harvested areas were vectorised using QGIS (version 3.32.0-Lima). This was done for each
analysed period by visually selecting plots where a loss of tree density was observed in comparison to
the previous period. 4 types of felling have been differentiated: clear cuts (no tree remaining), few
trees left, partial cuts (trees remaining more or less homogeneously on the parcel); and thinning (clear
loss of canopy density observed but not a clear view of the ground). For 1995-1999, another felling
type was added due to a lack of possible comparison with prior maps and a black and white image,
making it difficult to distinguish between an old harvested area growing back or a recent event. As a
result, these places were marked as unknown treatment.

When the detouring was achieved, the number of times a felling occurred on the same spot during the
study was measured. In addition, the cut area in hectares transformed at the year level was calculated.
This was done by dividing the total area of felling observed on one map by the time between that map
and the one before it. However, as the orthophotos correspond to several years, there is a time range
separating the two maps from each other. For example, 11 to 6 years between the first and the second
images (2006-1995 and 2005-1999). This resulted in several possible averages for each year. These
averages varied according to the possibilities of adjustment between the two images. Value is
unknown before 1999.
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Results

Between 1995 and 2020, 9 827 ha of forest were harvested. This represents 18.65% of the total area
(58 383 ha) and 20.17% of the park's forest (Table 1). The orthophoto from 1995 to 1999 represents
the study's baseline, which explains the more extensive area of observed harvested plots (3 114.52 ha)
compared to the following periods. When looking at the average harvested area per year, an expansion
trend is observed (87.15 — 159.78 ha for 2005 - 2006; 222.15 — 370.25 ha for 2009 — 2010; 220.58 —
441.12 ha for 2012 — 201; 283.85 — 1209.63 ha for 2015-2017 and 480.07 — 2400.37 ha for 2018 —
2020; Figure 1). It is also possible to observe a change in the contribution of felling types through
time (Table 1). Considering the two more impacting treatments (clear-cut and few trees on the plot), it
is possible to observe a decrease in their contribution from 84.72% in 2005-2006 to 27% in 2018-
2020, becoming a minor part of total harvested areas in comparison to less invasive treatments (partial
cut and thinning) for the later period.

Table 1 Summary of the harvested areas observed from 1995 to 2020 depending on felling type and
the number of repetitive cuts at the same place. Total size of the Park: 58 382.59 ha

Date of the 1995- 2005- 2009- 2012- 2015- 2018- All
orthophoto 1999 2006 2010 2013 2017 2020
Harvested area
(ha) 311452 958.68 1110.75 882.23 2 419.25 2 400.37 9827.25
% from all the 5.33 1.64 1.90 1.51 4.14 411 18.65
park
Clear cut (ha) 492.73 205.88 122.89 26.61 60.18 80.33 988.62
% from all the cut 15.82 21.48 11.06 3.02 2.49 3.35 9.08
Few EL‘:;SS left 47005 60631 40529 68.88 31677 58187 245817
% from all the cut 15.38 63.24 36.49 7.81 13.09 24.24 22.58
Partial cut (ha) 455,73 75.64 495.02 682.56 1729.96 1410.42 4 847.33
% from all the cut 14.63 7.89 44,39 77.37 71.51 58.76 4453
Thinning (ha) 145.41 70.85 89.56 104.18 312.35 327.75 1 050.09
% from all the cut 4.67 7.39 8.06 11.81 12.91 13.65 9.65
Unknown (ha)
1541.60 1541.60
0 - - - - -
% from all the 49 50 1416
cut
1 cut (%) 100 100 95.04 90.90 89.91 74.94 90.30
2 cuts (%) 0 0 4.96 6.70 10.09 24.98 9.47
3 cuts (%) 0 0 0 2.40 0 0.08 0.23

Regarding the number of cuts at the same location, an increase in the number of second harvest events
can be observed for the last periods analysed (Table 1), which was to be expected. The percentage of
plots with three cuts in the same location stays low. The 2.40% in 2012-2013 represents a location of
a single plot that was first observed as thinning in 2005-2006, as a partial cut in 2009-2010, and
finally, as a final felling with a few trees left in 2012-2013. It is possible to infer a link between the
number of cuts and the feeling type. If the plot undergoes a first partial cut, it will later undergo
another partial cut or a cut with few trees left or a complete clear cut. Plots with clear cut as the first
treatment will most likely not be cut again during the study, as the trees would need to grow back
until they can be harvested.

Finally, the spatial distribution of the parcels does not seem uniform (Figure 2). Certain areas remain
unharvested due to the location of cities, agricultural land, or strictly regulated regions. It is also
important to note that some former logging parcels are now located in areas where logging is banned.
This indicates changes in spatial and environmental regulations during the period analysed.
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Figure 1. Range of average annual harvests extrapolated from the total areas observed as cut in the
images and according to the possibilities of adjustment between two successive photos
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Figure 2. Harvested areas in Dzukija National Park between 1995 to 2020
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Conclusions

In Dzukija National Park, the annual area harvested is increasing, while the contribution of each type
of felling is changing over time. Even with less invasive treatments, which can be considered positive
for biodiversity conservation, there is an increase in timber activity when scaled to the annual area
harvested. Harvested areas occur throughout the National Park without a clear spatial pattern.
However, it is possible to identify areas where harvesting was previously allowed, but over time, the
same areas have become strictly regulated regarding forestry activities. When supplemented with data
on the tonnes of wood extracted, this study serves as a baseline to analyse the impact of forestry
practices on biodiversity and carbon sequestration.
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