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SCIENTIFIC ACHIEVEMENT FORMING THE BASIS FOR THE HABILITATION
PROCEDURE
Osiągnięciem wynikającym z art. 16 ust. 2 ustawy z dnia 14 marca 2003 r. o stopniach
naukowych i tytule naukowym oraz o stopniach i tytule w zakresie sztuki (Dz. U. nr 65, poz.
595 ze zm.) jest cykl pięciu oryginalnych publikacji naukowych pod zbiorczym tytułem:
DROUGHTS IN FOREST AREAS UNDER CONDITIONS OF CLIMATE CHANGE
w których jestem głównym autorem:
1. Boczoń A., Brandyk A., Wróbel M., Kowalska A. 2015: Transpiration of a stand and
evapotranspiration of Scots pine ecosystem in relation to the potential
evapotranspiration estimated with different methods (polski) Sylwan, R. 159 nr 8,
DOI: https://doi.org/10.26202/sylwan.2015002 - 15 pkt. IF=0,410
2. Boczoń, A., Dudzińska, M., Kowalska A. 2016, Effect of thinning on evaporation of
Scots pine forest. Applied Ecology And Environmental Research 14(2): 367-379.
http://www.aloki.hu , ISSN 1589 1623 (Print) , ISSN 1785 0037 (Online), DOI:
http://dx.doi.org/10.15666/aeer/1402_367379 - 15 pkt. IF=0,681
3. Boczoń A., Hildebrand R., 2017. Defoliation of trees caused by different availability of
soil water, in: Health condition of forests in Poland in 2016 based on monitoring
studies, Boczoń A., Hildebrand R., Kantorowicz Wł., Kluziński L., Kowalska A., Lech
P., Małachowska J., Piwnicki J.,Szczygieł R., Ślusarski Sł., Wawrzoniak J.(eds),
Zajączkowski G., Sękocin Stary, Forest Research Institute, ISBN 978-83-62830-62-6
4. Boczoń, A., Kowalska A., Dudzińska, M., Wróbel M., 2016: Drought in Polish Forests
in 2015 . Polish Journal of Environmental Studies, Vol. 25, No 5.
https://doi.org/10.15244/pjoes/62797 – 15 pkt, IF=0,793
5. Boczoń, A., Kowalska A., Gawryś R., 2017: Soil−water determinants of forest
management in the perspective of climate changeSylwan R. 161 (9): 763-771, DOI:
https://doi.org/10.26202/sylwan.2017064 - 15 pkt., IF=0,623,
6. Boczoń A., Kowalska A., Ksepko M., Sokołowski K., 2018. Climate warming and
drought in the Bialowieza Forest from 1950–2015 and their impact on the dieback of
Norway spruce stands. Water, 10, 1502; doi:10.3390/w10111502, 30 pkt., IF - 2,069.
Łącznie powyższe publikacje osiągnęły:
impact factor wg WoS równy 4,756
liczbę punktów MNiSW równą 90
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DISCUSSION OF THE SCIENTIFIC OBJECTIVE OF AN ACTIVITIES
SUBMITTED FOR HABILITATION PROCESS AND ACHIEVED RESULTS
STATEMENT OF SCIENTIFIC ACTIVITIES
INTRODUCTION
Droughts in forests are an important environmental factor, which affects the tree stand,
other forest layers, and the habitat directly. Observed and forecast changes in climate
conditions indicate a growing risk of this phenomenon in Polish forests. The increasing risk of
drought is a result of the warming of the climate. As a result, the evapotranspiration will
increase and droughts be more frequent. Climate models predict a future reduction of the
average annual precipitation in large areas of the northern hemisphere, with a simultaneous
increase in air temperature [IPCC, 2013]. On a global scale, there has been an increase in the
percentage of area annually affected by droughts from 1902 to 2008 [Wang i inni, 2014]. And
since 1970, increases in the intensity and duration of droughts as well as a growth in the area
affected by droughts have been observed [Blunden i inni, 2011; Burke i inni, 2006]. It is of
particular importance for crops, which are directly affected by insufficient soil water content.
The duration of drought is an important parameter, since trees react primarily to the length of
the drought and not to its intensity [Gustafson i inni, 2013]. The time of year when a drought
occurs has a great impact on the growth of the tree. Physiologically active earlywood is
produced in the first phase of growth in the growing season. This is why droughts in the first
months of the growing season are the most harmful. The identification of a drought should
concern soil water conditions on the daily scale, which will facilitate the precise pinpointing
of periods where soil water deficits occur.
According to climate models, the climate change will cause an increase in
evapotranspiration and precipitation in central Europe in the future. The precipitation will
occur less often but will be more intensive. These circumstances will contribute to droughts,
in particular in areas with soils exhibiting poor water retention abilities. Most stands in Poland
are located on such soil types. For this reason, the climate change will affect the stands and
forest management in the country. Different species of trees respond differently to drought
stress. Coniferous species are believed to be more resistant to water shortages than deciduous
ones. Among the species that make up the composition of Polish forests, the Scots pine may
be considered the tree with substantial abilities to survive rainless periods. The common oak,
on the other hand, is treated as one of the species most susceptible to droughts. Polish forests
are mainly made up of pines or dominated by them and grow on poor sandy soils. For this
reason, the determination of water conditions in soils of such an ecosystem can be considered
a determination of drought predisposition in Polish stands. For the area of north-western
Europe, climate models predict higher average annual temperatures and changes in
precipitation patterns causing wetter winters but hotter and dried summers (Lindner i inni,
2010). Such changes will have negative effects in soils with poor retentive capacity in
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particular, as they will accelerate the depletion of soil water and the occurrence of long-term
droughts.
One of the most important challenges for the forest service in central Europe is to
accommodate stands to effects of the climate change. The long period of tree growth makes
trees particularly susceptible to unfavourable environmental conditions that may hamper their
growth, decrease health, or even lead to death. The climate change and its effect on tree stands
result in a necessity to identify the occurrence of droughts, affected areas, frequency, and
intensity both at the global and national scale as it may be a foundation for developing a
strategy to alleviate effects of droughts [Wang et al., 2014]. Droughts will shape the forests of
the future by affecting the structure of stands. Understanding the spatial and temporal
distribution of droughts and their relationship with the tree species growing in these areas, as
well as taking into account the vulnerability of individual species to drought stress are
important for the development and implementation of forest management practices [Peters i
inni, 2015].
Forestry cannot affect either the volume of precipitation or its distribution over the growing
season. Some methods, however, bring positive results to soil water resources. They can be achieved
by reducing the interception, which increases the amount of water reaching the ground or through
the introduction of species that require less water, for example. The amount of water reaching the
soil could be increased by planting trees exhibiting lower interception, limiting the number of layers
of vegetation in the forest ecosystem so that the primary stand is the main beneficiary of soil water,
or by thinning. Thinning has been found to have a positive impact on drought stress (Martin-

Benito et al., 2010, Misson et al., 2003). Thinning, i.e. reducing the density of tree stands,
may be a way of adapting the forest to the changing climate (Misson et al., 2003; MartinBenito et al., 2010). Whitehead et al. (1984) believe that thinning will reduce the
susceptibility of tree stands to drought, by reducing interception and increasing the soil
water supply. Thinning has been found to have a positive impact on drought stress in a
study of 32-year-old black pines in Spain (Martin-Benito et al., 2010) and in 22-year-old
spruce in the Belgian Ardennes (Misson et al., 2003). Thinning results in a reduced number of
trees and canopy closure. The impact of thinning on groundwater conditions is interesting, in
particular in the case of silviculture during climate changes and when droughts occur.

The primary goals of the publications forming the base for the pursuit of the postdoctoral
qualifications were:
a) to present a specific method for identifying droughts in forest areas, its calibration for
tree stands, and application to determine droughts in various spatial scales, from
individual tree stands to the area of a whole country;
b) to demonstrate the effect of droughts on tree stands and to investigate the possibility of
reducing the intensity of droughts in forest soils through thinning;
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c) to present the topic of the effect of the climate change on the availability of water in
forest ecosystems and to stress the necessity to use forest management approaches
adapted to changing environmental conditions.
GENERAL METHODS
The risk of drought depends mostly on meteorological circumstances but also on the
water retention ability of a particular soil type. The amount of water that can be retained
depends on the mechanical composition of soils, which determines the presence of pore space
between particles. Water that can be retained by the soil and then used by vegetation is
located in mesopores in the soil. The volume of mesopores and the amount of retained water
varies depending on the mechanical composition of the soil. In general, the more large
mineral fractions and less organic substances in a soil, the poorer its water retention ability. In
the case of soils with poor retentive ability, the warming of the climate will have a more acute
negative effect. Small amounts of water retained in the soil will lead to faster depletion and
occurrence of long-term droughts. According to the Forest Data Bank, over 50% of the
surface area of forests in Poland is covered with soils with a poor retentive ability (Haplic
Podzols, Podzols, Cambic Arenosols, Dystric Arenosol, and Gleyic Podzols). This is why
they are particularly susceptible to droughts.
The determination of drought was based on the availability of soil water for plants. Soil
water storage (SWS) was calculated for each day, based on the balance of water outflow in
the process of evapotranspiration and inflow of water from atmospheric precipitation using
the following formula:
SWS(i+1) = SWSi + TFi – EVTi
SWS – soil water storage [mm],
i – day number,
EVT – daily evapotranspiration [mm],
P – daily bulk precipitation [mm].
TF – throughfall [mm],
TF = P – I
I – daily interception [mm].
The moment of drought stress was determined as the limit of water availability for plants,
occurring at soil water potential (SWP) ≥-0,5 MPa. The calculations were carried out with the
following boundary conditions:
1. SWS at SWP = -0,01MPa  the upper limit of the amount of water that can be retained
in the soil to a depth of 60 cm, above this value, water flows out of the profile.
2. SWS at SWP = -1,5MPa  the lower limit of the amount of water that can be found in
the soil to a depth of 60 cm under natural conditions.
The relatively small change in the length of the period in which plant available water was
present may be of great importance for the tree stand’s survival in rainless periods. In
particular, Lagergren and Lindroth (2002) showed that a decrease in available soil water
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content (SWC) greatly reduces transpiration in pines, and hence even a small increase in SWC
will have a strong impact on a stand’s transpiration ability.
The tree stand significantly affects water cycle through two processes: transpiration
and interception, which are important outflow components of the water balance. These
parameters are closely related to tree stand features responsible for foliage, which is both an
evaporation surface and an element retaining part of the precipitation.
The determination of interception has evolved from a simple regressive model to a
multiparameter model. The simple regressive model could be justifiably applied in research
based on a predetermined reference tree stand. Based on studies on intensive forest
monitoring plots, the researchers determined the dependency between open field precipitation
and throughfall for the stand. The range of application of this method is limited. Therefore, a
more universal model has been developed for calculating interceptions in various tree stands.
The developed method for calculating tree interception is based on a model by Liu [1997,
2001] where the water-holding capacity of canopy was determined using a method proposed
in Kondo’s model [2001]. This method established a dependency between interception and
characteristics of a tree stand: whether the species is coniferous or deciduous, leaf area index
LAI, percentage of land cover, and tree height. This makes this method a universal tool that
can be applied more extensively to determine interception and throughfall in tree stands.
STUDY RESULTS
Evapotranspiration is one of the key components of the water balance. It varies
depending on land cover and land use. In areas covered with tall vegetation, the volume of
actual evapotranspiration is most affected by transpiration, which is a physiological process
contingent on the climate, anatomy and morphology of plants, and soil water parameters. The
determination of the value of actual transpiration, in particular in individual strata of the forest
ecosystem, is an important matter both as regards the hydrology of catchment basins and
forest management.
Publication:
Boczoń A., Brandyk A., Wróbel M., Kowalska A. 2015: Transpiration of a stand and
evapotranspiration of Scots pine ecosystem in relation to the potential evapotranspiration
estimated with different methods (polish) Sylwan, R. 159 no. 8
focuses on the verification of methods for calculating evapotranspiration aimed at
determining the best methods for forest areas. The recognition of tree stand transpiration
and forest ecosystem evapotranspiration is of great importance in light of the forecast climate
change. Because of the direct influence of the warming of the climate on components of
evapotranspiration, it is necessary to determine the volume of tree transpiration and forest
ecosystem evapotranspiration to define the effect of the climate change on silviculture.
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The publication compares seven methods for calculating evapotranspiration: Priestley-Taylor,
Hargreaves, Makkink, Penman, Penman-Shuttleworth, the FAO Penman-Monteith, and
Penman-Monteith (at rs=0). The calculated evapotranspiration was compared to the actual
transpiration and actual evapotranspiration determined based on measurements on an ICPForest intensive monitoring plot in a 74-year old pine stand on Dystric Arenosol. A middleage pine stand on poor sandy soils is the typical Polish tree stand that can be considered a
reference stand. The reference material consisted of values of pine stem sap flow measured
using the Thermal Dissipation Probe (TDP) method with which the actual transpiration was
defined and soil moisture measurements using Time-Domain Reflectometry (TDR), which
together determined the actual soil water. These measurements resulted in the determination
of reduction coefficients Kc for each formula and demonstrated that the calculations using the
Makkink formula yielded evapotranspiration values that were most consistent with the
measured values.
The analysis of the consistency of the evapotranspiration formulas was used in
publication:
Boczoń, A., Kowalska A., Dudzińska, M., Wróbel M., 2016: Drought in Polish Forests in
2015. Polish Journal of Environmental Studies, Vol. 25, No 5.
The paper presents the range and duration of an drought in Polish forests in 2015. The drought
was identified on the basis of soil water resources in a reference tree stand. Water outflow
through evaporation was calculated using the Makkink formula and interception loss was
determined with a regression equation based on a comparison of open field precipitation and
throughfall in an ICP-Forests intensive monitoring area. The calculations were based on
meteorological data from a network of forest meteorological stations. The daily soil water
reserves were identified for each station. Based on these values, the periods and durations of
soil water insufficiency were determined as low plant water availability and unavailable
water. The calculated soil water deficit for the reference forest ecosystem demonstrated that
almost all forest areas in Poland were affected by drought in 2015. The longest, earliest
drought that occurred in the earlywood growing season took place mainly in Lesser Poland. It
has stretched over central Poland from west to east as well, although to a lesser extent. This
area can expect negative effects of deficiency of water available to trees, which may result in
lower increase, reduced health, and even tree death in particularly unfavourable habitat
conditions.
The impact of drought on the health and dieback was investigated in:
Boczoń A., Hildebrand R., 2017. Defoliation of trees caused by different availability of soil
water, in: Health condition of forests in Poland in 2016 based on monitoring studies, Boczoń
A., Hildebrand R., Kantorowicz Wł., Kluziński L., Kowalska A., Lech P., Małachowska J.,
Piwnicki J.,Szczygieł R., Ślusarski Sł., Wawrzoniak J.(eds), Zajączkowski G., Sękocin Stary,
Forest Research Institute, ISBN 978-83-62830-62-6 (polish)
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Boczoń A., Kowalska A., Ksepko M., Sokołowski K., 2018. Climate warming and drought in
the Bialowieza Forest from 1950–2015 and their impact on the dieback of Norway spruce
stands. Water, 10, 1502.
The chapter Defoliation of trees caused by different availability of soil water continues
and elaborates on matters looked into in Drought in Polish Forests in 2015. After the drought
in 2015 another one was identified in Poland in 2016. The droughts were determined using
the same method as in the 2015 case based on the determination of soil water and the crossing
of the threshold of low water availability. A monthly and annual climatic water balance was
calculated as a difference between precipitation and evapotranspiration. In 2016, no drought
was found in a wide belt adjacent to the border of Poland according to data from twelve
meteorological stations. The rest of the country was affected by drought of diverse start- and
end-dates and soil water deficit durations. In 2016, the longest drought was identified in
central Poland. Its duration declined towards the borders. A drought exceeding 60 days
spanned over a much smaller area, mainly part of the Łódzkie Voivodeship and the
Wielkopolskie Voivodeship. The number of drought days in 2015 affected the defoliation of
all groups of trees, in particular, when it lasted more than 80 days a year. At 81 to 100 drought
days, spruce and oak defoliation increased by almost 6%; whereas in the case of a drought
lasting over 100 days, defoliation increased the most in the spruce and deciduous trees, almost
by 5% compared to 2014. The dependency of defoliation on the number of drought days was
statistically significant for deciduous species (R2=0.72; p=0.01).
A drought lasting over 21 days until the end of July is correlated with excessive tree
defoliation as well. In the case of a drought lasting 21 to 30 days, the mean defoliation
increased by 2.6%, while for 31 to 40 days, by 2.8%. At the maximum number of days of
available water deprivation, the greatest increase in defoliation was identified in deciduous
species (4.0%), including the oak (4.2%). Coniferous species and pines exhibited the greatest
value of defoliation when deprived of water from 21 to 30 days. The dependencies between
the number of drought days and defoliation were not statistically significant. An average 2.4%
defoliation increase was noted in an area not hit by a drought as well. This suggest other
factors affecting the health of trees in the area. Future analyses should take into account the
influence of a greater number of tree stress factors.
The number of trees for which the defoliation grew by 10% or more in 2014–2016 is
an important parameter of tree health as it may be indicative of weakening. For all tree
groups, the share of trees with such a large loss of foliage was the greatest when the annual
climatic water balance was negative. A 10% or greater defoliation was identified in 31.1% of
Norway spruce at the annual water deficit of 0–100 mm (Fig. 4.). The other species exhibited
a large share of trees affected by significant foliage loss at the annual water deficit exceeding
100 mm (coniferous 14.0%, including pine 13.9%, deciduous 26.2%, oak 20.0%). A clear
dependency of the share of trees affected by significant defoliation on the result of climatic
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water balance was identified in both deciduous species (R2=0.75; p=0.02) and pines
(R2=0.49; p=0.12) but was statistically significant only for deciduous plants.
The share of trees with serious defoliation reached the greatest values at the largest
water deficit expressed as climatic water balance that occurred between April and September
2015. No significant relationship (p>0.05) was confirmed because of a relatively high
percentage of trees with large leaf loss at a positive balance.
The publication Climate warming and drought in the Bialowieza Forest from 1950–
2015 and their impact on the dieback of Norway spruce stands contains an analysis of the
occurrence of droughts in the Białowieża Primeval Forest over 66 years. The publication
applied the Ivanov’s method for calculating evapotranspiration. It was because of the lack of
sun radiation measurements at the station in Białowieża, which prevented the use of methods
employing energy balance. The drought analysis spanned from 1950 to 2015. Droughts were
identified based on changes in water resources. As the goals of the project included finding a
correlation between droughts and spruce dieback, soil water resources were determined for
Eutric Cambisols, which was the substrate for 40% of spruce stands in the Białowieża
Primeval Forest. Stand interception was calculated using a modified model by Liu [1997,
2001] where the water-holding capacity of canopy was determined using a method proposed
in Kondo’s model [2001]. The droughts were identified using other indicators as well: SPI –
Standardized Precipitation Index, PDSI – Palmer Drought Severity Index, and climatic water
balance. The SPI and PDSI were calculated for at monthly and annual intervals of whole
investigated period. The climatic water balance and soil water deficit were calculated for
1950–1966 and 1985–2015. 1967–1984 saw heavy precipitation in Białowieża, which
minimised the risk of drought as confirmed by the SPI and PDSI. I have demonstrated in the
publication that the increase in air temperature in Białowieża in 1950–2015 reached 1.27ºC
(0.19ºC per 10 years) and it was statistically significant (Mann-Kendall test). Soil water
availability was limited in 1950–1966 in 51 months and in 1985–2015, in 125 months. In the
first period, the spruce was deprived of soil water for over 3 months of the season of greatest
growth in 1959. In the second period, this situation was much more common: 1986, 1987,
1989, 1990, 1992, 1993, 1995, 1996, 1997, 2000, 2001, 2006, 2012, and 2015. The spruce has
been dying intensively in the Białowieża Primeval Forest since the beginning of the 21 st
century. The publication investigated the dependency between drought occurrence and spruce
dieback using volume of spruce wood from the Białowieża Forest District. Sanitation cutting
removed a total of 212 thousand m3 of spruce timber in 2002–2017. I attempted to identify a
relationship between the occurrence of droughts and the volume of cut spruce timber in the
first and second year after a drought. Regrettably, no dependency was found. It may be due to
the high frequency of droughts in the investigated period and the potential accumulation of
their effects and because of the fact that the cut spruce did not always die in the year it was
cut. Droughts struck in the 1950s, 1960s, and after 1985. But it was the recent years that saw a
widespread dieback of the spruce. This demonstrated the drought itself is not a factor leading
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to spruce dieback. With its shallow root system, spruce can be highly resistant to lack of
available water. But the combination of drought an global warming may be a decisive factor
in spruce dieback. The disruption of physiological processes caused by the warming climate
and the increased activity of the bark beetle together with droughts and restriction on sanitary
cuts may determine the life of spruce stands.
The ability of tree stands to adapt to the climate change is very limited. One of the
indicated methods is to maintain a reduced crown cover, which should cut down on the water
demand of the stand. I discussed the issue of improving forest ecosystem water situation
through thinning as an element of climate change adaptation in publication:
Boczoń, A., Dudzińska, M., Kowalska A. 2016, Effect of thinning on evaporation of Scots pine
forest. Applied Ecology And Environmental Research 14(2): 367-379.
Its goal was to determine the effect of thinning in an older pine stand (Pinus sylvestris)
on elements conditioning the water regime in the ecosystem. The analysis involved tree
transpiration, actual ecosystem evapotranspiration, the leaf area index (LAI) and lighting
conditions, interception, and soil water resources. It further determined the effect of thinning
on the duration of soil water resources depletion in the context of drought and its duration.
The study was carried out on a ICP-Forests programme plot in the Chojnów Forest
District. The plot features a poor sandy Dystric Arenosol soil (WRB 2006) with the QuercoRoboris Pinetum typicum community. The tree consisted of 75 years old Scots pines with
birches and young oaks.
Soil water resources in the root area identified using soil moisture content
measurements with the TDR method were used to calculate actual evapotranspiration, which
is the difference in the resources in two consecutive days with good availability of soil water
(pF from 2.0 to 3.7), excluding days with precipitation.
The transpiration of individual pines was determined using sap flow measurements with
Thermal Dissipation Probe by Dynamax Inc. The potential evapotranspiration was calculated
as well, which facilitated the identification of the influence of meteorological conditions on
evapotranspiration. This way the comparison of transpiration and actual evapotranspiration
with potential evapotranspiration ensures that the compared values before and after
transpiration refer to the same meteorological circumstances. Potential evapotranspiration was
calculated with the Penman-Monteith formula (Allen et al., 2010) at canopy resistance (rs) of
0.
The criterion for the effect of thinning on drought was the time necessary for the stand
to deplete soil water reserves within the range of useful retention (pF 2.0 to pF 3.7). Tree
stand water consumption was calculated using the Plant Water model, part of the Soil-PlantAtmosphere-Continuum model family. The modelling involved months from April to
September and used average values of meteorological parameters logged at the
meteorological station in those months.
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The studies on the change in pine transpiration and pine ecosystem evapotranspiration
have indicated an increase in the processes after thinning. Pine transpiration grew statistically
significantly (p= 0.0007) by 45% while the current evapotranspiration, by 47%, which was
statistically significant as well (p=0.0001). Pine transpiration in ecosystem evapotranspiration
(T:EVT–1) remained virtually the same before and after the thinning (0.60 vs 0.61, not
statistically significant, p=0.622). The change in the conditions after the thinning affected the
transpiration of individual trees and the evapotranspiration of the whole ecosystem equally.
This relationship is indicative of a relatively low water demand of the Scots pine. The fact that
pines do not use up the whole water available at the moment may be one of the primary
factors that enabled this species to exist in a broad range of forest habitats, from marginally
dry to palustrine forests.
A comparison of the results with the potential evaporation shows that tree transpiration
increased by 8% (the T:ETP–1 ratio before thinning was 0.31; and after, 0.39; the difference
was statistically significant p=0.0004). This may be caused by crown thinning, which not only
leads to increased living space for individual trees but may also provide better transpiration
conditions. After such thinning, more light can reach the crown and the resulting space
between crowns improves water vapour exchange and transfer above the canopy.
The modelling for average meteorological conditions not involving the effect of crown
thinning on the microclimat, has demonstrated that the number of days necessary for a pine
stand to exhaust soil water to reach the level of water unavailable to plants is the greatest at
the beginning and end of the growing season. Similarly, the increase of the number of days
with plant available water changes after thinning. The effect of stand thinning was the greatest
in September when plant available water was present 9 days longer than before the thinning
and in April when this period was longer by 6 days. The period of plant available water was
longer by 2 or 3 days in months with the greatest transpiration (May to August).
Publication Boczoń, A., Kowalska A., Gawryś R., 2017: Soil−water determinants of forest
management in the perspective of climate change Sylwan R. 161 (9) is a review and a
summary of previous work that yielded numerous publications. Problems of the risk of
drought in forest areas and its influence on forest management were discussed in detail in
three parts:
1. The climate change and the availability of soil water to stands
2. Susceptibility of trees to drought stress
3. Forest management under conditions of increased risk of drought.
The climate change and the availability of soil water to stands focuses of forecast
climate change for northern Europe and its consequences for forests. I described soil
conditions favouring water deficiency during climate change in the context of forests in
Poland. I referred back to the droughts I discussed in my previous publications.
Forecasts suggest that the forests of northern Europe will receive an increased supply
of water in spring, but will be subject to more frequent and intense droughts in summer
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[Scharnweber i inni, 2011]. Small amounts of water retained in the soil will lead to faster
depletion and occurrence of long-term droughts. According to the Forest Data Bank, over
50% of the surface area of forests in Poland is covered with soils with a poor retentive ability
such as Podzols, Dystric Arenosols, or Haplic Arenosols. Tree stands on these soils are
particularly exposed to droughts. Droughts harmful to tree stands are a common occurrence in
Poland. In the period of 1950–2003, long-term dry spells over 28 days without precipitation
were noted in the Białowieża Primeval Forest in 1997 and 2000 [Boczoń, 2006]. The 2000
drought resulted in a significant reduction of groundwater table [Boczoń 2003], which could
cause the currently noted significant deterioration of tree health. Poland experienced an
drought over its significant area in 2015. The spatial distribution of the drought shows it
lasted the longest in Greater Poland.
In Susceptibility of trees to drought stress, I discussed species found in Polish forests
that are susceptible or resistant to drought stress based on literature data. I put the most
emphasis on species that play key roles in Polish forests, the Scots pine and common oak.
It is generally accepted that gymnosperms have a greater hydraulic safety margin than
angiosperms in response to drought [Choat i in. 2012]. Deciduous trees found in forests in
Poland can be ordered according to descending drought tolerance: northern red oak, black
alder, common birch, small-leaved linden, common oak, European ash, European beech,
sessile oak, European hornbeam (based on supplementary table to Choat et al. 2012). The
primary species of Polish forests is the Scots pine. Although considered a tolerant species, it is
possible pines could die as a result of drought stress [Dobbertin et al. 2007]. The radial
growth of the pine is strongly correlated to climate parameters related to water availability in
summer [Eilmann et al. 2011]. The growth of the oak is inhibited by summer droughts and the
deficit of available water in consecutive years leads to a gradual weakening and dieback of
oaks [Sohar et al. 2013]. An increased frequency of droughts caused by the warming of the
climate will contribute to higher death rate among common oaks [Urli et al. 2015].
Part Forest management under conditions of increased risk of drought contains a
description of consequences of the increasingly common climate change-driven droughts for
forests in Poland. I specified areas in Poland where droughts will be a significant problem for
forest management. I presented suggested directions of changes in tree stands. I discussed
actions that may be taken in forests in order to mitigate repercussions of droughts.
Forest management cannot affect either the volume of precipitation or its distribution
over the growing season. Some methods, however, bring positive results to soil water
resources. These methods include, for example, treatments aimed at increasing the amount of
water reaching the soil or introducing species that require less water. The amount of water
reaching the soil could be increased by planting trees exhibiting lower interception, limiting
the number of layers of vegetation in the forest ecosystem so that the primary stand is the
main beneficiary of soil water, or by thinning. Thinning results in a reduced number of trees
and canopy density. A significant variability of water supply through precipitation is a
characteristic feature of the area of Poland. It can be divided into the coastland with over 600
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mm of precipitation, central and north-eastern Poland with annual precipitation of less than
600 mm, and highlands and mountainous area with precipitation reaching over 1000 mm. In
areas where precipitation is the lowest, the key problem in forest management will be to adapt
them to the growing issue of the lack of plant available water. The soil water conditions of
forest ecosystems in Poland will increase the risk of droughts. The area where the
precipitation is the lowest is dominated by the poorest soils. Soils with the poorest retention
abilities: Podzols, Dystric Arenosols, or Haplic Arenosols take up the largest surface area of
forests in central and northern Poland.
SUMMARY AND CONCLUSIONS
1. One of the results of the research was the development of a method for calculating
droughts for forest areas that differentiates tree stands in terms of coniferous or
deciduous species, the leaf area index LAI, degree of land cover, tree height, and soil
water retention abilities.
2. Evapotranspiration calculated using the Makkink method yields results similar to
actual values of evapotranspiration of a middle-aged pine stand.
3. The identification of daily droughts by determining the soil water deficit period
facilitates precise determination of drought duration and its spatial reach. The method
for identifying droughts based on daily soil water reserves is capable of pinpointing
the period of drought more precisely than the climatic water balance, SPI, or PDSI,
which are based on longer intervals. It is of vital importance for trees as their growing
season lasts only several months in Poland.
4. The research indicated a high risk of intensification of droughts in Polish forests. A
significant area of Poland was affected by drought in 2015. It resulted in over 100
days of plant water unavailability in a year in pine stands situated on poor sand soils
with low water retention abilities. The climatic water balance indicates water deficit of
over 100 mm a year.
5. The long-term drought resulted in defoliation, which was the most disastrous for
spruce stands as regards coniferous species and in oak stands as far as deciduous
species are concerned.
6. The soil and meteorological conditions in forests in Poland will contribute to the great
harm the climate change will inflict on tree stands. The area most susceptible to the
effects of drought will be central Poland where the precipitation is the lowest and the
soils are the poorest.
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7. Although coniferous species are believed to be the most tolerant to droughts, the cooccurrence of droughts and higher temperatures poses a real risk to tree health, which
can be observed for Norway spruce.
8. According to the studies, thinning results in both increased transpiration in individual
trees and greater actual evapotranspiration of the forest ecosystem. It is generally
believed that a reduction in the number of trees should result in a lower transpiration
and, consequently, reduced evapotranspiration of the forest ecosystem. The
experiments have demonstrated that by lowering the total transpiration surface of
leaves, thinning reduces the density of canopy, thus creating better conditions for
transpiration intensity thanks to increasing the amount of solar radiation reaching
tree crowns and facilitating better transfer of water vapour above the canopy. Actual
evapotranspiration of the ecosystem increases as a result of a greater tree
transpiration, greater transpiration of forest floor and soil evaporation, which is
caused by a greater amount of light reaching through the canopy. The most
important component of water cycle, which contributes to increased soil water after
thinning seems to be the reduced interception and, consequently, greater
throughfall.
REVIEW OF OTHER ACADEMIC
ORGANISATIONAL ACHIEVEMENTS

AND

RESEARCH,

EDUCATIONAL,

AND

Academic and research activity

My research activity focuses on the broad topic of relationships between water and
forest. The abundance of problems related to interactions between these two environments
resulted in numerous academic publications and participation in many research projects. I
have authored 52 research publications in total. Ten of them were published in journals
classified to part A of the list of journals approved by the Ministry of Science and Higher
Education of the Republic of Poland. The papers received a total impact factor of 15.681.
Twenty-seven papers were published in journals in the B part of the list and seven as
conference proceedings. I have authored a monograph, co-authored two monographs, and five
chapters in monographs. My research publications were awarded a total of 449 points by the
Ministry of Science and Higher Education. I have delivered 13 academic speeches and coauthored 15 speeches delivered by other authors. I have furthermore reviewed publications
submitted to the following journals: Leśne Prace Badawcze, Folia Forestalia Polonica, Journal
of Water and Land Development, Fresenius Environmental Bulletin, reviewed scientific
submissions to the Forest Research Institute, and grant applications to the Ministry of Science
and Higher Education. I am a member of the editorial board of a scientific journal Folia
Forestalia Polonica. I am furthermore an auxiliary doctoral advisor for the dissertation of Mr
mgr inż. Radosław Gawryś.
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I have carried out multiple research projects. In total, I have been the senior author or
co-researcher in 46 research projects and twenty expert opinions. I have been the leading
researcher in twenty projects from various sponsors, the General Directorate of the State
Forests, National Fund for Environmental Protection and Water Management, enterprises, and
two own grants of the State Committee for Scientific Research. I have led statutory projects of
the Forest Research Institute as well. I was the Forest Research Institute coordinator for a
project funded by the European Union under the Leonardo da Vinci programme, project
WALTER, SK/05/B/F/PP – 177435 570 973, participated by eleven research institutions from
six EU member states.

There are five distinct areas of my activity that have played a major role in my research:
1. Water cycle in forest ecosystems, in particular in the soil-tree (stand)-atmosphere
system including the effect of the tree stand on individual components of water
balance and the climate change.
2. Hydrology of the Białowieża Primeval Forest
3. Application of hydrogels in forestry
4. Work for large-scale forest monitoring
5. Hydrological conditions and transformations of wetland habitats
Water cycle in forest ecosystems, in particular in the soil-tree (stand)-atmosphere system
including the effect of the tree stand on individual components of water balance and the
climate change.
This subject matter is the foundation of the scientific achievement that is the basis for
the pursuit of the postdoctoral qualifications. Apart from the highlighted publications, the
following materials have been published:
1. Boczoń A., Wróbel M. The influence of drought on the water uptake by Scots pines
(Pinus sylvestris L.) at different positions in the tree stand. Forest Research Papers,
Vol. 76 nr 4, 2015, s. 370-376,
2. Boczoń A., 2004: Water consumption by oaks in a moist forest habitat. Monographs of
the Water Management Committee of the Polish Academy of Sciences.
3. Boczoń A., 2006: Influence of precipitation on water uptake by trees in moist forest
site. in: Assessing of soil and water conditions in forest, str 131-140. Warszawa
I was the leader of several projects that involved this subject matter directly or employed
studies or modelling of water cycle in the soil-tree (stand)-atmosphere system to a significant
degree.
1. 520927: The influence of water conditions on the health condition of oaks Quercus
robur L.. authors: Andrzej Boczoń, Edward Pierzgalski, period: 1999-2001. Founded
by Scientific Research Committee - own grant
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2. 240702: Water flow in the soil - tree - atmosphere continuum in the selected habitat of
the Białowieża Forest. period: 1998-2002, author Andrzej Boczoń, funded by the
Ministry of Science and Higher Education for the statutory activities
3. 242009: Variability of water uptake by Scots pine Pinus Sylvestris L. in various
environmental conditions. period: 2005-2010. authors Andrzej Boczoń, Janusz
Czerepko, Michał Wróbel, Karol Sokołowski funded by the Ministry of Science and
Higher Education for the statutory activities
4. BLP-280: Influence of species composition and methods of forest management on the
balance and quality of water in forest ecosystems. period: 2004-2008; authors:
Andrzej Boczoń, Magdalena Janek, Michał Wróbel , Jan Tyszka. Founded by General
Directorate of State Forests
5. 500404: Determination of retention capacity of tree stands of the main forest-forming
species, implementation period: 2013-2016; team of authors: dr inż. Andrzej Boczoń
(project manager), dr inż. Anna Kowalska, dr inż. Magdalena Janek, dr inż.
Małgorzata Dudzińska, mgr inż. Michał sparrow, dr hab. Eng. Jarosław Kucza, dr
inż. Anna Ilek, prof. dr hab. Eng. Józef Suliński, dr inż. Marek Ksepko.
Founded by: General Directorate of State Forests
In my research, I have implemented unique methods, for example, the Thermal
Dissipation Probe (TDP), a method for measuring the water flow in tree stems used for the
first time in Poland. The measurements involved pines and oaks. It was used to determine the
actual transpiration of trees and to identify their health state. Soil-plant-atmosphere continuum
water cycle models were used, such as the Plant Water (PLAWAT) model, which can
calculate individual components of water cycle in hourly intervals with very high accuracy. I
applied hemispherical photograph analysis to determine features of the canopy.
In grant 520927, I looked into the problem of determining the dynamics of water
consumption by oaks of various health states. The goal of the paper was to determine whether
there was a difference in the dynamics of water consumption in healthy and sick trees. The
identification of disturbances and differences in water consumption between healthy and sick
trees facilitated the determination of the importance of hydrological conditions for the
development of oak dieback. According to the studies, oaks with different amounts of foliage,
which reflects their health, exhibit different sap flow in the stem. The differences in the flow
speed in oak stems with 25%, 50%, and 75% defoliation reached 48%. It has been noticed that
depending on the amount of foliage, part of oak stem section is unable to transfer water,
which affects the amount consumed by the tree. In an oak with water transfer ability lost in a
part of wood, the speed of water was greater than in a healthy oak. The water flow speed in
the oak with the greatest defoliation was lesser than or similar to the speed in a healthy tree.
The employed methods for measuring sap flow parameters that took into consideration
the soil, tree, and atmosphere turned out to be very effective and facilitated the detailed
determination of individual parameters in a 24-hour cycle.
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In 240702, I continued to discuss water cycle in the soil-oak-atmosphere system. In
my research, I investigated the problem of the amount of water consumed by an old, mature
oak in various intervals, season, month, day, and hour in relation to meteorological, soil
water, and vegetation conditions. The study involved field and model research. The
investigated plot was established in a humid forest habitat in the Białowieża National Park.
The amount of water consumed by the oak was determined using a modern method for
measuring the speed of sap flow in the stem based on heat pulse dissipation (Thermal
Dissipation Probe, TDP). The measurement was performed on a common oak (Quercus
robur) aged about 300 years, 37 metres tall and 108 cm DBH. Soil moisture was measured
using Time-Domain Reflectometry (TDR) combined with the determination of soil retention
ability (the pF curve). The model research involved the Plant Water model, a part of the SoilPlant-Atmosphere-Continuum (SPAC) family.
The oak took in various amounts of water over the years of the study. The annual
water consumption reached even 7.6 m3. The daily consumption was significantly variable.
The development of the tree, in particular changes in foliage, strongly affected the amount of
consumed water at the beginning and end of the growing season. In periods before vegetative
buds and after shedding in autumn, the daily amount of water intake was 10 to 20 dm3. The
commencement of leaf growth around 20–30 May resulted in a quick increase in water intake.
During the peak foliage period the limiting factor was meteorological conditions with rainfall
causing the greatest disturbance. At complete foliage, the oak consumed up to 417 dm3 of
water in a day. The greatest hourly consumption, 33.6 dm3, was recorded on 25 July.
The results were used to verify the PLAWAT model as well. Stem sap flow speed
results of the Plant Water model were highly consistent with the results of the measurements
(r = 0.91). The model performed much better for days without precipitation (r = 0.95) than on
days with precipitation (r = 0.85). Simulations demonstrated that the limiting factor for water
intake is the degree of foliage cover expressed as LAI (Leaf Area Index) provided that the
plant available water is unlimited. When plant available water is limited, the intake is
additionally affected by the root system development of the tree (root density).
The development of the research methods and positive results of the model
verification were additional profits from the project. This made it possible to study other tree
species. In project 242009, I investigated water demand of the Scots pine. Its goal was to
determine the amount of water consumed by the Scots pine in the context of meteorological
conditions and soil water availability; to identify possible variability in water intake of
individual trees and the whole stand in changing climate conditions and in different habitats,
and in defoliation; and to identify the possible variability in stand water consumption as a
component of water balance of a river basin.
The investigated area was situated in the Sękocin Forests.The methods included TDP
and TDR. Water flow model study in the soil-tree-atmosphere system was conducted for tree
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stands in the basin of the Święty Jan watercourse in the Augustów Primeval Forest and on
selected BioSoil plots. The research involved the Plant Water model, a part of the Soil-PlantAtmosphere-Continuum (SPAC) family.
The investigated pines consumed various amounts of water depending on their social
position in the stand. The range of the maximum water intake in individual pines was from
1.8 dm3h-1 to 13.8dm3h-1 and from 13.4 dm3d-1 to 129.5 dm3d-1. The maximum water intake
changed over the growing season. The longest period of the maximum consumption was in
June, which was directly related to the time of sunrise and sunset. In May–October, the pines
consumed up to from 0.8 m3 to 7.4 m3 of water. Any reduction of soil moisture restricts pine
water consumption. The water consumption was interrupted by drought in the growing
season. Dominant pines performed much better in periodic droughts than co-dominant pines,
which ended the growing period sooner as a result of a prolonged drought. Pines are capable
of resuming water consumption in favourable meteorological conditions even after the end of
the climatic growing season. The model study in the basin of the Święty Jan watercourse has
shown that the average daily water consumption in individual sections was from 0.35 to 0.67
mmd–1 and the maximum daily consumption was from 1.08 mmd–1 to 1.38 mmd–1. In the
period of 1 April to 30 September, the stands consumed from 65.2 mm to 122.0 mm of water.
The high value of consumption was due to favourable meteorological conditions i.e. low
relative air temperature, high air temperature, and high solar radiation. A 10% admixture of
spruce in the pine stands resulted in an about 14% increase of water demand and the same
admixture of common birch rose the demand only slightly. Tree stands dominated by the pine
exhibited the highest water consumption in age classes III and IV; the value was gradually
declining in older stands.
The model studies on selected BioSoil plots demonstrated the lowest consumption in
the single-storied fresh coniferous forest aged 47, while the highest consumption was
calculated in a multi-storied stand containing pines and beeches in the first storey, beeches
and hornbeams in the second storey, and beeches and hornbeams in the undergrowth; the age
of the dominant species was 81. The water consumption increased together with increasing
fertility of habitats and increasing complexity of stand structure.
Project BLP-280 was another expansion of the scope of studies on the cycle of water
in forest ecosystems. Its goal was to investigate and identify the effect of the species
composition of a tree stand and how it is managed on the water cycle and chemical
composition in the forest ecosystem. Apart from leading the project, I was responsible for the
following problems: water properties of forest soils, water consumption by individual trees,
the LAI as the determinant of the evaporation volume in forest areas, the interception in tree
stands and throughfall, and model studies on stand water cycle. Laboratory work yielded pF
curves for loose sands, low loam sands, light loamy sands, light loams, sandy-silt loams, and
medium silty loams. I used the data to determine soil moisture limits when plant water
consumption is limited or halted. The studies on Brunic Arenosol and Cambisol have
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demonstrated that precipitation during the growing period results in changes in soil moisture
down to 1 m in sandy soils (Brunic Arenosol) and about 0.5 m in Cambisol. I determined tree
stand interception to depend on multiple factors. The values of interception by individual
species were: Scots pine from 14 to 38% of precipitation, Norway spruce from 14 to 45%,
silver fir from 21 to 45%, larch from 26 to 36%, Douglas fir from 15 to 54%, oaks from 10 to
34%, and European beech from 5 to 48%. I determined that the canopy was the greatest
barrier for the precipitation on its way to the ground in a stand. I developed an equation
describing the relationship between the value of interception and the leaf area index and the
volume of open field precipitation. The LAI analysis demonstrated that the variability in
foliage in single-species stands can be related to the percentage cover of the tree layer or with
canopy closure. The value of the leaf area index increases with growing complexity of stand
structure. A large cover of young trees and undergrowth in multi-storied stands significantly
increases the leaf area index. In tree water consumption studies, I demonstrated that the
factors that disturb the process of consumption are most effective when they occur during the
greatest consumption, i.e. around noon. As opposed to deciduous species, conifers are capable
of resuming consumption in favourable meteorological conditions and if water is highly
available in the soil in autumn. Coniferous stands consume less water than deciduous stands.
Single-storied stands consume less water than multi-storied stands. The structure of the stand
and the cover of individual layers play the key role in determining the amount of water
consumed by the stand. Tree stands in highland and mountainous habitats consume more
water than stands in lowlands.
Project 500404 can be considered a kind of culmination of my research on water
cycle in forest ecosystems. The research work yielded basic principles for modelling forest
soil water resources. I have created an algorithm for calculating soil water reserves. The
results it yields have been verified. Features of tree stands with different dominant species and
their shares were listed: the leaf area index (based on aerial laser scanning , ALS), ground
cover, and retention properties of forest soils (permanent wilting point, maximum allowable
depletion, field capacity) by assigning three subtypes of soil with the largest surface areas to
each forest habitat type; tree stand heights were assigned depending on stand production
capacity. The modelling involved almost 1300 identified specific stands. This facilitated the
determination of the amount of soil water in forest areas in individual regional State Forest
Service directorates and in the whole country.
The model studies on components of water cycle in forest ecosystems I conducted
personally yielded conclusions regarding the value of interception by tree stands of different
ages, species, forest habitat types, and soils. Interception was significantly higher in
deciduous forest habitats than in coniferous forests. The greatest value of interception was
found in lime stands and beech forests. I furthermore proposed conclusions regarding
evaporation. Both reference evapotranspiration (ETo) and actual evapotranspiration (AET)
exhibited a significant relationship with the type of forest habitat and age class in pine stands.
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A significant interaction was identified for both the parameters between the type of forest
habitat and the age of the tree stand. I also summarised the retention abilities of forest
ecosystems. Retention increased with ascending habitat fertility. In pine stands, retention
depended on the subtype of soil. Pine ecosystems on the poorest soils, which are light and
typical of coniferous habitats, exhibited worse retention abilities compared to heavier, more
fertile soils typical of more fertile deciduous forest habitats. The value of retention in oak
stands was affected primarily by the type of forest habitat and age class. A comparison of
deciduous stands made up of different species demonstrated that the highest value of retention
can be found in alder stands, then it was around average in lime stands, beech stands, and oak
stands, and reached relatively low values in birch and acacia stands.
An estimation of the value of retention for forest ecosystems managed by the State Forest
Service facilitated an estimation of the retentive abilities of forest ecosystems in individual
regional State Forest Service directorates and in the whole country. I calculated the retentive
ability of soil down to 1 m to be over 8.5 billion m3 of water. The largest amount of water can
be retained in the Regional State Forest Service Directorate Szczecin, 745 million m3, and the
smallest, in the Regional State Forest Service Directorate Warsaw, 197 million m3. The
standing crop contains over 731 million m3 of water. According to the estimation of water
volume that may be retained by ecosystems in a year in good plant water availability
conditions, the volume of water retained by all forest ecosystems managed by the State Forest
Service may reach about 50 billion m3 a year.
Hydrology of the Białowieża Primeval Forest
The issues of hydrological conditions in the Białowieża Primeval Forest are a special
area of my research as I have been investigated them since the beginning of my scientific
career, first under project:
20.71.01: Hydrology of the Białowieża Primeval Forest. period 1996-2000. authors.: E.
Pierzgalski, J. Tyszka, A. Kawecka, A. Boczoń, M. Fortuński, T. Krajewski, T. Wawrzoniak, B.
Wiślińska, A. Stolarek. funded by the Ministry of Science and Higher Education for the
statutory activities
The project, which continues the systematic hydrological studies in the Białowieża Primeval
Forest commenced in 1984 was a comprehensive monitoring of surface water, groundwater,
and meteorological conditions in the forest. After its completion, the project was continued in:
20-U-11: Improving water conditions and increasing biological diversity in the ecosystems of
the Białowieża Forest by slowing down the outflow in river basins. period: 2003 - 2006.
authors: Edward Pierzgalski, Andrzej Boczoń, Michał Wróbel, Foubded by Department of
Forestry, Ministry of the Environment, National Fund for Environmental Protection and
Water Management
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This project was a continuation of the hydrological studies but involved also: a survey of
water devices in the forest, an assessment of the effect of barrages on the hydrological
conditions and the condition of vegetation in vicinity, an analysis of trends and causes of
changes in surface water and groundwater resources, a development of a concept to improve
hydrological conditions in the Białowieża Primeval Forest taking into account various forest
habitats.
In both of these projects, I measured hydrological values, analysed flows in watercourses, and
analysed the state of groundwater and meteorological conditions. I surveyed hydrological
infrastructure and conducted research on barrages constructed by the Polish Society for Bird
Protection.
The identified changes in hydrological conditions treated as a part of habitat conditions were
used in investigations of issues focused more on transformations in forest ecosystems related
to water:
3P06L00323: Determination of phytocenotic changes occurring in overdried hydrogenic
habitats of the Białowieża Primeval Forest and methods of their prevention. Period: 20022005,, authors: Edward Pierzgalski, Aleksander W. Sokołowski, Janusz Czerepko,. Andrzej
Boczoń. Founded by: Scientific Research Committee - own grant
BLP-370: Long-term changes in the floristic composition of natural forest communities in the
Białowieża Primeval Forest. period: 2011-2015; authors: Radosław Gawryś, Janusz
Czerepko, Karol Sokołowski, Adam Cieśla, Rafał Paluch, Andrzej Boczoń, Michał Wróbel
The goal of the grant of the State Committee for Scientific Research was to identify
the causes, direction, and nature of changes in wetland habitats in the Białowieża Primeval
Forest and to devise activities to ensure their stability. The detailed goals of the project were:
- to determine and analyse trends for shaping of climate and hydrological conditions in the
Białowieża Primeval Forest;
- to identify the scope, dynamics, and causes of changes in location of groundwater in
excessively drained habitats in the Białowieża Primeval Forest;
- to identify the causes, direction, and nature of changes in plant communities;
- to devise methods for preventing drainage of the investigated habitats.
In this project, I was responsible for the identification, direction, and scope of changes in
climate and hydrological conditions in the Białowieża Primeval Forest. Regular monitoring of
climate conditions and groundwater level in the Białowieża Primeval Forest indicated
significant changes at that time, in particular: three distinct periods in terms of precipitation
volumes can be identified after 1950. The average precipitation until 1966 was 573 mm. Dry
an average-precipitation summers dominated. The period of 1967–1982 was dominated by
wet and very wet summers with the average precipitation of 720 mm. In 1983–2003, the
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precipitation was smaller once more with the average value reaching 602 mm; dry and
average summers dominated again. Almost 4 dry spells a year and 2.5 in the growing period
were identified in Białowieża on average. Recent years have seen clearly less days with
precipitation exceeding 20 mm. Average annual air temperatures and average temperatures in
the six months of winter and six months of summer exhibit a positive trend. In recent years,
there have been less days with the average temperature below –5.1°C, while the number of
days with the average temperature exceeding +15.1°C has been increasing. The length of the
meteorological growing season is very stable and amounts to 178 days. It was observed to
begin and end earlier. Changes in climate conditions have reduced the groundwater table in
wetland habitats by 23 cm on average since 1985. Apart from studying hydrological
conditions, I was an active participant of an important part of the project, which consisted in
identifying and permanently marking in the field phytosociological plots established by Prof.
Aleksander Sokołowski since the 1960s in wetland habitats. A total of 107 such plots have
been restored. Retrospective phytosociological studies in the areas indicated, among other
things, that succession changes in wetland and riparian habitat communities occurred in all
types of wetlands with various intensities; the habitats have been drained for the last thirty to
forty years; the greatest changes in ground flora compositions were in boreal spruce forest and
the smallest, in ash and alder riparian forests and in marshland pine forests.
My tasks in all of the above-mentioned projects included such matters as analysis of
groundwater mainly in protected areas of the Białowieża Primeval Forest. I investigated them
in timberland as part of works for the Voivodeship Board of Amelioration and Water
Structures in Białystok. The goal was to monitor the level of groundwater in forest areas near
the Siemianówka Reservoir. At first, I worked with Tadeusz Krajewski, a long-term employee
of the Forest Research Institute, who had been involved in the concept of the Siemianówka
Reservoir since its very beginning. After a few years, I handled the requested tasks myself.
Expert opinions
1. Boczoń A., 2002: Results of measurements and hydrological-forestry research in the
area of the "Siemianówka" water reservoir. Report for 2001. Provincial Board of
Land Reclamation and Water Facilities in Bialystok..
2. Boczoń A., 2003: Results of measurements and hydrological-forestry research in the
area of the "Siemianówka" water reservoir. Report for 2002. Provincial Board of
Land Reclamation and Water Facilities in Bialystok..
3. Boczoń A., 2004: Results of measurements and hydrological-forestry research in the
area of the "Siemianówka" water reservoir. Report for 2003. Provincial Board of
Land Reclamation and Water Facilities in Bialystok..
4. Boczoń A., 2005: Results of measurements and hydrological-forestry research in the
area of the "Siemianówka" water reservoir. Report for 2004. Provincial Board of
Land Reclamation and Water Facilities in Bialystok..
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5. Boczoń A., 2006: Interpretation of groundwater dynamics in forest areas of the
Białowieża Primeval Forest near the Siemianówka water reservoir. Report for 2005.
Provincial Board of Melioration and Water Facilities in Bialystok.
6. Boczoń A., 2006: Interpretation of groundwater dynamics in forest areas of the
Białowieża Primeval Forest in the area of the Siemianówka water reservoir in the
years 1995-2005. Provincial Board of Melioration and Water Facilities in Bialystok.
7. Krajewski T., Boczoń A., 1999: Results of measurements and hydrological-forestry
research in the area of the "Siemianówka" water reservoir. Report for 1998.
Provincial Board of Land Reclamation and Water Facilities in Bialystok.
8. Krajewski T., Boczoń A., 2000: Results of measurements and hydrological-forestry
research in the area of the "Siemianówka" water reservoir. Report for 1999.
Provincial Board of Land Reclamation and Water Facilities in Bialystok.
9. Krajewski T., Boczoń A., 2001: Results of measurements and hydrological-forestry
research in the area of the "Siemianówka" water reservoir. Report for 2000.
Provincial Board of Land Reclamation and Water Facilities in Bialystok.
Conducted systematic and comprehensive research in the Bialowieza Forest also resulted in
my participation in the development of the Bialowieza National Park Protection Plans in the
part concerning the protection of waters and water resources, which were carried out in 2001
and 2010:
1. Pierzgalski E., Tyszka J. ,, Boczoń A., Krajewski T., Wiślińska B., Stolarek A. Water
resources of the Białowieża National Park (Prepared for the National Park
Bialowieza Protection Plan), 2001, Founded by: Białowieża National Park from the
resources of the National Fund for Environmental Protection and Water Management
2. Pierzgalski E., Tyszka J. ,, Boczoń A., Janek M., Wrobel M., Stolarek A., Pachuta K.,
Oglęcki P., Frąk M., Sikorski P., Komecka L., Czachorowski St., Pietrzak L., Ksepko
M. Water management and protection of water ecosystems (to the protection plan of
the Białowieża National Park). period 2009-2010. Founded by Białowieża National
Park from the National Fund for Environmental Protection and Water Management
Results of the studies on hydrological conditions in the Białowieża Primeval Forest were
included in 8 academic publications.
1. Boczoń A., 2002: Groundwater in the Białowieża Primeval Forest in the dry year
2000., Sylwan, 7, s. 93-105.
2. Boczoń A., 2006: Characteristics of thermal-pluvial conditions in the Białowieża
Forest in the years 1950-2003, Forest Research Papers, 1, 57-72
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3. Boczoń A., 2008: Groundwater table in the northern part of the Białowieża Primeval
Forest in the period after filling the "Siemianówka" reservoir, 2008, Forest Research
Papers, Vol. 69 (4): 355-363
4. Czerepko J., Boczoń A., Pierzgalski E., Sokołowski W.A., Wróbel M. 2007: Habitat
diversity and spontaneous succession of forest wetlands in the Białowieża primeval
forest. W Wetlands: Monitoring, Modelling and Management – Okruszko et al. (eds)
Taylor & Francis Group, London
5. Pierzgalski E., Boczoń A., Tyszka J., 2002: Variability of precipitation and location of
groundwater in the Białowieża National Park. Cosmos. Problems of Biological
Sciences,4, s. 415-425.
6. Pierzgalski E., Tyszka J., Boczoń A., 2002: Diversification of outflow in small river
basins in the Białowieża Forest region, Works of the Institute of Geography of the
Świętokrzyska Academy in Kielce,7, s. 133-146.
7. Wróbel M., Boczoń A., Gawryś R., Kowalska A., Krysztofiak-Kaniewska A. 2016.: The
Effect of Beaver Activity on Artificial Impoundment on the Braszcza River in the
Białowieża Primeval Forest. Baltic Forestry. Vol. 22, No. 2 (42), 46-50
8. Wróbel M., Boczoń A. 2006: Changes of parameters of hydrography network in
Bialowieza Forest between 1959 and 2005”. Reports from 9th Lithuanian Conference
of Junior Researchers, March 30, 2006 „Science – Future of Lithuania” –
„Environmental protection engineering”. VGTU Leidykla Technika 1309, p.425-429
Application of hydrogels in forestry
For a few years, I investigated the problems related to the effects of application of
hydrogels on the physical and chemical properties of soil and on afforestation and
reforestation. Many companies started launching compounds that were capable of retaining
water in the 20th century. The compounds are synthetic organic polymers referred to as soil
conditioners. These substances retain water and improve soil’s ability to store water and
fertiliser compounds. They additionally prevent hardening of soil surface and improve its
infiltration abilities. These properties of hydrogels are used to enhance water management in
sandy soil by extending the drying period after precipitation. Thanks to the positive effect on
soil conditions, these compounds may be widely applied in forestry because forests in Poland
grow mainly in poor, sandy soils with low retention ability. I have conducted the research in
this regards under an own grant of the State Committee for Scientific Research:
N30901731/2389: Effects and possibilities of using hydrogels in areas difficult to
afforestation. Implementation period: 2006-2009. Authors: A. Boczoń., M. Wróbel, W. Ptach.
Founded by Scientific Research Committee - own grant
The goal of the project was to identify the possibility to use hydrogels in areas difficult
to start a forest, in particular, to identify the influence of hydrogels on the afforestation
success, the growth of seedlings, the occurrence of mycorrhizae, soil moisture, soil retention
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properties, and water consumption by seedlings. The chemical composition of eluates from
soils with hydrogel and without hydrogel were studied as well.
The study involved field, laboratory and greenhouse experiments. Four field
experiments in areas generally considered difficult to start a forest on were started, two in the
Bełchatów Forest District: one on former agricultural land and one on a mine overburden
dump and two in the Chocianów Forest District: on a former firing ground and on murshic
peat soil. Every experiment involved afforestation of five fields with Scots pine and different
application of a hydrogel: control with no hydrogel, hydrogel applied through root coating,
hydrogel as seedling bedding, hydrogel and fertilisers as bedding, and hydrogel mixed with
the top layer of soil. The fields were afforested in 2007. The height of the seedlings was
measured immediately after planting. The height of the seedlings was measured and the count
of seedlings in individual fields was determined after each growing season, i.e. in autumn
2007, 2008, and 2009. During the measurement, samples of seedlings were collected to
identify any mycorrhiza.
The changes in retention abilities of the soils with hydrogel were investigated on
samples of soils from the field experiments on the former agricultural land, murshic peat, and
the former firing range. After three different doses of a hydrogel were introduced to each soil
under laboratory conditions so that its content reached 0.5%, 1%, and 2%, pF curves were
plotted. The results were compared to properties of soils without any hydrogel. The influence
of the hydrogel on water consumption by seedlings and changes in soil moisture were
determined in pot experiments for soils from the field experiments on the former agricultural
land, murshic peat, and the former firing range. A control pot and pots with various hydrogel
contents were prepared. Changes in soil moisture were measured using TDR and the amount
of water flowing in the plants, with a Flow4 Sap Flow Data Logger System.
The studies demonstrated that the addition of a hydrogel into soil increases its ability
to retain water and slows down drying of the top layer. The retention of water in top layers of
soil mixed with hydrogel limits its flow to lower layers until free moisture occurs in the top
layer. For the most part, the largest number of seedlings died in the first growing season. It is
difficult to pinpoint the best method of application of the hydrogel. In the experiments, the
best growth of seedlings and planting success was noted in different variants of application
for each surface and set of conditions. In the former agricultural area, the best results were
achieved for a bedding of hydrogel and fertiliser mix because of low nutrient content in the
soil. In the case of the mine dump, the root coating was the most effective way. As regards the
former firing range, the best method turned out to be to mix the hydrogel with the top layer of
the soil. In this case it was not only the water retention ability of the hydrogel but also its
tendency to improve soil structure because the soil in this location was very dense. Hydrogels
have to be applied carefully as excessive doses may lead to a significant dieback and limit the
growth of live seedlings. This happened in the former firing range in the variant with pure
hydrogel bedding and hydrogel + fertiliser bedding at doses twice as large as those used in the
other areas were applied there. Results of measurements of seedling water consumption have
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shown that the presence of a hydrogel in the soil increases the amount of water consumed by
pine seedlings. Furthermore, as the content of hydrogel increases, the amount of water
consumed by seedlings grows as well. No limitations of tree consumption were identified
even in the case of a very large increase in soil moisture from a large amount of water
retained by the hydrogel. The use of hydrogel did not restrict mycorrhizae in the initial period
of growth. To the contrary, compared to the control, an improved mycorrhiza was noted in
plants with the hydrogel. Water eluate from the soil with hydrogel exhibited a several times
greater electrolytic conductivity and higher pH. During heavy precipitation, hydrogels may be
leached from the soil thus increasing the concentration of potassium ions, aluminium ions,
and sulphate ions in soil layers below the depth of application of the conditioner. All the
investigated soils exhibited an increase in water retention ability when mixed with a hydrogel.
After the soils reached the field capacity, soils without hydrogel exhibited greater drying
dynamics. In the murshic peat soil, both the usable and potential retention increased, reaching
the greatest value at 1% hydrogel content by mass. In the sandy soil from the firing range, the
soil water retention curves changed after a hydrogel was added and formed curves typical of
peat soils. The largest values of ERU and PRU for sandy soils from the firing range and
former agricultural land were noted for soils without any hydrogel admixture.
The research experience from the own grant resulted in Chemtura Corporation sponsoring a
study on its new hydrogel product, ZEBA SP. Its characteristic feature is that it is
manufactured from maize.
670112: Effects of using ZEBA SP absorbent on the efficiency and growth of common pine
seedlings and on the physical properties of sandy forest soils . period: 2011-2012; authors:
Andrzej Boczoń, Michał Wróbel, Founded by: Chemtura Corporation, ref. Poland
The goal of the project was to identify the influence of using the ZEBA SP absorbent
on the success and growth of Scots pine seedlings and on the physical and hydrological
properties of sandy forest soils. The scope of works includes field and laboratory studies:
1. The field experiment involved:
- planting Scots pine seedlings using two variants of absorbent application and on a control
plot;
- determination of the success of the planting in relation to the control plot;
- demonstration of the influence of the application of the absorbent on the vertical growth of
Scots pines and their biomass after the first growing season.
2. The laboratory research work involved:
- determination of the influence of the absorbent on water retention abilities by experimental
determination of the soil water retention curves;
- measurements and analysis of changes in moisture in the upper layers of sandy soils after the
application of the absorber.
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The laboratory research based on pot experiments and soil moisture measurements using TDR
facilitated the determination of:
- the increase in soil moisture;
- the duration of plant water availability;
- an analysis of the chemical composition of soil and absorbent mix eluate.
The application of the ZEBA SP hydroabsorbent affected the success rate of
reforestation on poor sandy soils. Plants whose roots were submerged in a water solution of
the preparation, so-called root coating, immediately before planting exhibited a significantly
greater survival rate after the initial growing season. The number of surviving seedlings was
8% greater than on the control plot and 12% greater than when the absorbent was used as
bedding.
The application of ZEBA SP through submersion of roots in a water solution of the
product immediately before planting resulted in a better growth of the seedlings. In the group
where this application method was used, the seedlings were on average about 15% taller than
on the control plot and in the bedding group. The differences in the average height of the
seedlings were statistically significant.
The application of 0.5% of absorbent increased the effective and potential useful
retention of soils by 17%. A 0.5% content of ZEBA SP extends the soil drying period from
the maximum to the minimum moisture content from 9 to 14 days compared to a soil without
the absorbent. The pace of soil drying was reduced after the application of the absorbent by
20% to 70%, in particular, in the first days after water is supplied to the soil.
The application of the hydroabsorbent increases the content of nitrogen, sulphate, and
phosphate anions and the potassium cation in soil eluate. It blocks elution of calcium and
magnesium cations.
The studies were published in five research publications:
1. Boczoń A., Wróbel M., Ptach W., 2009 Effects of hydrogel application on growth of
seedlings on unproductive forest areas. 2009, Ekologija. Lietuvos Mokslu Akademija
Vol. 55 nr 1, s. 9-19. – 2 pkt
2. Boczoń A., Wróbel M., 2010: Change in soil retention properties after applying a
hydrogel. Problematic Journals of Agricultural Sciences, Book 548 Part I, 25-32 – 6
pkt.
3. Boczoń A., Wróbel M., 2012: Impact of the use of ZEBA SP hydrogel on the condition
of sandy soil moisture. Infrastructure And Ecology Of Rural Areas 3/III, 155-166 –
5pkt.
4. Ptach W., Boczoń A., Wróbel M., 2009: The use of hydrogel in afforestation of
postindustrial areas Journal of Water and Land Development No. 13b, 125–135 – 4
pkt.
5. Boczoń A., Wróbel M., Ptach W., 2009: Growth of seedlings and suitability of
common pine cultivation on the former agricultural land after applying the hydrogel.
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Monographs of the Committee of Environmental Engineering of the Polish Academy
of Sciences vol 56. s. 61-68
Work for large-scale forest monitoring
Tasks on various levels of the large-scale forest monitoring are an important part of
my research effort. My primary role in these projects is to carry out field work but I am also
the leader of studies and research papers. The field work is carried out on permanent plots of
large-scale forest condition survey (LSFCS). It involves a square mesh of various sizes
depending on the specific research programme. Under the European project:
534014: BioSoil Forest Biodiversity. Period: 2006–2008; authors: Janusz Czerepko, Andrzej
Boczoń, Adam Cieśla, Anna Forycka, Marek Ksepko, Artur Obidziński, Rafał Paluch, Andrzej
Rodziewicz, Wojciech Różański, Karol Sokołowski, Wojciech Szwed, Michał Wróbel. Founded
by European Union
I participated in field work focusing on the assessment of the biodiversity in Polish forests and
the compilation of a monograph:
Czerepko J.(red), Boczoń A., Cieśla A, Forycka A., Ksepko M., Obidziński A., Paluch R.,
Rodziewicz A., Różański W., Sokołowski K., Szwed W., Wróbel M. 2008: The condition of
forest biological diversity in Poland on the basis of monitoring observation plots. IBL,
Sękocin Stary.
In the project: BLP-371: Scientific cover for the implementation of the second cycle of the
Large-Scale Wood Stock Inventory (WISL 2010-2014). period: 2011-2015; authors: Marek
Jabłoński (main author), Sławomir Ambroży, Jan Banaś, Andrzej Boczoń, Kazimierz
Borowski, Jan Broda, Piotr Budniak, Leszek Bujoczek, Joanna Cichowska, Adam Cieśla,
Michał Dzwonkowski, Ewa Fronczak, Leszek Gawron, Jan Głaz, Ryszard Gniady, Piotr
Gołojuch, Marcin Jabłoński, Tomasz Jabłoński, Marcin Jachym, Roman Jaszczak, Aleksandra
Kloczkowska, Damian Korzybski, Adam Kudlewski, Paweł Lech, Jan Lech, Michał Łakomiec,
Marcin Mionskowski, Stanisław Miścicki, Bożydar Neroj, Rafał Paluch, Jacek Przypaśniak ,
Grzegorz Rączka, Zdzisław Rzecznik, Adam Sikora, Maciej Stopyra, Krzysztof Sućko, Damian
Sugiero, Michał Wróbel, Grzegorz Zajączkowski, Jacek Zajączkowski, Stanisław
Zajączkowski, Stanisław Zięba, and Robert Zygmunt.
My role in the project was to monitor the studies and measurements on the WISL plots.
In recent years, however, I have been more involved in work focusing on research on
forest monitoring plots under the European programme ICP-Forests: This programme
provides forest environment data for the purpose of shaping the policy as regards international
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conventions adopted in the European Union: the United Nations Framework Convention on
Climate Change (UN FCCC), the Convention on Long-Range Transboundary Air Pollution
(CLRTAP), and the Convention on Biological Diversity (CBD) and action programmes: the
6th Environment Action Programme (6th EAP), the Thematic Strategy on Air Pollution
(TSAP), and the Forest Action Plan (FAP). I conduct field research on the condition of forests
on level I plots. I investigate droughts in forest areas for the purpose of annual reports on the
condition of forests in Poland. Some of the publications are included in the scientific
achievement that is the basis for the pursuit of the postdoctoral qualifications. I have been
investigating water cycle in forest ecosystems on intensive monitoring plots (permanent
observation plots for intensive monitoring, POP IM) since 2011. Under a short, 13-month
project:
240105: Studies on the variability of soil water conditions and tree increments on the areas of
intensive forest monitoring. period: 2011-2012; authors: Andrzej Boczoń, Małgorzata
Dudzińska, Anna Kowalska, Michał Wróbel.
Founded by Ministry of Science and Higher Education - statutory activity
I have established a system for monitoring water cycle components in forest ecosystem on
SPO MI. SPO MI have research equipment installed that was acquired under action D3 Water
budget under project FutMon Forest Monitoring for the future funded under the LIFE+
programme. The measurements on the plots are carried out as required by ICP-Forests in
The identification of water cycle in the plots was the basis for project
BLP-385: Research on the availability of water in forest soils and its impact on the growth of
tree species on the surface SPO III. period: 2012-2015; authors: Andrzej Boczoń, Małgorzata
Dudzińska, Anna Kowalska, Magdalena Janek, Michał Wróbel.
Founded by General Directorate of State Forests
The primary goal of the works was to identify the influence of meteorological factors
and availability of soil water on the changes in stem thickness in pines, spruces, oaks, and
beeches. The research has demonstrated that the best growth conditions as regards the
availability of soil water in the growing season occur in summers with cold early springs,
which results in late thawing and heavy precipitation in the spring and summer. Water deficit
affected tree growth the most in 2015 when the growth rate was the slowest. Apart from
reduced seasonal growth, the clearest reaction of trees to drought stress in 2015 was noted in
oaks. Circumferences of their stems were reduced in the period of soil water deficit, which
may result in a significant deterioration of the condition of oaks in the plot over the next
years.
The studies on the POP IM yielded important publications I co-authored:
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1. Kowalska A., Astel A., Boczoń A., Polkowska Ż. 2016: Atmospheric deposition in
coniferous and deciduous tree stands in Poland. Atmospheric Environment 133 () 145
- 155 http://dx.doi.org/10.1016/j.atmosenv.2016.03.033 - 35 pkt. IF=3,629
2. Kowalska A., Boczoń A., Hildebrand R., Polkowska Ż. 2016: Spatial variability of
throughfall in a stand of Scots pine (Pinus sylvestris L.) with deciduous admixture as
influenced by canopy cover and stem distance. Journal of Hydrology.
doi:10.1016/j.jhydrol.2016.04.023 – 45 pkt, IF=3,483
Hydrological conditions and transformations of wetland habitats
The research commenced in the Białowieża Primeval Forest under the abovementioned own grant of the State Committee for Scientific Research was continued in
consecutive projects
BLP-299. Development of methods for the management and protection of forest hydrogenic
habitats in the context of succession changes. period 2006-2009. authors: Janusz Czerepko,
Andrzej Boczoń, Karol Sokołowski, and Michał Wróbel. Founded by General Directorate of
State Forests
662037: The influence of beaver ponds and reservoirs of small retention on the stand and
water resources in the river valley. period: 2008; authors: Andrzej Boczoń, Michał Wróbel,
Valentyn Syniaiev - intern from the Ukrainian Research Institute of Forestry and Land
Reclamation in Kharkiv (Ukraine). Founded by Minister of the Environment from the funds of
the National Fund for Environmental Protection and Water Management
662048: Assessment of changes in biodiversity in the ash alder habitat from the point of view
of its restitution and protection in the forests of north-eastern Poland. period: 2009, authors:
Janusz Czerepko, Karol Sokołowski, Dmitry Kułagin - scholarship holder from the Forest
Research Institute in Gomel (Belarus), Michał Wróbel, Andrzej Boczoń, Founded by National
Fund for Environmental Protection and Water Management
The problems tackled in the studies included changes in and management proposals aimed at
protecting them and ensuring sustainable management. The impact of beaver activity on
changes in habitats and tree stands near watercourses was investigated as well.
The studies of forest wetland habitats have demonstrated changes both in the species
composition and the vertical structure of plant communities of forest wetland systems over
several dozen years. The strong growth of the second storey of the stand, undergrowth, and
herbs and simultaneous decrease in moss cover were of particular importance. Vegetation
studies indicate habitat drainage. Studies on the Eurasian beaver focused on its impact on
groundwater table near reservoirs and on tree stands. A further development of the existing
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structures increasing water level by beavers may lead to uncontrolled flooding of large areas.
In areas permeated because of beaver activity, the tree growth is abruptly reduced. Many trees
die as soon as two years after flooding. Almost 80% of trees in areas staying under water for a
long time died. The only survivors grew on the border of the reservoir.
The research yielded nine research publications:

1. Czerepko J., Boczoń A., Wróbel M., Gawrys R., Sokołowski K., 2018: Removal of
birch as a means of protecting raised bog mossy vegetation Ledo-Sphagnetum
magellanici. Wetlands Ecology and Management https://doi.org/10.1007/s11273018-9601-3,
2. Czerepko J., Wróbel M., Boczoń A., Sokołowski K. J. The response of ash-alder
swamp forest to increasing stream water level caused by damming by the European
beaver (Castor fiber L.) Journal of Water and Land Development, nr 13 a, 2009, s.
249-262,
3. Czerepko J., Wróbel M., Boczoń A., 2006: An attempt to determine the reaction of the
ash alder habitat to raising the water level in the watercourse. Forest Research
Papers, 4: 7-16.
4. Grajewski S., Okoński B., Boczoń A. 2009: Variability of groundwater table,
atmospheric precipitation and temperature in swamp habitats of the Zielonka Forest
Landscape Park, Journal of Water and Land Development nr 13a, s. 85-101
5. Czerepko J., Boczoń A., Sokołowski W. A., 2005: Threats of natural forest wetlands in
changing environment. W “Protection of soil and water resources in forestry areas”,
str. 7-16, Warszawa – 6 pkt
6. Czerepko J., Boczoń A., Nikitin A., 2005: Threats of alder swamp forests in a
changing environment. W “Anthropogenic influence on wetlands biodiversity and
sustainable management of wetlands”, str. 21-33, Warszawa
7. Boczoń A., Wróbel M., Syniaiev V., 2009: The impact of beaver ponds on tree stand in
a river valley, Journal of Water and Land Development nr 13a, s. 313-327
8. Boczoń A., Wróbel M., Syniaiev V., 2009: The influence of beaver ponds on the
catchment water resources on the example of research in the Browsk Forest District,
Forest Research Papers Vol. 70 (4): 363–371,
9. Wróbel M., Boczoń A., Gawryś R., Kowalska A., Krysztofiak-Kaniewska A. 2016.: The
Effect of Beaver Activity on Artificial Impoundment on the Braszcza River in the
Białowieża Primeval Forest. Baltic Forestry. Vol. 22, No. 2 (42), 46-50
The experience and knowledge on the relationships between vegetation and changes in
conditions on watercourse banks resulted in joint activities with other research institutes and
two publications:
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1. Brandyk A,, G. Majewski G. , A. Kiczko A., A. Boczoń A., M. Wróbel M. PorrettaTomaszewska P.: Ground Water Modelling for the Restoration of Carex Communities
on a Sandy River Terrace, Sustainability2016,8, 1324; doi:10.3390/su8121324, 20 pkt
IF- 1,789,
2. Brandyk A,, Majewski G. , Kiczko A., Boczoń A., Wróbel M. Porretta-Tomaszewska
P.: Ground water levels of a developing wetland implication for water management
goals. Environmental Engineering V. Edited by Małgorzata Pawłowska & Lucjan
Pawłowski Taylor & Francis Group, 6000 Broken Sound Parkway NW, Suite 300,
Boca Raton, FL 33487-2742 CRC Press 2016, Pages 25–32, Print ISBN: 978-1-13803163-0, eBook ISBN: 978-1-315-28196-4
DOI: 10.1201/9781315281971-5, 15 pkt.
Other research activities I participated in involved mainly topics related to hydrological
conditions in the forestry practice, in particular those related to:
a) irrigation of nurseries:
Project: Amendment of the guidelines for irrigation in forest nurseries from 1991, with
particular emphasis on new sprinkler systems and sprinkler irrigation control. Period : 2001,
authors: E. Pierzgalski, J. Tyszka, A. Boczoń, T. Wawrzoniak, B. Wiślińska, J. Jeznach, S.
Żakowicz. Founded by General Directorate of State Forests
Finished with the publication of new guidelines for use on forest nurseries:
Pierzgalski E., Tyszka J., Boczoń A., Wiśniewski S., Jeznach J., Żakowicz S., 2002: Guidelines
for irrigation of forest nurseries on open areas. Information Center of State Forests, Warsaw.
And article: Pierzgalski E., Jeznach J., Boczoń A., 2003: Operational tests of irrigation
equipment in forest nurseries. In "Shaping and protection of the forest environment".
Publisher of the University of Agriculture in Poznań, s. 210-216.
b) water retention in forests
projects:
BLP-239: Reconstruction of water resources in overly dehydrated habitats and adaptation of
water melioration facilities to perform retention functions. period: 2003, Authors: Edward
Pierzgalski, Andrzej Boczoń, Jan Tyszka, Janusz Czerepko, Tomasz Gnatowski, Ryszard
Oleszczuk, Wiesław Ptach, Katarzyna Winiczenko, Marcin Fortuński, Michał Wróbel, Andrzej
Stolarek, Founded by General Directorate of State Forests
BLP-310. Determining the needs, possibilities and ways to increase water retention in forest
habitats. period: 2006-2009. authors: Edward Pierzgalski, Jan Tyszka, Andrzej Boczoń,
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Magdalena Janek, Michał Wróbel, Andrzej Stolarek, Janusz Czerepko, Karol Sokołowski,
Lucyna Błędowska, Andrzej Ryś, Tomasz Gnatowski, Jan Szatyłowicz, Katarzyna HaponiukWiniczenko, Rafał Wojtkowski. Founded by General Directorate of State Forests
20-U-31: Needs, directions and methods of water retention in the area managed by the State
Forest Holding. Period 2007; authors: Edward Pierzgalski, Andrzej Boczoń, Janusz
Czerepko, Jan Tyszka, Stefan Wiśniewski, Michał Wróbel, Founded by General Directorate of
State Forests
670118: Effects and prognosis of changes in natural habitats and stands on selected areas
affected by small retention devices and assessment of the functioning of selected small
retention devices and the needs of its modernization in the Pomorze Forest District. period:
2012; authors: Edward Pierzgalski, Janusz Czerepko, Andrzej Boczoń, Karol Sokołowski,
Michał Wróbel, Radosław Gawryś. Founded by Pomorze Forest District;
242019: Influence of small retention infrastructure on changes in water and soil conditions of
forest habitats. period: 2009– 2011; authors: Michał Wróbel, Andrzej Boczoń. funded by the
Ministry of Science and Higher Education for the statutory activities
240122. The use of numerical modeling to assess the impact of small retention devices in
forest areas, period 2016-2019. authors Michał Wróbel, Andrzej Boczoń, Radosław Gawrys,
funded by the Ministry of Science and Higher Education for the statutory activities
Principles of water management in forests with particular emphasis on small retention in
mountainous regions. period 1999-2001, authors: J. Tyszka, E. Pierzgalski, A. Boczoń, M.
Fortuński, T. Wawrzoniak, B. Wiślińska, A. Stolarek, T. Szymczak. Founded by General
Directorate of State Forests
Article:: Wróbel M., Boczoń A., Grajewski S., Krysztofiak-Kaniewska A. 2016: The
groundwater level changes caused by modernization of water devices in the Pomorze forest
district. Infrastructure and ecology of rural areas. No III/1, 715-724. – 10 pkt.
c) forest fire protection
Project: BLP-231Shaping water resources of moist and fresh forest habitats in the aspect of
forest fire protection. Period: 2002-2004. authors:Jan Tyszka, Edward Pierzgalski, Andrzej
Stolarek , Andrzej Boczoń, Marcin Fortuński, Barbara Ubysz, Piotr Rywka, Mirosław
Kwiatkowski. Zleceniodawca: Founded by General Directorate of State Forests
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d) silviculture
Project: BLP-339: Natural renewal of the most important forest-forming species in Poland as
an element of the strategy for sustainable and sustainable forest management. period: 2008–
2011; authors: Tadeusz Zachara, Sławomir Ambroży, Jolanta Bieniek, Andrzej Boczoń,
Dorota Dobrowolska, Wojciech Gil, Adam Kaliszewski, Witold Kopryk, Aneta Michalska,
Marcin Mionskowski, Justyna Nowakowska, Grażyna Olszowska, Rafał Paluch, Grzegorz
Zajączkowski, Founded by General Directorate of State Forests
e) truffles in Polish forest
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