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Abstract: Current global climate change alters the behaviour of species, and this can be also witnessed when
investigating the species composition, the structure and the processes of different ecosystems. Today a grow-
ing number of researches deal with the climatic exposures of forests, mostly focusing on the responses of the
dominant climate susceptible tree species and the direct and indirect impacts of climate change experienced
in forests. During literature review we looked for publications investigating the experienced impacts of cli-
mate change in our region including responses witnessed in growth, mortality and regeneration capacity of
tree species. From different climatic exposures the impacts of increased CO, level, nitrogen deposition, milder
winters and more droughty and drier summers can be experienced most in our region. Publication’s statements
on the changes of tree species and forest stands have been grouped and summarized according to the character-
istic exposures. Based on the literature data it can be stated that climate change variously alters the tree species
composition, mixture ratio and diversity of forest stands and the outcomes of other forest dynamic processes
through vitality, production and competitiveness of different tree species.
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Introduction also had to face a growing number of heavy
rainfall events in more regions (IPCC 2014,
IPCC 2019). According to the different CO,
emission scenario based climate model sim-
ulations, these weather conditions are ex-
pected to get more extreme in the future.
What is more, there are some regions (e.g.
the North Pole) which respond much faster
than other regions of Earth. It is expected that
due to global warming heat waves are get-
ting longer and more frequent (IPCC 2014),
making it even more difficult for the living
creatures to survive the dry periods (Allen et
al 2010). According to the recorded weather
facts (the extremely hot and dry periods),
2018 can be considered a new reference year
regarding hot droughts in Europe (Buras et
al. 2019).

In the last 30-40 years atmosphere, oceans
and surface of the Earth became warmer sig-
nificantly increasing the average temperature
values of the last 1400 years. In addition,
the carbon and nitrogen cycles of ecosys-
tems also substantially changed (Galloway
2004, IPCC 2014). At the same time, aver-
age global surface temperature values vary
to a great extent, which can be experienced
not only at the decade level but even on an
annual basis. According to the weather data
recorded since 1901, the average amount of
precipitation increased in the temperate zone
of northern hemisphere, but its distribution
within the year considerably changed com-
pared to the former period (IPCC 2014).

Since 1950 the frequency of weather extrem-
ities has also changed. Most importantly, the
number of colder weather extremities de-
creased, while the occurrence of extreme
warm weather conditions increased, and we
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Regional datasets and tendencies are in
line with the global changes, and can pro-
vide more accurate data at the local level
(Szelepcsényi 2014, Dobor et al. 2015, 2016,
Spinoni 2015). Regarding Europe as a whole,
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the Mediterranean Region is the most threat-
ened area, since not only the more frequently
appearing droughts but also the increasing
risk and occurrence of forest fires are ex-
pected there (Lindner 2010). At the same
time, huge regional and local differences
can be witnessed when analysing climate
change. Hlasny et al. (2014) draw the at-
tention to the “hotspots” of the Carpathian
region, which may be highly vulnerable
to climate change due to the loss of bio-
diversity. Climate models predict stronger
Mediterranean weather characteristics, more
frequent weather extremities and significant
increase of the average temperature (even
by 4°C) in Hungary by the end of the cen-
tury (Kriizselyi et al. 2011, Spinoni et al.
2015). Based on the different model sim-
ulations, it is expected that there will be
less cold weather extremities but more warm
ones, and drought periods will be also longer
(Pieczka et al. 2011). Although there are
some uncertainties regarding the amount and
the distribution of precipitation, it seems that
the amount of rainfall will change, its inten-
sity is expected to increase, and the winter
months will be the wettest ones (Bartholy et
al. 2011, Horanyi et al. 2011, Bihari et al.
2018).

For the natural ecosystems climate change
will appear in the form of climatic expo-
sures. According to the definition of the In-
tergovernmental Panel on Climate Change
(IPCC), climatic exposure means ‘“‘the na-
ture and degree to which a system is exposed
to significant climatic variations” (Fiissel &
Klein 2006). The various species respond to
climatic exposures differently due to their
unique sensitivity levels. This leads to com-
plex and diverse outcomes affecting the
species composition and the productivity of
forest ecosystems (Lindner et al. 2010).

The most important questions to be answered
by this review are the following:

Regarding growth, mortality and regenera-
tion capacity of the trees living in the natural
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forests of Hungary ...

* What are the major characteristics of
climate change (experienced in the last
decades) in our region?

* How will these changes — as cli-
matic exposures — affect the native tree
species and the natural forest stands of
our region?

Materials and Methods

During literature review we focused on those
papers, which were investigating the impacts
of the major climate factors changed in re-
cent decades and influencing the behaviour
of trees, stands and processes of natural de-
ciduous forest ecosystems in our Pannon-
ian region and surroundings. We searched
for publications focusing on the impacts of
the following climatic exposures: increasing
of atmospheric carbon-dioxide and nitrogen
deposition; summer drought stress; milder
winters, longer vegetation season and ear-
lier onset of spring and shift of temperature
and precipitation’s regime. Articles present-
ing the impacts of the specific climate ex-
posure through the examples of Central Eu-
ropean, temperate zone and climate zonal
forests of Hungary had priority. Those pro-
fessional articles have been taken into ac-
count that investigating directly the already
experienced impacts of exposures.

The statements of the selected papers were
tagged and grouped according to the main
types of climatic exposures: A) increas-
ing global atmospheric CO, concentration;
B) increasing reactive atmospheric Nitrogen
(Nr) deposition; C) more frequent mild win-
ters, earlier onset of spring and the extension
of the growing season; D) increasing temper-
ature with no water limitation; E) Increas-
ing summer temperature and drought stress
and F) indirect effects of increasing summer
temperature and drought stress. Afterwords
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the impact statements were ordered, grouped Results
and summarized with no weighting, however
the number of references shows a higher de-

gree of agreement.

The main impacts of climatic exposure on
trees and natural forest stands have been ar-
ranged, assessed and summarized in Table 1.

Table 1. Thematic overview of the main impacts of climatic exposure on trees and natural
forest ecosystems caused by the recent climate change — summarized results of a review.

Climatic Exposure

Impact on Forests

References

A) Increasing global
atmospheric CO»
concentration by 15-20
ppm / decade since 1980
(NOAA 2019)

Increased growth of young tree
stands if no other limitation factors
(i.e. light, water, nutrient) occur,
but mature forest trees (oak,
hornbeam) generally did not show
growth enhancement in response
to elevated CO, level, partly
except of beech.

Asshoff et al. (2006),
DeLucia et al. (1999),
Hickler et al. (2015),
Laubhann et al. (2009),
Norby et al. (2005)

B) The reactive atmospheric
Nitrogen (Nreactive)
deposition almost tripled the
natural level by the early
1990s. According to the
projected trend it is to
double more by 2050
Galloway et al. (2008)

Increase of Nieactive deposition can
enhance ecosystem productivity
(mostly in N-limited regions)
through fertilization and decreases
biodiversity (i.e. herb layer)
through acidification and
eutrophication.

Nitrogen deposition generally
shows a significant positive impact
on tree growth, although the N and
the C cycles of the ecosystems are
complex and coupled processes.
Too much nitrogen slows down
forest growth.

Fowler et al. (2013),
Galloway et al. (2008)
Fowler et al. (2013),
Galloway et al. (2004),
Sybryn et al. (2018)

Etzold et al. (2020),
Komarov et al. (2012),
Laubhann (2009)

C) More frequent mild
winters, earlier onset of
spring and the extension of
the growing season. The
average advance of spring
was 2-4 days/decade
between 1951 and 2000 in
our region. An increase of
mean annual temperature by
1°C led to the extension of
the growing season by 5.
days

Spring warming has a strong
impact, but the combination of
winter and spring warming has the
greatest impact on earlier budding
(beech, birch and oak).

Indirect impact: warm
temperatures can decrease the
winter mortality of forest pest
insects, thereby shortening
generation time (generalization is
difficult because of the various
species-specific responses)

Pest insect populations can react
fast to the favourable periods and
condition deterioration of their
host trees.

Abhas et al. (2002),

Fu et al. (2012),
Menzel et al. (2006),
Chmielewski & Rotzer
(2001)

Pureswram et al. (2018)

Csoka et al. (2018),
Hirka et al. (2018),
Mityas et al. (2018)
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Table 1. Continued. Thematic overview of the main impacts of climatic exposure on trees
and natural forest ecosystems caused by the recent climate change — summarized results of
a review.

Climatic Exposure

Impact on Forests

References

D) Increasing temperature
with no water limitation

Trend: Significant warming
tendencies are dominant at
the period of 1961-2001, in
the Carpathian Basin
(Pongracz & Bartholy,
2006).

Increasing growth (basal area) of
larger beech and pedunculate oak
trees, but beech turned to decline
since the 1960s due to the
decreasing relative summer
humidity in the Atlantic climate.

Stable stand volume increment of
mixed mountain forests, however
significant changes in the growth
dynamics at the species level:
spruce dropped, fir rose, beech did
not change.

Kint et al. (2012),
Laubhann et al.
(2009), Hilmers et
al. (2019)

E) Increasing summer
temperature and drought
stress

Trend: Heat waves in the
Carpathian region between
1961-2010: four out of
seven heat events occurred
after 2000 (Spinoni et al.
2015).

Forest growth declined during
drought, especially during more
severe droughts in the drier
climates.

Beech is the most drought
sensitive tree species compared to
sycamore, Norway maple, sessile
oak and common ash. Its growth
decreases in the driest stands (less
precipitation than 600 mm/year)
since about the 1980s.

Decreasing productivity by
increasing aridity for beech,
hornbeam, sessile oak and Turkey
oak.

Arvai et al. (2018),
Fiihrer et al. (2011),
Fiihrer et al. 2016),
Galos & Fiihrer
(2018), Gleason et
al. (2017), Horvath
& Matyas (2014),
Matyés et al. (2018)
Saenz-Romero et al.
(2019), Spathelf et
al. (2014),
Zimmermann et al.
(2015)

F) Indirect effects of
increasing summer
temperature and drought
stress

Change of dominance among
trees species, beech was more
competitive but less drought
tolerant than oak until annual
precipitation fell below 540 mm
in a 100-year-old mixed forest.

Drought induced self-thinning
(mortality) of sessile oak stands in
Hungary

Mette et al. (2013)

Berki et al. (2014),
Berki et al. (2016),
Herczeg et al.

(2018), Arvai et al.
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Table 1. Continued. Thematic overview of the main impacts of climatic exposure on trees
and natural forest ecosystems caused by the recent climate change — summarized results of

a review.
Climatic Exposure Impact on Forests References
F) continued Indirect effects Expanding distribution area at Molnar & Czicz
of increasing summer leading edge of manna ash tree ~ (2009)

temperature and drought

due to good natural regeneration

stress capacity on drier sites
Reduction of macroclimatically  Czicz et al. (2011),
suitable areas for beech and Salamon-Albert et
sessile oak in the following al. (2016),
decades near the xeric Il1és (2018)
distributional limits
Discussion on the average (with significant standard de-

Increasing CO, and atmospheric Nitrogen
deposition can enhance tree growth and

ecosystem productivity

Although increasing atmospheric CO, lev-
els and reactive Nitrogen deposition in-
crease forest productivity at many places,
researches revealed that such responses are
site, age and species specific. According
to the researches investigating young hard-
wood and pine stands, trees treated with
air enriched with CO, grew more inten-
sively that the surrounding ones; and their
net primary production (NPP) also signif-
icantly increased together with their fine-
root. In drought years there was no differ-
ence between the growth intensity of the
treated trees and those of the control group
(surrounding trees without any CO, treat-
ment). However, in the long run decreased
production has been observed, which could
be traced back to the limited access to min-
erals (DeLucia et al. 1999). Other outdoor
CO; chamber experiments also found that
younger tree stands reached higher NPP val-
ues, exceeding the reference value with 23%
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viation) (Norby et al, 2005). It has been veri-
fied at more locations that water supply has a
greater impact on the growth intensity of the
different tree species. Usually, higher CO,
concentration level leads to increased pro-
ductivity but in many cases the effects of
CO, have been overestimated because at ar-
eas with water deficiency less growth can
be observed, or decline can be experienced
(Hickler et al. 2015). Asshoff et al. (2006) in-
vestigated the changes of the sum of the basal
area of 5 dominant European tree species in
old forest stands. They found that in the in-
vestigated 4 years long period increased CO;
level did not lead to the enhanced production
of the tree species. Although beech reached
outstanding growth levels in the first year,
this growth advantage disappeared due to the
drought experienced in the third year. During
the research also phenological variables (e.g.
budding and defoliation) have been analysed,
which turned to be species specific, but could
not be linked to the increased CO; levels.

“By now, food and energy production
of [industry] increased the rate of anthro-
pogenic Nitrogen creation tenfold compared
to the value of the late 19th century.” (Gal-
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loway 2004, Galloway 2008, Sybryn et al.
2018) Komarov and his colleagues (2012)
modelled the changes of productivity accord-
ing to two different climate scenarios and
forestry inventory data in three forest sites in
Russia under continental climate. Due to the
growing level of N-deposition increased pro-
ductivity can be expected besides the spread
of deciduous tree species in the mixed tree
stands (Komarov et al. 2012). N-deposition
increased the growth of all the investigated
dominant tree species (beech, sessile oak, pe-
dunculate oak, fir and spruce) in European
forests (Laubhann et al. 2009).

Milder winters and the earlier onset of
spring cause less winter mortality among

forest pest insects, and accelerate budding

Milder winters and the earlier onset of spring
can be witnessed all over Europe leading
to the lengthening of the vegetation period
and the growing risk of late frost damages.
Milder winter weather facilitates the survival
of phytophagous insects, consequently larger
populations and increased insect damages
can be witnessed in the vegetation period
(Pureswarm et al. 2018, Csodka et al. 2018).
In the absence of the critical winter periods
the range of insects also changes enabling
the conquest of new territories (Pureswarm
et al. 2018, Csoka et al. 2018). The aver-
age advance of the summer half year was 2-
3 days/decade in Europe. The phenological
characteristics of the species also responded
to this in accordance with the earlier spring
temperature increase. On the other hand, de-
foliation takes place one day later/decade on
the average (Menzel et al. 2006). Based on
the data of the European phyto-phenological
database, budding starts 4 weeks -earlier
in Western and Central Europe compared
to the reference period (1951-1998) of the
database. Differences can be observed in the
timing of spring phenological events in the
mountainous regions, which is mostly the re-
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sult of the diverse microclimatic patterns and
the different altitude levels (Ahas et al. 2002)
Temperature manipulation experiments have
been used for investigating the phenological
events of beech, oak and birch seedlings in
winter and spring periods through the sim-
ulation of warming. Budding started earlier
in the case of all the three tree species when
spring warming has been simulated, while
winter warming seemed to have no effects at
all (Fu et al. 2012). Milder winter weather
facilitates the survival of phytophagous in-
sects, consequently larger populations and
increased insect damages can be witnessed
in the vegetation period. (Csoka et al. 2018,
Hirka et al. 2018). In the absence of the crit-
ical winter periods the range of insects also
changes enabling the conquest of new terri-
tories (Pureswarm et al. 2018, Maty4s et al.
2018).

Altered growth dynamics of trees due to in-

creasing temperature

The connection between more environmen-
tal variables (e.g. average temperature, pre-
cipitation, carbon-dioxide level and nitrogen
level) and the growth of stand forming tree
species (beech, sessile oak, pedunculate oak,
spruce and fir) have been investigated in Eu-
rope. Increasing average temperature had a
positive impact on the growth of all the tree
species, except for spruce (Laubhann et al.
2009). In Austrian mixed forest stands — con-
sisting of pine and deciduous trees — higher
average temperature combined with lower
precipitation levels did not alter the produc-
tivity of the trees. In the mixed forests re-
searched by Hilmers and his colleagues the
diminishing population of spruce was coun-
terbalanced by the increased production of
other tree species (e.g. beech and silver fir)
(Hilmers et al. 2019). Similarly, the basal
area growth of temperate tree species has
been investigated in areas under Atlantic cli-
mate between 1901 and 2008. According to
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the data, the productivity of pedunculate oak
continuously increases, while in the case of
beech productivity started to decrease from
the 1960s due to the drop in relative humid-
ity values during the summer periods in the
Atlantic regions (Kint et al. 2012).

Increasing drought stress decreases pro-
ductivity, and can induce higher mortality

among the more susceptible tree species

The characteristic exposures of climate
change include the more frequent occur-
rence of warmer and drier summers and
longer drought periods accompanied with
heat waves. The intensity of growth signifi-
cantly decreased during drought periods, es-
pecially at arid and semi-arid locations. In
regions with sufficient water supply compe-
tition had a greater impact on production.
This could be also observed in drought pe-
riods when the impact of aridity has not been
enhanced by high temperature. (Gleason et
al, 2017). By using the aridity index, calcu-
lations have been made on the future changes
of the habitat conditions and the production
of the different tree species in Central Eu-
rope. From the analysed weather variables
late spring temperature and total annual pre-
cipitation turned to be of special importance.
Since the amount of available water affects
the production of organic matter, decreased
productivity, worse health status and lower
density values can be expected in the case
of some of the species at areas with high
forestry aridity index (FAI) values (Salamon
et al. 2016, Fihrer et al. 2011, Galos &
Fiihrer 2018, Saenz-Ronero et al. 2019). In
Hungary, the spread, the ecological needs
and the climate sensitivity of more stand
forming tree species have been investigated,
and based on the results their future has been
predicted for the next decades according to
the expected climatic changes. These forests
and tree species are located close to the xeric
edge of the temperate deciduous forest zone
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in the Carpathian Basin, therefore some of
the currently dominating tree species (beech,
sessile oak and Turkey oak) may disappear
from huge areas, and the structure and the
characteristic of the forests may fundamen-
tally change (Spathelf et al. 2014). A further
finding of the researches is that habitats suit-
able for beech will be limited to smaller ar-
eas by 2050, and the ideal habitats meeting
the ecological needs of beech — being a stand
forming species today — will virtually disap-
pear from Hungary by the end of the cen-
tury a (Czucz et al. 2011, Illés 2018). Beech
is susceptible to aridity, and this can be also
witnessed in the changes of dominance rela-
tions. Drier and warmer weather forecasted
in Central Europe decreases the competi-
tiveness of beech, consequently the ratio of
drought tolerant tree species (e.g. maples and
ashes) and the dominance of sessile oak are
expected to increase (Mette et al. 2013, Zim-
mermann et al. 2015, Arvai et al. 2018).
From the indicator species signalling drier
climate manna ash can be highlighted. Data
on its historical and recent spread and the lat-
est related observations have been summa-
rized by Molnér and Czucz (2009). Accord-
ing to their research, the spreading and the
increasing ratio of the species can be wit-
nessed in the forest stands of the North Hun-
garian Mountains where habitat conditions
were not so ideal for manna ash earlier (Mol-
nar & Czicz 2009).

Conclusions

Climatic exposure caused by climate change
is a complex process showing regional and
local patterns. The major changes — increas-
ing CO, concentration and atmospheric Ni-
trogen deposition, more frequent mild win-
ters and earlier onset of spring, higher tem-
peratures, and increasing summer drought
stress — cause direct impacts, which some-
times counterbalance each other. Climatic
exposure mostly alters growth dynamics, vi-
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tality and competitiveness of the trees, which
are highly specific due to the ecological and
trait profile and various sensitivity of differ-
ent tree species. The more frequent appear-
ance of forest pest insects and the new in-
vaders may cause severe indirect impacts on
trees. We found it during the literature review
that in the majority of the cases tree spe-
cific growth and mortality related changes
can lead to considerable shift in density and
mixture ratio of trees in the stand. Much
less evidences are available on the close re-

lation between climate exposure and success
of tree regeneration. It is clear that besides
climate exposure the establishment and the
regeneration of the trees also greatly depend
on several other factors (i.e. canopy closure,
propagulum sources, competition relation-
ships, browsing effect of the stock of game,
etc.) in the natural forest stands. Finally, we
can conclude that investigating and exploring
changes in tree specific growth and mortality
as the possible outcomes of climate exposure
are promising fields of research.

References

Ahas, R., Aasa, A., Menzel, A., Fedotova, V. G., Scheifinger, H. (2002): Changes in European
spring phenology. Int. J. Climatol., 22: 1727-1738. https://doi.org/10.1002/joc.818

Allen, C. D., Macalady, A. K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M.
and Cobb, N. (2010): A global overview of drought and heat-induced tree mortality reveals emerging
climate change risks for forests. Forest Ecology and Management, 259 (4): 660-684. https://doi.org/
10.1016/j.foreco.2009.09.001

Aubin, 1., L. Boisvert-Marsh, H. Kebli, D. McKenney, J. Pedlar, K. Lawrence, E. H. Hogg,
Y. Boulanger, S. Gauthier, C. Ste-Marie (2018): Tree vulnerability to climate change: improving
exposure-based assessments using traits as indicators of sensitivity. Ecosphere 9(2): article e02108
https://doi.org/10.1002/ecs2.2108

Arvai M., Morgés A., Kern Z. (2018): Growth-climate relations and the enhancement of
drought signals in pedunculate oak (Quercus robur L.) tree-ring chronology in Eastern Hungary,
https://doi.org/10.3832/ifor2348-011

Asshoff, R., Zotz, G., Korner, C. (2006): Growth and phenology of mature temperate forest
trees in elevated CO2. Global Change Biology, 12: 848-861. https://doi.org/10.1111/j.1365-2486.
2006.01133.x

Bartholy J., Boz6 L., Haszpra L. (2011): Klimavaltozas 2011 — Klimaszcendriok a Karpat-
medence térségére, Magyar Tudoméanyos Akadémia €s az Eotvos Lorand Tudoméanyegyetem Mete-
oroldgiai Tanszéke, Budapest, 2011, p. 287.

Berki 1., Rasztovits E., Méricz N., Kolozs L. (2016): The Role of Tree Mortality in Vitality
Assessment of Sessile Oak Forests. South-East Europea Forestry 7 (2): 91-97. https://doi.org/10.
15177/seefor.16-14

Berki 1., Rasztovits E., Moéricz N., Kolozs L. (2014): Erdéallomédnyok egészségi dllapotanak
értékelése — egy 1j megkozelités. Erdészettudomanyi Kozlemények 4(2): 149-155. https://doi.org/
10.17164/EK.2018.013

Berki, I., Mdricz, N., Rasztovits, E., Gulyds, K., Garamszegi, B., Horvith, A., Baldzs, P.
Lakatos, B. (2018): Mortality and accelerating growth in sessile oak sites. Bulletin of Forestry Sci-
ence, 8(1):119-130. (in Hungarian) https://doi.org/10.17164/EK.2018.008

Bihari, Z., Babolcsai, G., Bartholy, J., Ferenczi, Z., Gerhat-Kerényi, J., Haszpra, L., Homoki-
Ujvary, K., Kovics, T., Lakatos, M., Németh, A., Pongricz, R., Putsay, M., Szabd, P., Szépszo, G.
(2018): Eghajlat [Climate in Hungarian] In: Kocsis, K., Horvéth, G., Keresztesi, Z., Nemerkényi, Zs.
(eds): Magyarorszag nemzeti atlasza 2. kotet. Természeti kornyezet [Natural Environment, National
Atlas of Hungary], MTA CSFK Foéldrajztudoményi Intézet, Budapest, pp. 58-69., 12 p.

42 ‘ DOI: 10.18380/SZIE.COLUM.2020.7.1.35


https://doi.org/10.1002/joc.818
https://doi.org/10.1016/j.foreco.2009.09.001
https://doi.org/10.1016/j.foreco.2009.09.001
https://doi.org/%2010.1002/ecs2.2108
https://doi.org/10.3832/ifor2348-011
https://doi.org/10.1111/j.1365-2486.2006.01133.x
https://doi.org/10.1111/j.1365-2486.2006.01133.x
https://doi.org/10.15177/seefor.16-14
https://doi.org/10.15177/seefor.16-14
https://doi.org/%2010.17164/EK.2018.013
https://doi.org/%2010.17164/EK.2018.013
https://doi.org/10.17164/EK.2018.008

Columella — Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

Buras A., Menzel A. (2019): Projecting Tree Species Composition Changes of European
Forests for 2061-2090 Under RCP 4.5 and RCP 8.5 Scenarios. Front. Plant Sci. 9:1986. https:
//doi.org/10.3389/fpls.2018.01986

Chmielewski, F-M., Rotzer T. (2001): Response of tree phenology to climate change across
Europe, Agricultural and Forest Meteorology 108(2): 101-112. https://doi.org/10.1016/S0168-1923(01)
00233-7

Czicz, B., Gdlhidy, L., Maty4s, Cs. (2011): Present and forecasted xeric climatic limits of
beech and sessile oak distribution at low altitudes in Central Europe. Annals of Forest Science, 68(1),
99-108. https://doi.org/10.1007/s13595-011-0011-4

Csoéka, G., Csékané Hirka, A., Csepelényi, M., Sz&cs, L., Molndr, M., Tuba, K., Hillebrand, R.,
Lakatos, F. (2018): Erdei rovarok reakci6i a klimavaltozdsra (esettanulményok). Erdészettudomanyi
Kozlemények, 8 (1). pp. 149-162. ISSN 2062-6711 https://doi.org/10.17164/EK.2018.010)

Dobor, L., Barcza, Z., Hlasny, T., Havasi, A., Horvith, F,, Ittzés, P., Bartholy, J. (2015): Bridg-
ing the gap between climate models and impact studies: the FORESEE Database. Geosci. Data J.
2:1-11. https://doi.org/10.1002/gdj3.22

Etzold, S., Ferretti, M., Reinds, G.J., Solberg, S., Gessler, A., Waldner, P., Schaub, M., Simp-
son, D., Benham, S., Hansen, K., Ingerslev, M., Jonard, M., Karlsson, P.E., Lindroos, A., Marchetto,
A., Manninger, M., Meesenburg, H., Merild, P., Nojd, P, ... De Vries, W. (2020): Nitrogen deposi-
tion is the most important environmental driver of growth of pure, even-aged and managed Euro-
pean forests. Forest Ecology and Management, 458: 117762 (13 pp.). https://10.1016/j.foreco.2019.
117762

Fowler, D., Coyle, M., Skiba, U., Sutton, M. A., Cape, J. N., Reis S., Sheppard L.J., Jenk-
ins A., Grizzetti, B., Galloway, J.N., Vitousek, P., Leach, A., Bouwman, A.F., Butterbach-Bahl,
K., Dentener, F., Stevenson, D., Amann, M., and Voss, M. (2013): The global nitrogen cycle in
the twenty-first century. Philosophical Transactions of the Royal Society B, 368 (1621), 20130164,
https://doi:10.1098/rstb.2013.0164

Fu YH, Campioli M, Deckmyn G, Janssens IA. (2012): The Impact of Winter and Spring Tem-
peratures on Temperate Tree Budburst Dates: Results from an Experimental Climate Manipulation.
PLoS ONE 7(10):e47324. https://doi.org/10.1371/journal.pone.0047324

Fiihrer, E., Horvath, L., Jagodics, A., Machon, A., Szabados, 1. (2011): Application of a new
aridity index in Hungarian forestry practice. IDOJARAS - Quarterly Journal of the Hungarian Mete-
orological Service, 115(3), 205-216

Fiihrer, E., Edelényi, M., Jagodics, A., Jereb, L., Horvath, L., Kern, Z. ... Podor, Z. (2016):
Az idGjéaras hatdsa egy id6skord biikkos évenkénti korlap-novekedésére. Erdészettudomdnyi Ko-
zlemények, 6(1-2), 61-78. https://doi.org/10.17164/EK.2016.006

Fiissel, H., Klein, R.J.T. Climate Change Vulnerability Assessments: An Evolution of Con-
ceptual Thinking. Climatic Change 75, 301-329 (2006). https://doi.org/10.1007/s10584-006-0329-3

Galloway, J.N., Dentener, F.J., Capone, D.G. et al. (2004): Nitrogen cycles: past, present, and
future. Biogeochemistry 70: 153-226. https://doi.org/10.1007/s10533-004-0370-0

Galloway, J.N., Townsend, A.R., J.W. Erisman, J.W., Bekunda, M., Cai, Z., Freney, J.R., Mar-
tinelli, L.A., Seitzinger, S.P., and Sutton, M.A. (2008): Transformation of the nitrogen cycle: re-
cent trends, questions, and potential solutions. Science, 320(5878), 889-892. https://doi.org/10.1126/
science.1136674

Giélos B., Fiihrer E. (2018): A klima erdészeti célu elbrevetitése. Erdészettudomanyi Ko-
zlemények 8(1): 43-55. ISSN 2062-6711 https://doi.org/10.17164/EK.2018.003

Gleason, K.E., Bradford, J.B., Bottero, A., D’ Amato, A.W., Fraver, S., Palik, B.J., Battaglia,
M. A,, Iverson, L., Kenefic, L., and Kern, C.C. (2017): Competition amplifies drought stress in forests
across broad climatic and compositional gradients. Ecosphere 8(7): €01849.10.1002/ecs2.1849 https:
//doi.org/10.1002/ecs2.1849

DOI: 10.18380/SZIE.COLUM.2020.7.1.35 ‘ 43


https://doi.org/10.3389/fpls.2018.01986
https://doi.org/10.3389/fpls.2018.01986
https://doi.org/%2010.1016/S0168-1923(01)00233-7
https://doi.org/%2010.1016/S0168-1923(01)00233-7
https://doi.org/%2010.1007/s13595-011-0011-4
https://doi.org/10.17164/EK.2018.010)
https://doi.org/10.1002/gdj3.22
https://%2010.1016/j.foreco.2019.117762
https://%2010.1016/j.foreco.2019.117762
https://doi:10.1098/rstb.2013.0164
https://doi.org/10.1371/journal.pone.0047324
https://doi.org/%2010.17164/EK.2016.006
https://doi.org/10.1007/s10584-006-0329-3
https://doi.org/10.1007/s10533-004-0370-0
https://doi.org/10.1126/science.1136674
https://doi.org/10.1126/science.1136674
https://doi.org/10.17164/EK.2018.003
https://doi.org/%2010.1002/ecs2.1849
https://doi.org/%2010.1002/ecs2.1849

Columella — Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

Herceg, A., Kalicz, P., Kisfaludi, B. Gribovszki, Z. (2018): A Thornthwaite-type water balance
model for the analysis of the hydrological impact of climate change. Bulletin of Forestry Science,
8(1): 73-92. (in Hungarian) https://doi.org/10.17164/EK.2018.005

Hickler, T., Rammig, A., Werner, C. Curr(2015): Modelling CO2 impact on forest productivity,
Forestry Rep (2015)1/69. https://doi.org/10.1007/s40725-015-0014-8

Hilmers, T., Avdagi¢ A., Bartkowicz L., Bielak K., Binder F., Bon¢ina A., Dobor L., Forrester
D.I., Hobi M.,L., Ibrahimspahi¢ A., Jaworski A., Klop¢i¢ M., Matovi¢ B., Nagel T., A., Petrds R.,
Rio del M., Staji¢ B., Uhl E., Zlatanov T., Tognetti R., Pretzsch H. (2019): The productivity of mixed
mountain forests comprised of Fagus sylvatica, Picea abies, and Abies alba across Europe, Forestry:
An International Journal of Forest Research 92(5): 512-522. https://doi.org/10.1093/forestry/cpz035

Hlasny, T., Métyas Cs., Seidl R., Kulla L., Merganicova K., Trombik J., et al. (2014): Climate
change increases the drought risk in Central European forests: What are the options for adaptation?
Forestry Journal (Lesnicki Casopis) 60: 5—18. https://doi.org/10.2478/forj-2014-0001

Hirka, A., P6dor, Z., Garamszegi, B. Cséka, Gy. (2018): 50 years trends of the forest drought
damage in Hungary (1962-2011). Bulletin of Forestry Science 8(1):11-25. (in Hungarian) https://doi.
org/10.17164/EK.2018.001

Horényi, A., Sz&psz6, G., Bartholy, J., Pongracz, R.(2011): Az éghajlati modellek korlatai. In:
Klimavaltozas — 2011: Klimaszcenaridk a Karpat-medence térségére

Horviéth, A., Matyas, Cs. (2014): Novedékcsokkenés elorevetitése egy biikk szdrmazasi kisér-
let alapjan. Erdészettudomanyi Kozlemények, 4(2): 91-99.

Illés, G. (2018): Predicting the climate change induced yield potential changes of sessile
oak stands. Bulletin of Forestry Science, 8(1): 105-118. (in Hungarian) https://doi.org/10.17164/EK.
2018.007

IPCC (2014): Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global
and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the In-
tergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D.
Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel,
A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L.White (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 1132 pp.

IPCC, 2019: Summary for Policymakers. In: Climate Change and Land: an IPCC special report
on climate change, desertification, land degradation, sustainable land management, food security, and
greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-
Delmotte, H.- O. Portner, D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat,
E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K.
Kissick, M. Belkacemi, J. Malley, (eds.)]. In press.

Kint, V., Aertsen, W., Campioli, M. et al. (2012): Radial growth change of temperate tree
species in response to altered regional climate and air quality in the period 1901-2008. Climatic
Change (2012) 115: 343. https://doi.org/10.1007/s10584-012-0465-x

Kinzig, A. P, Ryan, P., Etienne, M., Allison, H., Elmqvist, T. Walker, B. H. (2006): Re-
silience and regime shifts: assessing cascading effects. Ecology and Society 11(1), 20. http://www.
ecologyandsociety.org/voll1/iss1/art20/

Komarov, A. S. and Shanin, V. N. (2012): Comparative analysis of the influence of climate
change and nitrogen deposition on carbon sequestration in forest ecosystems in European Russia:
simulation modelling approach, Biogeosciences 9:4757-4770, https://doi.org/10.5194/bg-9-4757-
2012

Kriizselyi, 1., Bartholy, J., Hordnyi, A., Pieczka, 1., Pongricz, R., Szabd, P., Szépszo, G.,
Torma, Cs., (2011): The future climate characteristics of the Carpathian Basin based on a regional cli-
mate model mini-ensemble. Advances in Science and Research 6, 69—73 https://doi.org/10.5194/asr-
6-69-2011

44 ‘ DOI: 10.18380/SZIE.COLUM.2020.7.1.35


https://doi.org/10.17164/EK.2018.005
https://doi.org/10.1007/s40725-015-0014-8
https://doi.org/10.1093/forestry/cpz035
https://doi.org/10.2478/forj-2014-0001
https://doi.org/10.17164/EK.2018.001
https://doi.org/10.17164/EK.2018.001
https://doi.org/%2010.17164/EK.2018.007
https://doi.org/%2010.17164/EK.2018.007
https://doi.org/10.1007/s10584-012-0465-x
http://www.ecologyandsociety.org/vol11/iss1/art20/
http://www.ecologyandsociety.org/vol11/iss1/art20/
https://doi.org/10.5194/bg-9-4757-2012
https://doi.org/10.5194/bg-9-4757-2012
https://doi.org/10.5194/asr-6-69-2011
https://doi.org/10.5194/asr-6-69-2011

Columella — Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

Laubhann, D., Sterba, H., Reinds, G. J., De Vries, W. (2009): The impact of atmospheric
deposition and climate on forest growth in European monitoring plots: An individual tree growth
model, Forest Ecology and Management, 258(8): 1751-1761. https://doi.org/10.1016/j.foreco.2008.
09.050.

Lindner, M., Maroschek, M., Netherer, S., Kremer, A., Barbati, A., Garcia-Gonzalo J., Seidl,
R., Delzon, S., Corona, P., and Kolstrom, M. (2010): Climate change impacts, adaptive capacity,
and vulnerability of European forest ecosystems, Forest Ecology and Management, Vol 259 (4) pp:
698-709 https://doi.org/10.1016/j.foreco.2009.09.023

Maes L. S., Perring P. M., Vanhellemont M., Depauw L., Bulcke J., Brimelis G., Brunet J.,
Decocq G., Ouden J., Hardtle W., Hédl R., Heinken T., Heinrichs S., Jaroszewicz B., Kopecky M.,
Mali§ F.,, Wulf M., Verheyen K. (2019): Environmental drivers interactively affect individual tree
growth across temperate European forests, https://doi.org/10.1111/gcb.14493

Meityis, Cs., Fiihrer E., Berki I., Cs6ka Gy., Driiszler A., Lakatos F., Méricz N. (2010): Erd6k
a szdrazsdgi hatdron. Klima-21 Fiizetek 61:84-97 Métyas Cs., Berki 1., Bidl6 A., Cséka Gy., Czimber
K., Fiihrer E., Gélos B., Gribovszki Z., Illés G., Hirka A., Somogyi Z. (2018): Sustainability of Forest
Cover under Climate Change on the Temperate-Continental Xeric Limits, FORESTS 9: (8) p. 489.
https://doi.org/10.3390/f9080489

Menzel, A., Sparks, T. H., Estrella, N., Koch, E., Aasa, A., Ahas, R., Alm-Kiibler, K. , Bissolli,
P., Braslavskd, O. , Briede, A. , Chmielewski, F. M., Crepinsek, Z. , Curnel, Y. Dahl, A. , Defila, C.
, Donnelly, A. , Filella, Y., Jatczak, K. , Mage, F. , Mestre, A. , Nordli, @. , Pefiuelas, J. , Pirinen,
P., Remisova, V., Scheifinger, H. , Striz, M. , Susnik, A., Van Vliet, A. J., Wielgolaski, F. , Zach,
S. And Zust, A. (2006): European phenological response to climate change matches the warming
pattern. Global Change Biology, 12: 1969-1976. https://doi.org/10.1111/j.1365-2486.2006.01193.x

Mette, T., Dolos, K., Meinardus, C., Briuning, A., Reineking, B., Blaschke, M., Pretzsch,
H. Beierkuhnlein, C., Gohlke, A., and Wellstein C. (2013): Climatic turning point for beech and oak
under climate change in Central Europe. Ecosphere 4(12):145. https://doi.org/10.1890/ES13-00115.1

Molnir, Cs., Czicz B. (2009): A viradgos koris (Fraxinus ornus L.) terjedése és mai termShelyei
Az Eszaki-kozéphegységben, Bot. Kozlem. 96(1-2): 71-81. 2009

Nagel, TA, lacopetti, G, Javornik, J, et al. Cascading effects of canopy mortality drive long-
term changes in understorey diversity in temperate old-growth forests of Europe. J Veg Sci. 2019;
30: 905—- 916. https://doi.org/10.1111/jvs.12767

NOAA (2019): Trends in atmospheric carbon dioxide — Annual mean global carbon dioxide
growth rate. https://www.esrl.noaa.gov/gmd/ccgg/trends/gl_gr.html, accessed in 13th of November,
2019

Norby, R. J., DeLucia, E. H., Gielen, B., Calfapietra, C., Giardina, C. P,, King, J. S., Ledford,
J., McCarthy, H. R., Moore, D. J. P., ... and Oren, R. (2005): Forest response to elevated CO; is
conserved across a broad range of productivity. PNAS 102 (50): 18052-18056; https://doi.org/10.
1073/pnas.0509478102

Pieczka I., Pongracz R., Bartholy J.,Kis A., Miklés E.(2011): A széls6ségek varhaté alakuldsa
a Kérpat-medence térségében az ENSEMBLES projekt eredményei alapjan

Pureswaran, D.S., Roques, A. Battisti, A. Curr Forestry Rep (2018) 4: 35. https://doi.org/10.
1007/s40725-018-0075-6

Pongricz, R., Bartholy, J. (2006): Tendency analysis of extreme climate indices with spe-
cial emphasis on agricultural impacts http://www.cbks.cz/sbornikStrecno06/prispevky/Sekcia_2/S2-
8.pdf

Salamonné, A. E., Lérincz, P., Pauler, G., Bartha, D., Horvéth, F. (2016): Drought Stress Dis-
tribution Responses of Continental Beech Forests at their Xeric Edge in Central Europe. FORESTS,
7 (298). pp. 1-16. ISSN 1999-4907 https://doi.org/10.3390/£7120298

DOI: 10.18380/SZIE.COLUM.2020.7.1.35 ‘ 45


https://doi.org/10.1016/j.foreco.2008.09.050.
https://doi.org/10.1016/j.foreco.2008.09.050.
https://doi.org/%2010.1016/j.foreco.2009.09.023
https://doi.org/10.1111/gcb.14493
https://doi.org/10.3390/f9080489
https://doi.org/10.1111/j.1365-2486.2006.01193.x
https://doi.org/10.1890/ES13-00115.1
https://doi.org/10.1111/jvs.12767
https://www.esrl.noaa.gov/gmd/ccgg/trends/gl_gr.html
https://doi.org/10.1073/pnas.0509478102
https://doi.org/10.1073/pnas.0509478102
https://doi.org/10.1007/s40725-018-0075-6
https://doi.org/10.1007/s40725-018-0075-6
http://www.cbks.cz/sbornikStrecno06/prispevky/Sekcia_2/S2-8.pdf
http://www.cbks.cz/sbornikStrecno06/prispevky/Sekcia_2/S2-8.pdf
https://doi.org/%2010.3390/f7120298

Columella — Journal of Agricultural and Environmental Sciences Vol. 7. No. 1(2020)

Séenz-Romero C, Kremer A, Nagy L, Ijjvéri—Jérmay E, Ducousso A, Koéczan-Horvath A,
Hansen JK, Métyas C. 2019. Common garden comparisons confirm inherited differences in sensitiv-
ity to climate change between forest tree species. PeerJ 7:¢6213 https://doi.org/10.7717/peerj.6213

Spathelf P, Maaten E., Maaten-Theunissen M., Campioli M., Dobrowolska D. (2014): Climate
change impacts in European forests: the expert views of local observers, Annals of Forest Science
(2014) 71:131-137 https://doi.org/10.1007/s13595-013-0280- 1

Spinoni, J. , Lakatos, M., Szentimrey, T. , Bihari, Z. , Szalai, S., Vogt, J. and Antofie, T. (2015):
Heat and cold waves trends in the Carpathian Region from 1961 to 2010. Int. J. Climatol.35:4197-
42009. https://doi.org/10.1002/joc.4279

Szelepcsényi, Z., Breuer, H., Stimegi, P. (2014). Analysis of projected climate change in the
Carpathian Basin region based on Holdridge life zone system. Theoretical and Applied Climatology,
16: 13642.

Zimmermann, J., Hauck, M., Dulamsuren, C. et al. (2015): Climate Warming-Related Growth
Decline Affects Fagus sylvatica, But Not Other Broad-Leaved Tree Species in Central European
Mixed Forests. Ecosystems 18:560-572. https://doi.org/10.1007/s10021-015-9849-x

46 ‘ DOI: 10.18380/SZIE.COLUM.2020.7.1.35


https://doi.org/10.7717/peerj.6213
https://doi.org/10.1007/s13595-013-0280-1
https://doi.org/10.1002/joc.4279
https://doi.org/10.1007/s10021-015-9849-x

