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Abstract — The potential distribution and composition ratdeéch, sessile oak and Turkey oak were
investigated for present and future climates (2@865 and 2071-2100) in Hungary. Membership
functions were defined using the current compasitatie (percentage of cover in forest compartmerits)
the tree species and the long-term climate expidelgethe Ellenberg quotient to model the present
and future tree species distribution and compositate. The simulation results using the regional
climate model REMO showed significant decline oédfe and sessile oak in Hungary during thg 21
century. By the middle of the century only abou¥36f the present beech and 75% of the sessile oak
stands will remain above their current potentiatrifbution limit. By the end of the century beech
forests may almost disappear from Hungary and Isessik will also be found only along the
Southwest border and in higher mountain regionsti@ncontrary the present occurrences of Turkey
oak will be almost entirely preserved during thatoey however its distribution area will shift toet
current sessile oak habitats.

potential tree species distribution / compositicate / beech / sessile oak / Turkey oak

Kivonat — Harom klimazonalis fafaj hazai potencialis elterjeéésének modellezése jelenlegi és
jovébeni klimaban. A bikk, a kocsanytalan tolgy és a csertdlgy potdiwielterjedését és
elegyaranyat vizsgéltuk Magyarorszagon a jelerdsga jovwben (2036—2065 és 2071-2100) varhato
klimatikus korilmények kozott. A vizsgalt fafajolelgnlegi elegyaranyanak (az érélszletben
elfoglalt terllet aranya, %) és a klimanak (az mikrg index-el kifejezve) az 0Osszefliggését
hasznaltuk a fafajok elterjedésének modellezéséAeREMO regiondlis klimamodellel tortént
szimulacié a bukk és a kocsanytalan tolgy elteget&riiletének és elegyaranyanak jelentsokke-
nését mutatta a 21. szazad folyaman. A szazad &zep jelenlegi bikk allomanyok 35%-a, a
kocsanytalan tolgy allomanyok 75%-a maradna a leigralsé elterjedési hataruk felett. A szazad
végére a bikk szinte teljesentelhet Magyarorszag terlletées a kocsanytalan tolgy is a magasabb
hegyvidékekre és a délnyugati hatar menti terllbtreddhat vissza. Ellenben a csertolgy jelenlegi
alloméanyait varhatéan nem érinti szamodiev a klimavaltozas, viszont az elterjedési terlbete
jelenlegi kocsanytalan tolgyes allomanyok helyéldthatja el.

potencialis fafaj elterjedés / elegyarany / biikkdcsanytalan tolgy / csertdlgy
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1 INTRODUCTION

The present distribution of tree species is infagghby several factors such as historic and
current ecological and climatic conditions, naturdisturbance regimes and forest
management activities. However, climate is gengrafinsidered to be one of the most
important factor of the potential natural distrilbatof tree species.

For Central Europe, climate models project abodt2-annual mean air temperature rise
in the 2% century (IPCC 2007). Climate change is likelyriorease the frequency of summer
drought in this region (Schar et al. 2004, Barthetyal. 2007, Beniston et al. 2007, Galos et
al. 2007).

Climate change is considered to unfavourably afieest ecosystems through the impact
on forest growth and regeneration. Numerous stugliggest a decline in forest regeneration
(Rennenberg et al. 2004, Penuelas et al. 2007xtengive forest dieback in mid european
latitudes (Berki et al. 2009, Czucz et al. 2010arder et al. 2010, Lindner et al. 2010) during
dryer and warmer climatic conditions as it is atig@bserved in several locations (Allen et
al. 2010, Matyas 2010).

In general the xeric (or rear, trailing) limits thie tree species is difficult to follow due to
the more complex ecology and human disturbance. dd¢murrence of the species is
determined here mainly by climatic aridity (Matygisal. 2009), contributing to the loss of
competitive ability (Loehle 1998, Hogg et al. 200Hpwever, the change in climatic aridity
is more difficult to predict than alone air tempera due to e.g. the high variability of soil
water holding capacity. Biotic interactions (e.@sts and disease), persistence and plasticity
of species may also play a major role at xeric ealiits (Matyas et al. 2008, Lakatos and
Molnar 2009).

Here we will deal with bioclimatic envelope modéiche models) to examine effects of
climate change to a set of the main tree speciétuimgary. Niche models rely on statistical
correlations between existing species distributonl environmental variables to define a
species' tolerance (Pearson & Dawson, 2003). Tkieseof models are often used to predict
the impacts of climate change on species distobutiRehfeldt et al. 2003, Araujo et al. 2004;
Thuiller et al. 2005, Czucz et al. 2010, Rasztoeital. 2012). Although the distribution limits
are defined through statistical models with considkee uncertainty (Kramer et al. 2010), the
predictions of general distribution changes hawh teécological and economic significance
(Koskela et al. 2007).

Statistical distribution models (SDMs) apply stit@l relationship between observed
presence/absence or abundance of a given spea@eetevant set of limiting environmental
factors controlling the distribution of the specf€iisan and Zimmermann 2000).

Numerous studies have focused on particularly inambrgroup of major forest tree
species, such as beech and oak species predictiegtial shifts of forest cover (Rehfeldt et
al. 2003, Thuiller et al. 2005, Ohlemitiller et @08, Rickebusch et al. 2007, Kramer 2010).
But due to the difficulties of modelling at the ielimits, such distribution studies are scarce
(Hogg et al. 2005, Czulcz et al. 2010, Rasztovitd.e2012).

In this paper we investigate the potential distidiu and composition rate of beech
(Fagus sylvatical.), sessile oak @uercus petreaand Turkey oak Quercus cerriy for
present (1961-1990) and future climate (2036—2068 2071-2100) applying fuzzy
membership functions using the relationship betw#®n composition rate of the tree
species and long-term climate in Hungary. Althotiggh presence of tree species in Hungary
is influenced by human (and will also in the fujyrthe composition rate (%) was used as a
kind of probability of occurrence instead of usiogly the presence/absence information of
the species.
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All three investigated tree species form extenfivest stands throughout Central Europe
and from the forest steppe limit upward, accordmtheir moisture requirement. Turkey oak,
sessile oak and beech dominate as climate indgafdhe zonal forests.

So far, distribution changes of beech and sessilkeveere modeled since they are the
most important tree species in forest managemedumgary. Only a few studies are dealing
with the distribution change of turkey oak (e.ghFar et al. 2011). The resistance of turkey
oak against droughts may increase the importancehisf species in the forest sector
considering climate change.

In our study the following research questions adressed:

1. What is the relation between the tree species ceitipo and climate aridity?

2. How would the current potential distribution aneéerspecies composition change

under projected climate conditions?

3. Are the modeled present and future potential ¢hgtion of the tree species agree with

the results of previous studies?

To answer the research questions (1) we create&ltbeberg climate surfaces for the
present (1961-1990) and future (2036—2065 and ZIAB), (2) coupled the composition
information of beech, common oak and turkey oakiQ to define membership functions,
(3) modeled the current and future distributiontiod species and (4) compared the present
and future distributions with other potential disaition maps.

2 MATERIALS AND METHODS

2.1 Climate data

For modeling the potential vegetation the Ellenbgugtient EQ, Ellenberg 1988) has been
used. EQ has been shown as one of the best indfoatibee species distribution (Czlcz et al.
2010, Rasztovits et al. 2012, Stojanovic et al.30lefined as the mean temperature of the
warmest month (July) divided by the annual preatmn:

EQ=1000T,,P.*

The precipitation data (approx. 80 stations) wasrpolated by Kriging with 50km
search radius and 500m resolution. The interpalati@s checked with cross-validation
namely by leaving out stations with measured datanfinterpolation and afterwards
comparing it to the interpolated value. This haswah that the average deviation was only
about 10.2% of the annual precipitation sum.

Air temperature for July (31 stations) was alseeiipolated using kriging with 500m
resolution. The effect of elevation was considdrgdhe SRTM digital elevation model using
constant monthly gradients (Peczely 1979).

For the future climate (2036—2065 and 2071-210€)Ite of the regional climate model
simulations by REMO (Jacob et al. 2001, Jacob.&t(f)7) were analyzed for the A1B IPCC-
SRES emission scenariddgble J.

Table 2. Simulation results of REMO for the futtglated to the base period 1961-1990
(values are representing country means for Hungary)

Climate variable 1961-1990 2036-2061 2071-2100
July temperature mean 19.6°C +1.6°C +3.7°C
Annual precipitation sum 583 mm +2.59% -2.2%
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For country means, climate change signals for Jalpperature mean and annual
precipitation sum was calculated as the differeoicéhe simulated future and past periods
(e.g. 20362060 vs. 1961-1990). To avoid the mbid, delta change approach has been
applied: the simulated change signhals were addédet@bserved climate in the past. Based
on the resulting temperature and precipitation meg¥s have been computed for the future
in the same way as for the present climate.

Applying climatic means are not fully appropriater fdescribing species distribution
change driven by climatic change, since the dectihghe species is related mostly to
prolonged extreme events and subsequent biotic giesngBerki — Rasztovits 2009,
Rasztovits et al. 2012). However, lacking reliaptejections on extreme events, climatic
means were used as surrogates (Matyas et al. 2008).

2.2 Forest data

As mentioned above the distributions of three Bpecies were investigated beech, sessile
oak and Turkey oak in Hungary for potential disitibn modeling. The occurrence and
composition data was derived from the Hungariaresoinventory database provided by the
Central Agricultural Office, gathered in 2012. Tiiatabase included all the forest
compartments containing any of the three tree spetVe have used the geometrical centre
of the forest compartment polygons as referencatfoi extract climate parameters from
digital climate surfaces.

The Forest Inventory database contained detaisterand stand conditions, which allow
excluding sites located at microclimatic, edaphicl dnydrological extremes, from further
analysis. Accordingly, all compartments have beenritted with shallow soil, surplus water
effect and steep slopes above 20°.

The composition rate (%) of tree species was ddfasethe species percentage cover of
each forest compartment which reflects the favéuh® environmental conditions for the tree
species occurrences. The natural equilibrium inrtiveure ratio is strongly altered by the
forest management even in semi-natural forestadwards the distribution limit of the tree
species this selection has no significant effecthenmixture ratio as the ecological conditions
overwrite biotic interactions.

2.3 Defining the relation between EQ and the compi®n rate

We defined the relationship between the EQ andurextate to model the current and future
potential distribution of the three tree species.

First, the value of the present aridity index (39B190) was added to each compartment
using zonal statistics. The relations between tmposition rates of the species and EQ were
then plotted on compartment level. We aggregateditita to equal interval classes of EQ and
calculated the average composition rate of eacs aldth the corresponding 95% confidence
intervals. Polynomial regressions in the ordeioatf fvere applied to describe the relationships.

2.4 The fuzzy membership approach

To model the current and future potential distiidnitof tree species the fuzzy membership
has been applied. This approach was selectedad®ws to better consider the continuous
variation of forest stand composition of tree spsdaiue to location characteristics, species
competition and forest management.

The approach uses membership functions to clafesatyres of arbitrary range into fuzzy
values, between zero and one to indicate the degfemembership. In our case the
membership functions were based on the relationdst EQ and composition rate of the tree
species.
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We have used the eCognition software (Definiens5208Cognition is usually applied
for remote sensing classifications by merging th®rimation of the spectral “bands” of
images like orthophotos or satellite images. Haee three tree composition fractions were
stored in separate grid layers treated as 3 bdrals immage raster. So finally spatial objects of
similar tree composition could be delineated thioagstatistical segmentation process. The
extracted objects correspond to certain homogensiria based on a scaling parameter.

The membership functions for the three tree spemiesvaluated for each object during
the classification. The result of the classificatis twofold, a fuzzy classification with
mixture values of tree species and a discrete ifitagfon where each image objects are
assigned to of the one tree species with the highesy share.

3 RESULTS AND DISCUSSIONS

3.1 Relationship of EQ and composition rate

The computed Ellenberg quotient maps show thaatitity will increase in Hungary during
the centuryigure 1).
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Figure 1. EQ for 1961-1990 (A) for 2036—2065 (Bjl &or 2071-2100 (C)

For visualization of the dominant spatial occuresnof these species we have used the
threshold value of 90% composition rakegure 2.

Figure 2. Beech (blue), sessile oak (green) andkd&wpak (red) compartments (with
composition rate above 90%) in Hungary
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Beech, which is the most climate-dependent amorgrhestigated species, is mainly
dominant in the higher mountain areas and in SWgdmn The actual distributions of sessile
and Turkey oak are disturbed, due to forest managemraxis, especially along the xeric
limit of the species. Sessile oak is more widegprieathe lower parts of the mountains
especially in NE-Hungary. Turkey oak occupies tharenarid locations along the foothills
and lowland regions but it can be also found inertarmid conditions as the dominant.

The relationships between EQ and composition f@teesach forest compartment have
shown no clear correlation in any case of the stlidpecies. Merely, the aggregation of the
EQ values to equal classes and the assignmentdha walue of the compositiogate to the
classes have revealed a strong lirigQre 3.
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Figure 3. The original (A) and aggregated (B) rédaiship between the EQ and the
composition rate of beech, sessile oak and Turk&yath corresponding confidence
intervals

The membership functions show the degree of slitialoif the tree species on a given
location using the composition rate as proxy. Tdweelr limit of each tree species was given
by the lowest EQ-s of the occurrences. In gendelr¢lationships show that the lower limit
of each species is approached abruptly, but agrdift EQ limits. No occurrences of these
species were observed above EQ 43. Beech is thendoirtree species at the most humid
locations in Hungary, the mixing ratio reaches hepeto 80%. The composition rate of
sessile oak is surprisingly balanced with around48096 in the distribution area, but
decreases by approaching its lower limit. The ngxof Turkey oak increases with higher
aridity up to 50% until around EQ 35 and then itréases rapidly as we reach the forest-
steppe limit Figure 3.
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3.2 Potential distribution of the investigated treespecies for recent and future climate

The result of the discrete classification is a nvdpere each tree composition object is
assigned to only one tree species. The currenhpaltelistribution map is in good agreement
with the current distributions of the tree speciagure 4).

A B C

Figure 4. Modeled current tree species distributiroaps (A-B-C: beech — blue,
sessile oak — green, Turkey oak — red, no foregtite) with the current distribution of
beech (A), sessile oak (B) and Turkey oak (C) (eothposition rate above 90%)

In case of beech the modeled current tree spetgg#hdtion pattern covers most of the
current pure beech stands. However, some underepord can be observed at lower
elevations. The lower distribution limit of sessdlak matches well with the forest stands in
the Transdanubian region, but there is some suidtdifference in the mountains of North-
East Hungary. Turkey oak could potentially occupgstnof the lowland areas in Hungary
except of the most arid places around the centémeoHungarian lowland. Both oak species
can be found not only in their dominant area bsb & more moist conditions.

The modeled future tree species distribution pagtehow large changes due to projected
climate changeHigure 5.

A B

Figure 5. Modeled future tree species distributioaps for 2036—2065 (A) and 2071-2100 (B),
beech — blue, sessile oak — green, Turkey oak,-netbrest — white

The distribution area of beech is expected to dseresubstantially till 2050 and will be
restricted to the higher mountain areas and albegsbuth-west border. By the end of the
century it could disappear totally except of someations in the highest mountains (e.g in
Bukk). Similarly, sessile oak is expected to dexland will be restricted and its occurrence
mainly to the south-west of Hungary and in gengewahigher elevation by 205@igure 5.
The present occurrences are expected to decreasbooy 25%. By the end of the century
sessile oak can only be found in higher mountants @obably along the border to Slovenia
(Table 2.
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Table 2. Percentage of occurrences relative tadte& occurrences found above the lower
limit of potential distribution area presently (1B&1990)

2036-2061 2071-2100
(%) (%)
Beech 35.3 1.7
Sessile oak 75.5 13.9
Turkey oak 99.8 96.9

The distribution area of Turkey oak will be abdug tsame by the middle of the century
since while it will lose some area in the Hungaiiaaland, it will occupy large tracts of area
from sessile oak in the Transdanubian regkigyre 5. Finally, by the end of the century the
optimum area of this species will also slightly ikese and relocated from the lowland to the
hilly and mountainous regions. The area where rairnthese tree species will find optimal
conditions will be significantly greater during tbeurse of the centuryigure 5.

The potential composition of the tree species atatll by the fuzzy membership
functions for present and future climates show IsinthangesKigure 6).
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Figure 6. Composition rates of tree species forsprd (1961-1990) and
future climates (2036—2065 and 2071-2100)

Beech is already expected to be a minor tree spdorethe middle of the century and
only some stands may preserve until the end of ddwatury particularly in sites with
appropriate microclimatic conditions. The mixturffesessile oak may also decline during the
century and the most dominant stands will be comatsd in the mountaingigure 6. The
large mixture of Turkey oak in large parts of Hungwill even increase and only by the end
of the century it is expected that the mixture nimgin to decline especially at lower
elevations.
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3.3 Comparison with other potential vegetation maps

We have compared our results with similar studiBglwwas not easy due to the wide variety
of the applied methods and climate scenarios.

Czlcz et al. (2010) focused on the analysis of aténchange impacts at the trailing
(xeric) limits of closed forests in Hungary explayi beech and sessile oak forests.
Conditional tree regression was applied which hessealed the significance of EQ in
distribution modeling. Their results for the HADCMA1B scenario showed similar
tendencies of decline of the investigated treeispeaturing this century.

The future distribution pattern of the main tree@ps of the Transdanubian region was
modelled by Fahrer et al. (2011, 2013). For desugilihe growth of the trees, the forest
aridity index was developed, based on phenologiesterns of growth. Two future climate
scenarios have been applied assuming 1 and 1.%@ase in summer temperature and
decrease of precipitation in summer by 8.2%. Thgelatemperature change implies that
beech may almost entirely disappear from this megitne area of the Turkey oak may remain
the same but shifts partly to the area of todagssse oak. Finally, the area of forest steppe
may expand and occupies some of the area fromrauftekey oak, similar as projected by
our approach.

Rasztovits et al. (2012) has evaluated the habu#ability of beech forests for three
terms in the 2% century in Hungary using different species disttitm models. Here a CLM
A1B simulation was used. The authors have found tthe neural networks (e.g. BP-ANN)
and classification tree methods (e.g. CTree) dedivebetter results than other approaches.
BP-ANN predicted a very slight shrinkage of thegmiial area (8.0%) during 2036-2065. A
considerable decrease of the potential area wasden only to the end of this century which
results that about 45% of the current stands welioht of the potential area. Regionally the
most serious decrease was predicted for the sulitdiesthean region in Southwest Hungary.
CTree predicted a more significant shrinkage ofchei@ all regions of Hungary by losing
67.5% of the area during 2036-2065 and 74.7% du2@dgl-2100 which was quite in
agreement with our results.

3.4 Uncertainties

Our approach is based on the assumption that tiested distribution of beech and common
oak are determined by climatic means. The relatipnisetween the potential distribution and
the climatic mean may not hold when weather exteeftike droughts) occur with a much
higher frequency than nowadays. These act as tiiggeffect on tree growth decline and
pests or diseases that attack populations of weakeitality and cause mortality (Bréda et al.
2006, McDowell et al. 2007, Lakatos and Molnar 2000 predictions based on climatic
means alone could overestimate the potential biigtan of species.

Predictive ecological modelling is usually based emuilibrium between climate and
species tolerance. This biotic uncertainty origesadrom the inadequate understanding of the
mainly ecological factors influencing the equiliom of the species distribution. The
genetically set tolerance limits of species areewithan realized ones and this is especially
valid for populations near their distribution limitClimate change may affect also consumes
and pathogens that cannot be predicted. The pmwsistof forest ecosystems is one of the
main sources of uncertainty of distribution modadhgli which is supported by the wide
phenotypic plasticity of trees proven by compastifreld tests (Matyas 2007). The
persistence of forests is further reinforced bynptd forest management and changing
species preferences, which may assist to mainta@sts in the future (Matyas et al. 2009).

Soil conditions (e.g. soil texture, water holdingpacity, groundwater depth) were not
considered, since fine-scale information for fsesbmpartments was not available, which
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could lead to over or underestimation of the pagérdistribution areas of tree species,
compared to the pure climatic based assessmelisaftudy.

A substantial proportion of forest stands are s#dan non-zonal sites, which were not
accounted by our modelling, but these sites maigtasspreserve optimal conditions for the
investigated species even if the climate will netsiitable for zonal occurrences.

4 CONCLUSIONS

The composition rate was used for describing thebaility of occurrence instead of the
presence/absence information of the species. We datined functions using the recent
composition rate and the Ellenberg quotient, bgipliad to model the present and future tree
species distribution and composition rate. We havg considered stands located at zonal
positions.

The projections based on the simulation resultshefregional climate model REMO
have shown a significant decline of beech and lgessik in Hungary during the century
which is in accordance with other study resultsrria xeric limit of these species. By the
middle of the century only about 35% of the predmrdch and 75% of the sessile oak stands
will remain above their current potential distrilout limit. By the end of the century beech
forest may almost disappear from Hungary and sessik will also be found only along the
Southwest border and in higher mountain regionsit@ncontrary the present occurrences of
Turkey oak will be almost entirely preserved duiing century however its distribution area will
be shifted to the Transdanubian region hence oauytarge areas of current sessile oak habitat.

This study also underlines the importance of futiarest management and conversion
strategies from the perspective of the speciestsahe regeneration and financial issues. The
results of the study will be in more detail invgated in an upcoming national project TAMOP
dealing with the preparation of a decision supggstem for forest management in Hungary.
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