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Comparison of Simulated Trends of Regional Climate
Change in the Carpathian Basin for the 21st Century
Using Three Different Emission Scenarios

lldiké PIECZKA" — Rita PNGRACZ — Judit B\RTHOLY

Department of Meteorology, E6tvos Lorand University, Budapest, Hungary

Abstract — The present paper discusses the regional climate modeling experiments for the 21st
century for the Carpathian Basin using the model PRECIS. The model PRECIS is a hydrostatic
regional climate model with 25 km horizontal resolution developed at the UK Met Office, Hadley
Centre. Simulated future changes — in mean climatic values, distributions and empirical
probabilities — are analyzed for the period 2071-2100 (compared to 1961-1990, as a reference
period). Significant warming is projected at 0.05 level for all of the A2, A1B, and B2 scenarios,
the largest warming is estimated in summer. Not only the mean value is likely to change, but also
the distribution of daily mean temperature. By the end of the century the annual precipitation in
the Carpathian Basin is likely to decrease, and the annual distribution of monthly mean
precipitation is expected to change. Significant drying is projected in the region in summer, while
in winter the precipitation is estimated to increase.

Regional climate modeling / PRECIS / Temperature / Precipitation / Carpathian Basin

Kivonat — Az éghajlat varhat6 alakulasa a Karpat-medencében a XXI. szazad soran harom
kuldbnb6zé emisszié-szcenarié esetére cikk bemutatja a PRECIS regiondlis klimamodellel a

XXI. szazadra végzett szimulaciés futtatdsaink eredményét a Karpat-medence térségére. A
PRECIS modell 25 km-es térbeli felbontast alkalmazé, hidrosztatikus regionalis éghajlati modell,
melyet a Brit Meteoroldgiai Szolgélat Hadley Koézpontjdban fejlesztettek ki. A szimulécidk
felhasznalasaval megvizsgaltuk a 2071-21@3»zdkra varhatdé éghajlatvaltozast (az 1961-1990
referencia-idszakhoz viszonyitva), melyhez a meteoroldgiai paraméterek atlagértékeit, eloszlasat
és empirikus valdszirségeket is figyelembe vettink. A modell 95%-0s szinten szignifikéns
melegedést prognosztizal Magyarorszag és a Karpat-medence egész terliletére az A2, az A1B és a
B2 forgatdékdnyvek esetén egyarant. A legnagyobb valtozas mindharom esetben nyaron véarhato.
Eredményeink alapjan egyértdlm hogy nemcsak az atlagimérséklet ndvekedésére kell
szamitanunk, de admérséklet eloszlasa is jelésen mddosul a j@ben. Az évszazad végére a
Karpat-medencében éves atlagban a csapadék csokkenése, valamint az év soran lehull
csapadékdsszeg eloszlasanasbali atrende&dése valdsziisithet. A PRECIS szimulaciok az

orszag egész terlletén szignifikAns szarazodast prognosztizalnak a nyari évszakban mind a harom
vizsgalt szcenarid esetén. Télen viszont a csapadék ndvekedésére szamithatunk.

Regionalis éghajlatmodellezés / PRECIS /@mérséklet / csapadék / Karpat-medence

“Corresponding author: pieczka@nimbus.elte.hu; HZIBUDAPEST, Pazmany Péter sétany 1/A
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INTRODUCTION

On the basis of about 20 years’ international netea the frame of the Intergovernmental
Panel on Climate Change (IPCC), there is no doudt due to anthropogenic activity the
Earth is facing a global warming (IPCC 2007). Globlianate models (GCMs) are widely
used to estimate the future climate change, howdoeregional scale analysis their coarse
resolution (typically 150-200 km) limits their apgalbility in assessment of the regional
consequences of global warming. Regional climateletsonested in GCMs (Giorgi 1990)
may lead to better estimations of future climatedittons in the European subregions as well
as in other parts of the world since the horizonégblution of these RCMs is much finer
(around 10-25 km) than the GCMs’ (IPCC 2007).

The Carpathian Basin is located in the target megiof several recent EU-projects
(e.g., PRUDENCE (http://prudence.dmi.dk, Christense&hristensen 2007), ENSEMBLES
(www.ensembles-eu.org, van der Linden — Mitcheld20) CECILIA (www.cecilia-eu.org,
Halenka 2007), CLAVIER (www.clavier-eu.org, Jacdbak 2008)) that focused on regional
climate change in the 21st century using high-tdgmi climate model simulations, as well,
as on the environmental impacts of projected cknatange. In the frame of international
cooperative projects, four regional climate modese been successfully adapted and tested
for the region, two of them at the E6tvos Lorandwvdrsity, Budapest: PRECIS(oviding
Regional Climates forlmpactStudies), and RegCMRegonal Climate M odel) (Bartholy et
al. 2009a). By now after completing several RCMeaskpents for the Carpathian Basin and
its vicinity, it is possible to estimate the futurleanges in the climatic means and extremes in
this region for the 21st century (Torma et al. 20B8rtholy et al. 2009a,b,c, Pieczka et al.
2010, Krlzselyi et al. 2011). These projections especially important for planning at the
low-elevation retreating limits of the closed fdreene, such as in Hungary (Matyas 2010).

In the next section of this paper the model PREGI$troduced, then outputs of the
different experiments are used to analyze the sitadltemperature and precipitation change
by 2071-2100 for Hungary (compared to 1961-1990a asference period). Besides the
evaluation of mean climate changes, extreme camditare also discussed. Finally, the main
conclusions are summarized in the last section.

1 REGIONAL CLIMATE MODEL PRECIS

PRECIS is a high resolution limited area model wbibith atmospheric and land surface
modules. The model was developed at the Hadleyr€ehthe UK Met Office (Wilson et al.
2009), and it can be used over any part of thegg(ely., Hudsor Jones 2002, Rupa Kumar
et al. 2006, Taylor et al. 2007, Akhtar et al. 200Bhe PRECIS regional climate model is
based on the atmospheric component of HadCM3 (®oetoal. 2000) with substantial
modifications to the model physics (Jones et @0420The horizontal resolution of the model
can be set up to 25 or 50 km. In our studies, veel tise finest possible horizontal resolution.
The target region contains 123x96 grid points, sftkcial emphasis on the Carpathian Basin
and its Mediterranean vicinity containing 105x49dgpoints (Figure 1) In the vertical
direction the model contains 19 levels using hybddrdinates (SimmonsBurridge 1981).

In case of the control period (1961-1990), thaahitonditions and the lateral boundary
conditions (IC&LBC) for the regional model can beyided by ERA-40 reanalysis (Uppala
et al. 2005) or by the HadCM3 ocean-atmosphere ledudCM. For the validation of the
PRECIS simulations CRU TS 1.2 data sets (Mitchdibnes 2005) and E-OBS data (Haylock
et al. 2008) were used. Significance of the biatdé were checked using Welch'’s t-test
(Welch 1938). According to the results, PRECIShkedo sufficiently reconstruct the climate
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Simulated trends of regional climate change 11

of the reference period (Bartholy et al. 2009bJd)e annual cycle of temperature is well
represented, the bias (i.e., difference betweemlated and observed annual and seasonal
mean temperature) is found to be mostly withinitierval (-1 °C; +1 °C). The largest bias
values are found in summer, when the average duwest®n of PRECIS over Hungary is
2 °C in case of the ERA40-driven, and 2.3-3 °Casecof the GCM-driven simulations. For
precipitation a slight overestimation is dominaahly one of the completed experiments
showed a small underestimation in summer), theiadpaverage of the bias is less then
10 mm/month (except spring). The largest precijpitabias can be found in spring which is
significant in each gridpoint within the borders ldtingary. The overestimation is around
20 mm/month, which corresponds to a 40-50% reladifference between observation and
simulation.
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Figure 1. Geographical location and topography lué selected integration domain of
model PRECIS

For the future (2071-2100) three experiments werepteted, namely, for the A2, A1B,
and B2 global emission scenarios (NakiceneviSwart 2000). The estimated global mean
CO, concentration level for the end of the century % $pm, 717 ppm, and 621 ppm,
respectively. Thus, A2 can be considered the messimistic, and B2 the most optimistic
among these scenarios. Our findings for the pregechange of temperature and precipitation
(compared to 1961-1990) are discussed in the nexséctions.

2 SIMULATED TEMPERATURE CHANGE BY 2071-2100

For 2071-2100 A2, A1B, and B2 scenario runs havenbeompleted using the model
PRECIS. A2 scenario implies the highest temperatahees in the Carpathian Basin (due to
the highest estimated GQoncentration level). The projected annual meanp&rature
change for Hungary is between 4.0 °C and 5.4 °@. ffiojected seasonal mean changes are
summarized inTable 1 It can be clearly seen that the largest warminlikely to occur in
summer (the spatial average of the simulated ch&@0-8.0 °C). The least warming is
projected for spring and winter. The simulated d&ais significant at 0.05 level for each
season and grid point (Pieczka et al. 2010).

Acta Silv. Lign. Hung. 7, 2011



12 Pieczka, |. — Pongracz, R. — Bartholy, J.

Table 1. Projected seasonal mean temperature ch@@edor Hungary by 2071-2100
(reference period: 1961-1990)

Winter Spring Summer Autumn
B2 scenario 3.2 3.1 6.0 3.9
A1B scenario 4.1 3.7 6.7 5.0
A2 scenario 4.2 4.2 8.0 52

The year-to-year variation of seasonal mean teraperéor Hungary is presented kigure
2. All the time series highlight the significant wang for each season and for all scenarios. The
largest seasonal warming is projected for summige. fean temperature in autumn is likely to
increase more than in spring, thus autumn may becwsarmer than spring due to the robust
warming in late summer/early autumn (Bartholy et2809c). The year-to-year variation in the
transition seasons is also likely to increase toup5-2 times of their current value in casehef t
A2 and B2 scenarios, however, such a change ipmocted for A1B. Standard deviation of
winter mean temperature is projected to slightlyrel@se in case of all scenarios. According to the
simulations, the presently quite large standardatien in summer is likely to slightly decrease
for B2, and slightly increase for A1B and A2 sca@rgrbut no robust change is projected. On the
continuous 140-years simulation of A1B the warntirnd is obvious for each season, with the
highest rate in summer — to visualize this tendetieyfitted linear trends using the least squares
method are shown for the entire 1961-2100 period.
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Figure 2. Year-to-year variation of seasonal meamperature (°C) for Hungary.
In case of A1B simulation the fitted linear trerade also shown for 1961-2100
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In Figure 3Box-Whisker plot diagrams calculated from the dated values of monthly
temperature anomalies for 2071-2100 (relative ¢01961-1990 monthly mean values) in all
the gridpoints located within Hungary, are shown &l scenarios. The small rectangles
represent the lower and the upper quartiles, aadséhtical lines indicate the minimum and
the maximum of the sample (the size of the enaira@e is 6,870). The lower quartile values
are always positive (and in most of the summerartdmn months the minimum values are
also above 0 °C), which highlights the projectedmiag trend. The middle 50% of the
sample is represented by the boxes: the largesitiee the larger the variance of the sample.
In case of the different scenarios, the total rarafehe middle-half of the monthly anomalies
are similar (around 2-5 °C), the largest rangegeogcted in the summer months. Negative
anomalies compared to the mean of 1961-1990 asdy lik occur by 2071-2100 only in a
few cases and locations, mainly in the winter msridspecially, in December and February).

2071-2100

—_
oo

B2

ll *A1B

*AZ
J F M A M J J A S O N D

Figure 3. Distribution of projected monthly tempena change (°C) in the gridpoints located
within Hungary for 2071-2100 (reference period: 196990)
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The distribution change of simulated daily meangderature is also analyzed. The results
for January and July (being the coldest and thengat months, respectively) can be seen in
Figure 4

10% 10%
= JANUARY JULY >
S 8% 8% 2
3 1961-1990 £
g 6% HH 6% §
&= 2071-2100/B2 =
Q 4% 4% 2
= W 2071-2100/A1B &
@ 2% 2% é
= ll I W 2071-2100/A2 | I |
0% 1 T i ] T “\I T T ]\” ]\ * T 0%
20 15 10 5 0 5 10 15 20 10 15 20 25 30 35 40 45 50
Daily mean temperature (°C) Daily mean temperature (°C)

Figure 4. Distribution change of simulated dailyangemperature
in January (left panel) and July (right panel)

In January the distribution is projected to stofvards the larger temperature values (the
projected monthly mean change is about +5.2 °Q) %6, and +5.7 °C in case of B2, A1B,
and A2 scenario, respectively), which implies lestd and more warm and record warm
periods in winter. In July (shown in the right pBreot only a shift, but also a shape-change
of the empirical distribution is visible. The relet frequency values of different temperature
intervals are likely to change remarkably (the gctgd monthly mean temperature increase is
about +6.3 °C, +7.1 °C, and +8.4 °C in case of 8B, and A2 scenario, respectively). The
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14 Pieczka, |. — Pongracz, R. — Bartholy, J.

projected distribution changes for these three ast@ are very similar in the winter months
(January is shown in this paper as an example)dilfet more in case of the summer months
(especially in July and August, from which Julysi®wn inFigure 4. Thus, for the summer the
simulations imply less cold and more hot perioa& Erger record hot conditions than in the
reference period. This frequency shift is largaraee of A2 scenario than A1B or B2 scenatrio.

In order to evaluate the projected distribution e from a spatial aspect, a special
method has been developed. The main aim of thihadets to quantify the empirical
probability of temperature or precipitation anorealexceeding given thresholds based on the
model simulations, and then to compare to the oeoge determined from observational
datasets (such as the E-OBS gridded data (Haykoak 2008)). The comparison enables the
provision of a clear message to the impact modelertse distribution shift for instance.

WINTER (DJF) SUMMER (JJA)

=
16 17E  1BE 19E 20 2] 22E 23 24 M6E  17E  1BE 19E 20E 21 22E 23  24E

E-OBS (1961-1990)
‘observation”

B2 simulation
(2071-2100)

19 20 21E

A1B simulation
(2071-2100)

A2 simulation
(2071-2100)

17E 18E 19E  20E  21E

[T T T T T 7]
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 9

Figure 5. Seasonal empirical probability of monttdynperature anomaly exceeding 4 °C
(relative to the 1961-1990 monthly mean values)

Among the various threshold values used during ahalysis Figure 5 shows the
empirical probability of temperature anomaly exéegd4 °C in winter and summer for the
reference period (1961-1990) and the target pef@@¥1-2100) for the three scenarios.
(PRECIS experiments project at least 4 °C annuaimivey for Hungary.) For the end-users
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Simulated trends of regional climate change 15

these maps may provide useful spatial informatidwous the probability of threshold
exceedance. In past climatic conditions, monthlgngerature anomaly exceeding 4 °C
occurred in about 5-10% of all the winter months] & hardly ever happened in the other
seasons (only summer and winter are shown). Acaegrti the PRECIS simulations, this is
very likely to change in the future: by the endtloé 21st century the monthly temperature
anomaly (e.g., the difference from the mean of £4890) exceeding 4 °C will become quite
frequent (B2: 35-45% in winter, 70-80% in summet;BA50-60% in winter, 80-85% in
summer, A2: 50-60% in winter, 85—-95% in summer)e Tdrgest probability values can be
seen in summer. The spatial structure of the eogiprobability fields is similar, but the
values differ, namely, probability values for AZzdarger than for A1B and B2. In summer a
zonal structure can be recognized, with the largesability values in the eastern/southern
part of Hungary.

3 SIMULATED PRECIPITATION CHANGE BY 2071-2100

The model predicts about 20% annual precipitatiearédase on average for Hungary by
the end of the 21st century in case of A2 and Bfhados, but gives practically no change
in annual precipitation in case of A1B. However, séasonal or monthly simulated
changes are evaluated, the largest change is pedjdor summer, namely, significant
drying is likely according to the simulations fohet whole country (the simulated
precipitation decrease is 34%, 43%, and 58% uspagia averages in case of A1B, B2,
and A2, respectively). Also, for spring and aututhe projected trend is negative (except
for A1B in spring, when it is slightly positive)ubit is much smaller than in summer and
not significant at 0.05 level. The direction of silated precipitation change in the
transition seasons involves large uncertaintiesvilmer a slight increase is projected (in
spatial average about 14%), which is significantcase of A2 in the Transdanubium,
where the simulated winter precipitation change nexgeed 30-40% (Pieczka et al.
2010). The A1B experiment projects a larger, sigaiit precipitation increase (34% in
spatial average) for the entire country.

Precipitation is highly variable both in space anmde. According to the PRECIS
simulations the year-to-year variation in Hungaryl wemarkably change in the future
(Figure 6 and Figure Y. The results suggest a major annual redistrilpubioprecipitation,

a significant decrease in summer precipitation,wadl, as in interannual variation of
summer precipitation, and increase of the interahmariation in spring and winter. In
summer both the seasonal sum and the temporalasthntkviation is likely to decrease
dramatically, by about 50% in case of A2 and B2nsems. The largest decrease of the
standard deviation is expected in June, July, agpteSnber, in the rest of the year the
simulated changes are less pronounced. Howeversithelated year-to-year variation
increase of monthly precipitation in spring is guiarge, especially, in May in case of A2
scenario. The results from the A1B experiment sagtjeat by the middle of the century
the sum and variation of precipitation in summed annter will be almost equal, and by
the end of the century most of the precipitatiofl fail during winter — but in some years
the opposite may happesee Figure B Trends in spring and autumn precipitation change
are small and not significant.
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Figure 6. Year-to-year variation of seasonal meegcypitation (mm/month) for Hungary
in winter and summer

The projected change in the annual distributiosiofulated monthly mean precipitation
is shown inFigure 8 In the present climate (1961-1990), the wettestths in Hungary are
in late spring, early summer (May, June), whenrttoathly mean precipitation sum exceeds
60 mm. The driest months are January and Februighyalvout 30—35 mm total precipitation
on average. The PRECIS simulations suggest thaase of all three scenarios, the annual
distribution of monthly precipitation is very liketo be restructured in the future. The driest
months are projected no longer to occur during evirtut in July and August instead (in case
of A2 with less than 20 mm, in case of A1B arou@d25 mm, and in case of B2 with about
25-30 mm on average by 2071-2100). The wettestimafrthe A2 scenario run is projected
to be April with about 65-70 mm precipitation oreeage, while in case of the B2 and A1B
simulations the wettest months are April, May andeJwith about 60 mm (B2) / over 60 mm
(A1B) total precipitation on average.
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Figure 7. Year-to-year variation of seasonal meegcypitation (mm/month)
for Hungary in spring and autumn
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Figure 8. Annual distribution of simulated monthtgan precipitation (mm/month)
in the reference period (1961-1990) and in thgeaperiod (2071-2100)
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Overall, the model PRECIS predicts a drier climatéhe Carpathian Basin. The more
pronounced changes will probably happen duringeviahd summer months. In case of the
empirical probability analysis threshold values %2@nd +20% were selected since two of
the presented experiments suggest 20% annual patiop decrease for Hungary. The
empirical probability of negative precipitation analy exceeding —20% in past (1961-1990)
climatic conditions occurred in about 40-55% ofta# autumn months, and 30-40% of all
the months in the other three seasdrigure 9. According to the PRECIS simulations, a
drying tendency is projected by the end of the 2&stury, especially, in the summer months
(the occurrence of the monthly precipitation angnedceeding —20% increases significantly
to 70-80% in case of B2 and A1B, and 80-90% in cds&2 scenarios). In winter a less
pronounced frequency increase is expected (B20#®@%, A2: to 30-50%), and in case of
A1B even a slight decrease can be seen (to 20—30%).
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e
wn-j}\ _ﬁJ/J '/;[\‘\y\“
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Figure 9. Seasonal empirical probability of montphecipitation anomaly
exceeding —20% (relative to the 1961-1990 montlelgmvalues)
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The empirical probability of positive precipitati@nomaly exceeding 20% in the past
climatic conditions occurred about 25-35% of a# thonths throughout the year. A major
decrease is projected for the summer months: tbleapility of wet conditions decreases to
0-20% in case of B2, to 5-15% in case of A1B, an®+10% in case of AFigure 10)
Based on these mapsigures 9and10) it can be clearly seen that in case of the A2aide
the amplitude of the summer changes are likelyetdalbger than in case of B2 or A1B. For
winter the changes are less pronounced for B2fdouA2 a major increase is projected in the
Transdanubium (from 25-35% to 45-55%) and for AtBnsirio for the entire country (to
45-60%), as we mentioned earlier. In winter, inecab A2 the wetter periods are likely to
become more frequent in the whole country, whike dhy periods will become less frequent
mainly in the area of Transdanubium. This findisgeven more pronounced in case of A1B
scenario, however, valid not only for parts of toeintry but for the entire area.
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Figure 10. Seasonal empirical probability of mogtptecipitation anomaly exceeding
+20% (relative to the 1961-1990 monthly mean v3glues
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4 SUMMARY

The climate conditions of the 1961-1990 (refererme)l 2071-2100 periods have been

simulated using the PRECIS regional climate modtielthe present paper the projected

temperature and precipitation changes for the GlaigraBasin for the end of the 21st century

(compared to the mean of 1961-1990) have been zsthlyThe main conclusions can be

drawn as follows.

(i) The sign of the simulated temperature change isanee for all the three scenarios, the
projected annual temperature increase is in thgerah 4.0-5.4 °C. The amplitude of the
projected warming is the largest in case of A2,oading to which the highest GO
concentration level is estimated.

(i) In all the four seasons significant warming isjgcted at 0.05 level in all simulations,
the largest warming is likely to occur in summeor(Hungary the spatial average
warming by the end of the 21st century is likelygach 6-8 °C).

(iif) Not only the mean climatic conditions will changeit also the distribution of the daily
(and monthly) mean temperature, implying more feegquwarm and hot periods and
greater record hot conditions than in the 1961-18%ence period.

(iv) By the end of the century the annual precipitaiiorthe Carpathian Basin is likely to
decrease by about 20% for both A2 and B2 scenaflus A1B scenario does not project
such annual changes.

(v) Significant drying is projected in the region, espdy, in summer (the seasonal
precipitation amounts as well, as the probabilftpacurrence of wetter periods are likely
to decrease in Hungary) while in winter the prdeipon is projected to increase. The
direction of precipitation change in the transitsgasons is uncertain, the simulations do
not estimate significant changes.

(vi) According to the PRECIS simulations the annual rithstion of monthly mean
precipitation is also expected to change. In th@139990 reference period the wettest
months in Hungary occurred in May and June, anddtiest months were January and
February. In the 2071-2100 future period, the dmesnths are projected to be July and
August, while the wettest April, May and June.

PRECIS is only one of the four RCMs adapted andl Use assessing the regional
climate change in Hungary. Obviously, these expeni® differ in many aspects, e.g., in
model formulation, physical parameterization, sgatsolution, driving boundary conditions
and forcings. Due to these differences besidesdbast future changes suggested by the
different RCM results the uncertainties associabeithe estimated changes for the Carpathian
Basin can be also assessed (Krizselyi et al. 20dreover, previous RCM results based on
PRUDENCE outputs (Batholy et al. 2008) and ENSEMBL&utputs (Bartholy et al. 2011)
also enable us to evaluate the PRECIS simulati@@mpared to these other RCM
experiments, PRECIS results for Hungary projectesshat warmer conditions than the mean
temperature change of all the available simulatiesults. The largest seasonal warming
projected for summer by PRECIS simulations are isterst with other results (Bartholy et al.
2008, 2011). In case of precipitation projectidhs, uncertainty is much larger than in case of
temperature. The RCM results often disagree irsitpe of the projected seasonal and annual
changes, which are often non-significant. Howetle®, summer drying is estimated by most
of the RCM experiments, as well, as PRECIS runsemed in this paper. Slightly wetter
winter conditions are also likely to occur in theture compared to the reference period
1961-1990. From this sense PRECIS simulations ansistent with the available RCM
results.
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Comparison of 19" Century and Present Concentrations
and Depositions of Ozone in Central Europe
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Abstract — Ozone, one of the most important trace gases in atmosphere was discovered by
Christian Friedrich Schénbein (1799-1886), a chemistry professor at the University of Basel. The
method developed by him was used from the middle of nineteenth century until the 1920’s in
much of the world. The measurement method is based essentially on the color-change of an
indicator test paper. We obtained records for ozone measured in the Habsburg Empire using
Schénbein’s method for analyze the long term environmental processes. According to records
kept in the Habsburg Empire, ozone was measured at more than twenty sites between 1853-1856.
On the territory of the Kingdom of Hungary, ozone was measured at Szeged, Buda and
Selmecbéanya (Schemnitz, Banska Stiavnica) among others. Long term datasets are available from
Buda (1871-1898) and O-Gyalla (Altdala, Hurbanovo, 1898-1905). Ozone was measured during
both day- and nighttime. Additionally meteorological variables (like air temperature, relative
humidity, air pressure, wind speed, cloud cover, precipitation) were also observed several times a
day. The data reported in the yearbooks were collected and evaluated in this study to reconstruct
the ozone dataset. Depending on concentrations and depaosition velocity over different vegetated
surfaces the ozone deposition can be estimated. The reliability of estimations and reconstructed
ozone deposition values are also discussed. Finally ozone datasets frorfl #red 12£' century

and the differences in ozone concentration and deposition between rural and urban areas are
compared. Ozone concentrations and deposition are found to be approximately three times higher
now than in the 19 century.

0zone concentration and deposition / Schonbein’s method / historical datasets

Kivonat — A jelenlegi és a XIX. szazadi 6zonmérések 6sszehasonlitdda 6zon fontos Iégkori
nyomgaz, amelyet Christian Friedrich Schdnbein (1799-1886), a bazeli egyetem kémia
professzora fedezett fel. Az altala kifejlesztett mérési eljarast a XIX. szazad kidzp&p20-as
évekig hasznaltdk vilagszerte. Egy indikator papir szinvaltozasat regisztraltak tiz, illetve
tizennégy fokozatl skalan. A Habsburg Birodalomban végzett feljegyzések szerint az 6zon
koncentraciot tébb mint 20 helyen mérték 1853 és 1856 kozott. A Magyar Kiralysag teriletén
6zonmeérések folytak tobbek kdzott Szegeden, Budan és Selmecbanyan. Hossuagfajyelési

sorok vannak Budarol (1871-1898) és O-Gyallarél (1898-1905). Az 6zont nappali és éjszakai
peribdusban mérték. A meteoroldgiai elemeket — mint éandrséklet, relativ nedvesség,
légnyomas, szél, felizet, csapadék — szintén naponta tobbszoér feljegyezték. Az évkdnyvekben
kozolt adatokat dolgoztuk fel, Iétrehozva egy hosszdidejon-adatbézist. A koncentracio és a
kulonbdd Okoszisztémakra jellendz lGlepedési sebesség ismeretében az &ézon terhelést is
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meghataroztuk. Osszehasonlitottuk a XIX. szazadi ¥X|. szazadi 6zonméréseket. Elemeztiik a
varosi és vidéki méhelyeken mért 6zon koncentracio és llepedési éktklénbségeit. Az 6zon
szint és az Ulepedés mértéke jelenleg hozséagesen 3-szorosa a XIX. szizadi értékeknek.

6zon koncentracié / Schonbein mdédszer/ torténelmidatsorok

1 DISCOVERY OF OZONE AND ITS ENVIRONMENTAL EFFECTS

The first technique for measuring ozone was dewgdyp Schonbein. The method was based
on an indicator paper coated with starched potassadide. A color-change of an indicator
test paper was recorded on a scale ranging frommI® tor O to 14. The strip of paper turns
brown depending on the extent of the reaction dine with ozone and also because of
humidity. Because of the effect of humidity on theasurement, the relation between color
change and the concentration of ozone is not lifeay., Fox 1873; Linvill et al. 1980;
Kley et al. 1988; Walshaw 199Mdller 1999;Mordecai 2001).

Ozone is beneficial in the stratosphere by absgrbiv radiation, in the same time it is a
pollutant near the surface. Ozone near the suffao®@s vegetation and animals, it is toxic to
humans; decreased agricultural crop yields and dartm man-made materials are examples
among its negative effects. Ozone is a secondaliytaot meaning that it is not directly
emitted into the atmosphere. Instead, ozone isywedl in the atmosphere by photochemical
reactions involving precursor species (such as NG, CO, VOC) released from man-made
sources (such as traffic and industry) and fronmumadtsources (such as vegetation and
lightning). Stratospheric-tropospheric exchangansther important source of tropospheric
ozone (Sandor et al. 1994). The concentration @& reurface ozone has characteristic
seasonal and daily variations. Its seasonal vanat characterized by winter minima and
summer maxima in areas that are strongly influefigepollution sources. Secondary maxima
occur in early spring due to intrusions of stratasjc air. The highest ozone concentrations
are typically found in the afternoon and in thelyeavening as the result of photochemical
activity. In remote areas, i.e., areas not stromgiyppenced by recent pollution, ozone has a
maximum in spring and a minimum in fall. The didraariation of ozone is much weaker in
remote areas than in polluted areas and maximaocemr at any time of the day or night
(Nolle et al. 2002; Wilson et al. 2011).

Ozone is a potent greenhouse gas and is ranketithimportance after COand CH
(IPCC 2007). For calculating the contribution oboe to radiative, and hence climate forcing
due to anthropogenic activities, it is necessarkrnow the history of ozone extending from
the pre-industrial era to the present. In additlong term trends in ozone concentrations are
needed to assess the long-term effects of expostrgegetation to ozone. Currently,
measurements of ozone are obtained routinely arotned world by surface based
measurement networks and by satellites. Howevesgtimethods have only been in use for a
few decades and other techniques must be reli¢d olbtain semi-quantitative data for ozone.

2 CALCULATION OF OZONE CONCENTRATION AND FLUX FROM
HISTORICAL MEASUREMENTS

Since shortly after the development of the Schdnlest paper method, studies have
attempted to relate the color changes to ozoneetrations. Fox (1873) noted that the color
change is related to humidity. This happens becauwsanmper surface can absorb more ozone.
He also found that higher temperatures lead toenigone. Albert-Levy (1877) realized that
gases such as S@@ad to reduction of ozone and developed the dusintitative method for
measuring ozone, based on the oxidation of arseBi®eral more recent studies have
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examined the question of how to relate Schénbembaus from the color changes to ozone
concentrations (e.g., Linvill et al. 1980; Bojko98b; Volz—Kley 1988; Marenco et al. 1994,
Pavelin et al. 1999). Wind speed and sampling {juseially 8—-14 hours) can also affect the
measurements. It should be mentioned that higHeesaf Schdonbein numbers were find in
case of higher wind speeds at similar relative lglitynin the historical ozone dataset of Buda
(not presented here). Based on data from Linvilalet(1980) and Anfossi et al. (1991),
Pavelin et al. (1999) developed a procedure to wadcdor the dependence on relative
humidity (Figure 1). It is the most accepted methodology for the eosion. The estimated
error is ~ 20-25%.

The ozone flux ) can be determined over a given type of vegetatising data for
ozone concentration and deposition velocity (Weddilgks 2000; Lagzi et al. 2004;
Mészaros et al. 2009):

F =vq(Crt —Co),

CO =0
wherevy is deposition velocityCres is concentration at reference lev@}, is concentration at

the absorbent surface.
ppbv concentraotions

10f OIS

<

Schoenbein no.

0 P — T e ——

40 60 80 100
RH. [%]

Figure 1. Humidity correction suggested by Paveliml. (1999)
to convert Schonbein numbers to ozone concentsationnits of ppbv

Over the past few decades, numerous measurememés caeried out to determine
seasonal and daily variations in deposition veyooiter different vegetation types (e.g. grass,
deciduous, coniferous and mixed forest types). fHsellts of these measurements could be
used for parameterizing processes, or testing odepesition calculations using resistance
models in addition to assessing ozone fluxes tetaign (Zhang et al. 1996; Emberson et al.
2001; Lamaud et al. 2002; Lagzi et al. 2004; Bigtaal. 2007).

Measurements of deposition velocity were made énetiarly 1990s in Hortobagy (over a
grassy surface) and Nyirjes (in the Matra Mountaiwner a coniferous forest) are shown in
Table 1 Values from Nyirjes will be used for estimatingpoe deposition during the vegetation
growing season (from April to October) over coroies forests. These values of deposition
velocity are in good agreement (same range biet ltiit higher values) with other measurements
found in the current literature (Padro 1996; Fisteah et al. 2000; Zhu et al. 2008). Data shown
in Table 2indicate that daytime deposition velocities arpidglly higher than nighttime
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values for all the ecosystems studied. Lowest A4-laverage values were found over the
grassy surface, while highest values were found forests.

Table 1. Deposition velocity of 0zone [cm/s] ovepaiferous forest in the Matra Mountains on
the basis of field measurement campaigns from 199993 (Horvath et al. 1996)

Spring Summer Autumn Winter
Daytime 0.50 1.20 0.63 0.17
Nighttime 0.04 0.34 0.03 0.04
Entire day 0.34 0.86 0.39 0.12

Table 2. Deposition velocity of ozone [cm/s] oviffiedent surface types on the basis of
standard values in summer (Meyers et al. 1998; gleral. 2002; Lagzi et al. 2004)

Daytime Nighttime Entire day
Grass 0.25(0.2-0.35)
Agricultural 0.2 -0.7 0.35
Vineyard, orchard 0.3-05 0.05-10.2 0.3
Deciduous forests 0.2 -0.95 0.2 -10.3 0.5 (0.3-0.7)
Mixed forests 0.5 (0.2-0.85)
Coniferous forests 0.7 -0.9 0.15 - 0.35 0.6

3 OZONE MEASUREMENTS IN THE 19TH CENTURY

Reconstructed ozone measurements, measuremerarsiteseasurement periods from thé&' 19
century currently available in the literature (Hewvet al. 1999) are shown in a contemporary
geographical mag={gure 2. We report here reconstructed ozone measurerobtamed in the
Habsburg Empire from the latter half of thé"t@ntury until the 1910s.
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Figure 2. Ozone measurements at the end of theatfathhe beginning of the 20th century
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According to the map, earliest data obtained oattieé Habsburg Empire were in Hong
Kong, Michigan, in France at the Pic de Midi Obsdovy. The measurements at each site
were carried out using the Schonbein method, wiferént scales used, e.g., 0-10, 0-11, 0—
14, 0-21. The values on the map are presented b, pphich has been introduced more
recently. Available values were between 5 and 1&vpp

3.1 Ozone measurements in the Habsburg Empire betere 1853—-1856

It should be emphasized that the earliest datas¢te world we have are from the stations in
the Habsburg Empire shown irigure 3 Yearbooks between 1853-1856 of the Central
Meteorological Institute of the Habsburg EmpireMienna (Wien) contain data on ozone
concentration from more than 20 stations. Howewzgne data were not obtained and
recorded for subsequent years, except for datanelotén Vienna.

B

Figure 3. Ozone measurement sites in Central Eubmtereen 1853—-1856

Numerous meteorological stations in the Kingdom Hiingary also made ozone
measurements using the Schoénbein method (scaleldf) @luring the day and night: Buda
(Ofen), Szeged (Szegedin), Selmecbanya (Schenartz)Besztercebanya (Neusohl). In this
study, we will convert Schonbein numbers to ozowacentrations in ppbv using the
approach outlined in Pavelin et al. (1999).

There are some interesting aspects of the measotemoeth mentioning: (i) Vienna has
quite a long ozone measurement period from 185théoend of 19 century; (ii) Ozone
observation started in 1856 in Buda, however theas continuous published dataset in
yearbooks only from 1871; (iii) in Krakau (Krakow)our Schénbein papers were
simultaneously posted towards the four points efdbmpass to study the differences caused
the wind speed outside the building (shielded wgoeed); (iv) in Lemberg (Lviv) two
daytime measurements were carried out; one in thening and one in the afternoon. The
concentrations measured were similar (Weidinget.e2009).
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To calculate ozone level daytime and nighttimetiadahumidity data are needed. For
humidity data missing in the yearbook, data frora tiearest meteorological station were
used. Of course it is a compromise but the selesti#iibns were in the same climate region
(Hungarian Plain). For Szeged we used humidity @i Temerin (near Belgrad) in one
year, while in other years data was taken from Bedam. In two other years measurements of
humidity were found locally in Szeged. Meteorol@jicneasurements were usually carried
out three times a day. There were two stations mibhe than three observations of humidity
per day: in Seftenberg 5 times per day and in Kreamster 10 times per day. Daily
(1 data/day) and monthly averages (for each daégpsuring time) of relative humidity were
published in the yearbooks.

3.2 Evaluation of ozone measurements in Szeged

Reconstruction of ozone data is illustrated onddiaset in Szeged (1853-1856). Schonbein’s
number showing annual variation with winter maxiad summer minima is shown in
Figure 4

Available dataset of relative humidity were i) gadlverages (one value per day) and ii)
monthly averages for three daily observations (06DE00 and 2000 hours in Central
European Time). Monthly averages of relative hutyidivere determined by weighted
averages of monthly values of three observatiomscdntage differences between these
values were used for reconstruction of daily vasiabf the relative humidity from each daily
average. Using estimated relative humidity threee§ a day the daytime (between 0600—
2000 hours) and nighttime (2000—-0600 hours) retathumidity could be determined
assuming linear changes between values.

Seasonal variability in daily average relative hdityi is characterized by a winter
maximum and a summer minimurigure 4) In 1854 and 1856 extremely low daily average
relative humidities were found in datasets fromesalstations suggesting these low values
were not likely the result of measurement artifacts

3.3 Spatial distribution of ozone over the Habsburdgmpire in 1855

The good coverage of measuring sites of ozone allmwanalyze the spatial distribution of
ozone concentration. Density of measurements wa® dugh compared to today. The
frequency of measurements allows us to determingtinda and nighttime ozone
concentrations. The spatial distribution of ozommaentration in 1855 — produced from
numerous measurements was characterized by maxiwalmes around Vienna and low
values (less than 10 ppbv) in Szeged and in Krafkogure 5.

3.4 Ozone deposition during the vegetation periodver coniferous forests in Central
Europe in 1855

A simple model using deposition velocities showTable 1was adapted to calculate ozone
deposition over coniferous forests. The resultdHervegetation growth season (from April to
October) are presentedhiigure 6

Assuming the concentrations were very similar igtil@e and nighttime, the differences
between ozone deposition rates are caused by tieeedit deposition velocities in daytime
and nighttime Table 3. Over coniferous forests during vegetation growdasons ozone
deposition was between 1,7 g/mnd 3 g/ On the basis of land-use data from th&' 19
century (Timar et al. 2006, 2007) more preciseuwatons can be made.
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Figure 4. Schénbein number (a), relative humiditygnd ozone concentration (c ) in Szeged
between 1853—-1856. The moving averages were ctddubaver 10 days of data (pentad)
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Figure 5. Annual average ozone concentration [pghvhe Habsburg Empire in 1855
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Figure 6. Ozone deposition [gffrover coniferous forest during the vegetation gttoseason
(April-October) on the Habsburg Empire in 1855 ccddted on the basis of reconstructed ozone
concentration and deposition velocity data measutedng day- and nighttime in Nyirjes
(Table 1) (The coniferous forest is an examplis. hibt autochthonous in the Hungarian Plain)

3.5 O-Gyalla Dataset (1893—-1905)

The meteorological and geomagnetic observatorydedrby Miklos Konkoly in O-Gyalla
(now Hurbanovo, Slovakia) plays an important roléhe history of Hungarian meteorology.
Starting in 1900 it operated as the Observatorjthef Meteorological and Geomagnetic
Institute (Czelnai, 1995). Yearbooks of the Obstma contain ozone measurements
(daytime and nighttime, on 0-10 Schonbein scals)des meteorological and geomagnetic
observations between 1897 and 1905. The relatimadity was measured three times a day
similar to the former measurements at Szeged.
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Figure 7. Monthly averages of nighttime and daytBeaonbein numbers (a, d),
relative humidity (b, €) and ozone concentratiorfin O-Gyalla between 1893 and 1905

Figure 7 shows monthly averages for daytime and nighttinedative humidity,
Schonbein number, and reconstructed ozone contiensaver a 13 year period. Average
monthly values are indicated by continuous linemsasenal variation of ozone shows slight
changes without summer maxima (not suitable antigepic effects compare with present).
The daytime and nighttime average ozone concemsat- based on the Welch-test — are
statistically different even at 99% significancede Maximum values occurred in early spring
(at daytime as well as nighttime), which are al®enfd in the recent ozone dataset, explained
by tropopause folding, which permits transfer t® slrface (Sandor et al., 1994).

4 COMPARISON OF OZONE DATASETS AND FLUXES IN THE 19™ AND 21°
CENTURIES OVER URBAN AND RURAL AREAS

Daytime and nocturnal average ozone values aréa@lafor the stations located in the lower
area of the Carpathian Basin for a period of ov&d §ears. In the evaluation ozone data
measured at Szeged between 1854 and 1856, at Btwleem 1871 and 1898 and at O-Gyalla
between 1893 and 1905 were used.
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Figure 8. Annual averages of Schonbein number (&) @zone concentration (b):
daytime (grey triangles), nighttime (grey circlesg entire day (black line) measurements
in Szeged, O-Gyalla and Buda between 1854-1904

The highest Schoénbein value and ozone concentratierfound in O-Gyalla and the
lowest ones at Buda. The differences between oxahees at Buda and Szeged are very
small. There are not significant trends in the ezaataset in Buda. At the same time,
measured ozone data in O-Gyalla (12—14 ppbv) arthB8-12 ppbv) indicate differences
between urban and rural areas. This differenceddoelrelated to emissions of reducing gases
such as S@emitted in urban areas. Sulphate aerosol is forineithe atmosphere by the
oxidation of sulphur dioxide. Ozone and the sulpledrosol are interconnected to each other,
since sulphate affects;@nd the oxidant chemistry by providing a surfametifie conversion
of NO to nitric acid, limiting thus the formation ofs@QUnger et al., 2006Dn the other hand,
reducing agents of the Schdnbein paper — such aai@ammonia — can also lead to a lower
ozone reading (Pavelin et al. 1999)

The daytime concentrations in spring and summepané in most cases the nighttime
concentrationsKigure 9, which could be due to the effect of photochempracesses. In
the majority of cases autumn and winter concemnatit night is higher than in the
daytime. Possible reasons are less daytime sothatiran, inactive period of vegetation
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and the effecbf the coal burning in could seasons. The tendsnaie more pronounced
in the summer and spring, while smaller changedared in winter and autumn.
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Figure 9. Relative frequency of days [%] when ozomecentrations are higher in the

daytime AC> 0) in different seasons observed in Buda betwlé31 and 1895 (bars).

Inter annual variation is demonstrated by fittedypmmial trend lines for each season
(solid and dashed lines)

Taking into consideration of daily variation of eeoconcentration from 1871 to 1895 in
many days highest values were formed at nighttiiéch are not common recently. For this
reason these cases were treated separately. Liong/&eiations of average differences were
shown inFigure 10for winter and inFigure 11for summer. In winter smaller and in summer
larger differences of concentrations can be fouhdmthe daytime concentrations are higher.
It can be explained by photochemical reactiongeasing trend can be found only in summer
in this case.

The differences in ozone levels between urban amdl rareas are increasing from
beginning the observations until the present daffei2nces between daytime and nighttime
concentrations are also rising. Increasing emiss@mitrogen oxides and other trace gases
playing important roles in ozone formation and heotochemical processes have been
recognized (Mészaros 1997). Based on the measuterokthe Hungarian Meteorological
Service (for the period 1990-2008 as showrFigure 12 increasing concentrations were
found at both rural and urban areas until 1998c&ih999 however, the concentrations are
decreasing in both environments. Presently ozoweldeare about three times higher than
they were in the T9century (compar&igure 12vs.Figure 8.
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Figure 10. Average differences of daytime and nigiet measurements in Buda between
1871-1895 in winter for two cases i) for ozone @ration higher (dark) respectively
ii) lower in daytime (gray). The variation betwegars is illustrated by trend lines
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Figure 11. Average differences of daytime and miigiat measurements in Buda between
1871-1895 in summer for two cases i) for ozone@aination higher (dark) respectively
ii) lower in daytime (gray). The variation betwegars is illustrated by trend lines

The change of ozone deposition fronf'18 2% century was illustrated over the coniferous
forest for seven months (from April to Octoberyefjetation growth seas¢hable 3).

Table 3. Estimated ozone deposition [§/during the vegetation growth season (from April
to October).

Daytime Nighttime Entire day
Selmecbéanya (185 2,2 0,3 2.t
Lemberg (1855) 2,4 0,3 2,7
Farkasfa (2008) 7,7 1,2 8,9
K-puszta (2008) 9,1 1,3 10,4
Nyirjes (2008) 9,5 2,0 11,5
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Values almost three times higher were also founthier measurements cases than in
earlier ones. In 1855, ozone depositiiig(re 6) was 2.5 g/min Selmecbanya (Banska
Stiavnica), while in Nyirjes 11.5 gfmvas calculated in 2008. Currently, differenceszsne
deposition between two stations (Farkasfa and Bgjiire higher than the baseline deposition
in the 19th century. In other words the spatiaingjes are larger than for the total deposition a
century and a half ago. Due to anthropogenic diesi photochemical reactions play more
important role at present. The differences betwasn and night values are increasing, and
day to day variations in ozone concentrations @ iacreasing (see also Lagzi et al., 2004).
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Figure 12. Annual averages of ozone levels bet®60 and 2008 in Budapest (urban site)
and at K-puszta (rural site)

5 CONCLUSIONS

We present reconstructed ozone measurements ameé olBposition calculations based on
these measurements (i) in the Habsburg Empire rattaei Carpathian Basin in the middle of
19" century and the early $Gcentury; and (i) in Hungary in the late®@nd the early 21
century. The Schénbein method is able to trackcttenges of concentration in the daytime
and nighttime, and the seasonal changes as wallinhmary:

— Reconstructed ozone concentrations in Central Eussp consistent with those deduced
for measurements reported for other regions iriteeature (i.e. generally in the range of
5 to 15 ppbv based on the widely accepted methggtad Pavelin et al. (1999).

— Although the data are subject to large uncertan{ie25% and possibly larger), they
indicate that ozone concentrations were not likelige substantially greater than this range
and not as high as predicted by model calculaiddmse-industrial background ozone.

— Small spatial variability of measurements over @ariEurope between 1854 and 1905 for
daytime, nighttime and daily values;

- Differences in ozone level between rural (O-Gyalid urban areas (Buda) were
demonstrated;

- In Central Europe current ozone level and ozonesigpn are about three times higher
than in the 19 century.
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Further investigations are planned on i) the eféé¢he wind speed, concentration of SO
and NH; for the ozone deposition according to the Schadnlipaiper, ii) uncertainty of the
Schonbein method at high ozone concentrations ignthé development of a multi-linear
regressions model relating relative humidity anddvspeed to Schonbein number based on
the historical XIX century ozone measurements imdréury.
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Seasonal Variability of Wind Climate in Hungary
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Abstract — One of the most important effects of climate variability and climate change may come
from changes in the intensity and frequency of climatic extremes. Responding to the need of new
climatologic analyses, complex wind field research was carried out to study and provide reliable
information about the state and variability of wind climate in Hungary. First of all, special attention
was paid on creation of a high quality, homogeneous data series. The research is based on 36-year-
long (1975-2010) wind data series of 36 Hungarian synoptic meteorological stations. The means and
extremes of near-surface wind conditions assist in estimating the regional effects of climate change,
therefore a complex wind climate analysis was carried out. Spatial and temporal distribution of mean
and extreme wind characteristics were estimated; wind extremes and trends were interpolated and
mapped over the country. Furthermore, measured and ERA Interim reanalysis data were compared in
order to estimate the effects of regional climate change.

wind climate / climatic extremes / regional tendencies / reanalysed data

Kivonat — A magyarorszagi szélklima évszakos valtozékonysagsdapjainkban megnévekedett az
igény a klimavaltozas globalis és regiondlis hatasainak elemzésére, kdvetkezményeinek becslésére. Az
egyes meteoroldgiai paraméterek atlagos értékeinek elmozdulasa mellett kiemelt figyelmet igényel a
széléséges idjarasi és éghajlati események esetleges gyakorisagi valtozasa is.

Kutatasaink soran a hazai szinoptikus meteoroldgiai allomasok 36 éves, 1975-2010-g terjed
adatsorainak mifségi és mennyiségi elléreése, feldolgozasa utan elemeztik a szébmez
klimatologiai szempontbdl |ényeges statisztikai jelléinzAz éras szélsebesség, szélirany és
széllokés adatokat tartalmazé é6&br felhasznalasaval becsiltik a szélklima legfontosabb
paramétereinek és szééstékeinek évek kozotti valtozékonysagéat, azok térbeli ébeid
tendenciait. Az ERA Interim reanalizis adatsor 10 méteres magassagra vonatkoztatott
szélsebesség ddoran szintén elvégeztik a fent emlitett vizsgalatokat, melyek eredményét
Osszevetettilk egymassal annak megallapitasa érdekében, hogy a klimamodellékduatad@nt
széleskdiien alkalmazott ERA Interim adatsor klimatikus jelléginmennyire esnek egybe a mért
adatokbdl levezetett jellerkkel

szeélklima / klimatikus szélgségek / regionalis trendek / reanalizis
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1 INTRODUCTION

In view of global warming, changes of extreme clienavents are considered a key issue
nowadays. Usually it is impossible to connect diyespecific weather events to global
warming. Instead, global warming is expected tcseathanges in the overall distribution and
intensity of extreme events, such as changes infrilguency and intensity of heavy
precipitation and wind storms.

Hungary occupies the low elevation areas of thep&haran basin. The country is
predominantly flat, two-thirds of the entire tesrit lies below 200 m and approximately 2% is
above 400 m. The latitudinal extension of Hungalgss than three degrees (45° 45’ — 48° 35’ N)
— does not cause significant climatic differencesMeen northern and southern regions. The
country was not the subject of extensive wind nedea the last century. However, some
studies were carried out analyzing the surface wgper-air wind records spanning several
decades. The present study is a segment of comphek climate research of the country,
which uses statistical methods to analyze the medswind records of the Hungarian
meteorological stations (Péliné et al. 2008, RadiBartholy 2002, 2008, Radics et al. 2010).

Most scientists agree that special attention shbelgaid applying ERA-40 reanalysis
data sets as a reference, e.g. for such modelafaueht and validation purposes where wind
plays an important role (Punge — Giorgetta 200°0nstlering the statistics of differences
between observations and hindcasts, furthermoeefatt that no corrections were applied
prior to 1980 in ERA-40 data sets (Haimberger 200S5patially and temporally
inhomogeneous wind speed data and reanalyzed EHRt#@ [nterim, Berrisford et al. 2009)
were compared for Hungary. In this study some priekry results are presented
demonstrating how the comparison of different datiasan improve the reliability of detected
wind variability.

2 DATASETS

2.1 Measured data

The research is based on 36-year-long (1975-20dQjlyhwind data of 36 Hungarian
synoptic meteorological stations provided by the FHBeoinformation Service. The most
important feature that has to be provided for thalysis of such long time series is the
homogeneity. Generally, homogeneity of data basestrongly affected by the method of
measurements. Before 1997, meteorological obsenativere made manually in Hungary.
Therefore, the data series was split into two pamanual data” (1975-1994) and “automatic
data” (1997-2010) sets. The consistency of data wets checked and the values were
verified. However data gaps were not filled. In@rtb be able to compare wind speed data,
vertical interpolation (to standard height of 10tree above the ground) was carried out
(Table 1).In this paper preliminary results are presentedtlen detailed analyses of the
second time period (1997-2010).

The network of Automatic Weather Stations (AWS) wdesigned by the national
meteorological service (Hungarian Meteorologicalvid® — HMS) to provide real-time
observations and measurements for forecasting,imgaand information services, as well as
to ensure high quality data for the national cliendatabase. During AWS installation the
main aim was to settle the stations according teld\deteorological Organisation standards
(WMO 1996). Wind observations are most sensitivahelter by high roughness or nearby
obstacles. Hence, wind sensors should in generébdated over open terrain, at standard
height of 10 metres above the ground in accordavite WMO-Guidelines (WMO 1996).
Finding the ideal exposure that produces represeataneasurements may be difficult to
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achieve. Therefore, it is a crucial issue to reparthe site conditions, a technical description

of the set-up and sensors’ heights (metadata).
Due to changing circumstances, in few cases sitethad and height of wind

measurements have been altered or observationgdce@berefore, a few stations were

excluded from further analysis.

Table 1. Heights of wind instruments at the metiegioal stations involved in the analysis

Heights of wind instruments

Stations Time series (m)
1. Agard 1997 — 2010 10,30
2. Baja Csavoly 1997 — 2010 10,30
3. Budapest/trinc 1997 — 2010 14,68
4. Debrecen 1997 - 2010 10,23
5. Gyor 1997 — 2010 10,17
6. Josvab 1997 — 2010 9,99
7. Kecskemét 1998- 2010 10,00
8. Kékestei 1997 — 2010 25,07
9. Miskolc 1997 - 2010 16,25
10. Mosonmagyaroévar 1997 - 2010 16,99
11. Nagykanizsa 1997 — 2010 13,69
12. Nyiregyhaza 19972003 27,00/15,98
13. Paks 1997 — 2010 9,80
14. Papa Nyéarad 2002- 2010 12,05
15. Poroszl6 1997 — 2010 10,45
16. Sarmellék 2001- 2010 10,61
17. Siéfok 1997 — 2010 15,10
18. Szécsény 1997 — 2010 10,40
19. Szeged 19972004 8,76/10,59
20. Szentgotthard 1997 — 2010 16,61
21. Szolnok 1997 - 2010 10,00
22. Szombathely 1997 — 2010 10,56
24. Tata 1997 — 2010 19,30
25. Zahony 1997 — 2010 16,71
26. Zalaegerszeg 1999- 2010 10,40

2.2 Reanalysis of gridded data

ERA-Interim is the latest global atmospheric regsial data set produced by the European
Centre for Medium-Range Weather Forecasts (ECMVEHRA-Interim data are available
from January 1 1979 to June 30 2011. Gridded datthe data server are normally updated
once per month, allowing a two-month delay for gwahssurance and for correcting
technical problems with the production, if any. Timeline in Figure 1 summarises the
sources of in situ observations used in ERA-Intefdurface observations from land stations,
ships, and drifting buoys were involved throughthgt reanalysis period, as were reports from
radiosondes, pilot balloons, dropsondes, and discrd/ind profiler data of North American
sites became available in 1994, European and Jspamefilers were added in 2002. Hourly
METAR airport weather reports have been used sip884. Pseudo-surface pressure
observations, which were used in ERA-40, were meblived in ERA-Interim project
(Dee et al. 2011)
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1990 1992 1994 18% 1998 2000 2002 2004 2006 2008 2010
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. |Wind Profiler Japan

Wind Profiler Europe

Surface Report from Ship (Manual)

Surface Report from Ship (Automatic)

Surface Report from Land Station (Manual)

Surface Report from Land Station (Automatic)

Surface Report from Buoy

'| Surface Report from Airport (METAR)

Radiosonde or Pilot Balloon launched from Ship

Radiosonde or Pilot Balloon launched from Land

Radiosonde|mobile

= 1l -l

Aircraft
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Figure 1. Timeline of conventional observationsragated in ERA Interim
(Dee et al201])

Average wind (u, v) components (at 10 m height) evdownloaded for the period
1997-2010 with 6 h temporal and 1.5°x1.5° spatablution from the ECMWF webpage
(http://data-portal.ecmwf.int/data/d/interim_dajlpier HungaryFigure 2).

15°E 18°E Z21°E 24°E
' | T T 49 5N

48.0°N

46.5°N

| | L I 45 0"
16.5°F 19 5°E 22.5°E

Figure 2. Geographical location of ERA Interim gpdints over Hungary
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3 ESTIMATIONS AND RESULTS

Hourly wind speed and wind gust data of Hungariamoptic stations were analysed for the
second subseries (1997-2010). Using monthly averapatial distributions of fitted linear
trends are presented Figure 3 where, red and blue colours demonstrate increasimy
decreasing tendencies, respectively. The sizebeotircles indicate the quality of changes.
Contrary to previous analyses (Radics — Barthol@820monthly trends show significant
decline in April, but slightly increasing tendergigppear in some stations during December,
March and June. Regarding wind gust values, trayedficients significantly decreased in
April almost over the whole territory of Hungaryy, January and November in the western
part of Transdanubia, moreover in February and duttee middle of the country. In October,
March and December wind gust averages show anasiog trend at some measuring sites.
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Figure 3. Spatial distribution of linear trendstét on average wind speed and
wind gust values over Hungary (1997-2010)

Similar analysis was carried out for different merile values of the measured time
series. Spatial distribution of trend coefficientsthe linear trend fitted on the 0.9 and 0.99
percentile values is presentedrigure 4and5, respectively. Comparingigure 3, 4,and5 it
Is observable that the higher the percentiles,bigger the changes. Significant decreasing
tendencies (blue dots) reappeared in April, while humber of positive trends (red dots)
increased considerably.
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Figure 4. Spatial distribution of linear trendstétl on the 0.9 percentiles of wind speed and
wind gust values (1997-2010)
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Figure 5. Spatial distribution of linear trendst&d on the 0.99 percentiles of wind speed and
wind gust values (1997-2010)
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Considering the main results of studies on staistif differences between observations
and hindcasts, spatially and temporally inhomogasemeasured wind speed data and
reanalyzed data were compared for Hungary. ERArinteeanalysis wind speed data were
analysed Figure 6and 7). Reanalysis data sets were controlled and in szases corrected,
so they can be considered homogeneous data skrieause of the further study of ERA
Interim, spatial distribution of wind speed extrenveere analyzed (1997-2010) using three-
year moving averages of different percentile values
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Figure 6. Spatial distribution of trend coefficisrdf the linear trends fitted on average and
the different percentile values (90% and 99%) clalimad from the yearly subseries of ERA
Interim wind speed values between 1997 and 2010
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Figure 7. Spatial distribution of trend coefficierif the linear trends fitted on average and
the different percentile values (90% and 99%) clalimd from the yearly subseries of ERA
Interim wind speed values between 1997 and 2010

In Figure 6 and 7 pentagonal symbols were used to demonstrate thegels of wind
conditions. Generally it can be stated again that ligher the percentiles, the bigger the
changes. In close correspondence with the restilsyrmptic data, a decreasing trend was
found in April, July and November over Hungary. re@sing trends appeared in some cases
in January, March, October and December.

Summarizing the main results, the following conmos can be drawn: (1) The
preliminary results show strong relationships betwvthe corresponding periods of ERA and
the station data. (2) In order to estimate regioci@hate change effects, spatially and
temporally homogeneous data series of ERA Intergans to be an appropriate tool to
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substitute the measured data over Hung@&)yAnalysing 14-year long (1997-2010) average
wind speed and gust values, generally decreasimdgieies were found. A significant trend
appeared first of all in April. To answer the quastwhether the observed tendencies are
effects of regional climate change or consequermdeslimate fluctuation, needs further
studies
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Effects of Simulated Forest Cover Change on
Projected Climate Change — a Case Study of Hungary

Borbala GiLos® — Daniela Acos® — Csaba MATYAS
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Abstract — Climatic effects of forest cover change have been investigated for Hungary applying the
regional climate model REMQor the end of the 21st century (2071-2100) case studies have been
analyzed assuming maximal afforestation (forests covering all vegetated area) and complete
deforestation (forests replaced by grasslands) of the country. For 2021-2025, the climatic influence of
the potential afforestation based on a detailed national survey has been assessed. The simulation
results indicate that maximal afforestation may reduce the projected climate change through cooler
and moister conditions for the entire summer period. The magnitude of the simulated climate change
mitigating effect of the forest cover increase differs among regions. The smallest climatic benefit was
calculated in the southwestern region, in the area with the potentially strongest climate change. The
strongest effects of maximal afforestation are expected in the northeastern part of the country. Here,
half of the projected precipitation decrease could be relieved and the probability of summer droughts
could be reduced. The potential afforestation has a very slight feedback on the regional climate
compared to the maximal afforestation scenario.

climate change / forest cover change / drought probability

Kivonat — A klimavaltozas hataskorlatozasanak esélyei eédelepitéssel Magyarorszagon.

A magyarorszagi efik klimavaltozas-hataskorlatoz6 szerepét harom felszinboritds-valtozasi
forgatokonyvre szamszesiiettik a REMO regiondlis klimamodell segitségével. A 2071-2100-as
id6szakra vizsgaltuk, hogy a feltételezett maximalisémldpitéssel (minden ndvényzettel boritott
felszin erd), valamint a hazai eéteriletek gyeppel torténhelyettesitésével milyen irAnyban és
mértékben befolyasolhatok azéedvetitett ldmérséklet- és csapadéktendenciak. A 2021-2025-6s
periédusra a rossz adottsagu és gyengeésagi szantok helyére tervezett ékdéghajlati hataséat
elemeztik. A modellszimulaciok eredményei alapjan a®terdlet valtozas, amennyiben nagy
kiterjedési 0sszefligg tertileteket érint, hatassal van a regiondlis klimara. A feltételezett maximalis
erdbtelepitéssel a nyari honapban a csapadékmennyiség novekszik, a detszédklet csokken,
melynek nagysaga régionként eltéAslegnagyobb hatas az orszag északkeleti részén varhaté, ahol a
klimavaltozassal jar6 csapadékmennyiség-csokkenés fele kiegyénléhee és az aszalyos nyarak
szama is csokkenhet. A potencialisan megvaldsithatd, orszagos atlagban 7%tesulerd
ndvekedésnek nincs jelésthatasa a regionalis éghajlati viszonyokra, bar a lokdlis klimatikus hatasok
kedvedek lehetnek. Az ekidklima kolcsbnhatasok szamszeitése nem csak az ékdklimavédelmi
szerepérb ad informaciot, hanem az éghajlatvaltozas kodvetkezményeinek dmégét, enyhitését
Célz6 stratégiak alapja is lehet.

klimavaltozas / erditelepités / aszalygyakorisag

" Corresponding author: bgalos@emk.nyme.hu; H-9400F8INP Bajcsy Zs. u. 4.
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1 INTRODUCTION

For Hungary, the projected warming and drying trehdummers is significant in the 21st
century (Christensen 2005; Bartholy et al. 2007rtlBa@ly — Pongracz 2007; Szépszo
Horanyi 2008; Krlizselyi et al. 2011; Pieczka et28111). Not only the climatic means but
also the extremes are affected by climate change. |&tter are more important from
ecological point of view. Probability and severdf summer droughts are expected to be
significantly higher, droughts might occur in evesgcond summer for the period 2071
2100 (Galos et al. 2007) that may have severe itnpa@griculture and forestry. Forests
are not able to adapt to rapid changes of climatinditions. Especially zonal tree species
are affected at their lower (xeric) limit of didittion (Matyas et al. 2009). Regional
impact studies show that recurrent droughts cawswty decline and mortality, e.g. in
beech forests in Southwest Hungary (Berki et al0®0Lakatos— Molnar 2009).
Ecological models of forest distribution expect tieduction of macroclimatically suitable
areas for beech for the future and the possiblapgisarance of this species from Hungary
(Matyas et al. 2010; Czucz et al. 2011).

In turn forests interact with climate through bioghysical and biogeochemical
processes. Focusing on the physical effects, theyatter the climate conditions, precipitation
and temperature variability through their influerare surface energy fluxes and water cycle
on various scales (e.g. Pielke et al. 1998; Pit2@08; Betts 2007; Seneviratne et al. 2010;
Moricz 2010). Changes of the land cover due to aficnconditions and human influence feed
back to the atmosphere, can lead to the enhancesnartuction of the projected climate
change signals (Feddema et al. 2005; Bonan 2008mWeby et al. 2010).

Climatic effects of forests are determined by vasioontrasting feedbacks (e.g. Hogg et al.
2000; Anav et al. 2010; Teuling et al. 2010). Ressof model simulations agree quite well
regarding biogeophysical effects in boreal andit@pforests (Dickinsor- Kennedy 1992;
Bonan 2008; Gottel et al. 2008). Whereas the madeiof the net climate forcing and benefit
of temperate forests and their role in the climatange mitigation is considered smaller or
uncertain (Bala et al 2007; Jackson et al 2008n@del results are conflicting.

Hungary has been selected as study area because of

» large scale land use changes,

* high sensitivity of zonal forest belts of the lowts (Méatyas — Czimber 2004;

Jump et al. 2009),

» serious consequences (i.e. forest cover lossjraaitd change at xeric limit.

In Hungary, large scale afforestations were carpad in the last 50 years, which is
planned to continue also in the near future. Resafltmesoscale model studies showed that
land use change in the 20th century already alteesther and climate (Druszler et al. 2010).
So far however, climatic effects of forest covearmge in Hungary have not been investigated
for longer future time periods on regional scalafoimation about the forest-climate
interaction is essential both for the assessmentitigating effects, and for the development
of future adaptation strategies.

Case studies have been carried to investigate

» climatic influences of maximal afforestation, defstation and potential afforestation

and its regional differences,

* magnitude of the climate change mitigating effeatsmaximal afforestation with

special focus on precipitation and drought proliighbil
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2 MODEL AND METHODS

2.1 The regional climate model REMO

The climate change driven by emission change and land cover change have been studied
applying the REgional climate MOdel, REMO (Jacob 2001; Jacob et al. 2001; Jacob et al.
2007). This is a regional three-dimensional numerical model of the atmosphere. The
prognostic variables are calculated based on the hydrostatic approximation. Land cover is
described by its physical properties in REMO: leaf area index and fractional vegetation cover
for the growing and dormancy season, background albedo, surface roughness length of the
vegetation, forest ratio, plant-available soil water holding capacity and volumetric wilting
point. These properties are allocated in the global dataset of land surface parameters
(Hagemann et al. 1999; Hagemann 2002) for each land cover type.

In the current model version biogeochemical processes and vegetation dynamics are not
considered. Vegetation phenology is represented by the mean climatology of the annual cycle
of leaf area index, vegetation ratio and background albedo (Rechid and Jacob 2006; Rechid et
al. 2008a,b). The values of these vegetation characteristics are varying monthly throughout
the year, the other land surface parameters remain constant in time.

For Hungary, REMO has been validated against observations for temperature, precipitation
(Jacob et al. 2008; Szépszbloranyi 2008) as well as for the occurrence and severity of droughts
(Galos et al 2007). It has been also applied to climate change projections (Sz&jusadyi
2008; Szépszo6 2008; Jacob et al. 2008; Galos et al. 2007; Radvadszkyp 2008; Radvanszky
—Jacob 2009) and land use change studies (Galbe1.4) for the Carpathian basin.

2.2 Experimental setup

The simulation domain covers Central Euroffégure 1) with 0.176° horizontal grid
resolution. The model has been initialized and driven by REMO 0.44° simulations, applying a
double nesting procedure.

T T
N T b s g Ty g y TIITL —
1 ! s B EmEANE NN Tt -t
I } P T ' Ho 1 = 1 =
n . e Rawa o i H
a_am: e o | 3 T e T
EEERaEERad i : ‘ i {
TH . = : ", T } § i It 5
= - - HENE FOT I H H o
| EEE SSSEAEH
T F t i T =
T I = . immn|
t
T R 1
! i) B HH
¥ W i
= T
1 im | ] = T
Tt -

= T
HA++1 - ARRE L

|| 2500 - 3000
2000 - 2500
[ 1500 - 2000
i » Spasazzasin ; 1000 - 1500
: LA AL S00-1000
FET ) LT Bl [ 600 - 800
: H PR | 500 - 600

T

SREE __SEaEEmE)
=

! i |~ | 400 - 500
FH EEE | 300 - 400
FHee[ | 200-300

1
E
T

| 1my TR R, : 100 - 200
= [ | ms -
i, : BCiEREEaRERRRaniins i £ N 1 - 100
5 Eisiinaaa | I e Fadess L

Figure 1. Simulation domain

The following model simulations have been performed and analyzed (Table 1):
» Reference simulatiofor the past (1961-1990) with present forest cover based on the
CORINE Land Cover vector databaser Hungary.

! http://dataservice.eea.eu.int/
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» Climate change simulatiorfsr the future (2021-2025, 2071-2100) with presend
cover applying the A1B IPCC-SRE®mission scenario (IPCC 2007) serving as
reference simulations for the land cover changeexents.

» Forest cover change simulatiorfer the future, under enhanced greenhouse gas
conditions (A1B IPCC-SRES emission scenario):

a) Maximal afforestation simulationgor 2021-2025 and 2071-2100 with the
assumption that the whole vegetated area of Hungglrpe forest(Figure 2)and
the new afforestations will be carried out with ideous species;

b) Deforestation simulatiorfor 2071-2100 replacing the whole forested area in
Hungary with grasslan(Figure 2)

c) Potential forest covesimulationfor 2021-202%ased on a survey of ecological
potential for afforestation in Hunga(i#tihrer2005). For the 50 forest regions, this
afforestation plan suggests to increase forestrcomemarginal agricultural land
(Figure 3). This means a 7% increase (6.5% deciduous and O6dsfiterous) of
the present 20% share of forests until the 2030& @xact location of the
additional forest area within the region is notedligtined. Considering the spatial
distribution of the agricultural land, the potehtiacrease of deciduous and
coniferous forests has been allocated to all mgdéboxeg(Figure 3).

Table 1. Experiment characteristics and time pesiod

Experiment Reference Deforestation MaX|ma_I Potential
afforestation forest cover

Characteristics Present Grassland over all Forests covering  Some agricultural
forest cover forested area all vegetated area areas replaced by
unchanged forest

Time period 1961-1990 2071-2100 2021-2025 2021-2025
2021-2025 2071-2100
2071-2100

|
£

A

i
1 e

Figure 2. Change of the forest cover for deforéstefleft) and maximal afforestation (right)
compared to the reference. The region in Southdasgary with the largest increase of
forest cover is marked

2 Al: very rapid economic growth, global populatiosags in mid-century and declines thereafter, apitira
introduction of new and more efficient technologigdse Al scenario family develops into three grothes
describe alternative directions of technologicahrade in the energy system; A1B means a balancessaitb
sources.
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Figure 3. Potential increase of forest cover foe &0 forest regions (left; Fuhrer 2005) and
its appearance on the model grid (right). The regiowith the largest increase of deciduous
forests is marked

Within the simulation domain, land cover has bekanged only in Hungary. For each
forest cover change scenario a new land surfacanmder set has been calculated.
Afforestation leads to the increase of the leakharelex and roughness length and to the
decrease of the surface albedo, whereas defomesthtis opposite effects (not shown in
detail). The changes of these parameters correliaegrly to the magnitude of the forest
cover change in the grid boxes.

2.3 The main steps of the analyses

Because of the special focus of the study on sunmdrmrghts, simulation results for May,
June, July and August have been selected for awlgad consideredsummer In these
months water availability is especially importamtHungary for forest growth (e.g. Czlcz et
al. 2011). The leaf area index reaches its maxinwimch has a strong influence on the land-
atmosphere interactions.

First, climate change driven by maximal afforestatiand deforestatiorhave been
assessed comparing simulated evapotranspiratioiaceutemperature and precipitation with
and without forest cover change for the time pe20@1-2100. The theoretical options of
maximal afforestation and deforestation provideoinfation about the maximal climatic
effects of forest cover change in the model. Selgpridedback of the potential afforestation
on transpiration and precipitation has been ingagtidfor the near future (2021-2025).

Third, the magnitude of the effect of maximal adfstation on precipitation as well as on the
probability and severity of droughts has been aealyrelative to the magnitude of the climate
change signal for the end of the 21st century. Bions without any land cover changes for
2071-2100 vs. 1961-1990 served as refereiomate change driven by emission change and
maximal afforestatiotas been determined comparing the results of thenmahafforestation
experiment (2071-2100) to the reference studyeptst (1961-1990F0r the detailed analysis
of the regional differences, sub-areas (the regith the largest increase of forest cover, the
region most affected by warming and drying, theanewhich the precipitation increasing effect
of maximal afforestation is simulated to be thgdst) have been selected.

Meteorological droughts have been defined and ifledhased on Galost al (2007):
for each investigated year the relative preciptatinomaly has been calculated taking mean
summer precipitation sum in the period 1961-1990efsrence. Weather conditions were
considered as drought if the relative precipitataecrease was larger than 15% of the
reference. For more severe precipitation anomaliegher severity classes have been
determined. A Mann-Whitney U-Test (Mann — Whitn&4T) has been applied to investigate the
significance of the climatic effects of forest coebange. This ranking test does not assume a
normal distribution.
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3 RESULTS

3.1 Climate change driven by maximal afforestatiorand deforestation

The spatial correlation between the magnitude mdibcover change and its climatic effects
has been investigated including all Hungarian dgvakes. In the case of theaximal
afforestation simulationthe higher leaf area index and roughness lengjtifigrests support
the enhanced ability of evapotranspiration. Fortilme period 2071-2100 the 30-year mean
of the summer evapotranspiration rate may be upO8 higher than with the unchanged
forest covel(Figure 4). The changes are statistically significant at 95#fidence level. Due
to the cooling effect of the enhanced evapotrantipim, surface temperature might be
reduced by up to 0.7 °C. The 30-year mean of thenser precipitation sum may increase by
15% relative to the referen€Eigure 4).Based on the results of the Man-Whitney-U-test, th
change is significant at 85% confidence level ingaild boxes where precipitation increase
due to maximal afforestation exceeds 10%. Thisidente level indicates high interannual
variability of precipitation within the investigat¢ime period.
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Figure 4. Correlation between the change of focester and the change of evapotranspiration
(dET; top left), surface temperature (dTS; bottoamyg precipitation (dP; top right) for all
grid boxes in Hungary in the period 2071-2100

The opposite climate feedbacks can be observetieindéforestation sensitivity study,
although the effects are less spectacular thaméxdimal afforestation. This is explained by
the spatial distribution of the forested area imgary, which is mostly in small fragments
rather than in larger contiguous forest blocks. fraetion of forests in the gridboxes, which
could be replaced by grasslands was consequentbil. sEvapotranspiration rate may
decrease by up to 10% and surface temperaturemegase by up to 0.5 °C in the grid boxes
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where larger forest cover decrease has taken (fégere 4). Whereas maximal afforestation
resulted in wetter conditions for almost all Hungarian gridboxes, for deforestation the
opposite signal is not so cleféfrigure 4) Climate change signal of deforestation shows
weaker statistical significance than the one of maximal afforestation.

The larger the increase/decrease of the forested area in the gridbox, the stronger the
feedbacks on evapotranspiration and thereby on surface tempeFRagune @). Changes of
these two variables are determined primary by local processes. Precipitation formation is
influenced also by large-scale circulation therefore it cannot be directly correlated with the
local forest cover change.

3.2 Climatic effects of potential afforestation

For the time period 2021-2025 the climatic influence of the proposed afforestation program
has been analyzed for Hungary, comparing the results of the emission scenario simulations
with and without forest cover change.

Regarding to the proposed afforestation program the relatively small increase of forest
cover (7%) led to significantly smaller changes for all land surface parameters than the
maximal afforestation scenario (not shown). In the investigated time period, these
modifications of the physical properties of the land surface have no clear effects on the
average summer climate.

The largest potential forest cover increase (13%) is proposed for the northeastern region
of Hungary(Figure 3). This region has been selected and studied more in detail. Due to the
higher leaf area index and roughness length of deciduous stands relative to agricultural crops,
local increase of transpiration rate (2.5%) has been detgatpde 5). Summer precipitation
does not change significantly due to the proposed afforestation, whereas its amount would
increase by 5% in the analysed region assuming maximal afforegtgone 5) In the latter
case transpiration would be 12% higher than with the unchanged forest cover.

dTr [%] dP [%]
14 14 O potential afforestation
12 12 E maximal afforestation
10 10

8 1 8 1

6 6

4 4

2 2

0 0 [ ]

Figure 5. Effect of potential and maximal afforestation on transpiration (dTr; left) and
precipitation (dP; right) for the period 2021-2025

Summing it up, the proposed afforestation, dispersed across the country would not alter
the climate on a regional scale, although its effects on the local climate might be favourable.
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3.3 Climate change driven by emission change and mienal afforestation

First, climate change without any land cover chahge been analyzed for temperature and
precipitation in the 30-year period at the endhaf 21st century (2071-2100) with reference
to the 30-year climate period in the 20th centi§6(1-1990). The simulation results indicate
that the southwestern part of Hungary is affectedtnby warming and drying (Galos et al.
2011). Here, the projected increase of the temperahay be larger than 3.5 °C (not shown)
and the decrease of the summer precipitation suynexeeed 25%Figure 6).

Second, the region has been determined, where rabxfforestation has the largest
effect on precipitation in the period 2071-2160gure 6 shows that the increase of the
summer precipitation sum due to maximal afforestats the largest in the northeastern part
of the country, which does not correspond to tlea avith the largest amount of afforestation.
Possible reasons for it can be the more humidar mountains and the easier precipitation
formation due to the orographic uplift as well &g ttharacteristic large scale circulation
patterns in summer.

N mEEaEEE

|
Wi | ‘,,‘L'

| i
] o

dP [%] 4P [%]

I < -30 0-1

B -30--25 ‘ e 1-5

!:|-25--20 : B 5-10

. -20 - -10 il | I 10-15
-10-0 LH_-_ -15<

Figure 6. Change of summer precipitation (dP) duelimate change
(2071-2100 vs. 1961-1990; left) and modulated byime afforestation (2071-2100; right).
The two regions selected for detailed analysestf8@st and Northeast Hungary) are marked

These results were the motivation to study theiapdifferences of the possible climate
change mitigating effects of forest cover for theumtry mean (Hungary) and for the
following three regions:

* Southwest Hungary (SWH): the region most affected/éwrming and dryingHigure 6),

» Southeast Hungary (SEH): the region with the ldangpesease of forest coveFigure 2,

* Northeast Hungary (NEH): the area in which the jméstion increasing effect of

maximal afforestation is simulated to be the largemgure 6).

Figure 7 clearly shows that in all three regions and foroleghHungary the projected
decrease of precipitation caused by emission chaagée reduced by the increase of forest
cover. The magnitude of the feedback of maximadratation on precipitation differs among
regions. In the area most affected by climate chaf@WVH), precipitation increase due to
maximal afforestation is relatively small. In Soedist Hungary, the significant decrease of
summer precipitation can be weakened through ttre&se of the forested area. In the partly
mountainous region of Northeast Hungary, the ptegdendency of drying is the mildest,
where the simulated increase of the summer pratipit sum due to maximal afforestation is
the largest (9%). Here, more than half of the mtey@ climate change signal for precipitation
could be relieved with enhanced forest caegure 7).
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+ maximal afforestation in whole Hungary and in tiveee investigated regions
(SWH: Southwest Hungary, SEH: Southeast Hungiiti: Northeast Hungary)
Adapted from Galos et al. 2011

For the end of the 21st century the significantrelese of the mean summer precipitation
sums result in more frequent dry summers compaveithe second half of the 20th century
(Table 2).The influence of maximal afforestation on the @ase of the probability and severity
of droughts has been studied for the selectednegithe spatial differences in the effect of the
maximal afforestation are observable also for dntgiglable 3. For country mean and for
Southwest Hungary, the enlarged forest area hasstlno effect on the increase of drought
probability (Table 3. In Southeast Hungary the total number of dryreens would be reduced
by the increase of the forest cover. The largdstisf of maximal afforestation would be expected
in Northeast Hungary. Here, the increase of the taimber of droughts would be reduced by 4
(Table 3 that corresponds to the number of the moderatagtits. The probability of the severe
droughts above 40% precipitation decrease wouldaatiminished in this region. Thus, the
simulations indicate that afforestation may infloermoderate droughts but cannot eliminate
severe droughts.

Table 2. Number of droughts in Hungary, Southwestgdry (SWH) Southeast Hungary (SEH)
and Northeast Hungary (NEH) in the period 1961-1866 projected changes due
to climate change and maximal afforestation. dRatiee precipitation decrease

Number of dr Change of the number of dry summers
. y 2071-2100 vs. 1961-1990
Region summers —— —
due to emission  due to emission change
1961-1990 : .
change + maximal afforestation
Hungary 12 +6 +5
SWH Totilrglljjgrr;]tgser of 13 +8 +7
SEH 0 11 +11 +8
—— (15% < dP) 3 +10 6
NEH 15% < dP< 25% 3 +2 +2
25% < dP< 40% 4 +5 +1
40% < dP 1 +3 +3
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4 CONCLUSIONS

A case study has been carried out for Hungary to investigate the chances for mitigating
climate change effects through afforestation. Applying the regional climate model REMO, the
theoretical option of maximal afforestation resulted in an increase of evapotranspiration
(10-15%) and precipitation (up to 10-15%) as well as in a decrease of surface temperature
(up to 1 °C). The cooler and moister conditions could mitigate the projected climate change
for the entire summer period. The mitigating effect differs among regions. It is simulated to
be the largest in the Northeast (where 50% of the projected precipitation decrease could be set
off), whereas it is the smallest in the southwestern region. In Northeast Hungary, projected
increase of the total number of summer droughts would be significantly reduced (from 10 to 6).
Climatic effects of deforestation are weaker, less significant and have the opposite sign than
those of maximal afforestation.

The results have to be interpreted in the context of the initial conditions of the studied
region, situated in a drought-threatened, ecologically vulnerable part of the closed forest zone
at the xeric limits. Projected forest cover and forest composition shifts triggered by climate
change, i.e. the expected reduction of the forested area and mass mortality in the drought
threatened areas (Berki et al. 2009; Matyas et al. 2010; Czlcz et al. 2011) and changes from
coniferous to deciduous species, have not been taken into account in the simulations, so far.

The climatic benefits of the investigated potential afforestation dispersed across the
country (7% increase in country mean) are surprisingly negligible. The survey shows that
climatic conditions cannot be influenced meaningfully by potential afforestation on regional
scale. Although even practically unrealistic increases of forest cover could not offset the
projected climate change, the ecologic significance of indicated effects of land cover changes
should not be underestimated. Certain services and local scale benefits of forest cover are
highly valued even though their mitigating effect is presently not represented in atmospheric
regional climate models.

For Hungary, results of these analyses represent the first regional scale assessment of
the climatic role of forests for long future time periods and their role in adapting to
climate change. Analyses of the spatial differences in the climate change mitigating
effects of afforestations can help to identify the areas, where forest cover increase is the
most beneficial and should be primarily supported to reduce the projected tendency of
drying. Based on the deforestation scenario, certain regions can be identified, where
decrease of forested area enhances the climate change signal. Here, the existing forests
should be maintained to avoid the additional warming and drying of the region. Results
concerning the climatic feedbacks of forest cover change and its spatial distribution for
the 21st century should be an important basis of the future forest policy. Study results may
also improve the public awareness of ecological services of forest cover and its role in
adapting to climate change.
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Abstract — The evapotranspiration (ET) estimation method by Gribovszki et al. (2010b) has so far
been validated only at one catchment because good quality discharge time series with the required
high enough temporal resolution can probably be found at only a handful of watersheds worldwide. To
fill in the gap of measured data, synthetic groundwater discharge values were produced by a 2D finite
element model representing a small catchment. Geometrical and soil physical parameters of the
numerical model were changed systematically and it was checked how well the model reproduced the
prescribed ET time series. The tests corroborated that the ET-estimation method is applicable for
catchments underlain by a shallow aquifer. The slope of the riparian zone has a strong impact on the
accuracy of the ET results when the slope is steep, however, the method proved to be reliable for
gentle or horizontal riparian zone surfaces, which are more typical in reality. Likewise, errors slightly
increase with the decrease of riparian zone width, and unless this width is comparable to the width of
the stream (the case of a narrow riparian zone), the ET estimates stay fairly accurate. The steepness of
the valley slope had no significant effect on the results but the increase of the stream width (over 4m)
strongly influences the ET estimation results, so this method can only be used for small headwater
catchments. Finally, even a magnitude change in the prescribed ET rates had only a small effect on the
estimation accuracy. The soil physical parameters, however, strongly influence the accuracy of the
method. The model-prescribed ET values are recovered exactly only for the sandy-loam aquifer,
because only in this case was the model groundwater flow system similar to the assumed, theoretical
one. For a low hydraulic conductivity aquifer (e.g. clay, silt), root water uptake creates a considerably
depressed water table under the riparian zone, therefore the method underestimates the ET. In a sandy,
coarser aquifer the flow lines never become vertical even bellow the root zone, so the method
overestimates the ET rate, thus the estimated ET values need to be corrected. Luckily the prescribed
and estimated ET rates express a very high linear correlation, so the correction can be obtained by the
application of a constant, the value of which solely depends on soil type.

numerical model / baseflow / groundwater/ riparian vegetation

Kivonat — A vizhozamok napi ingadozasan alapulé parolgasbecslési maddszer vizsgélata
numerikus modellezésselA vizfolyasmenti vegetacid (elsérban erék) parolgasanak becslésére
Gribovszki et al. (2010b) kifejlesztett eljarast, amely a vizfolyasok vizhozaménak napi ingadozasan
alapul eddig csak egy vizijgé lefolyasi adatain sikerilt tesztelni. Sajnos a modszerhez szikséges
nagy idbeli felbontasu, pontos vizhozammérések csak igen kis szdmban fédklhes ezek
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hozzéaférhetsége is kérdéses. Egy viffy hidroldgiai korfolyamatanak numerikus modellezés
azonban lehéséget nyujt szintetikus vizhozamoésbrok eballitadsara. A vizsgalat soran a minta
vizfolyas egy &atlagos keresztszelvényében 2D nilmmerimodellezést végeztink. A modell-
paramétereket egy kezdeti értékhez képest szistikersan valtozattuk és vizsgaltuk a beadott
parolgasi idsor visszanyerhéségét. Az eredmények alapjan a kimunkalt médszzatakmederben
vagy nem sokkal alatta elhelyezkedzzaré réteg, un. sekély viztartok esetén alkalenbecslésre. A
vizfolyds menti zona lényeges (10% folott) meresdgle jeleriisebb eltéréseket is okozhat a
parolgasbecslésben, annak akar kozel vizszintgs aaonban csak kis mértékben modositjia az
eredményeket. Ugyancsakésen befolyasolja a médszer eredményeit a vizfolgasnzona keskeny
volta, ugyanakkor a jelepdebb szélessége nincs ilyen méitékatassal a szamitasra. A
vizfolyasmenti zénan kivili terep meredeksége ugsak nem bir meghatarozé befolyassal a
mobdszerre. A vizfolydsmeder szélességének noveldsstegy 4m-es szélességnél mabsen
befolyésol, igy az 0j metddus csak kisvizfolyaselssf szakaszain alkalmazhat6. Ugyancsak kis
befolyassal bir a péarolgas nagysagrendjének vd#teaaa becslésre. A leginkabb befolyadsoljdk a
mdbdszer eredményeit a talajfizikai paraméterek. i&folydsmenti zona kornyezetében kialakulod
aramkép és a moddszer hipotetikus aramképének regiege a gyokérzondban sandy clay loam
fizikai féleséd talajok estében nyujt pontos eredményt. Az alagsdrvezebképesséd (pl. agyag,
iszap) viztartd6 esetében a vizfolydsmenti zona a&lgy jelenbs depresszids tolcsér alakul ki, a
modszer alulbecsli a parolgast. A homokos, durvsdiveti talajoknal pedig a gyokérzénaban az
aramlési vonalak nem valnak fligggessé, hanem kozel vizszintesek maradnak (migelikséges
vizigény szinte mindig kielégithietaz utanpoétidédassal), igy a maddszer felllbecsil. ukxbi
esetekben nem teljesll a médszer egy-egy alapgfielséise, tehat korrekcidra szorul. Szerencsére a
modellben beadott és az Uj modszerrel kapott pasokgrtékek linearis korrelacidja igen magas, igy a
korrekcié egy talajtipustol fudgkonstans szorzé bevezetésével megéehet

numerikus modell / alapvizhozam / talajviz / vizfolasmenti vegetacié

1 INTRODUCTION

Small streams and the neighbouring riparian zooargiwater table generally have characteristic
diurnal fluctuations in the baseflow perioBliqure 1 Gribovszki et al. 2010a). Almost all
researchers consider evapotranspiration as theagyrimducing factor of the growing-season
diurnal signal in streamflow and in shallow groumdsy level, and some apply the observed
diurnal fluctuations for evapotranspiration estioratmethods (White 1932; Meyboom 1964;
Reigner 1966; Bauer et al. 2004; Nachabe et ab;ZBfilbovszki et al. 2008; Loheide 2008).

A new, baseflow-fluctuations based groundwater Efineation algorithm is described by
Gribovszki et al. (2010b) but validated only at arechment(Figure 1) The significant
advantage of the method over other existing onésaisit requires only very basic geometric
properties (i.e., length and width) of the riparmme and the stream channel width.

371.66

Groundwater level [mBf.]
371.62
Baseflow [I/s]

371.58

371.54

05.09 06.09 07.09

Figure 1. ET-induced diurnal fluctuations in grownater level and baseflow rates,
Hidegviz Valley experimental catchment near Sopramgary, 2005
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2 DERIVATION OF THE BASEFLOW-BASED ET ESTIMATION

The water table within the riparian zone is generally close to the surface and vegetation water
uptake during rainless periods comes directly or indirectly from the groundwater. This water
use may depress the groundwater table which thus, via an enlarged hydraulic gradient,
induces an enhanced seepage from the valley side (and not rarely from the stream as well)
toward the riparian zon&igure 2schematically depicts the daily change of the riparian-zone
groundwater table and the general groundwater flowpaths in a rainless period of the growing
season.

The riparian groundwater hydrograph is a cumulative curve, the result of the dynamic
interplay of replenishment as source term and groundwater evapotranspiration as a sink term
(Troxell 1936, Gribovszki et al. 2008a). Since in dry periods stream baseflow predominantly
originates from the saturated zone, the baseflow hydrograph has a similar shape and
characteristics (disregarding of the short temporal shift observablegire 1) as the
groundwater level curve.

b

Riparian Zone

—— : Stream

moming

WTbackgmund

WT

rip. zone
afternoon Y,

Streambed level /’
Replenishment

EIK]

Figure 2. Schematic model of the water table (WT) diurnal change in the riparian zone

The riparian-zone groundwater ET estimation method of Gribovszki et al. (2008a),
based on the diurnal fluctuations of the groundwater levels, can be reformulated for the
baseflow signal through the employment of a linear transformation, similar to Loheide
(2008). The physical interpretation of the linear transformation is that of a linear reservoir
for the riparian zone.

Accordingly, the streamflow-based ET-estimation method presented by Gribovszki et al.
(2010b) employs the linear reservoir and water balance equations (written for the saturated
zone), the latter as

a;' = Sy(tWT)a\(/av—tT A= Q0 Q- BLUA, = Qe ~ BT A, (12)

wheredS / dt [L®T ] is the time-rate of change in riparian groundwater stora&yeWT [L]
the average groundwater level (above reference) in the riparian zahe,specific yieldQ;,
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the incoming discharge fL ] to the riparian zone, an@,, the outgoing discharge from the

riparian zone to the stream Y. The net supply/replenishment rate is the difference of the

incoming and outgoing discharges to and from the riparian zage Qi — Qv [L3T Y. ETyu,

is evapotranspiration (directly or indirectly) from the groundwatgr=A-2b [L?] is the area

of the riparian zone, witb denoting the average half-width of it, anflL], the length of the

stream valley (and not the stream), where the riparian vegetation (phreatophytes) is located.
In order to obtain the net supply ra®.{), let's write Eq. 1la for the late night/early

morning hours when EJ is negligible

0S,

r=Q-0Q. = 1b
Ot Q Qo Qnet ( )
The linear storage equation fop 3
1
=—S 2
Q =2, 2)

where, T* [T], is the average residence time of water within the riparian zone.
Egs. (1b) and (2) yield

#9Q _ 5 _
T = Q-Q, (3)

Qo results from stream discharge measurements, \hiie obtained from Darcy’s law
(Gribovszki et al., 2010b), assuming a continuous flow system for the watershed (T6th, 1963).
Due to groundwater evapotranspiration, groundwater streamlines intersect the riparian zone,
as illustrated in Fig. 2. Obviously, the density of the streamlines that intersect the riparian
zone varies with the actual water demand of the riparian vegetation forming a considerable
upward hydraulic gradient during rainless/drought periods of the growing season resulting in
near-vertical streamlines directly below the root-zone.

Instead of using the real physical parameters (Gribovszki et al. 2010b), Eq. 3 can be
written in a form that only a theoretical relationship (the most simple is linear) is assumed
between the water balance components, @%f(Q,), Yyielding regression equations. In this
case one does not need a preliminary knowledge of the flow system, because the value of the
resulting regression parameter indicates its type. Unfortunately, ET cannot be estimated
directly in this way, however the reliability of a physically based method (Gribovszki et al.
2010b) under different conditions can still be tested. The assumed linear relationship between
in and outflows, for a unit width of the riparian zone can thus be written as

q=a+midq 4)

where 6= Qi/(2:1) and g= QJ/(2:I).
In this way Eq. 3 can be written in finite difference form as

A
T*Aqt"= a+ mOg-q=a-(1-m)x (5)
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Rearrangement for,yields

T ©)

1-m 1-m At

Eq. 6 is of a linear (i.ey=a+m-X form, wherey = go, X = Ago/ At, m = T* - (1 — m) ™%,
anda = & - (1 — m)™ The constant parametem &ndm) of Eq. 6 can be obtained from
streamflow measurements in the late night/early dawn period of the day by fitting straight
lines to thedqy/ At andqp data pairs (Gribovszki 2010b). Fig. 3 illustrates the correlation of
these data pairs (as a result of the numerical model).
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Figure 3. Numerical model data for a loamy aquifer. Thg/dijvs g values (dots) with the
fitted first-order polynomials (one line per day) from the late-night hours

Now apply Egs. 1a, 1b and 2 for the estimatioEdfy (ETgw2b = ETgwAvip / 1), which,
using Egs. 5 and 6, can be transformed into

dq Aq
ET,2b=gq, -T*°=g-qfl-m)-T*="* 7
- O Febk ql-m) A 7)

where Qet= qi— G-

Figure 4 demonstrates the new ET estimation method applied with the synthetic outflow
values of the numerical model.
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Figure 4. Components of the groundwater evapopaason estimation method based on

diurnal fluctuations of streamflow (numerical modes$ult without model spin up days in

case of loamy aquifer). Top panel: g, measuredastfow; Middle panel: g estimated net

groundwater supply (broken line); dit, estimated groundwater storage change of the

riparian zone (punktuated). Bottom panel: & Tthe ET rates estimated by the new method
(solid line); ET, prescribed model ET rates (points)

The -m, parameter value is the samebd@w) in Gribovszki et al. (2010b). So one can
check if the-m, values calculated from the late night regressiath® numerical discharge are
equal or not with thé/(2w) constant values. If they are, one obtains the daimemtes as the
prescribed ET time series values. If not, the matbes not follow the pre-supposed flow
system, therefore the method under the correspgrizbandary conditions cannot be applied
directly, only with some further modification.

The relationship between the replenishing and titgang groundwater discharge may
be not linear. This nonlinearity can only be tesiach longer time series, so a 20-day interval
was chosen as the time span of modelling. A 20titag-period is long enough to exceed the
model spin-up period significantly. So after onmigtithese spin up days, one is still left with a
sufficient number of values to perform statistianblyses if needed.

3 THE NUMERICAL MODEL SETUP
To test the validity of the new ET estimation meth@n adaptive, finite element 2D

numerical model was employed for integrating theeeded Richards equation (Lam et al.,
1987, Szilagyi et al. 2008) vertically

0 h 0 h _ h
&(K(w)g‘;_x)+a—y[K(W)Dg—yJ+s—mD(E% (8)

whereK [LT™] is the hydraulic conductivity (a function of tipeessure head?); h [L] is the
hydraulic headm is the slope of the water retention curve whichobees the coefficient of
volume change in the saturated zosés the sink term which represents ET [t]Tin this
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model;y is the unit weight of water; arnd] y [L] and t [T] are the horizontal, vertical and
temporal coordinates.

First, this numerical model with geometrical and physical model parameters similar to
that of Vadkan-valley (the test catchment in Gribovszki et al., 2010b) was used for generating
an outflow flux (discharge) series. The numerical outflow values were then used to “back-
calculate” the prescribed ET rates in the model.

Figure 5 describes the geometry of the model setup. Each simulation lasted for 20 days
with a 30-minute time-step between outputs. The initial condition of the model was a
horizontal groundwater level (1.5 m above the streambedPaequalling the water level in
the adjacent stream. Stream-level then was dropped to a fixed elevation (i.e. 0.05 m) for t>0 to
induce drawdown of the aquifer. The initial aquifer geometry is similar to Vadkan-valley, for
which Gribovszki et al. (2010b) have already employed measured streamflow values for
validation of the present method. The riparian aquifer wibdjhg 20 m, the ground surface
(mf_rip) has a gentle (1:20) slope, the impermeable layer is horizontal and fodimdesedr
(d =1 m) below the streambed. Prescribed horizontal exteno{ the watershed beyond the
riparian zone is 50 m, with a valley-slopaf( of 0.3. Thewr value for the test catchment is
about four-times greater (i.e., ~200 m), but in order to reduce the model run-time it was
changed to 50 m. Sensitivity of the methoavichas been tested and was found Wrat 200
m gave practically the same ET estimatesvas 50 m. Basic aquifer geometric parameters
are listed inTable 1.

Table 1. The basic parameter-set of the model

b =20m {one side (half) width of the rip zone }

Whor = 1m {half of the stream width}

wr =50m {watershed boundary distance from rip. zone side}

d =1m {depth to the impermeable layer from stream bottom}
mf = 0.3 {surface slope outside the rip. zone}

mf_rip= 0.05 {surface slope of the rip. zone}

gyz =1m {depth of the root zone}

m =0 {slope of the impermeable layer}

ho = 15m  {starting stream water level at t=0}

hs = 0.05m {stream water level at t>0}

Aquifer drainage rate was obtained by integrating the horizontal component of the Darcy-
flux vectors atx = b along the vertical stream bank and the vertical component of the Darcy-
flux vectors wheré < x < (b+w) along the horizontal stream besk{). In order to obtain a
correct value fow, the extent of the vertical seepage face with the corresponding seepage rate
had to be considered and it had to be added to the half streamwyigthThe active vertical
extent of the seepage face was determined by the ratio of the horizontal to vertical seepage
rates and on average gave an additional 0.5 m (standard deviation £0.10 m) to the horizontal
half stream width.

The b/2w values are listed in Tables 3 and 4 (with corresponding errors relative to the
value of —m), calculated with both a constant 0.5-m long vertical seepage face and also with a
seepage face whose length has been estimated by weighting the vertical and horizontal fluxes.

Figure 5 illustrates the setup of the model domain.
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Figure 5. Schematic vertical cross-section of the aquifer employed in the numerical model.

The left-side of the aquifer represents no-flow conditions (wr distance from the side of the

riparian zone), and the streams(h stream stage) is on the right-side of the riparian aquifer.

The %, Yo (x=0, y=0) coordinates of the model is set where the vertical riparian-zone
boundary reaches the streambed level.

Prescribed aquifer material properties are listed in Table 2.

Table 2. Hydraulic properties of the model aquifer (after Campbell, 1974; as well as Clapp
and Hornberger, 1978)

Hydraulic Value/equation Explanation
property
o [-] Sand=0.395, Loamy sand=0.410, Sandy loam=0.435, ¢ — total porosity

Silt loam=0.485, Loam=0.451, Sandy clay loam=0.42,
Silty clay loam=0.477, Clay loam=0.476, Sandy clay=0.426,
Silty clay=0.492, Clay=0.482

Ks Sand=15.21, Loamy sand=13.51, Sandy loam=3.00, Ks— saturated

[cm/min]  Silt loam=0.622, Loam=0.600, Sandy clay loam=0.544, hydraulic
Silty clay loam=0.147, Clay loam=0.212, Sandy clay=0.1&bnductivity
Silty clay=0.089, Clay=0.111

Y [KPa] Sand=1.21, Loamy sand=0.90, Sandy loam=2.18, Vae — air-entry
Silt loam=7.86, Loam=4.78, Sandy clay loam=2.99, pressure
Silty clay loam=3.56, Clay loam=6.30, Sandy clay=1.53,
Silty clay=4.90, Clay=4.05

(0) |¥ad - (/O)° O — volumetric
water content [—]
K(O) K{(O/ 9)?**3 b — pore size
b: Sand=4.05, Loamy sand=4.38, Sandy loam=4.90, distribution
Silt loam=5.30, Loam=5.39, Sandy clay loam=7.12, index

Silty clay loam=7.75, Clay loam=8.52, Sandy clay=10.4,
Silty clay=10.4, Clay=11.4
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The 1-m thick root zone considered in the modeitstat the surface and lies parallel
with the sloping ground surface. The water conswnptf riparian vegetation is represented
by the terms (a sink for groundwater and soil moisture, respett, depending whether the
root zone is saturated or not) in (8), restrictedtite root zone only. Diurnal water use
fluctuation is described by (Szilagyi et al., 2008)

s=-c3in’ ﬂ[ﬂj,...Os mo tj <12 (9a)
12 24

$=0,.12< mo{tj <24 (9b)
24

wherec (=2.4 10% is a constant anthodis the modulus of division with time measured in
hours. Egs. 9a and 9b ensure that for one-halietiay water uptake by the vegetation from
the root zone is zero, and follows a sine-like eufor the other half, taking only positive
values.

The basic prescribed value (used in most modetiatin scenario) of yields a daily
mean ET of 6 mm, which is close to the growing seagaily mean ET value reported by
Gribovszki et al. (2010b). The fixed value of theeam level fort > 0 in the model allowed
for possible induced recharge during the drawdown.

4 RESULTS

The effect of geometry and ET magnitude

First, sensitivity of the new method to the geomefrthe riparian zone and to the magnitude
of the prescribed evapotranspiration rate for anpaquifer (similar to that of Vadkan
Valley) was tested. Table 3 displays the resultthefsensitivity test. The first column lists
the parameters whose values were modified whilepikgethe rest of the parameters
unchanged and listed in Table 1.

Table 3. ET-estimation sensitivity to geometry prascribed evapotranspiration magnitude

b/2w/-m  b/2w/-m if w R  Error (%) Error (%)
Parameter if wused ascalculated from —my (Corr. (wasa (was aresultc

a constant num. model coef.) constant) num. model)
w_hor=lm,d=1m 1.31 1.31 5.08 0.991 - -
w_ho=0 m, d=0 m 1.14 1.14 10.95 0.979 -13.0 -13.0
w_hor=2 m ,d=1m 0.78 0.66 5.12 0.991 -40.5 -49.4
w_hor=l, d=2 1.69 1.93 3.94 0.997 28.9 47.3
mf=0.01 1.22 1.17 547 0992 -7.1 -10.7
mf=0.1 1.27 1.13 527 0991 -3.6 -13.7
mi=1 1.36 1.46 4.89 0.99 3.9 115
mf_rip=0.025 1.45 1.35 4.61 0.989 10.2 3.1
mf_rip=0.1 1.10 0.85 6.04 0.992 -15.9 -35.1
b=40 m 1.02 1.00 13.06 0.993 -22.2 -23.8
b=10 m 2.30 2.44 1.450.991 75.2 86.3
ET=2 mm 1.48 1.50 4.49 0.992 13.1 145
ET=10 mm 1.11 1.13 599 0.99 -15.2 -13.7

Error means the estimated ET value’s deviation fraarpttescribed ET rate.
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The following conclusions can be drawn from Table 3.

1) The increase (over 4m) of the horizontal streambed width#Rstrongly influences the
ET estimation. The new method is stable in the range of a 0-2 m width, so it can only be
used reliably for small headwater catchments.

2) If the riparian aquifer is deeper than 2 m below the streambed, considerable (30-50%)
errors can be detected, so the method can only be applied for fully or near-fully incised
streams.

3a) The steepness of background watershed surfd@rénfluences the evaporation estimate
only slightly. Even a slope of 100% does not lead to a significant error in the ET
estimates.

3b) Changing the slope of the riparian zone surfader(p) does not cause any significant
change, but if the slope is over 10%, the error becomes significant. A flat valley bottom
assumption, however, is relevant in most natural cases.

4) Even a two-fold increase in the riparian zone width (from 20 to 40 m) does not induce
significant errors in the results of the method, but on the other hand its decrease
(narrowing) influences the evaporation estimate more significantly. The errors become
substantial only under a width of 10 m, but this situation is rare even on headwater
catchments. It is so because a narrow vegetation stripe cannot induce significant upward
gradients in a considerably wide zone, as required by the method.

5) Applying an ET range of 2 to 10 mm/d on rainless days of the growing season as lower
and upper envelope values, the method gives +13-15% and -14-15% errors,
respectively. Small ET rates were slightly overestimated, while large ET values were
slightly underestimated by the method.

The effect of soil physical parameters

The prescribed ET values are recovered only for the sandy-loam aquifer, because it
corresponds best to the theoretical groundwater flow syStabie 4) Only in this case will
the b/(2w)ratio be about equal with the reonstant in Eqgs. 4—7.

Table 4. Results of the soil parameter sensitivity tests

b/2w/-m1lif b/2w/—-mlif

k wused as av cakulatec

(m/d) constant from num.
(1.5m) model

R Error (%)  Error (%)
—-m1 (Corr. (w=1.5m as(w as a result (
coef.) a constant) num. model)

1 Soil texture

2 Sand 15.21 2.89 3.09 2.310.976 188.6 209.0
3 Loamy sand 13.51 2.04 2.26 3.27 0.943 103.9 126.0
4 Sandy loam 3.00 2.26 2.36 2.950.984 126.0 136.0
5 Silt loam 0.62 2.19 1.97 3.04 0.968 119.3 97.0
6 Loam 0.60 1.31 1.31 5.08 0.991 31.2 31.0
7 Sandy clay loam0.54 1.02 0.96 6.54 0.999 1.9 -4.0
8 Silty clay loam 0.15 0.55 0.52 12.20.999 -454 -48.0
9 Clay loam 0.21 0.81 0.81 8.250.998 -19.2 -19.0
10 Sandy clay 0.19 0.38 0.41 17.550.993 -62.0 -59.0
11 Silty clay 0.09 0.55 0.81 12.140.997 -45.1 -19.0
12 Clay 0.11 0.60 0.576 11.120.996 -40.0 -42.4

Error means the estimated ET value’s deviation from the prescribed ET rate.
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For low hydraulic conductivity aquifers (e.g. clasilt), root water uptake induces a
considerably depressed water table under the aipamone. The streamlines will be
perpendicular to the surface of the depression eodenot to the bottom of the root zone. In
this casd/2w < —m, so the method underestimates the prescribed €T Irderestingly, the
error of the estimation as a function of the phgisisoil type is not linear, but roughly
oscillates around an average value of —50%.

For coarse aquifer type (loam, loamy sand, sara)ltw lines do not become vertical
below the root zone because the decreasing daysiionage can be readily replaced via the
high conductivities. Thus the water demand of thgetation is almost immediately met via
the main horizontal gradients. In this cdg8w > —m so the method overestimates the ET
rate. It is also remarkable that the error doesamainge linearly with the change of the
hydraulic conductivity, but rather (except for saadd loam types), it oscillates around
+100-130%.

In summary, it can be stated that a strong linekationship exists in all model settings
between the prescribed and estimated ET valuesnftiael spin up period excluded). The
correction-factor values valid for the linear raaships changed only minutely during the
20-day modelling period (Fig. 4).

Since the model results depend strongly on thepgikical characteristics, the method
requires a correction. Fortunately, the correlabetween prescribed and estimated ET rates
is very high (generalhR = 0.98-1.00) and linear, accordingly the requicedrection by
introducing a constant multiplier as a functiontloé soil type, can be achieved and remains
the task of the future to be tested on naturahcagénts.
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Abstract — In the DIRT Qetritus Input and Removal Treatment) field experiments established at the
Sikfokat Site (North Hungary) in October 2000, an experiment was initiated to study the long-term
effects of litter quality and quantity on pH and nutrient content (organic carbon, N fornis, RO

Mg?*, C&") of soil in a Quercetum petracae-cerriforest. An eight-year litter manipulation
demonstrated a close connectinetween the changes in pH and ¥gnd C&' concentration. The

decline of litter production, the decrease of the soil pH due to lowéf Myl C4&" input lead to
consequent reduction of soil buffering capacity. The acidification interferes with the decomposition
process of litter and humus compounds. Our results suggest decreases in organic matter content, total
N, C&* and M@"* concentrations in the soil as a consequence of decline in forest litter production
induced by climate change and a resulting degradation of the soil over a longer period.

oak forest / DIRT / Sikfokut Project / litter production / soil nutrient

Kivonat — Az avarhullas hatasa a talaj tapanyagtartalmara és pH-jara, a klimavaltozas
fényében.A Sikfokiti cseres-tolgyes esten bedllitott szabadfoldi avarmanipulaciés kisérletiinkben
(Sikfékat DIRT Project) azt a kérdést vizsgaltuk, hogy az avarprodukcié 6sszetételének megvaltozasa,
csokkenése vagy novekedése, varhatéan milyen hatdssal lesz a talaj szerves szén-, teljes nitrogén-,
PO -, K*-, Mg**- és C&'-tartalméra, valamint pH-jara.

Az eddigi kutatasi eredményeink azt mutatjak, hogyha a klimavaltozas hatasara cstkkenne az
erds avarprodukcidja, ez hosszabb tavon a talaj szerves szén-, 6ssze$:NésQ4d -tartalmanak
csbkkenését eredményezné, ami a tdmly leromlasahoz vezetne. A vizsgalatainkbél levonhaté
tovabba az a kovetkeztetés is, hogy az avarprodukcié hosszu tavi cstkkenése a talaj pH csokkenését,
elsavanyodasat eredményezi, mivel az avarbomlas soran keletk@zés intermediereket,
humuszanyagokat, a csokkeavarinput miatt a csokkérCe*- és Md*-bevitel nem képes pufferolni.

Ezt alatdmasztja az is, amely szerint a taldj-G&s Md-tartalma és pH-ja kdzott pozitiv szignifikans
Osszefliggést mutattunk ki.

" Corresponding author: tja@tigris.unideb.hu, H-40EBRECEN, Egyetem tér 1.
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Abban az esetben, ha klimavaltozas hatasara névekedne az avarprodukcié, ez hosszabb tavon
a talaj szerves szén-, dsszes-N-,?>'Caés Md'-tartalmanak, tovabba a talaj pH-janak a
novekedését eredményezné, ami kedvhatassal lenne a talaj teshelyi tulajdonségaira. A
Sikfékat Projecten végzett avarprodukcioval kapcsolatos hossz( tavl vizsgalataink eddigi
eredményei azt mutatjdk, hogy az avarprodukcié csdkkemdenciaju, ami hosszabb tavon
kedvedtlen hatasu a talajra.

télgyerdé / DIRT / Sikfékat Project / avarmanipulacié / talaj elemtartalom

1 INTRODUCTION

The long-term ecological research $kdt Project was started in 1972 as a part of IGBP
(International Geosphere-Biosphere Program), and later it continued within the MAB (Man
and Biosphere) program. The study site was designated to investigate dynamics of a
temperate-zon®uercetum petraeae-cerrierest which is typical for Hungary (Jakucs 1973).

The study area is situated 6 km northeast of the city of Eger in the foothills of the Bukk
Mountains (47°55" N and 20°46’ E) in an elevation of 320-340 m above sea level. Ensuring
undisturbed research conditions the total region of forest which includes thk(B#ife was
declared a nature reserve by the Hungarian Nature Conservation Bureau (Enactment No.
8/1976). As a consequence of lacking silvicultural management in the past decades the
Sikfokat forest is assumed to approach the state of close to natural forest. Based on the data
acquired from the intensive and long-term ecological research in the past 37 years, effects of
climate change (warming, drought) on forest species composition, structure and fitness are
well characterized.

As a result of the climate change, species composition and other structure in dkétSikf
Quercetum petraeae-cerriforest changed considerably. This was shown by the strong
decline of Sessile oakQUercus petraea) abundance while a progression of Turkey oak
(Quercus cerriy and Acer species (Kotroczé et al. 2007). This shift in tree species
composition lead to qualitative and quantitative alteration of leaf litter production and clearly
affected related soil properties (T6th et al. 2008). Considering the phenomena described
above, the present study focuses on how alteration of litter production under the condition of
climate change modifies physical, chemical and biological soil properties. To answer this
question, the approach of DIRD¢€tritus Input and Removal Treatmg iNeilson and Hole
1963) was applied when field experimental plots were set up for determining the effects on
soil by changing amounts and quality of litter in the long-term perspective. By contributing to
DIRT, the Sikékut Project is an associated member of the ILTER (International Long-Term
Ecological Research) DIRT Project which consists of four American (Harvard Forest,
Bousson Forest, Andrew Forest and Michigan Forest) and two European (University of
Bayreuth and Sikkut) LTER sites establishing an international and intercontinental research
network. We have shown similar results already in our previous litter decomposition
experiments in which we found effects in the soil water dynamics, changes in bacterial end
fungal flora enzyme activities (Fekete et al. 2011) and soil respiration (Kotroczo6 et al. 2008,
Toth et al. 2007a, 2007b, 2008). The aim of the present study demonstrates and analyzes
respective effects by experiments on litter decay particularly on the chemistry of soil organic
matter, nitrogen (N -N@, NH,", organic N, and total N), mineral nutrients and soil pH. This
paper is dedicated to the evaluation of litter decay experiments regarding nutrient dynamics
and soil-pH with special regard of sampling in the framework of DIRT after eight years
duration.
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2 MATERIALS AND METHOD

Inside the Sildkut forest stand, 7x7 m permanent experimentalsphlagre set up 2000 in
accordance with the protocol used in the USA DIRgtoo Table 1.

Table 1. The applied treatments in open-field expent (Sikfkut, Hungary).

Treatments Description

Control (C) Normal litter inputs. Average litter anmt typical to the given forest
site

No Litter (NL) Aboveground inputs are excluded frqoiots. Leaf litter was totally
removed by rake. This process was replayed conisiyaluring the
year.

Double Litter (DL) Aboveground leaf inputs are dted by adding litter removed from
NO LITTER plots.

Double Wood (DW) | Aboveground wood debris inputs @oabled by adding wood to each
plot. Annual wood litter amount was measured bydsoplaced to the
site and doubbled amount of that was applied ire cdsevery DW
plots.

No Roots (NR) Roots are excluded by inserting ingbetole barriers in backfilled
trenches to the top of the horizon C. Root resispdastic foil was
placed into the plot in the depth of 1 m hinderihg roots developing
outside of the plot to get into the NR plot. Tresesd shrubs were
eradicated when the plot was established, and ptent¢ decayed in
time

No Inputs (NI) Aboveground inputs are excluded frplots, the belowground inputs
are provided as in NO ROOTS plots. This treatmest the
combination of NR+NL treatments.

During the experiment six different treatments wagpelied: Control (C), No Litter (NL),
No Root (NR), No Input (NI), Double Litter (DL) anidouble Wood (DW) (Kotroczo et al.
2010). Every treatment was conducted in three caf@ds. Sample of 100 g were taken
randomly on each plot from 0-5 and 5-15 cm deptsisguan Oakfield soil sampler
(G model). Soil extracts were prepared by using dif@rent solvents. Ammonium-lactate/-
acetic acid buffer solution (0.1 M; pH=3.7) was dider extraction of soluble and easily
exchangeable nutrients (Egnér et al. 1960). Cakdhloride (0.01 M CaCl2) was used for
extraction of easily soluble nutrients (Houba etl890). Aliquots of 5 g air-dried, sieved and
homogenized soil were extracted with 100 cm3 ofléer solution or with 50 cm3 calcium-
chloride solutions respectively during 2h shaking &ltering.

Concentrations of Ca2+ and Mg2 in the extracts vaEtermined by means of atomic
absorption spectrophotometer (AAS) (SpectrAA-20 sPlvarian Australia Pty Ltd).
Concentration of phosphorus was measured spectwipletrically by the phospho-
molibdovanadate method (VIS SP-850 Plus spectropheter, Metertech, Taiwan). Nitrogen
species were determined spectro-photometricallgdmtinuous flow analyzer (CFA) system
(SA-2000 type Skalar photometer, Breda, The Nedineld). Soil organic matter content was
determined after dry combustion (VARIO EL CNS eletaey analyzer, Vario, Germany)
according to Nagy (2000). Soil pH was determinedidl M CaCl2 suspensions (EBRO
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PHT 3140 digital pH meter with a combined glassctetale). Results were statistically
analyzed by Sigma Stat software (v3.1.) using oag-variance analysis.

3 RESULTS AND DISCUSSION

3.1 Soil carbon content

The effect of removed litter on the carbon contdrgoil was larger than the effects of double
litter input. In comparison with the Control plai@-5cm: 5.19%; 5-15cm: 3.25%), carbon
content of the soil decreased by leaf litter withvdal in both two soil depth while Double

Litter (0-5cm: 6.73%; 5-15cm: 3.12%) treatmentsseduincreased carbon content only in
the depth of 0-5 cm. In the deeper soil layers §5e+h) Double Litter treatment did not cause
carbon accumulation during the first 8 years otlgtuOnly the carbon content of the upper
soil layer increased by the surplus litter ingeig(re 1).
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Figure 1. The effects of litter input manipulation soil carbon content.
NI: No Input, NR: No Root, NL: No Litter, C: Conttr®L: Double Litter, DW: Double Wood,
white column: 0-5 cm soil depth, grey column: 5efibsoil depth,
*: significantly different from Control (p < 0.05)

These results suggest two hypotheses: 1) a decrneadter production induced by
climate change might result in declining organictteracontent of soil over a longer period
which can impair the soil water, temperature anttient storage capacity. 2) if climate
change enhances litter production the resultece@s® of soil organic matter content would
gradually improve the former soil properties (temapare insulation, humus and cation
content).

Our results (Téth et al., 2007b; Fekete et al. 200@icate decreased litter production as
a consequence of climate change. This supportfirgtehypothesis for the soil of Siktut
site. However, it should be added that generatima not easy since warming climate might
result in higher wood and leaf litter productionwasll in case of more humid ecosystems
(Varga et al., 2008; Kotrocz6 et al. 2008; Krakongee et al. 2008).

3.2 Nitrogen forms

In 0-5 cm depth the highest and the lowests N contents were measured in DL and NI
plots, respectivelyKigure 2. Other types of litter manipulation treatmentswiver, had no
defined effects on soil's NN content. Such lack of tendentious relationstspnbt
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surprising as nitrate is highly soluble and mobile and beside the seasonal fluctuations its
momentary concentration in soil is strongly influenced by several factors such as nitrification,
denitrification, uptake by plants and leaching. ;4N content in the upper 0-5 cm of soil
decreased in plots where litter was excluded and increased in plots with doubl€idjttex 8.
The highest values were measured in DL plots. In the 5-15 cm soil layer only the DW
treatment resulted in measurable change compared to control VEige® (3). All types of
litter exclusion treatments resulted in significant decrease in organic-N content in 5-15 cm
depth and a non-significant decrease in the depth of O-%iguré 4). In 0-5 cm depth litter
addition increased the organic-N in DL plots and slightly decreased it in DW plots. Both
treatments induced decrease in organic-N of 5-15 cm dEgtré 4). Concerning total-N
contents effects of litter manipulation treatments were only detectable in the upper 0-5 cm,
while there were no differences at 5-15 cm depitpure 5).

Recently formed litter pools assimilate more NQhan NH’ under ambient
N deposition, but may lose capacity to assimilatesN€lative to NH" under potential future
increases in N deposition (Micks et al. 2004). Global atmospheric composition and climate
change effects on plant carbon to nitrogen ratios are thus likely to become important when
predicting possible second-order impacts of the enhanced greenhouse effects (Kunz et al.
1995).
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Figure 2. The effects of litter input manipulation on soil’NI content.
Explanations are as in Fig. 1
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Figure 3. The effects of litter input manipulation on soil,;NN content.
Explanations are as in Fig. 1
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Figure 4. The effects of litter input manipulation soil organic-N content.
Explanations are as in Fig. 1
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Figure 5. The effects of litter input manipulation soil total-N content.
Explanations are as in Fig. 1

3.3 Extractable phosphorus content

The upper 0-5 cm of soil contained remarkably nmresphorus than the 5-15 cm layer in
plots irrespectively of the applied litter managemé@-igure 6. Surprisingly P-content in
both depths increased as a result of litter exatusihile there were no significant differences
in plots with doubled litter as compared to contr@lues Figure 6).

Higher P contents in plots with litter exclusiorut be attributed to several factors such
as: 1) in NI and NR treatments uptake of P by glaid not influence the P status of soil. 2)
due to similar reasons the activity of phosphatasgyme was also lower (Fekete et al. 2007;
Fekete et al. 2008) allowing P in these plots tma@ organically bound. 3) higher soil
acidity in plots with litter exclusion (see later this work) might enhance the possibility of
precipitation of P in form of Fe- and Al-phosphates
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Figure 6. The effects of litter input manipulation on soil phosphorus content.
Explanations are as in Fig. 1

3.4 Extractable C&" content

Calcium content of soil declined in both depths as a result of litter exclusion. This decrease
proved to be significant in NI and NL plotBigure 7). Litter addition had an opposite effect
since it increased the €acontent in the upper 0-5 cm (significantly in DL pldggure 8).

In the 5-15 cm layer, however, an increase was not detectaiglerq 7). It can be
hypothesized that potential decrease of litter production due to climate change might lower
the C&" content of soil and as a consequence reduce buffering capacity and increase the risk
for acidification of the soil. In case of enhanced litter production this process might tend to
enhance C& content and therefore improve the buffering capacity of soil.
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Figure 7. The effects of litter input manipulation on soif Gzontent.
Explanations are as in Fig. 1

3.5 Md** content

Magnesium content of soil decreased in both 0-5 and 5-15 cm depths due to litter exclusion
treatments and differed significantly in 0-5 cm of all three treatments as compared to control
(Figure 8). Litter addition increased Ngcontent only in the 0-5 cm layer of DL treatments
(Figure 8).
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Figure 8. The effects of litter input manipulation on soifMgpntent.
Explanations are as in Fig. 1

3.6 Soil pH

As a consequence of reduced litter input soil pH had decrebkspad 9). This could be
attributed to the depleted buffering capacity due to restrictet sigd CA" input which
cannot compensate the acidifying effect of acidic intermediates and humus compounds.
Increase of litter input resulted in higher soil pH since it also enhancétiavig C4" input

and improved buffering capacitfigure 9). Soil pH, M§" and C&" concentrations in the soil
changed in close positive correlatidrigure 10 and 11). Finzi et al. (1998) reported similar
results. They found highly significant positive correlations between soil pH and extractable
Ccd”. In our site at 5-15 cm depth the pH is more acidic as at 0-5 cm depth. ¥Hea€a
stronger alkaline effect as ¥fg At 0-5 cm soil depth high litter &aconcentration coupled

with a large quantity of leaf litter could increase the quantity of exchangeableoiCihe
surface (0-5 cm) (Finzi et al. 1998). These results suggest that the properties of litter in a
given forest could fundamentally influence the soil pH and consequently the nutrient
mobility.
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Figure 9. The effects of litter input manipulation on soil pH.
Explanations are as in Fig. 1
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Figure 10. Results of regression analysis between séil-@antent and soil pH under
conditions litter input manipulation @R0.89)
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Figure 11. Results of regression analysis between sdil-Mgntent and soil pH under
conditions of litter input manipulation {R0.21)

4 CONCLUSION

The effect of litter removal on the carbon content of soil was larger than the effects of double
litter input. Carbon content of the soil decreased by leaf litter removal in both soil layers,
while Double Litter treatments caused increased carbon content only in the depth of 0-5 cm.
In the deeper soil layer (5—-15 cm) Double Litter treatment did not cause carbon accumulation
during the first 8 years of study.

We point out that organic nitrogen content of the soil decreased in both soil depths under
the influence of litter withdrawal. In case of the depth of 5-15 cm, all three litter removal
treatments (NI, NR, NL) caused significant decrease in N content. Double Litter treatment
increased the organic N content of the upper 0-5 cm soil layer, while decreasing
concentrations could be detected in the depth of 5-15 cm.

The effects of treatments on the total nitrogen content could be detected only in the upper
0-5 cm soil layer, however only the No Litter treatment was significantly different from the
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Control. Considering the lower soil layer, there are no significant differences among the
various treatments. In case of decreased litter production this process might tend to decrease
Ca2+ content and therefore deteriorate the buffering capacity of soil and this leads to the
acidification of the soil.
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The Effects of Detritus Input on Soil Organic Matter
Content and Carbon Dioxide Emission in a
Central European Deciduous Forest
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Zsuzsa \EReS — Janos Attila OTH
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Abstract — A major objective of our research was to survey soil biological activity and organic matter
content reduction in a Central European oak forest during treatments of various detritus inputs within the
Sikfokat DIRT (Detritus Input and Removal Treatmen®soject. Beside the control, three detritus
removal and two detritus duplication treatments were applied. Our examinations have proven that soil
organic matter content declined relatively fast in detritus removal treatments. The reduction was
especially remarkable in root detritus removal treatments, where — due to the lack of transpiration — soils
were moister during the whole year than in the other treatments. The higher moisture content, despite of
the reduction of detritus input, produced an intense soil respiration. This can be explained by the fact that
decomposing organisms have increased the use of soil organic matter. Detritus input reduction had a
significantly greater effect on soil respiration and organic matter content than detritus input duplication
of the same extent. The latter did not cause any significant change compared to the control.

litter manipulation / soil respiration / DIRT Project / humus content / climate change

Kivonat — Az avarinput hatdsa a talaj szerves anyag tartalméara és szén-dioxid kibocsataséara egy
Kbdzép-eurdpai lombhullatd erdsben. Kutatasaink egyik fécélkitizése az volt, hogy a Sikt

DIRT (Detritus Input and Removal TreatménfBroject keretében, felmérjik egy kodzép-eurdpai
télgyerddben a kulénbdk avarinputot kapd kezelések talajainak biol6giai aktivitasat és szerves anyag
tartalom csokkenését. A kontroll mellett haromféle avarelvonasos és kétféle tobbletavart kapé kezelést
alkalmaztunk. Vizsgélataink azt bizonyitottak, hogy a cstkkentett avarinputot kap6 kezelések esetén a
talaj szerves anyag tartalma viszonylag gyorsan csokken. Kiléntsensékkenést tapasztaltunk a
gyokéravar elvonasos kezeléseknél, ahol a hidnyzé transpiracié miatt egész évben nedvesebbek a
talajok, mint a tobbi kezelésnél. A magasabb nedvesség tartalom hatasara a szerves anyag input
csokkenés ellenére is intenziv talajlégzést tapasztaltunk. Ezt azzal magyaraztuk, hogy a lebontd
szervezetek a talaj szerves anyag készletét fokozottabban hasznaljadk fel tapanyagkéhiaearkies
mennyiség helyett. Az avarinput cstkkentése szignifikansan nagyobb hatast gyakorolt a talajlégzésre
és a talaj szerves anyag tartalméra, mint az avarinput ugyanolyan iméie&lése, mely a
kontrollhoz képest nem okozott szignifikans valtozast.

avarmanipulécio / talajlégzés / DIRT Project / humusgtartalom / klimavéltozas
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1 INTRODUCTION

A major part of carbon dioxide getting into carbzytle comes from respiration, weathering
of rocks and volcanic activity, while industrialtaties are responsible only for 5-15% of it.
Forest destruction and burning, area increase agrhdation of agricultural lands, melting of
permafrost soils and the enhancement of soil rapir also contribute to the growing carbon
dioxide emission deriving from the combustion ofdib fuels. Although the extra carbon
dioxide in the atmosphere is primarily due to thembustion of fossil fuels, a
considerable proportion is caused by soil organatten content reduction through forest
destruction and utilizing lands for agriculture @snstructions (Wild 1988). Batjes and
Sombroek (1997) estimate the organic carbon mattesoil within the upper 1 m to be
1200-1600 Gt, while Batjes (1996) thinks that ther2376—2456 Gt carbon in the upper 2 m.
According to the estimations, soil stores two amdk times more carbon as plants, and twice
as much as the atmosphere (Batjes 1998). AccorinBuringh (1984) the present saill
organic matter content is merely 75% of that befinve start of agriculture. According to
Raich and Schlesinger (1992) decomposing detritcdu@ding roots) provides about 70% of
total carbon output of soils which is 68 Gt/yeanilShemical and biological processes
influence global climate change by increasing thengty of greenhouse gases. Global
warming will supposedly influence the decompositadrsoil organic matters, thus the global
carbon cycle of the biosphere. Several researd@sssme that decomposition processes are
induced more strongly by temperature rise thanrabalic processes (Jenkinson et al. 1991,
Schimel et al. 1994; Kirschbaum 1995), which magdldo increased atmospheric carbon
dioxide content (Townsend et al. 1992; Schimel 1%@%/e and Hart 1998; Cox et al. 2000).
The enhanced soil respiration as well as the remludéh detritus production can entail the
decrease in soil organic matters, thus soil degi@ada

Several examinations have already revealed thajtehcarbon dioxide content causes
lower nitrogen concentration in plant tissues (Gitret al. 1998; Norby et al. 1999, 2000).
Beside nitrogen concentration decrease, the quanfit less decomposable secondary
(phenols, tannins and lignin) increases (Norbyle2@01). The qualitative parameters of
detritus, such as nitrogen concentration, carbtmogen ratio and lignin-nitrogen ratio,
considerably influence the composition and actiafymicrobes (Hu et al. 2001), thus the
velocity of decomposition (Swift et al., 1979; A2977). Sulzman et al. (2005) carried out
researches in an old-growter Douglas-fis¢udotsuga menzigsiorest at H. J. Andrews
DIRT Site (USA, Oregon) and found that the incregdiletritus input with a high carbon to
nitrogen ratio accelerates the decomposition df@ganic matters. So the growth of detritus
production rather entails the increase of atmosphmarbon dioxide content (Norby et al.
2002) than soil carbon supply. Pendall et al. (2@b#hk that the high carbon to nitrogen ratio
in soil increases atmospheric carbon dioxide cdntBetritus decisively influences soil
nutrient supply, microbial activity and humus caoriteThe quantitative and qualitative
changes in detritus production together with tleéfiects on soil life have already been treated
in several studies and research papers (Sayer28Q8; Pandey et al. 2007).

DIRT experiments (Detritus Input and Removal Treatis) are long-term studies of soil
organic matter formation and derived from a proj&ainched in forest and grassland
ecosystems at the University of Wisconsin in 198lson-Hole 1963). This international
project’s goal is to assess how rates and sourc@bave- and belowground plant inputs
control the accumulation and dynamics of organid¢tenaand nutrients in forest soils over
decadal time scales. The significant effects ofipulations on mineralization and respiration
suggest that microbial activity was influenced bNRD treatments (Nadelhoffer et al. 2004).
Our experimental site, Sikfut DIRT Project, is member of the DIRT intercomtimal project
organized by the ILTER (International Long-Term Ecpcal Research) network. Sékfut
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site was established by professor P. Jakucs. Our research constitutes an important part of a
long term international project that involves five more experimental sites (Nadelhoffer et al.
2004) in USA (Andrews Experimental Forest, Bousson Experimental Forest) and Germany
(Universitat Bayreuth, BITOK).

A major objective of our research was to examine soil respiration and organic matter
content during treatments of various detritus inputs, thus revealing the effects of changes in
substrate quantity available for decomposing organisms and in soil moisture content on soils.

The extent of carbon dioxide emission is an important indicator of the intensity of organic
matter decomposition and related microbial activity (Gerenyu et al. 2005). The extent of sall
respiration is influenced by several factors, such as vegetation, the quantity and quality of
plant residues, the quantity and activity of decomposing microorganisms, soil structure, soil
pH, the quantity of available nutrients, as well as soil temperature and moisture content that
are influenced by climate change to the greatest extent (Swift et al. 1979; Pantos-Derimova
1983; Rustad et al. 2000).

2 SITE DESCRIPTION

The Sikbkuat site was established in 1972 for the long-term study of forest ecosystems. The
area covering 27 ha is located in the south part of the Bikk Mountains in Northeast Hungary
at 325 m altitude. GPS coordinates are R687E 2(°28’. Annual precipitation amounts to

550 mm and annual average temperature i¥C1@®ccording to the FAO Soil Classification,

the type of soil is cambisol. Soil pH ranges between 4.85 and 5.50 depending on the plots
(Toth et al. 2007). The forest is a semi-natural st@ukfcetum petraeae-cerrmmunity)
without forest management, and since 1976 is part of the Bukk National Park.

Experimental plots were established in November 2000. Following the example of
American DIRT Sites, six treatments were set up in three replications. These 18 plots were
arranged randomly. The treatments are: Double Litter (DL), Control (C), No Litter (NL), No
Root (NR), Double Wood (DF), No Input (NI) Each plot is 7m wide and 7m long &9 m
(Fekete et al. 2007).

3 METHODS

Random soil samples were taken from five test holes at each plot. The test holes with a
diameter of 13 mm were 15 cm deep. Sampling was carried out with Oakfield auger (Oakfield
Apparatus Company, USA). Samples were homogenized and stored in a refrigerator at 4°C.
Laboratory examinations were implemented within a week after sampling.

For detecting soil temperature, an ONSET, StowAway TidbiT-type data-logger (Onset
Computer Corporation, USA) was placed into the middle of each plot at 10 cm depth. Data-
loggers were programmed to measure soil temperature every hour. Soil tempretaure was
measured continuously fron{'81arch 2001. Data were downloaded at set intervals generally
once a year. Soil moisture content was determined after drying in oven at 105°C for 24 hours.
Soil organic matter content was determined by the Tyurin method (Buzas 1988). Soil
respiration was measured by examining the carbon dioxide efflux of samples according to
Jenkinson and Powlson’s (1976) method.

Experimental data were statistically evaluated $tatistica version 7.0. We ensured
randomness of sampling and the independence of each sampling el@itmagorov — Smirnov
test helped determine the normal distribution of actual data. Homogenity of the variations was
examined byFmaxprobe One-way ANOVANndTukey's HSDest were also performed.
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4 RESULTS

The first sampling took place in April 2001, fiveonths after plot establishment. At that time
NR treatment revealed the highest organic mattetec (3.61%); however, NI (3.26%) also
surpassed the values of DL (3.19%) and C (3.08%gu¢e 1). The next sampling took place
in December 2001. Then NR was ranked second, folgpwL. In 2002 the organic matter
content of treatments involving detritus removaR(NNI, NL) decreased compared to the
other treatments. From 2003 till the end of examma the samples of detritus duplicaton
and control treatments revealed higher organic enatontents than the ones of detritus
removal treatmentd=(gure 2. Comparing the means of 2001-2002 and those @3-22006,
the following results were obtained: organic mattentent increased by 3% in DL and DW,
while decreased by 2% in C. These changes wersigwficant. However, detritus removal
treatments revealed significant decreases & (%): NL: 14%, NR: 17%, NI: 8%. The

lowest mean value was measured in NR between 202G06.
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Examining the organic matter content of the treatments between 2002 and 2006, ANOVA
revealed significant differences between the groupssd6.26; p<0.001). According to
Tukey's HSD test, DL revealed significantly higher values than the three detritus removal
treatments, as well as DW and C showed significantly higher values than NR (p<0.05).
Regarding soil respiration, the highest mean values were measured in the detritus duplication
treatments (DL, DW) and NR. These were followed by C and finally by the leaf litter removal
treatments (NI, NL)Kigure 3). ANOVA did not reveal any significant difference between the
groups (p=0.1) because of high variation and relatively low number of samples (N=13).
However, considerable differences were observed between the treatments. Comparing the
carbon dioxide emission of NL pairwise to the other treatments by t-test, all the treatments
revealed significantly higher values than NL, except for NI.
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Figure 3. Mean values of carbon dioxide emission between 2004 and 2007
Double Litter (DL), Control (C), No Litter (NL), No Root (NR), Double Wood (DF),
No Input (NI). Different letters indicate significant differences according to t-test

5 DISCUSSION

Carbon dioxide emission of NI surpassed that of NL, while NR exceeded both C and DW.
These results — taking into consideration the extent of detritus input in the treatments — need
further explanation.

Root respiration had no influence on carbon dioxide emission in NL, C, DW, DL, as the
soil samples did not contain any living roots. Altough roots were removed from both NR and
NI samples before the examinations, at the establishment of NR and NI plots roots had not
been removed, they were let there to decompose.

Therefore, these dead roots were able to contribute to increasing soil respiration for a
certain period of time. This effect could be observed in the case of certain enzymes’ activities
(phosphatase, phenoloxidase) and the changes in soil organic matter content (Fekete et al.
2007; Varga et al. 2008).

The higher than expected carbon dioxide emission of NR and NI can be explained
primarily with the higher soil moisture content, due to the fact that plaets regularly
removed, so there was no transpiration loss at all. Statistical analyses revealed that carbon
dioxide emission correlates strongly with soil moisture content (Kotroczé et al. 2008).
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The effects of soil moisture content and detritus input were proven by the fact that in the two
sample series showing the highest soil moisture content (above 30% in all treatments) DL, C
and DW samples revealed 32% carbon dioxide emission higher than NR and NI. This is
because DL, C and DW plots had greater nutrient supplies, which — under appropriate
circumstances, e.g. optimal moisture content for decomposing organisms — increase the
intensity of soil respiration (Wan-Luo 2003; Berryman et al. 2010). Such nutrients were root
exudates as well as organic compounds resulting from the decomposition of leaf litter. All
these or a part of them were missing from the plots of detritus removal treatments. This fact
further supports the observation that litterfall and root detritus play an important part in nutrient
and carbon cycling (Sayer 2006). A further difference was that there were no plants in NR plots,
detritus could only originate from the surrounding trees. The major part of leaf litter from the
bushes fell to the ground outside the NR plots. According to Téth et al. (2007), shrubs provide
only 9% of the total leaf litter production at the 8Kt site. Thus, the quantity of aboveground
detritus is lower in NR than in the other three detritus duplication treatments.

The effects of leaf litter manipulation was shown by the fact that €@ssion in NL
was significantly lower than in treatments of aboveground detritus input (DL, C, NR, DW).
CO, emission in aboveground input treatments was also higher than in NI; however, the
difference was not significant. This can be explaned by the higher soil moisture content. In
this experiment the effects of soil temperature were not relevant, as the examinations were
carried out in laboratory at controlled temperature. However, in field investigations soil
temperature is a crucial factor (Kotroczé et al. 2008). Comparing our results with those of the
Andrews DIRT Site, we can observe the same trend sin DL, NL, C, and DW treatments
(Sultzman et al. 2005). In both experiments C revealed the lowest ed@ssion.
Nevertheless, in the Andrews DIRT experiment there was a significant difference between
DL, DW and C, while the difference was not significant in &lt. In 2001 NR and NI
revealed higher organic matter content, which was due to the decomposing capillary roots.
Living roots constantly enrich soil with their excretions (Gregory, 2006). Organic matter
content was the highest in DL, C, DW since 2003 (Varga et al. 2008), although the increase
was slight, however the values of NR and NI decreased by 30 and 18% between 2002 and
2006. NL also revealed a decreasing trend (22.3% between 2002 and 2006), which can be
explained by the lack of leaf litter supply (Zhang et al. 2008).

This decomposition of organic matter was more intense in NR and NI, so sgil CO
emission was higher as well. However, DL revealed the highest values regarding both CO
emission and organic matter content. This can be explained by the leaf litter duplication
resulted in an extra amount of litter that could not be mineralized. It raised soil organic matter
content. Nevertheless, during the field examination C and DW showed highen@€ion
than DL (Kotroczé et al. 2008). As for enzyme activity, similar tendency was observed
(Fekete et al. 2011).

6 CONCLUSION

Our results have proven that additional detritus input influenced organic matter content in
undisturbed soils under natural vegetation to a less extent than detritus removal for several
years. The decrease in detritus input entailed the decrease in humus content relatively fast. At
the Sikbkat DIRT site detritus manipulation caused significant changes in soil organic matter
content within five years. In drier conditions the increase of moisture content entailed a more
intense soil respiration. If detritus input does not provide a sufficient amount of substrate for
decomposing organisms, the mobile components of organic matter will be used for metabolic
processes.
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Diurnal and Seasonal Changes in
Stem Radius Increment and Sap Flow Density Indicate
Different Responses of Two Co-existing Oak Species to
Drought Stress
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Balazs NITRAI? — Erzsébet &LLOsI? — Viktor OLAH® —
Zita DEMETER* — Agnes lakaTos?— Istvan AVDER’

2Department of Botany, Faculty of Science and Techryplogiversity of Debrecen, Debrecen, Hungary
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Abstract — Using continuous monitoring of stem radius combined with sap flow measurements we
assessed the effects of environmental conditions on tree radial growth and water status of two co-
existing oak speciesQuercus petraeaand Quercus cerriy at high resolution time in growing
seasons of 2008 and 2009. The forest (95—-100 yr) is situated in a xeric site in the transition zone
between forested and forest-steppe regions in north-eastern Hungary, Bikk mount@aN(47
20°46’E, elevation 320-340 m a.s.l.). Weather conditions in the growing season of 2008 (total
rainfall 354 mm, mean daily temperature 170 was less extreme than in 2009 (total rainfall

299 mm, temperature 17°€). Rainfall strongly determined the course of radial growth increment

in trees. Radial growth of trees was limited in 2009 due to the drought in spring. The maximum
radial increment of both species was achieved three weeks eafliaegk of June) than in 2008

(4™ week of July). We used dendrometer monitoring data for estimation of stem (tree) water
deficit (AW) by measuring water-related changes in stem radius (Zweifel et al. 2005). The
maghnitude of tree water deficit variatioAW/) was always smaller i. cerristhan inQ. petraea.

In contrast,Quercus cerrisalways exhibited larger daytime averages and maxima of sap flow
density. In August of 2009 when drought became severe there were larger increases in tree water
deficit (AW) (50-55 %) in both species compared to July as it could be expected from the extent
of decreases in sap flow density (24-28%). Our data suggested that due to the low SWC the
transpiration was supported mainly from the inner water storage of trees during prolonged drought
which resulted in high stem water defichW).

drought / forest/potential evapotranspiration / Quercus petraea / Quercus cerris / stem (tree)
water deficit

Kivonat — Két zonalis tdlgyfaj térzsndvekedésének és nedvaramlasanak napi és szezondlis
dinamikdja. A tanulmanyban 0Osszefoglalt eredmények részét képezik a Bukk-hegysédiusikfé
Project LTER kutatasi tertlet (20'N, 20°46'E, tszf. 320-340 m) cseres-tolgyes &@ttbmanyban

folyé novény-okofizioldgiai kutatasi programnak. Vizsgalataink soran folyamatos dendrometrias és
nedvaramlas méréseket végeztink a 2008 és 2009 évek vegetgidgdiban annak megallapitasara,
hogy a kocsanytalan tolgyQercus petraea (Matt.) Lieblds a csertdlgyQuercus cerris L.yadialis

" Corresponding author: immeszaros@unideb.hu; H-4@BRRECEN, Egyetem tér 1.
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toérzsndovekedésében és vizforgalmaban ajaidsi extrémitdsok milyen mértigkvaltozasokat
okoznak. A dendrometrids mérési eredmények azt jelzik, hogy a csapadék mennyisége és eloszlasa
donten meghatarozza a torzsek radidlis ndvekedését mindkét fajnél. Minkét faj esetében kimutattuk,
hogy a 2009 évi tavaszi aszaly hatasara a torzsek radialis novekedése harom héttel korabban
befejedddtt és alacsonyabb értéket ért el a 2008 évi novekedéshez képest. A torzs radidlis
valtozasanak a finom édelbontasi mérése a ndvekedési tUtemen kivil dsbget nydjtott arra is,

hogy az adatok alapjan a térzsek (fék) vizdeficit értékeit (AW) is megbecsiljik, amelyhez Zweifel et
al. (2005) modszerét hasznaltuk fel. A két fafaj kézll a vizdefict. petraeatdrzsében mindig
szignifikdnsan nagyobb amplitidoju valtozdsokat mutatott, mit eerris esetében, ami alapjan az

utébbi fajndl nagyobb torzsbeli vizkészletre kovetkeztettiink. Ugyanakkor a nedvaramlas nappali
kozépértéke és maximuma mindigQaiercus cerrisesetében volt magasabb. 2009 augusztusaban,
erésen aszalyos ibzakban mindkét fajnél joval nagyobb mértékben (50-55%-kal) emelkedett a
fatorzsbeli vizdeficit a jaliusi mérési eredményekhez képest, mint amit az ugyanézaakizhn mért
nedvaramlas csokkenés mértéke alapjan varnank (24-28%). Ez azt sugallja, hogy a fak a tartésan
aszalyos periédusokban a liel®rzsbeli vizraktarakat hasznositjak a vizszallité palyak feltdltésére és

a transzpiracio fenntartasara.

aszaly / nedvaramlas Quercus petraed Quercus cerrid radialis tdrzsndvekedés / vizdeficit

1 INTRODUCTION

Owing to climate change (IPCC, 2007) the future survival and sustainability of forest
ecosystems has become of great concern (Jump et al. 2009, Matyas 2010). For Carpathian
basin climate projectiongredict a reduction in the total area of climate-zonal forests and the

gradual shift forward” of transition between forest and forest-steppe zones (Matyas
Czimber 2004). Severe and recurring drought has been identified as major contributing factor
to the recently accelerated tree decline and mortality in Europe (e.g. Jakucs et al. 1986,

Gibbs— Greig 1997, Siweckt Ufnalski 1998, Thomas et al. 2002).

In Hungary serious tree decline has been reported for the mixed stands of sessile oak
(Quercus petraeéMatt.) Liebl) and Turkey oakQuercus cerrid..) from the 80’s (Jakucs
et al. 1986). These forests represent one of the most important vegetation type in the
Carpathian basin therefore tree decline has large economic and nature conservation
consequences. Sessile oak suffered more drastic decline than Turkey oak in Hungarian
forests as well as in whole Europe. Mortality of sessile oak varied with site conditions and
became very serious in xeric margins of this forest type suggesting that climate change
will threaten sessile oak very strongly. Simulation of future distribution of sessile oak by
BIOMOD model (Thuiller 2003) projects that there will be a shift of bteclimatic
envelope as a result of climate change. On regional scale, analyses provided also a very
pessimistic scenario for Hungary since the species may loose the majority of the
distribution area by 2080 (Czucz et al. 2011).

The objective of this work was to analyse the effects of climatic fluctuations on growth
and water status of two co-existing tree spei@sercus petraea (Matt.) Liebl. and Quercus
cerris L.)in two subsequent growing seasons, 2008 and 2009. More specifically we intended
1) to estimate the influence of environmental conditions on stem radius increment with high
time resolution; 2) to assess drought related responses of tree water deficit for the two species;
3) to describe seasonal and diurnal course of sap flow density and its correlation with
environmental factors.
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2 MATERIAL AND METHODS

2.1 Study site and experimental trees

The study was carried out at Sikéit Project LTER forest site (490’N, 20P46’E, elevation
320-340 m a.s.l.), Bukk Mountains, north-easterndduy in summer of 2008 and 2009.

The site is covered by a mixed forest stand (95—)0dominated by sessile oak
(Quercus petragaand Turkey oakQuercus cerrisin the canopy layer. The soil of the site is
a deep brown forest soil formed on miocenic pelgidducs 1985). According to the current
climatic conditions the site is close to the forgstppe limit. The average annual rainfall of
the past 30 years is 555 mm and the mean annupktamre is 10.3C at the site{able J.
The growing season usually lasts from mid-Aprilmad-October. In the northern mountain
region of Hungary the annual total of global raidiatfalls between 4300-4400 MJ M
(Jakucs 1985). During the past decade extreme Htargl heat-waves have appeared at the
site in summer of 2003, 2007 and 2009.

The tree species composition of the stand Wasercus petrae@6.9%,Quercus cerris
22.8%,Carpinus betulus 0.4%, Acer campestre 28.2%er tataricum0.9%,Cerasus avium
0.8%. Trees of oak species belong to the dominant andoognant crown classes, while
other tree species represent intermediate and wordnt crown classes of forest canopy.

For our study we selected one mature sessile ahb@ Turkey oak (95-100 years old).
Both trees represented the dominant crown classiggoto uppermost position of the forest
canopy (height of experimental trees was 20-22 B f the sessile oak tree was 29 cm,
for Turkey oak 46 cm).

2.2 Measurements of environmental parameters

Weather conditions were monitored automatically Higbo ProSeries RH&Temp sensor
(Onset Computer Corporation, Pocasset, USA), andoHdicro Station (Onset Computer
Corporation, Pocasset, USA) with external sendgesn( gauge, PAR, atmospheric pressure,
wind speed) during the study period. Weather dageewecorded at every 30 min. at the top
of a meteorological tower (25m above ground). Vattne soil moisture content (SWC) was
measured using EGB sensors (Decagon Devices, Pullmann WA, USA) withie upper
30 cm with 15 min sampling interval.

To assess the differences in the microclimatic targs between vegetation seasons of
2008 and 2009 we calculated the cumulative dailgmtemperature and cumulative rainfall.
Cumulative daily mean temperature and rainfall deatd course of soil moisture in 2008 and
2009 are presented figure 1 Due to the lack of measurements of global raaiatihe
Hargreaves-Samani temperature based method wastosestimate the the mean daily

potential evapotranspiration (PET mm dyHargreaves- Samani 1982).

2.3 Sap flow measurements

Continuous sap flow measurements began at oulirsiggowing season of 2009. Sap flow
density (ml cri¥ min™Y) was measured with heat dissipation method deeeldyy Granier
(1985). An SF-G sensor (Ecomatik, GmbH, Dachaunptaay) was mounted on the northern
side of tree stems to avoid direct solar heatingj sliielded with aluminum foil to minimize
temperature fluctuations in the sapwood. The SE1S@ consists of two identical needles with
copper-constantan thermocouples and a speciainbeaire. The two needles were inserted
2 cm into the sapwood, one above the other, 15part.arhe upper needle was installed at a
height of 1.5 m. The top needle was heated witlstem energy supply (at 12V with 83 mA).
The temperature difference between the two neddlEswas the output signal of the sensor
and used for calculation of sap flow density actwydo the formula by Granier (1985):
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U = 0.714*[ATmacAT)/AT] 23,

where
AT is temperature difference between two needles;
ATmax IS the maximum value &fT when sap flow can be considered as 0 during night

SF-G Sensors were installed on March 26 2009 anditarong of AT was planned in
5 min interval till the end of October but thereresesome short periods during the growing
season when unexpected errors (due to heavy raimsvanimal damages etc.) disrupted the
continuous measurement.

2.4 Measurements of tree stem radius changes andisstion of tree water deficit

Tree stem radius changelsr) were monitored with automated DR dendrometeriiatik
Gmbh, Dachau, Germany) with resolution up to 0.Zrams. The dendrometers were
mounted at 1m above ground on north side of stewnefsessile oak and one Turkey oak
tree. Continuous recording of stem radius changgsutb on June 6 2008r was recorded in
10 min intervals.

A sensor fixed in a frame was installed to the meag section of the stem after
removal of the dead bark. Sensors were installeefghlly to avoid damages to the living
tissues below the dead bark. The cours@rofiepends mainly on stem radial growth and
fluctuation of water-storage. Other factors e.gnperature and xylem-tension-related
fluctuations may contribute only slightly (<10%) fo (Zweifel et al. 2005). From the
course ofAr we estimated the changes in stem water-storageisinyg the algorithm
suggested by Zweifel et al. (2005). We hypothesittead a rainfall event above 10 mm
can induce stem hydration and increase of r to mawri. The difference between the
trunk radius of maximum hydrated (normally afterranfall event) state and actual
hydration status was used for quantifying the degrestem water deficitAW) during a
given period. This is also considered as a meastveater deficit in the whole tree and

defined as tree water deficit (HinckleyLassoie 1981).

3 RESULTS

3.1 Weather and soil moisture conditions

Compared to the average weather conditions ofakied0 years (1978-2007), annual mean
temperature was higher by 0.9%1in 2008 and 2009T@ble J.

The vegetation period of both study years was waram@ drier than the average.
Summer of 2009 was extraordinarily hot and had ohéhe lowest total amounts of rain
during the last decadé&igure 1). However, in 2009 the total annual rainfall diot mliffer
from the 30 year average while in 2008 it was 56 lowver (Table 1.

In 2009 there was a four-week period without rdirdaring budburst in April which led
to rapid decline of soil moisture contefigure 1). The whole vegetation period of 2009 was
drier and warmer than in 2008 with low volumetri@ater content. In 2009 the end of
vegetation period was without rain events that edurge water deficits in the soil in
September. During the vegetation period of 2008sthiewas wet in spring. Volumetric soil
water content transiently decreased in May, birtdteased in June and July due to frequent
rains.
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Table 1. Annual mean of air temperature (T), mean daily air temperature of vegetation
period (T..10, annual total rainfall (P) and total rainfall of vegetation peria@,(,9
in 2008 and 2009. Long-term mean values of air temperature and rainfall were
calculated for 1978-2007

T Toa-10 P Pos-10
°C °C mm mm
2008 11,3 17,0 499 354
2009 11,3 17,9 554 299
30-year mean
(1978—-2007) 10,4 16,5 555 393
5000 350
[/ rainfall 2008
B rainfall 2009 300

4000 -

=== 719 2009
T °c 2008

250

3000 - 200

2000 - 150

100

Cumulative rainfall (mm)

1000 -
50

Cumulative daily mean temperature (OC)

0,24
0,22 A
0,20 -
0,18 A
0,16 -
0,14 ~
0,12 A
0,10 A
0,08 -
0,06 -

soil water content (m* m™)

100 120 140 160 180 200 220 240 260 280 300
DOY
Figure 1. Cumulative values of daily mean air temperature, cumulative daily precipitation

(upper figure) and volumetric soil water content (lower figure) during the growing seasons of
2008 and 2009 in the Sékifut study area

3.2 Stem radius changes and variation in tree water deficit

Dendrometers were installed on tree stems on June 6 2008. We selected a three-month period
between DOY158 and 248 in 2008 and 2009 for comparison of stem radius chamges (
Although the course dir was different in 2008 and 2009, the stem radial increment did not
change after DOY 248 in both yeaFRdure 2. DOY 158 is considered as reference day and
Ar values show deviations from it.

The dendrometer data was set as 0 on the first day of this selected period. During the
three-month period in 2009 there was only 750—8B60 maximum increment foQuercus
petraea 500—-60Qim for Quercus cerrisStem radius stopped to increase by the first week of

July 2009 and then only short-term fluctutations occurred due to the daily transpiration and
rainfall events.
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In 2008, however, both species showed three or four times larger stem radius increase in
the corresponding period than in 200®glre 2). In the corresponding period of 2008 the
stem radius change was 21002300 for Quercus petraeand 1800-210@Qm for Quercus
cerrisin the three month period. In 2008 the stem radius showed increases till the end of July.

3000 30
—— Q. cerris 2008
—~ 2500 { —— Q. petraea 25
g m— rainfall
g 2000 | MWMWN 20 =
c
8 &
S 1500 A M 15 =
%) ©
2 €
€ 1000 1 w L10 ©
£
ol
@ 500 | ‘ h 5
2009
—~ 2500 1 L 25
€
=2
2 2000 | 20 =
c
£ E
S 1500 | 15 =
3 g
2 jS
S 1000 | L0 &
£
[l
@ 500 | %MM%M 5
0 : | | ; | ‘ | ‘I‘ | ‘ ‘ 1 ; ; 0
160 180 200 220 240

DOY
Figure 2. Temporal course of cumulative stem radius chadgddr
Quercus petraea (black line) and for Quercus cerris (gray line) and daily sums of rainfall in
summer of 2008 and 2009. DOY 158 is considered as reference ddy\aides show
deviation from it

The three-month long dendrometer data series were also used to estimate fluctuations in
water status of tree stems. Seasonal variations in stem water deficit calculated by means of
method suggested by Zweifel (2005) are presented in Figure 3.

The general seasonal course 24N was similar for the two species in both years.
Seasonal amplitude of stem water deficit differed in the two species, it was smaller for
Quercus cerrighan forQuercus petraea.

Variation of stem water deficit was, however, usually the most significant during dry
periods and approached zero after heavy rain events. Even one-two week dry periods could
induce rapid increases of tree water deficit depending on the soil water availability and VPD.
In 2008 large stem water deficit developed within the period from DOY 175 to DOY 190 (4th
week of June and 1st week of July) up to REOfor Quercus cerrisand 50Qum for Quercus
petraea and between DOY 223 and DOY 236 up to |280and 420um for Quercus cerris
andQuercus petraea, respectively. In 2009 a long-lasting stem water deficit period appeared
from DOY 200 to DOY 234 with 300 and 4%0n maximum values oAW for for Quercus
cerris andQuercus petraea, respectively. There was only a short (3 days) interruption of this
period whemAW of stem approached 0 in both species. The diurnal fluctuatioofvere
also different in the two species (Figure 3).
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Figure 3. Variation in stem (tree) water deficdW, 1m) with time for
Quercus petraea (black line) and Quercus cerrigygine)

On most sampling days in 2008 both species shoewdr|diurnal amplitudes AW
than in 2009. In 2008 diurnal amplitude A/ reached 80-12Am in Quercus petraeand
40-80 um in Quercus cerris In 2009 the diurnal variation of stem radius exed to
130-200um in Quercus petraeand to 40—-10@um in Quercus cers.

3.3 Variation of main daytime sap flow density andcorrelation with PET in
summer of 2009

In the second half of the vegetation period of 2@@9experienced severe drought at the site.
During the experimental period from DOY 209 to D@83 mean daytime sap flow density
ranged between 0.11 and 0.04 mremin™ in Quercus cerrisand 0.07 and 0.02 ml ¢Amin™

in Quercus petraeaDuring the same period the daily PET changeddmtvi2 and 4 mm ddy

012 7=
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Figure 4. Daytime mean sap flow density of Queprigaea (black line) and Quercus cerris
(gray line) and potential evapotranspiration estied by Hargreaves-Samani temperature
based method (Hargreaves-Samani 1982) during therarental period from DOY 209 to
DOY 283. Rainy days are excluded from the data set

mean daytime sap flow density (ml cm? min™)
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A general decreasing trend of mean daytime sap flow density was observed for both
species as the drought proceeded in August and Septelrndpaire(4). Analysis of a dataset
from this period (50 days after exclusion of rainy days) showed that the daytime sap flow
density of both species changed in close positive correlation (P<0.01) with PET which also
showed declining trend in the second part of growing season. The correlation was closer for
Q. petraea (R=0.6248) than for Q. cerrigR?=0.7410).

3.4 Diurnal course of sap flow density

From the continuous sap flow measurements of 2009 we have selected days from two
characteristic periods to assess the relationship between sap flow density and environmental
conditions at daily scale.

i) DOY 209, DOY 211 and DOY 215 represent sunny days in a moderately rainy period with
small rains on DOY 210 (1 mm), DOY 212 (7mm) and DOY 214 (3.4mm), decreasing SWC
(from 0.110 to 0.099 cincn™), high daytime VPD values (VRR 3—4 KPa) and light
intensity (PPFRax 1800—190Qumol m? s™). There were only two small rains4 mm)
rain during the previous 10 daysidure 5).

i) DOY 231, DOY 232 and DOY 233 in the driest period of summer with
SWC 0,080-0,083 ctreni, high daily VPD (VPR 2.9-3.6 kPa) and PAR (PPFD
1700-1800 umol i s%). There was no rainfall event in the previous 10 d&jgufe 6).

This period represented typical stage of the drought stress.

The magnitude of diurnal sap flow amplitude depended significantly on the
environmental conditions on selected days and decreased as the drought stress proceeded on
sunny and hot days (DOY 209, 211 and 215) of a moderately rainy period ithduhgean
SWC value on the selected three days reached 0.i@rom The low SWC suggests that in
July a significant depletion of soil water reserves occurred and small rains were not enough
for soil refilling. Comparingvith other periods of growing season both tree species exhibited
relatively high stem water deficit on these dajigre 3).
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Figure 5. Diurnal course of VPD, light intensity (PPFD) and sap flow density and
daily stem radial changes of Quercus petraea and Quercus cerris on sunny days of a
moderately rainy period in July 2009
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On DOY 209-Doy 215 the mean daily stem water deffdiV] was 169um for Q. cerris
and 251um for Q. petraea Figure 3). Between the two selected periods sap flow density of
both tree species was the highest on these days. The daytime mean sap flow was 010 ml cm
min~in Q. cerrisand 0.066 ml cAmin™in Q. petraea. The daily maximum of sap flow was
relatively high and approached 0.14 ml%min™ for Q.cerris and 0,09 ml cfmin™ for
Q. petraea Figure 5). VPD was very high on these days and showed daily maximum
between 3.1 and 3.9 kPa. Sap flow density was in close correlation with VPD but showed a
maximum earlier during the day. The stem radius reached maximum in the morning (between
6 and 8 a.m.) and minimum values in the afternoon (between 4 and 6 p.m.). Temporal
appearance of minimum was closely related to the maximum of VPD.

In 2009 a progressive drought appeared from the first week of August which lasted
almost for the whole month and was interrupted only by short rain evégtsdg 1). SWC
reached its minimal value (0.0819 tem™®) in this month considering the whole summer
(Figure 1). On the three selected representative days of drought period (DOY 231-233) the
daily maximum of sap flow was low in both tree species (0.101 mum* and 0.064 ml
cn? min™ (Figure 6). These sap flow density values were 28 @b cerris) and 24 %

(Q. petraea) lower than in Julfigure 5).

Q. cerris exhibited very similar diurnal course of sap flow density as in July in
correlation with PPFD and partly with VPD too. Whie cerrisshowed maximum sap flow
density at middayQ). petraea had a short maximum of sap flow density in the morning (at
VPD 2-2.5 kPa) followed with a gradual reduction later on the day. The amplitude of diurnal
variation in the stem radius was higher in Q. petraea thgh cerris
Stem water deficitAW) was 55 % Q. cerri§ and 49 % Q. petraea larger were deduced
than in July. Mean daily value &wW was 263um for Q. cerrisand 374um for Q. petraea
(Figure 3) suggesting the reduction of stem water storage due to the drought.
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Figure 6. Diurnal course of VPD, light intensity (PPFD) and sap flow density and
daily stem radial changes of Quercus petraea and Quercus cerris on sunny days
during the drought in August 2009

Acta Silv. Lign. Hung. 7, 2011



106 Mészaros, |. et al.

4 DISCUSSION

At the study site the temporal course of stem radial chadggsvére analized during the
period from 6 June till 15 September presuming different temporal growth dynamics of both
species in 2008 and 2009. Rainfall strongly determined the course of radial growth increment
in both species.

Due to the extreme environmental conditions in spring of 2009, the radial growth of trees
was strongly limited by drought and the maximum radial increment of both species was
reached three weeks earlier (by end of June) than in 2008 (by end of July). We suggest that
the extreme drought in spring of 2009 combined with high temperature forced the trees to
allocate carbohydrates to belowground carbon sinks to provide water and nutrients for shoot
growth. Allocation of carbohydrates for producing fine roots when rainfall was low and SWC
reduced rapidly could be a main cause for reduced growth rate of stem in the investigated
period in 2009. Former studies suggest that carbohydrate supply to mycorrhiza might also
contribute significantly to the switch of allocation pattern in trees under drought stress
(Nehls et al. 2007).

At our site Quercus petraea exhibited larger stem increment during the experimental
period of both years comparedQuercus cerrisThe short-term fluctuations @éfr, however,
were smaller irQ. cerristhan inQ. petraea. This suggested tl@t cerrismight have larger
water storage in the trunk available for transpiration, as proposed by former studies on sap
flow measurements (Tognetti 1996). Temporal course of stem (tree) water deficit also
reflected that the two species might differ in water storage in the trunk. The magnitude of tree
water deficit variation AW) estimated from dendrometer monitoring data by measuring
water-related changes in stem radius was always smal@r @erristhan inQ. petraea.n
August of 2009 when drought became severe, increases (50-55 %) in tree waten\éficit (
of both species compared to July were larger as expected from the extent of decreases in sap
flow density (24-28%). Water status including transpiration rate of trees is strongly
determined by stomatal regulation (Zweifel et al. 2001, Gao et al. 2002). Therefore a strong
stomatal influence on tree water deficit can also be postulated. Our data suggested that due to
the low SWC the transpiration was supported mainly from the inner water storage of trees
during prolonged drought which resulted in high stem water defiigjute 3).

Similar seasonal course of sap flow density was found for the two tree species, but
Quercus cerrisalways showed higher sap flow density th@uoercus petraealn the
regulation of sap flow, stomata play pivotal role. With their help water demand of trees can
continuously be adjusted to the actual water availability (McDowell et al. 2008). Under
decreasing SWC conditions by August, stomatal regulation became important in controlling
the transpiration of both species. There was a decline in maximum daytime sap flow density
during the drought period in August compared to that of July that can be interpreted as the
consequence of stoma closure in the whole crown of both species. When trees experience very
low SWC and high evaporation demand, the sap flow tends to be more and more controlled
by stomata.

Stoma closure is the most efficient reaction to daily and seasonal water shortage. By
closing their stomata, plants avoid harmful dehydration, although this goes at the expense of
photosynthesis assimilation due to the limited uptake of Q@észaros et al. 2007).
However, closing of stomata during daytime for long periods may induce carbon starvation of
trees and affect their growth and competitive ability (Bréda et al. 2006, McDowell et al.
2008).

Concerning sap flow density the two tree species responded differently to the drought. In
this period onlyQuercus cerriscould maintain a regular diurnal pattern of sap flow density
(and transpiration) (DOY 231-23Figure 6) although at reduced maximum values.
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Maximum sap flow density dD. petraea gradually shifted back from midday by 2—4 hours to
the morning on dry and hot days. This suggests the strengthening of dehydration-induced
stomatal control over the light dependent stomatal regulation is in good agreement with
reports on mature trees of other forest tree species (Aranda et al. 2000, Gartner et al. 2009).

Despite low SWC and high VP. cerrisexhibited 38 % higher mean daytime sap flow
density tharQ. petraea. During the same period 42 % lower stem water deficit was estimated
for Q. cerristhan forQ. petraea. Such differences in water relations between the two co-
existing species have significance in relation to competition under changing climate. This is
clearly demonstrated by the shift of dominance conditions at the investigated site (Kotrocz6
et al. 2007).

5 CONCLUSIONS

Using continuous monitoring of stem radius changes combined with sap flow measurements
at high time resolution we concluded that the two co-existing species respond differently to
drought. Stem (tree) water deficit deduced from dendrometer measurements and temporal
course of sap flow density can be used for assessing drought stress and describing inter-
specific differences in tolerance and stress coping mechanisms.
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The Riparian Alder Forests of the Sopron Hills

FerencSzZMORAD

Aggtelek National Park Directorate, Josydflungary

Abstract — The present study demonstrates the classification of the riparian alder forests of the
Alpokalja region through the analysis of their stands in the Sopron Hills. Besides the historical,
ecological and floristic data collection, the differentiation of these forests was examined using
36 coenological relevés recorded according to the Braun-Blanquet method. Cluster analysis,
principal component analysis and TWINSPAN analysis were applied in the process; the definition
of diagnostic species for the resulting units was carried out by fidelity analysis using the
@ coefficient. The presence of three alder forest associations was verified by the research in the
study area. In the vicinity of the lower and middle sections of the streams, characterized by
stagnant water, small patches of swampy alder foréstgglico sylvestris — Alnetum glutino3ae
occur. In the fast-flowing stream sections alder woods rich in species of mesophilic deciduous
forests Aegopodio — Alnetum glutinosaean be found, while along the middle and upper sections

of the streams, at sites with seepage water, mixed ash-alder forests with montane herb species
(Carici remotae — Fraxinetujnare typical. The investigations revealed that @aex brizoides
dominance-type alder groves were secondary forests that formed in former meadows and they
belong to the 3 mentioned riparian alder forest types.

riparian alder forests / phytosociology / Sopron Hills

Kivonat — A Soproni-hegység égerligetei.Jelen tanulmany az Alpokalja égerligeteinek
osztalyozasi problémait a Soproni-hegység allomanyainak elemzésén keresztil mutatja be. A
torténeti, okologiai és florisztikai adatijyés mellett a szefz a ligeterdk differencidlodasat
Braun-Blanquet mdodszere szerinti 36 conoldgiai felvétel felhasznéalasaval vizsgalta. A feldolgozas
soran cluster-analizis,6komponens-analizis és TWINSPAN-elemzés készllt, az elklldnitett
egységekre a diagnosztikai fajok kimutatasaiséh-értékekd koefficiens szerinti szamitaséval
tortént. Az elemzések alapjan a hegység terliletén harom égerliget-asszociacié jelenléte volt
igazolhatd. Az alsé és kozé&pgpatakszakaszok kiszélegedpangdbvizes részein kis foltokban
laposodo6 égerligetekApgelico sylvestris — Alnetum glutinoda®rdulnak eb. Ugyanebben a
fekvésben a patakok gyors folyasu szakaszain Ude lomberdei fajokban gazdag égerligetek
(Aegopodio — Alnetum glutinosge mig a ko6zépsfelsd patakszakaszok szivargd vizes
termdhelyein montan elemekkel szinezetirikelegyes égerligetelCarici remotae — Fraxinetujn
jellemzéek. A vizsgalatok feltartak, hogy &arex brizoidesdominancia-tipusu égerligetek
egykori rétek helyén kialakult, masodlagos jeillegrddk, s a fenti harom égerliget-tipushoz
tartozé allomanyokat foglalnak magukba.

égerligetek / névényconolbgia / Soproni-hegység

" uccuneki@yahoo.com; H-3758 JOSVAFTengerszem u. 1.
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1 INTRODUCTION

The near-natural vegetation of the border region between the Alps and the Pannonian Basin
has a strong transitional character due to the combined effects of the sub-Atlantic and sub-
continental (and to a smaller extent sub-Mediterranean) climates. The montane influence and
the occurrence of montane plant species is most remarkable in the regions észbg &nd

the Sopron Hills, which can primarily be explained with the direct biogeographical
connections, and the orographical characteristics of the two regions (ridges exceeding the
height of 800 and 600 m a.s.l., respectively).

The montane characteristics can be best detected in the riparian alder forests along the
streams in both regions (see Szmorad 1994, Kirdly — Szmorad 2004a) where the
microclimatic conditions of the stands situated between beech forests allow the occurrence of
numerous montane plant species. On the other hand, the alder forest sections of the foothills
resemble more of the stands described in the inner basin, while secondary stands formed as a
result of earlier anthropogenic impact are also possible to be found. This complexity of the
situation makes it difficult to create a coenological classification of these alder forests; the
different syntaxonomical systems of the two neighboring countries, Austria and Hungary (see
Wallnofer et al. 1993, Kevey — Borhidi 1996, Borhidi 2003, Willner 2007, Kevey 2008), and
the different interpretations of the associations in the Austrian and Hungarian literatures
further complicate this issue.

The classification issues are presented in this paper as a case study on the alder forests in
the Sopron Hills region, divided by the Hungarian-Austrian border (see Szmorad 2010). There
are only a few short descriptions of the alder woods of this area from the Hungarian side (So6
1941, Csapody 1964), whereas no research has been carried out on the Austrian part. There
are very few coenological relevés published that could be analyzed, and most of the riparian
stands have never been subject to vegetation research. The coenological, ecological and
phytogeographical characterization of the stands also considering historical aspects have not
yet been carried out and the question of the montane riparian ash-alder forests has not yet
been resolved (see Kevey 2008).

2 STUDY AREA

The Sopron Hills are the north-eastern subrange of the Alps reaching furthest into the
Pannonian Basin together with thédteg Hills. They are of medium height. To the west they

are separated from the adjacent, nearly north-south running Rosalia Hills by a saddle above
the village of Sieggraben. The area of the Sopron Hills is approx. 15(Kkrly 2004).

Concerning the area’s geology, the formations of two geological epochs play a major
role: in the eastern part of the hills an island-like extrusion of a palaeozoic schist block
(consisting of muscovite-gneiss, mica slate, quartzite and leucophyllite) can be observed
(Vendl 1929) while the western part between that and the Rosalia Hills is covered with
Miocene sandy, gravel—clay sediments (Vendl 1930, Kipper 1957). On the southern face of
the hills (between Ritzing and Neckenmarkt, also south of Kalkgruben) there are intrusions of
Leitha limestone, while acidic sandstones (between Neckenmarkt and Harka) add to the
geological structure, as well (Draganits 1996). In the north-western part of the region,
significant areas are covered with a Badenian clay sequence (Fuchs — Grill 1984).

The main ridge runs in West-East direction, its highest point is the Brenntenriegel (606 m
a.s.l.) situated within Austrian territory. The surface structure is defined by wide and flat
ridges and slopes of varying steepness. The valleys are usually deeply cut in the schists, thus
they are narrow with an upper-course character, without alluvial valley floors (Karpati 1955).
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On the other hand, the valleys that formed on thechbhe sediments show mostly middle-
course characteristics, their streams often measére 30-50 m wide alluvial valley floors.

The hydrographic network of the area consists oélsmsireams. Along their upper
sections and in the vicinity of valley heads segpsprings are frequent, whereas smaller
hallows with stagnant water appear along the middaid lower sections. The typical soll
types of the valley floors are wet (in some cadésced by seeping or stagnant waters)
alluvial and colluvial forest soils (Csapody — Netv1963). On wider valley floors the site
conditions are more defined by the groundwater.

The climate of the region is basically cool witlghiprecipitation. However, a definite
macroclimatic gradient can be observed west-egstetile the eastern hill front is warmer
and dryer, the western, inner area is much coaler leas higher precipitation. The mean
annual temperature varies between 8-9 °C, and rihaah precipitation usually between
650-900 mm (Kirély 2004).

From the phytogeographical point of view the SopHilis are situated in the border
region of the Alpine Alpicum) and the PannoniarP@nnonicun floristic provinces. The
phytogeographical classification of the area ifidlift, since the detectable floristic gradients
(Kiraly — Szmorad 2004b) indicate a transitionaiuna and a dualistic character, which often
appears in the forest vegetation as well.

3 FORMER RESEARCHES

The first references to the riparian alder fore$the Sopron Hills can be found at Gombocz
(1906); later So6 (1941) studied the area. Theerathentions alder forestsAlfetum
glutinosag@ and ash-alder wood$&raxineto — Alnetuinbased on some coenological relevés
recorded on a single site at the upper sectioh®fRak Stream. He distinguished several
different types (for the formePhragmites communis- Caltha palustris, Carex remota,
Impatiens noli-tangerefor the latterVeratrum album, Carex brizoides, Chrysosplenium
alternifolium, Petasites hybridugpes) and summarized his data in a synoptic table

After World War 2 the reviving Hungarian botanicasearch was mostly confined to the
eastern part of the hills due to the state bordeezThe essay of Orléci — Tuskd (1955), from
this period mentions riparian forests dominated bbgck alder Alnetum incanae Alnus
glutinosa consociation) and mixed ash woodSaficeto remotae — FraxinetymlIn his
phytogeographical study using mainly earlier dat@rpati (1956) describes alder woods
under the nameAlnetum glutinosae-incanagn the Sopron Hills region and ash woods
(Cariceto remotae — Fraxinetynin the Vadkan and Tacsi Valleys, the Faber Meadow
the Nagyflzes areas.

The riparian forests along the streams of the sadtalf of the Sopron Hills were
examined in detail by Csapody (1964). The montdderdorests that he namesnetum
glutinosae-incanaeBr.-Bl. 1915 were characterized on the basis otl@vés and he also
described the ash woods under the n&aeci remotae — FraxineturKoch 19260rienti-
alpinumKnapp 1942, publishing a single relevé. The paénegetation map of Csapody et
al. (1964) can be considered an addition to thislystthe authors indicated montane alder
forests in some sections of the Zsilip Valley, Hjdiz Valley and the valleys of the eastern
rim of the hills, as well as small ash wood staimdthe head part of the Kovacs Valley and
two spots in Nagyflizes.

There was no significant research concerning th&rian alder forests of the Hungarian
part of Sopron Hills following the previously memied ones; the botanical studies published
until the early 2000’s only refer to earlier worled try to interpret these. Based on the
floristic research of the region Kirdly — Szmor&f@4a) provide a very short description of
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the riparian standsfgégopodio — Alnetum, Carici brizoidis — Alnejuwhereas the historical
aspects of the research on alder forests in the Alpokalja region are shortly summarized by
Baranyai-Nagy — Baranyai (2008).

Publications about the Austrian side of the research area could not be found, and besides
the general descriptions neither the work of Wallnéfer et al. (1993) nor that of Willner (2007)
provides help concerning the coenological classification of the local riparian forests.

4 METHODS

| studied all the stream valleys of the Sopron Hills (ca 130 km) in the course of my research
and tried to gather all relevant data and information concerning the site characteristics,
structure, species composition, earlier management, naturalness and dynamics of the riparian
alder forests. For the documentation and detailed examination of these stands | have recorded
30 relevés with the classical coenological method (Braun-Blanquet 1951). The size of the
sample areas was either 20 or 10x 40 meters (= 400 Th The plots were not permanent;

data acquisition was carried out once in May or June.

When choosing the sampling plots | avoided disturbed and weedy stands (preferential
sampling). Thus they were designated in middle-aged or old-growth stands with high
naturalness and without conifers (in order to avoid the influence of such plantations, which
had affected riparian sites, as well).

Besides my own ones | have included some (6) relevés by Csapody (1959-1966),
surviving as manuscripts. These were also taken in the early summer and represented riparian
forests with high naturalness. However, | have omitted some of Csapody’s data (1964) since
they were recorded in strongly disturbed stands as the high number and cover values of the
species indicating disturbance would have strongly distorted the results of the comparative
coenological analysis.

In the course of analysing the coenological data with multivariate methods | first used the
SYN-TAX 2000 software package (Podani 2001). Before the analysis the cover values of the
tree species in the canopy, shrub and herb layers were assembled by species and the A-D
values were converted into percentages equal to the central values of the intervals. In case of
binary data the Jaccard index was applied for the cluster analysis, while the data transformed
using logarithmic standardization (base 2 and 10) were analyzed using the Beta-flexible
method (value: —0.25) and the Bray-Curtis index. Principal component analysis (PCA) was
applied for ordination.

| have also analysed the coenological data with the TWINSPAN method. This method of
Hill (1979) is based on reciprocal averaging (correspondence analysis).The data have been
processed with the 7.0 version of the JUICE software package (Tichy 2002, Tichy — Holt
2006). Before the analysis the cover values of the tree species in the shrub and herb layers
were assembled by species and the A-D values converted to percentages equal to the central
values of the intervals. | chose the level of pseudospecies as 3; their values are 0, 5 and 25%.
The TWINSPAN analysis was run with the maximum number of divisions (6) and | interpreted
the resulting classification according to the level of the divisions.

| have assigned the diagnostic species for the riparian alder forests for the finalized
groups of relevés. Following the method of Chytry et al. (2002) | defined these by calculating
the fidelity values according to thé-coefficient. The table of synthetic data (fidelity,
constancy) is published witlp = 0.30, using Fischer’'s exact te®® €0.05) in order to
emphasize species with high fidelity and to avoid bias due to small sample size.

The results from the analysis of the coenological relevés were evaluated (including the
experiences of the field trips) and the vegetation types derived from classification were
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matched with the coenological units. Finally, | paeed the concise description of the
region’s alder associations, including a literatteeiew. The letters in brackets signify the
layers (A = canopy layer, BC = shrub and herb lager herb layer, D= moss layer) in the
descriptions. Constant and sub-constant speciesrepesented above 60% constancy,
dominant species above 60% cover (in the lattee ¢dhe percentage values signify the
frequency of the dominant occurrences).
| used the vascular plant names of the identificabook edited by Kiraly (2009) while

moss names are based on the checklist of Erzberigapp (2004).

5 RESULTS

5.1 General results of the field research

As stand types associated with streams, alder woanide found in any valley of the Sopron
Hills. Besides the continuous, ribbon-like stanftlsré are some occurrences limited to short
valley sections in the north-western and southeeagpart of area on sand-gravel sediments
with lower clay content. The latter phenomenon astrapparent south of Marz (in the valley
between Gruskogel and Hochkogel), and above Nechskir(in the valley of the Goldbach)
mainly due to intermittent streams absorbed byldbse ground. Besides the riparian stands
in some parts of the hills (e.g. around As#pkilder woods of similar character appear on
wet patches close to springs.

In the narrow valleys of the eastern part formedsohist, the alder stands are narrow,
often only a single line wide. More extensive (wath extent of 20—-50 m) alder woods which
are more suitable for coenological analysis onlguodn the valleys of the area covered with
sedimentary rocks.

The original site conditions of these forests hbgen modified in many places by road
and leat constructions, stream regulation workaindige structures, buildings and artificial
lakes (in the Austrian part nearly 30 ponds) duripgst centuries. Although such
anthropogenic effects have influenced the sitethefalder stands (mainly the hydrological
balance), most of them can still be considerediquaaral.

On the other hand, former land use practices hgwefisantly reduced the extent of the
alder stands. The forests on the floodplains ofialaeer and middle stream sections were cut
down centuries ago and replaced by extensive meadbany of the meadows are still
managed (especially on the Austrian side), howevkatge-scale reforestation process started
in the 1950’s (see Baranyai-Nagy — Baranyai 2008)n-native tree species were also
introduced therefore many standsRifea abies, Pinus sylvest@d Populusx euramericana
can be seen on the valley floors. In the lowereyaiections (near settlements and orchards)
Juglans regiaoften occurs subspontaneously.

In the riparian alder wood&lnus glutinosais the dominant tree species, but the stands
are usually mixed. Of the accompanying spe€iexinus excelsiocan play a major (even
codominant) role (especially along the upper streastions, in wet or seepage sitédhus
incana is generally missing; there are only two recordishis species in the area. The
"Loipersbach — Herrentisch" occurrence is probabbated in the Aubach valley, while the
"NNW Deutschkreutz" in one of the alder woods &t $buth-eastern foot of Sopron Hills (see
Kiraly et al. 2004).

The quasi natural stands of the Sopron Hills aldends are very diverse and also show
significant variability in terms of structure angegies composition. The differentiation of the
wood types is mostly determined by their verticaldtion, the morphological characteristics
of the valley floor, the depth of the stream bed aater availability but earlier land use
practices (meadow management, forest usage, d¢$0.)saems to have a major influence.
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Depending on the background variables the diffetgpes of riparian forests are often
alternately positioned along the longitudinal aofis valley.

The coenological characteristics of the ripariane$ts are defined by the species of
mesophilic deciduous forestsggetalig and riparian forestsA(nion incanag but in sites
with stagnant water some species of swamp forddietea glutinosgeand wet meadows
(Molinetalia) also appear. According to the prior field studig®e proportion of the
coenological species groups within the stands (loth regard to species composition and
cover) changes mainly depending on the water supply

Alder woods have a considerable spring aspect,p¢Xoe the stands nearing swamp
state. The most frequent species inclusidoxa moschatellina, Anemone ranunculoides,
Anemone nemorosa, Chrysosplenium alternifolium,uRamlus ficaria, Lathraea squamaria
while Allium ursinum Corydalis cava, Dentaria enneaphyllos, Isopyrumlithieides occur
less often.

The alder woods with an upper-course characterirmportant sites of the montane
plant species of Sopron Hill®leurospermum austriacumsed to grow on the edge of a
riparian alder wood andntriscus nitida, Doronicum austriacum, Equisetuptvaticum,
Gentiana asclepiadea, Lysimachia nemorum, Petaaitassalso partly or entirely occur in
such woods (Kiraly et al. 2004, Szmorad 2008). dbeurrence of numerous montane moss
species can also be linked to upper-course ripaider forests; the mosses of the spruce
zone (typical of thevaccinio-Piceetaliaorder) occur in almost every case in these stands
(see Szdveényi et al. 2001).

The sites of these riparian alder stands provideueable conditions for the spreading of
several invasive species. The most notable one&allepia japonica(mainly in Austrian
valleys), Telekia speciosdHidegviz-volgy), andmpatiens glandulifergdmainly at foothill
stream sections) (see Kirdly et al. 2004). The gres of invasive plants in the inner hill
regions is mainly related to settlements and wédihanagement facilities (feeding sites).

5.2 Results of the numerical analysis

The cluster analyses of the coenological data shawnarkedly different groups of samples.
Here only the dendrogram made with log2 standatidizas presentedFigure 1.) but the
results were very similar when using binary datéogflO standardization.

The first group of the dendrogram (A) contains takevés of the moderately swampy
alder forests with the dominance ©@&rex acutiformisandCaltha palustrisand the presence
of Cardamine amara, Crepis paludgda/copus europaeusnd further species typical to sites
with stagnant water.

The second group (B) includes relevés of the mixglatalder woods occurring in sites
with seepage water and springs along upper andlengtdeam sections. In these samples
(similarly to the previous grouraxinus excelsiosometimes plays a codominant role while
Caltha palustris, Carex brizoides, Carex pendulajuisetum telmateia, Impatiens noli-
tangereandPetasites albusan reach significant cover in the herb layer.

The third group (C) is more distinct from the otheit is partly moderately disturbed,
partly shows characteristics of mesophilic decidufmrests and is mixed with hornbeam. In
the relevés assigned to this category (mainly aldhaiand lower stream sectiorGarpinus
betulus, Salix fragili@ndTilia cordataplay a major role in the canopy layer, wHdambucus
nigra andCorylus avellanado so in the shrub layer. The dominant specigbeherb layer
areAegopodium podagraria, Carex brizoidasd Galeobdolon montanum.

The scattergram of the PCA does not show spectagtdapings among the records due
to the compositional variability of the alder faiesHowever if the 3 groups of the cluster
analysis are projected unto the scattergram, tteangement of the groups becomes apparent
(Figure 2).
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Dissimilarity
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Figure 1. Dendrogram of the relevés (base dataatdgmic standardization, base 2,
method: Beta-flexible, coefficient: Bray — Curtislex). (A) swampy alder forests,
(B) riparian ash-alder forests, (C) riparian hornéi@-alder forests.
Own relevés: 1-30, $APODYs (1959-1966) relevés: 31-36.
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Figure 2. Scattergram of the relevés (centered @pal components analysis, partitions
according to Fig. 1). (A) swampy alder forests, (Barian ash-alder forests,
(C) riparian hornbeam-alder forests. Own releves3Q, GAPODYs (1959-1966) releves: 31-36
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Group (C) (mixed with hornbeam) on the right side of the point cloud is relatively well
separated from the other two groups, which are defined by stagnant or seeping waters,
whereas the ordination diagram shows higher floristic similarity between groups (A) and (B).

In the TWINSPAN analysis the first division of the 36 relevés brought a differentiation of
the types showing mesophilic characteristics (1) and those more defined by water (0). At the
second division the difference between the two groups of hornbeam-mixed alder stands (1)
was hardly detectable; in both units (11, 10) mainly Amgopodium podagraria, Carex
brizoides, Galeobdolon montanuras Impatiens noli-tangerelominance-type relevés were
included (therefore the two groups should form a single coenological unit). The second
division of the stands more defined by hydrological conditions (0) resulted in a further
differentiation of slightly swampy alder stands characterized with stagnant water and the
dominance ofCaltha palustris, Carex acutiformis, Carex brizoid€4) and mixed ash-alder
stands with seepage water occurring along upper-course streams, dominabadthiay
palustris, Carex pendula, Impatiens noli-tangerdPetasites albus (00).

As a conclusion of the analysis of the 36 coenological relevés, accepting the arrangement
resulting from the TWINSPAN analysis, the final classification contains 3 categories:
swampy alder forests (a), riparian ash-alder forests (b), riparian hornbeam-alder forests (c).
The 3 groups can be identified as association-rank coenological units and related to forest
associations described earlier. Their differentiation is presented with the list of diagnostic
species, including fidelity and constancy values (Table 1.).

5.3 Description of the riparian alder forests

5.3.1 Swampy alder forests
(Angelico sylvestris — Alnetum glutinosae Borhidi in Borhidi & Kevey 1996)

Occurrence, site. This is a rare riparian alder forest type of the lower and middle stream
sections. Its stands are small compared to the other two types and only appear in short
sections between the mixed ash-alder woods and the mesophilic alder stands. It usually occurs
where the valley floor widens, the stream bed is shallow and flow velocity is low. Water from
temporary flooding usually remains longer, the site is characterized with shallow stagnant
water patches (from ecological point of view the site is somewhere between riparian forests
and swamp forests). The soils are colluvial forest soils showing swamp characteristics.
Besides the primary forests some secondary stands also occur, mainly due to road
constructions or blocked culverts.

Structure and species compositionCanopy is loose, and its dominant specie®lisus
glutinosa. Other tree species are rare, ¢itgxinus excelsiomay reach a higher cover. The
shrub layer is sparse; its only characteristic speci®&bigrnum opulusThe dominance of

Carex acutiformisandCarex brizoidegprevails in the herb layer but certain other taxa, typical

of sites with stagnant wate€Céltha palustris,Cardamine amaraCarex paniculata, Crepis
paludosa, Lycopus europaeus, Solanum dulcamara, Veronica beccabunga), also influence the
attributes of the standd-agetalia species only play a minor role but their presence
emphasizes the transitional riparian-swamp forest coenological character typical of the region.

Constant-subconstant speciesAlnus glutinosa [A] 100Acer pseudo-platanufBC] 86,
Euonymus europaeyBC] 86, Fraxinus excelsiofBC] 86, Alnus glutinosa [BC] 71Rubus
fruticosusagg. [BC] 71 Viburnum opulugBC] 71; Aegopodium podagraria [C] 10&tachys
sylvatica [C] 100Dryopteris carthusiana [C] 8&quisetum arvensfC] 86, Impatiens noli-
tangere[C] 86, Urtica dioica [C] 86,Athyrium filix-femina [C] 71Cardamine amara [C] 71,
Carex remota [C] 71Circaea lutetiana]C] 71, Ranunculus ficarigC] 71, Galeobdolon
montanumC] 71, Ranunculus repen<] 71; Hypnum cupressiformgd] 100, Eurhynchium
hians[D] 71, Plagiomnium undulatuif] 71
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Table 1.Synoptic table of fidelity and contancy based onr@évés from riparian alder forests.
Determination of diagnostic species: with the usPHi koefficient ¢ = 0.30) and Fischer’'s
exact test (P < 0.05). Vegetation types: (a) swaralgher forests (Angelico sylvestris —
Alnetum glutinosae Borhidi in Borhidi & Kevey 1996)) riparian ash-alder forests (Carici
remotae — Fraxinetum Koch ex Faber 1936), (c) rnigar hornbeam-alder forests
(Aegopodio — Alnetum glutinosae V. Karpati & |. Kati & Jurko ex Som8ak 1961). Layers:
A = canopy layer, BC = shrub and herb layer, C =rlhéayer, D = moss layer. Asterisks (*)
before species names indicate taxa with uncertaigristic value.

Vegetation types (@) (b) (©) (@) (b) (c)
Number of relevés 7 11 18 7 11 18
Species Layer Phi coefficient & 100) Constancy (%)
Filipendula ulmaria C 92.2 100 0 11
Lycopus europaeus C 89.9 100 9 6
Carex paniculata C 79.1 71 0 0
Crepis paludosa C 68.9 86 18 11
Lysimachia vulgaris C 58.8 86 36 11
Dryopteris expansa C 58.0 71 27 0
Cirsium rivulare C 57.7 43 0 0
Plagiomnium ellipticum D 57.7 - 43 0 0
Carex acutiformis C 53.2 71 18 17
Veronica beccabunga C 52.3 71 36 0
Brachythecium mildeanum D 51.4 43 0 6
Equisetum sylvaticum C 45.9 29 0 0
* Glechoma hederacea C 45.8 43 0 11
Solanum dulcamara C 44.0 71 45 6
Dryopteris dilatata C 43.8 71 18 33
Caltha palustris C 43.7 100 73 44
* Fagus sylvatica BC 42.9 57 9 22
Juncus effusus C 42.6 43 9 6
Valeriana dioica C 42.6 43 9 6
Plagiothecium denticulatum D 40.1 71 36 22
Rumex sanguineus C 52.5 0 36 0
Senecio ovatus C 52.5 0 36 0
Paris quadrifolia C 48.0 29 82 33
Carex pendula C 46.5 43 82 22
* Carex pilosa C 45.7 0 36 6
* Atrichum undulatum D 45.3 57 100 56
Petasites albus C 44.6 14 55 11
* Herzogiella seligeri D 42.4 57 82 17
* Rubus fruticosus agg. BC 40.1 71 100 56
Tetraphis pellucida D 38.7 29 55 6
* Cardamine amara C 38.1 71 91 33
* Carex sylvatica C 37.2 57 91 50
Circaea lutetiana C 31.3 71 91 50
Stellaria holostea C 67.1 29 18 94
Salix fragilis A --- --- 63.2 0 0 50
Galium aparine C 53.2 29 36 89
Amblystegium serpens D 50.0 0 0 33
Knautia drymeia C 49.1 0 9 44
Malus sylvestris BC 45.2 0 0 28
Cardamine enneaphyllos C 45.2 0 0 28
Corylus avellana BC 43.4 29 73 94
Symphytum tuberosum C 43.2 0 36 61
Mercurialis perennis C 42.0 14 9 50
Sambucus nigra BC 41.4 43 36 83
Carpinus betulus BC 38.4 29 45 78
Geum urbanum C 37.3 43 45 83
Moehringia trinervia C 37.1 29 18 61
Brachythecium velutinum D 35.0 14 27 56
Rubus caesius BC 31.8 57 9 67
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Dominant species:Alnus glutinosa [A] 86Fraxinus excelsiofA] 14; Carex acutiformi4C]
29, Carex brizoidefC] 29

Syntaxonomy, nomenclature.Swampy alder forests appear in the Hungarian coenological
literature as 'alder marsh forests', formerly under the r@aniei acutiformis — Alnetun$o06

1963 then recently a&ngelico sylvestris — Alnetum glutinosBerhidi in Borhidi & Kevey

1996. Due to its transitional nature, the coenotaxonomical position of the association has
changedgarlier So6 (1963) assigned them to the riparian forests, whereas recently Borhidi
(1984), Borhidi — Kevey (1996) and Kevey (2008) to the swamp for&ktstéa glutinosae
Austrian literature mentions similar stands also among alder swamp forests, however, the
forests earlier described &arici acutiformis — AlnetunScamoni 1935 are more recently
considered part of the disputably broad associdilarici elongatae — Alnetum glutinosae
Koch et Tx. 1931 s.I. (Willner 2007).

Phytogeographical relationships. The transitional swampy alder forests have been mainly
reported from the widening stream valleys of the Transdanubian part of the Pannonian region
so far, but similar stands also occur in the Szigetkdz area (Kevey 2008). The association has
been only known from a few uncertain hints (So6 1963) in the Sopron area. This association
becomes rare the closer we get to the Alps, further occurrences may be expected towards the
Vienna and Graz Basins. Wallnéfer et al. (1993) mention similar riparian stands from
Karinthia.

5.3.2 Riparian ash-alder forests
(Carici remotae — Fraxinetum Koch ex Faber 1936)

Occurrence, site.lt is a forest type prevalent mainly in the inner Sopron Hills area, along the
upper and middle sections of streams in the vicinity of springs and seepage water. The valley
floor is usually narrow therefore the stands are usually only 15-20 m wide. The stream bed is
shallow, the site is basically defined by the water seeping from the alluvial sediments, but
smaller swamp-like patches can also be found (especially near adjacent spring vegetation).
The valley floors are flooded for a short time several times a year (after spring thaw or heavy
rainfalls). Poor, thoroughly wet alluvial (sometimes even gleyish) soils predominate
consisting of rough debris and stilt.

Structure and species composition. In the canopy layer of the relatively closed sfinds
glutinosa is the dominant species, Buter pseudoplatanuand Fraxinus excelsiolare also
common (sometimes even codominant). The shrub layer cover is insignificant (no typical
shrub species) whereas the diverse herb layer can be characterized mainly with meso- and
hygrophilic speciesGaltha palustris, Carex pendula, Equisetum telmateia, Impatiens noli-
tangere, Petasites albusThe montane character of the stands is emphasized by the sporadic
emergence of some montane speci®orgnicum austriacum, Gentiana asclepiadea,
Lysimachia nemorum, Veronica montana, Stellaria a)jsared the presence of the spruce-
zone mosses.

Constant-subconstant speciesAlnus glutinosa [A] 100Acer pseudo-platanufBC] 73,

Corylus avellana [BC] 73Fraxinus excelsiofBC] 73, Alnus glutinosgdBC] 64, Euonymus
europaeugBC] 64; Stachys sylvatica [C] 10@Galeobdolon montanufC] 91, Carex remota
[C] 82, Dryopteris carthusiana [C] 82Pulmonaria officinalisagg. [C] 82,Aegopodium
podagraria [C] 73Athyrium filix-femina [C] 73Caltha palustrigC] 73, Dryopteris filix-mas
[C] 73, Ranunculus repengC] 73, Impatiens noli-tangergC] 64, Milium effusum[C] 64,

Oxalis acetosella [C] 64Ranunculus lanuginosy€] 64; Hypnum cupressiformfd] 100,

Rhizomnium punctatuf®] 73, Plagiomnium undulaturfD] 64, Brachythecium rivular¢D] 64
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Dominant speciesAlnus glutinosa [A] 82Caltha palustrigC] 9, Impatiens noli-tanger¢C]
9, Petasites albugC] 9

Syntaxonomy, nomenclature. The alder forests of the Sopron Hills that show montane
characteristics were previously described under the Wdnetum glutinosae — incandgr.-

Bl. 1915 (So6 1963, So0 et al. 1969) in Hungarian literature, lat€aasi brizoidis —
Alnetum |. Horvat 1938 em. Oberd. 1953 (Borhidi — Kevey 1996, Kevey 2008). The
occurrences of the riparian ash-alder woods also showing montane charactéetics (
remotae — Fraxineturloch ex Faber 1936) presented an unresolved issue (Kevey 2008). The
similarly situated forests with alike floristic composition are uniformly classifie@asi
remotae — FraxinetunKoch ex Faber 1936 (see Wallntfer et al. 1993, Willner et al. 2002,
Willner 2007) in Austria. With regard to the Central European literature the latter name
should be used in the case of the Sopron Hills stands.

Phytogeographical relationships. Similar riparian alder woods have been described in
several places in the Alp-Pannonian border region. The coenological relevés representing the
nearest similar stands were published from the Vienna Forest (see Wallndfer et al. 1993) and
the Leitha Hills (Hubl 1959, Karrer — Kilian 1990) but the riparian alder woods of the higher
areas of the Kszeg Hills (Szmorad 1994) and the neighbouring Rosalia Hills (Szmorad ined.)
can also partly be assigned to this group. Besides the stands in the Sopron Hills, in Hungary
this association type was only described in the Bakony area (So6 — Zélyomi 1951).

5.3.3 Riparian hornbeam-alder forests 5
(Aegopodio — Alnetum glutinosae V. Kéarpati & I. Kérpati & Jurko ex Som3ak 1961)

Occurence, site. This riparian alder forest type is prevalent along the middle sections of the
stream valleys and the lower sections reaching the outer rim of the hills, adjacent to the
former pedunculate oak-hornbeam stands of the surrounding basins. The valley floor in these
places is usually wider (up to 30-50 m), so more extensive stands can form (e.g. the lower
section of the Aubach). The streams are fast and their bed deeply cut into the alluvium. Site
conditions are less defined by the surface or sub-surface waters (either stagnant or flowing)
rather by the groundwater in the alluvial sediments. Conditions can change only temporarily
and to a small scale after thaw or rainfall. The soils are better developed and structured
colluvial forest soils.

Structure and species composition. The stands are strongly structured vertically including
both the canopy and the shrub layers. In the relatively closed canopyAlayerglutinosa
predominates but there are several other spedesr (psudoplatanus, Acer campestre,
Carpinus betulus, Fraxinus excelsior, Tilia cordata, Salix fragilis, Ulmus glabra) present, as
well. In addition Padus aviumsporadically appears in the lower canopy layer. The most
important components of the shrub layer @onus sanguinea, Corylus avellana, Euonymus
europaeus, Sambucus nigra but in some stands the rBlebafs caesius ariRubus fruticosus

agg. can become more substantbes rubrumandViburnum opulusalso frequently appear

in the lower shrub layer. Due to the moderate hydrological influence the species of the
mesophilic deciduous forest&dgopodium podagraridzaleobdolon montanum, Mercurialis
perennis, Oxalis acetosella, etc.) play a major role in the herb layer, while the importance of
hygrophilic and meso-hygrophilic species decreases.

Constant-subconstant speciesAlnus glutinosgA] 100; Euonymus europae(BC] 83, Acer
pseudo-platanug[BC] 78, Alnus glutinosa [BC] 67;Aegopodium podagraria [C] 89,
Galeobdolon montanurfC] 83, Urtica dioica [C] 83,0xalis acetoselldC] 78, Pulmonaria
officinalis agg. [C] 72,Athyrium filix-femina [C] 67 Ranunculus ficaria [C] 67Impatiens
noli-tangere[C] 67, Milium effusum[C] 67, Polygonatum multifloruniC] 67, Dryopteris
carthusiana [C] 61; Hypnum cupressiforiiy 78
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Dominant speciesAlnus glutinosa [A] 72Corylus avellandBC] 6; Carex brizoidegC] 22,
Aegopodium podagraria [C] 17, Allium ursiny@] 6, Impatiens noli-tangergC] 6

Syntaxonomy, nomenclature. In the Hungarian syntaxonomical system (see So0 1963,
Borhidi — Kevey 1996) the riparian alder forests rich in mesophilic deciduous species
(‘'mixed hornbeam-alder woods') can be identified with the association described under the
nameAegopodio — AlneturglutinosaeV. Karpati & |. Karpati & Jurko ex Somsak 1961.

Of the forest associations described in AustriaRheno-FraxinetumOberd. 1953, found

in hilly or lowland regions, can be considered closest to these stands (Wallnofer et al.
1993, Willner 2007) although these are doubtless a type showing a transition towards
lowland riparian forestslimenion and as such are surely missing from the Sopron Hills.

In order to specify the relationship between these typegdpodio — Alneturglutinosae
andPruno — Fraxinetumfurther investigations based on more extensive data (from larger
areas) are needed.

Phytogeographical relationships. Similar stands can be found in the southern areas of
Slovakia (Michalko 1987), and many regions of the Hungarian Mountains and Western
Transdanubia. The similar stands withremonio — Fagion elements in Southern
Transdanubia, are described under the n@aeci pendulae - Alnetunglutinosae(Kevey
2008). In the vicinity of the study area such stands can be found in tiéehiHeregions
(Kevey 2008) and the Kabold-Fules hill regions (Szmorad ined.) but the alder woods in the
foothills of the Ksszeg Hills (see Szmorad 1994) can also be assigned to this type.

6 CONCLUSIONS

One of the most important results of the analysis is the presence of montane mixed ash-
alder forests Qarici remotae-FraxinetuniKoch ex Faber 1936) showing the influence of

the Alps is verified. These riparian forests related to springs and seepage water sites are
described in the botanical literature from Western and Central Europe (Neuh&uslova-
Novotna 1977, Douda 2008), and the edge of Northern Europe from lIreland (Kelly —
Iremonger 1997) to Lithuania (Prieditis 1997). They always appear under Atlantic and
sub-Atlantic climate influences and despite the similarities of the sites and the
coenological characteristics they form differentiating and distinguishable associations
within a large distribution area (Oberdorfer 1992).

Carici remotae — Fraxineturforests (strictly speaking) were most intensively studied
in Austria (Willner et al. 2002, Willner 2007), the Czech Republic (Neuh&auslova-Novotna
1977, Douda 2008) and Slovakia (Michalko 1987). The differential spe€aseX
remota, Carex pendula, Chrysosplenium alternifolium, Equisetum telmateia, Lysimachia
nemorum, Valeriana dioica, Veronica montandefined for the Austrian stands (see
Willner 2007) are also characteristic of the mixed ash-alder stands of the Sopron Hills and
the occurrences of some montane species in the region are also related to this type of
riparian alder woods.

Most of the stands classified as mixed ash-alder forests have been described under the
namecCarici brizoidis — Alnetum. Horvat 1938 em. Oberd. 1953 in the Hungarian literature.
However, this name is not used for any alder wood associations in any coenological
monographs published in Austria, the Czech Republic and Slovakia; therefore due to the great
similarities (see Borhidi 2003) these two units mostly correspond in the Alpokalja region (the
case of the higher-altitude alder woods of the Hungarian Mountains needs to be further
investigated).
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Concerning the riparian alder woods dominatedhyex brizoidest has to be noted that
their stands are mostly secondary, formed by tHerestation of former meadows. All
examined relevés from the Sopron Hills that cowddabsigned to this type came from sites of
former meadows and similar cases were recorded tiver oCentral European areas
(Neuhauslova-Novotna 1977). On the other hand,dstamith Carex brizoidesdominance
cannot be uniformly assigned to any single aldepdvtype. Their floristic composition
differs corresponding to their site; in most cadey can be classified as either swampy alder
forests or mixed hornbeam-alder forests.

The two other associations are mainly typical te Bannonian Basin; their role and
extent diminishes towards the west. Narrow mountailfeys are not favourable for swampy
alder forests while the mixed hornbeam-alder stammsmon in hills and lower mountains
(described from Austria for the first time in thgsper) are replaced by alder forests with
Alnus incanadominance in higher grounds of the inner Algsjiseto — Alnetum incanae
Moor 1958) (Willner 2007). This spatial patterntbé associations can also be observed in
other regions of the Alpokalja area e.g. in thiskeg Hills.

The coenotaxonomical position of the studied rgrarialder forest associations is
similarly viewed in recent Austrian and Hungariaorks (Willner 2007, Kevey 2008). The
transitional swampy alder forest&rngelico sylvestris — Alnetum glutinosae® assigned to
the alder swamp woods (clas8linetea glutinosgeorder: Alnetalia glutinosae alliance:
Alnion glutinosag while the mixed riparian ash-alder and hornbedaer forests to the
riparian alder woods (clasQuerco-Fageteaorder: Fagetalia sylvaticag alliance: Alnion
incanag. Although the interpretation of these syntaxalightly different in the two countries
there are no open issues concerning the classiincaf the alder woods of the Alpokalja
region.
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Black locust (Robinia pseudoacacia L.)
Short-Rotation Crops under Marginal Site Conditions

Kéaroly REDEI — Imre GSIHA — Zsolt KESERU

Hungarian Forest Research Institute, Sarvar, Hungary

Abstract — The improvement of the reliability of renewable resources and the decline in reserves of
fossile raw material in the coming decades will lead to increasing demands for wood material and
consequently to a greater role of short rotation forestry (SRF). Particular efforts have been made in
Europe to substitute fossils with renewables, in this context the proportion of renewable energy should
be increased to 20% by 2020. SRF can be provide relatively high dendromass (biomass) increment
rates if the short rotation tree plantations are grown under favourable site conditions and for an
optimum rotation length. However, in many countries only so-called marginal sites are available for
setting up tree plantations for energy purpose. For SRF under marginal site conditions black locust
(Robinia pseudoacacih.) can be considered as one of the most promising tree species thanks to its
favourable growing characteristics. According to a case study presented in the paper black locust can
produce a Mean Annual Increment (MAI) of 2.9 to 9.7 oven-dry ton'syndat ages between 3 and

7 years using a stocking density of 6667 stem$ ki the base of the presented results and according

to international literature the expected dendromass volume shows great variation, depending upon site,
species, their cultivars, initial spacing and length of rotation cycle.

Robinia pseudoacacia L. / short-rotation crops / oven-dry stem dendromass

Kivonat — Rovid vagasforduléju akacgazdalkodas marginalis termlielyeken. A megujuléd
energiaforrasok megbizhat6sagi fejlesztése és a fosszilis nyersanyag-tartalékok kimerilése a
kovetked évtizedekben a faanyag iranti igény névekedését &8 kifdlyolag a révid vagasforduléja
fatermesztés nagyobb aranyu térnyerését fogja eredményezni. Eurépaban mar toérténtek bizonyos
erdfeszitések a fosszilis energiahordozoknak megujuldkkal tortéalyettesitésére, ezzel Ossze-
fliggésben a megujulé energiaforrasok részaranyanak 2020-ra el kell érni a 20%-o0s aranyt. A révid
termesztési ciklusu fatermesztés viszonylag magas biomassza (dendromassza) hozamot nyujt, ha a
rovid véagasforduloju falltetvényeket kedgezermbhelyi korulmények kozott és optimalis
vagasforduléval termesztik. Azonban sok orszagban csak az (n. haténdgbmhen tudnak
energetikai célu falltetvényeket |étesiteni. Marginalis &betyi kortlmények kozoétt rovid
vagasforduloju falltetvény létesitésére az akac (Robinia pseudodcacia egyik legigéretesebb

fafaj, néhany igen kedveztermesztési tulajdonsaganak koszoteet A dolgozatban bemutatott
esettanulmany alapjan az akac 6667 tdrzs/ha allorindisgg mellett 3 és 7 éves kor kdzott 2,9-9,7 t/ha/év
abszollut szaraz faanyagban mért évi atlagnovedék elérésére képes. Az ismertetett eredmények és a
vonatkoz6 nemzetkozi szakirodalom alapjan a varhaté dendromassza mennyiségedhelytéhna

fafajtdl, a fajtatol, a telepitési haldzattol és a vagasfordditaithmatdl fligen — nagy ingadozast

mutat.

Fehér akac / révid vagasforduloju lltetvények / abszolut szaraz dendromassza
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1 INTRODUCTION

Using renewable natural resources to generate power has been investigated worldwide in the
last 2—3 decades as a consequence of oil crisis commencing early in the 1970's. Particular
efforts have been made in many countries to substitute fossils with renewables in order to
reduce the dependence on fossil oils and also to apply what had been agreed to in the Kyoto
protocol.

Short rotation forestry (SFR) is the intensive cultivation of fast growing tree species
on agricultural lands for short rotation periods. Forest crops (tree plantations and forest
stands), of course, are not the only sources of biomass for energy, though they are among
the most efficient in terms of the ratios of energy contained in the harvested crop to total
energy input.

According to the EU regulations, the use of renewable energy sources in Europe should
be increased by 20% till 2020. Plantations established for biomass (dendromass) production
and managed on short rotation in general may contribute to meet the demand of wood for
energy purpose as a renewable source.

The major advantages of establishing short-rotation (energy) plantations are:

. they are renewable (continuous) and reproduce repeatedly;

they provide an alternative for utilizing lands on which agricultural production is
temporarily abandoned;

they are environmentally compatible (protect against erosion) if the right silvicultural
techniques are applied;

they reduce the use of fossil energy sources, which pollute the environment with
sulphur and ash;

the ash of burnt wood can be used as fertilizer for plant crops;

by establishing large scale energy plantations, the cost of geological research, mine
openings and mining can be reduced,

the plantations can be distributed in the country more uniformly than the fossil energy
sources;

capital for establishment is considerably less and the return on investment shorter than
that of the fossil energy sources, especially compared to deep underground coal-
mining;

their wood material can be used at most any time, and plantations can be established
near the area of consumption, thus reducing the transportation cost;

they could contribute to the employment of people in the given area.

2 CHARACTERISTICS OF BLACK LOCUST SUITABLE FOR SHORT
ROTATION FORESTRY

In Hungary the black locust covered 37,000 ha in 1885, 109,000 ha in 1911, 186,000 ha in
1938 and 415,000 ha in 2010. One-third of black locust stands are high forests, while two-
thirds of them are a coppice. In the 1960’s, Hungary had more black locust forests than all the
other European countries.

Black locust timber can be used by industry (mining, construction, furniture),
agriculture (posts and poles), and black locust stands are the main basis for Hungarian
apiculture and honey production. It is one of the most suitable tree species for establishing
energy plantations and for transforming existing traditional forests into energy forests.

The frequently expressed misconception that rapid growth rate is associated with low
wood density is clearly not proved by black locust. Not only has the species a very high
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density (690 kgxr), but its fast height growth rate, 2—6 cmxdap its juvenile stage, places
it among the most fast growing plants. With thisnbanation of both high density and volume
increment, black locust can achieve impressive aendss yield when growing on good
sites. Moreover, because of its ability to fix agpberic nitrogen, it requires little or no
nitrogen fertilization. Considering the yield crite (volume and density) and the symbiotic
associations of both bacteria and mycorrhizal furgack locust offers an excellent
opportunity for energy plantations.

Black locust energy forests can also be establislyedoppicing. Advantages of energy
forests of coppice origin are that the cost of ld&hment is low compared to that of soil
preparation, plantation and cultivation. From tleeloped root system of the previous stand,
a large biomass (above-ground dendromass) candoeiged within a short time period. The
disadvantage is that the distribution of trees appice stands is not as uniform as in
plantations optimized for energy production. In giep stands, the quantity of the produced
above-ground dendromass is lower and the rotasohighly influenced by the uneven
distribution of stems.

More and more agricultural land is set aside withiieid crops and can be used for
energy production plantations. Black locust is on¢he best tree species for this purpose,
thanks to its excellent properties, such as vigemgwowing potential in the juvenile phase,
excellent coppicing ability, high wood density, dmnatter production, favourable
combustibility of its wood, relatively fast dryirand easy harvesting and processing (Halupa —
Rédei 1992, Halupa et al. 2000).

3 EXPECTED PRODUCTION IN A BLACK LOCUST SHORT ROTAT ION
PLANTATION UNDER MARGINAL SITE CONDITIONS: ACASE S TUDY

3.1 Location

Data used in this study came from a short-rotapilamtation trial established in Hungary in
the subcompartment Helvécia 80N (4650'28", E 19 37'34") in Central-Hungary
between the Danube and Tisza rivers. The forest@upartment has slightly humous
sandy soil without ground-water influence. The almrecipitation amounts to only 500 mm
in some years, of wich only less than 300 mm comdbe dry summer period. It means
that the water supply is a limiting factor. Theatrat Helvécia is not one of the best sites
available in Hungary but can be considered as anage yield class site for black locust
(Rédei — Veperdi 2005, Rédei — Veperdi 2007).

3.2 Material and methods

The trial was established at a spacing of 1.5 rh.0 m, with three repetitions and four
treatments representing different plant materiatenmon black locust and four cultivars
‘Ullgi’, ‘Jaszkiséri, ‘Nyirségi, and Kiscsalai’. Each treatment corresponds to a plot of 15 by
20 m. One-year-old rooted cuttings were used in dage of cultivars and one-year-old
seedlings in the case of common black locust.

Measurements were made at the ages of 3, 5 aral'g. Y& each of these ages, all stems on
each plot were counted and 10 trees from eachwsot randomly selected for destructive
sampling, and their volume (v) was determined Bitalian’s formula (Vaan Laar — Akca 1997).
The mean tree volume ) was computed as an arithmetic mean of the vohinfelled trees.
Stand volume (Vha) was estimated through multiplication ofex, by stand density (Nh3.

The stem oven-dry dendromass was determined irdedyg by using a drying temperature
of 7¢°C for 72 hours.
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Analysis of variance was done for the mean annual increment of oven-dry stem
dendromass at age of 7 years.

3.3 Results

Results concerning the trial with cultivars and common black locust at the age of 3, 5 and
7 years are provided imable 1 and focused on the differences in the values of the mean
annual increment of oven-dry stem dendromas&igurel. At the age of 5, the highest
increment value was produced by the culti#ltsi’ (8.0 tons hayr™), followed by Jaszkisér’

(7.4 tons hd'yr™) and the common black locust (6.7 tons ). At the age of 7, the order was

the following: Ull4i" cultivar (9.7 tons hayr™), common black locust (8.4 tons hgr™) and
‘Jaszkiséri'cultivar (7.6 tons Hayr™).

Table 1. Evaluation of a short-rotation plantation with black locust cultivars on the base of plot
averages (Helvécia 80/A); Stem number = 6666 per ha, H=height, DBH= diameter
at the breast height (1.3m).

Mean Mean annual

Oven-dry stem  increment of

Cultivars Age H DBH dendromass oven-dry stem

dendromass

(yr) (m) (cm) (tons ha) (tons halyr™)
3 4.1 3.1 8.9 3.0
‘Ul 5 6.2 4.9 40.1 8.0
7 9.3 6.4 68.1 9.7
3 3.6 2.9 7.1 2.4
‘Jaszkiséri’ 5 6.1 4.7 37.1 7.4
7 8.8 6.2 53.2 7.6
3 3.1 2.7 7.2 2.4
‘Nyirségi’ 5 5.3 4.2 28.4 5.7
7 7.6 51 46.2 6.7
3 3.9 3.2 125 4.2
‘Kiscsalar’ 5 6.1 4.6 31.1 6.2
7 8.4 5.9 49.7 7.1
3 3.7 3.1 10.9 3.6
Egumsrpo“ black 5 6.1 4.7 33.5 6.7
7 8.2 55 59.1 8.4

The data from th&@able 1 and th&igure lindicate that it is not reasonable to harvest the
plantations in the first three years, as the mean annual increment of oven-dry sterm
dendromass at the age of 5 and 7 is 1.5-3 times higher than it was at age of 3. This result is
important as it is known that too early harvesting may also increase the population of biotic
pests (Rédei — Veperdi 2005).
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Figure 1. Mean annual increment of oven-dry stemddemass of black locust cultivars and
common black locust at different ages

According to the significance test at P = 5% leg@nificant differences were found in
the mean annual increment of oven-dry stem dendem@=40.991>§7=3.422,
SDsy, = 0.69 nf ha' yr). When comparing the respective yields producedHey black
locust clones and the common black locust, it bexoevident that using expensive black
locust clonal material for setting up short rotatmantation has no added value.

4  DISCUSSION AND CONCLUSIONS

Dendromass yields of tree plantations and forembdst for energy purpose can be very
promising but show great variation depending upte species, and climatic region. From
the first experimental results in the 1970’s, Chragld Smith (1980) and Pardé (1980)
suggested that in most temperate regions it wootdbe realistic to give field predictions
higher than 6 to 8 tons Hayr * of wood dry weight in stems and branches. In sother
papers, black locust increment in oven-dry weightenergy plantations from different
temperate climate region ranged from 6 to 12 toasyn” (Frederick 1989). The trial
described in this paper gave also similar results.

Given the large share of marginal arable land in-NEermany and the predicted climate
change,Robinia pseudoacacis expected to grow in importance. In order to eatd the
growth performance of this species under extremeditions, four experiments were
established in the post-mining landscape of theatias lignite-mining district (NE -
Germany). Biomass production was estimated foo3t4-year-old shoots on 4- to 14-year-
old roots. Results for the annual production ofredeied biomass oRobinia pseudoacacia
ranged between 3 and 10 tons*hwhich was substantially grater than the biomdgsoplar
and willow clones established on the same site. &@nomic results showed that the
cultivation of this tree species was an econonycatimpetitive land — use strategy for the
post - mining landscapes (Grinewald et al. 2009).

Good results were obtained with black locust (18rs ha'year) in ltaly. It proved to
be resistant to most pests. In general it requiegeer tending operations than poplar and
willow (Facciotto et al. 2009).
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Table 2 gives the most important structure and dendromass factors of the two black locust
short-rotation crops of coppice origin based on stand surveys at the age of 4 in the same forest
subcompartment mentioned above in Helvécia, Hungary. Considering that height (H) and
mean diameter (DBH) values are almost the same, and thus the mortality resulting in different
stand densities must have been responsible for the differences in the stem oven-dry
dendromass. The difference of 57% in stand density resulted in a surplus of about 15% in
mean annual increment of oven-dry stem dendromass.

Table 2. Evaluation of a short-rotation black locust stand of coppice origin in the trial
Helvécia 80/A, N= stem number , H=height, DBH=diameter at breast height 1.3 m

Factors Mean Mean annual
Oven-dry stem increment of
N age H DBH dendromass oven-dry stem
dendromass
(ha) (yr) (m) (cm) (t ha') (tha'yr)
8333 4 4.8 2.5 31.2 7.8
5306 4 4.7 2.8 27.1 6.8

In Hungary, as mentioned above, black locust is the most suitable tree species for
establishing energy tree plantations. Technology improvements in converting wood to energy
will increase wood use and help to meet the rising global demand for energy. Black locust is
planted extensively world wide and has desirable fuel wood characteristics. It's low moisture
content enables reduced handling costs and enhances suitability for efficient energy
conversion. Black locust is therefore considered the best fuel wood in Hungary, having good
combustibility even when wet.

In short rotation tree plantations, where the average rotation period is 4-5 years,
regarding game damage the most critical period is the first 1-2 years (following their
establishment). In the case of black locust, main part of game damage is browsing which has a
great negative effect of the annual increment, and subsequent dendromass production. It could
cause 30-35% shortfall in the mean annual increment. The most effective but most expensive
way of game control is game fencing, or if there is a possibility, electric fence.

The results obtained in the experimental plots described in this paper show that the
quantity of dendromass strongly depends on the plant material (cultivars) as well as on the
number of stems per hectare. These factors are important for the determination of optimum
rotation period.

The presented results are the initial step of a more comprehensive evaluation of short-
rotation crops established for energy purpose. The preliminary results should be confirmed by
other experiments in similar site conditions and with different tree species and/or their
cultivars.

Acknowledgements:Research on black locust short rotation forestry is partly supported by
the project CNR (Italy)-MTA (Hungary): Multidisciplinary integrated approach for the
improvement and sustainable usdrabinia pseudoacacia L. clones.

Acta Silv. Lign. Hung. 7, 2011



Black locust short-rotation crops under marginal site conditions 131

REFERENCES

FACCIOTTO, G. — BERGANTE, S.— MUGHINI, G. — DE LOS ANGELES GRAS, M. — NERVO, G. (2009):
Biomass production with fast growing woody plants for energy purposes in Italy. Proceedings:
Forestry in Achieving Millennium Goals. Novi Sad, Serbia, 105-110

FREDERIC D. (1989): Woody biomass energy plantations. In: Biomass Handbook. Gordon and Breach
Sci. Pub. 192-199.

GEYER, W. (1992): Characteristics and Uses of Black Locust for Energy. In J. Hanover et al. edit.
Proceedings: International Conference on Black Locust: Biology, Culture and Utilization.
Michigan State University, 221-236.

GRUNEWALD, H. — BOHM, C. — QUINKENSTEIN, A. — GRUNDMANN, P.— EBERTS J.— WUHLISCH, G.

(2009): Robinia pseudoacacid..: A lesser known tree species for biomass production.
Bioenergy Research. Vol. 2°18:123 —133.

HALUPA, L. —KERESZTES) B. — REDEI, K. (1992): The possibilities of acceleration of timber-growing
and utilization for energy and its development in Hungary. Swedish University of Agricultural
Sciences. Uppsala, Report, 48.51-53.

HALUPA, L. —REDEI, K. (1992): Establishment for forests primarily for energetic purpose. Proceedings
of the Hungarian Forest Research Institute (Erdészeti Kutatasok), Vol. 82—83 : 304-312. (in
Hungarian).

HALUPA, L. — VEPERDI G. — VEPERD| |. (2000-2001): Evaluation of the energetic plantations.
Proceedings of the Hungarian Forest Research Institute (Erdészeti Kutatasok), Vol. 90: 87-98.
(in Hungarian).

REDEI, K. (ed.) (2003): Black Locust (Robinia pseudoacacia L.) Growing in Hungary. Second,
improved edition. Publications of the Hungarian Forest Research Institute, Budapest.

REDEI, K. — HALUPA, L. — VEPERD| |. — OSVATH-BUJTAS, Z. (2004): Comprehensive evaluation of
energy plantations and energy forests. Research Report. Budapest. (in Hungarian).

REDEI, K. —VEPERDJ I.( 2005): Robinienenergieholzplantagen. Forst und Holz, 11 : 468-469.

REDEI, K. —VEPERDI I. (2007): Management and yield of black locust energy plantations. In: Rédei,

K.: The biological basis of improvement of black locust growing. Agroinform Kiadd, Budapest.

REDEI, K. —VEPERDI |.. — OSVATH-BUJTAS, Z. — BAGAMERY, G. — BARNA, T. (2007): La gestion du

robinier en Hongrie. Foret Enterprid@, 177. Novembre, 5:44-47.
VAN LAAR, A. —AKCA, A. (1997): Forest Mensuration. Cuvilliers, Gottingen.

Acta Silv. Lign. Hung. 7, 2011



132

Acta Silv. Lign. Hung. 7, 2011



10.37045/as1h-2011-0011 Acta Silv. Lign. Hung., Vol. 7 (2011) 133-143

Utilisation of Coloured Paper Refuse in Eco-products
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®Institute of Wood and Paper Technology, Faculty of W8oignces,
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Abstract — In the course of our research we have found a solution for recycling coloured advertising
paper in a cellulose fibre based composite. This paper quality is produced in huge quantities and can
be recycled with difficulties even in paper industry. Our aim was to produce a kind of organic
composite that does not contain any adhesives fixing the matrix part of the composite. An eco-product
generated this way has similar physical and mechanical attributes to medium density fibreboard
(MDF). Fibre made of coloured newspaper can easily be adapted to board production while, at the
same time, this supports also the development of an environment oriented product policy. Board-
based composites produced by utilizing recycled refuse paper can be used for designing and creating
environmentally friendly products following the eco-design trend.

refuse paper / fibre composite / free from adhesiveeco-product / environment-oriented product
policy / eco-design

Kivonat — Papirhulladék hasznositasa ©kotermék édllitasara. A kutatbmunka soran a nagy
mennyiségben keletkézés papiripari célra is nehezen Ujrahasznosithatd szines reklamujsag hulladék
cellulézrost alapl kompozitban tértémasznositdsara sikerllt megoldast talalnunk. A cél egy olyan
biokompozit termék éhllitasa volt, melynek gyartdsa soran a kompozit matrix részét biztosité kilén
kotdanyag nem kerult felhasznélasra. Az igy elkészitett okotermék a kozefssys farostlemezhez

(MDF) hasonl6 fizikai-mechanikai tulajdonsagokkal rendelkezik. A szines Ujsagpapirbél késziilt rost a
lapgyértas folyamataba kdnnyen beilleszthétvalhat, mikdzben jeletdg kornyezeti terhelédt képes
kdzvetlenll megszabaditani a természetet, debetéve ezzel egy kornyezetorientalt termékpolitika
[étrejottét. Az Gjrahasznositott hulladékpapir felhasznalasaval késziilt lapalapi kompozitok igy alkalmassa
tehebk kdrnyezetbarat termékek tervezésére, kialakitasara egy un. 6kodesign irAnyvonal bevezetése révén.

papirhulladék / rostkompozit / kétéanyagmentes / 6kotermék / kbrnyezetorientalt termékpolitika /
Okodesign

1 INTRODUCTION

The aim of environment oriented product policy is to find the versions providing optimal
protection of the environment by taking into account the whole life cycle of products.
A comprehensive concept is needed that includes the planning, the manufacturing and

" Corresponding author: sztakats@fmk.nyme.hu, H-940BFSON, Bajcsy-Zs. u. 4.
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eventually the disposal or recycling of a product. Eco-design in this sense is a preventive
planning process with environmental protection in the centre

The problem of refuse materials is one of the widest and most diversified problems of
environmental protection. While the appearance of refuse materials is inevitable, the
differentiation between refuse material disposal and refuse material recycling is about to
disappear parallel with the advancement of ideas about the refuse problem (Takats 1998).

Refuse paper provides not only recyclable material to produce paper again but represents
also a huge potential raw material base to be used in the composite techr{biggresl).

Hazardous refuse Other refuse
other (1%)

paper (19%)

combustible material
household w aste (63%)
(36%)

w aste oil (14%)
plastic (4%)

paint thinner (22%) textile (4%)

glass (5%)
pharmaceutic

product (2%) metal (5%)

dry battery (36%)

Figure 1. Average composition of communal solid refuse in Hungary (2000—2005)
(KVVM 2006)

Paper industry was among the first to realise the importance of environmental protection
and the reasonable management of natural resources in the last 30 years. As a result of this,
cellulose companies have become net energy emitters and paper manufacturers have reduced
their fibre needs to 50%, their specific energy consumption to one-third and their water
consumption to one-tenth. For example, the recycling of paper reached a record of 32 million
tons in Europe in 1996, one-third of which (more than 10 million tons) was collected in
Germany. The ratio of recycling was 49.8%. According to the data of CEPI (Confederation of
European Paper Industries) the ratio of recycled paper used in paper production has increased
by 10% in Europe in the last 10 years. With this recycling rate, paper industry surpasses all
other industrial branches.

Secondary fibre uses are even more favourable in the Hungarian paper industry than
the EU average due to its product composition (high proportion of wrapping paper, card
board, and hygienic paper). A significant part of refuse paper need is covered from
import. However, collection ratios have considerably improved in the last ten years
(Figure 2.). It has to be mentioned that the increase in the ratio of recycling has its limits.
During manyfold recycling, fibres get shorter and the quality of paper product decreases.
More emphasis has to be put on preserving sound fibres by moderate methods during
fibrification (Winkler 1999).

Recycling of paper does not reach the level required by environmental protection or
recycling interests in the world, although countries that consume great quantities of paper
recycle a significant amount of it. The general difficulty in recycling refuse paper: paper
manufacturing companies have high requirements for refuse paper to be returned into the
production process. That is why we have to search for other opportunities in recycling refuse
paper. One alternative could be the application in wood industry, especially in the furniture
industry, by producing new eco-composite products.
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Figure 2. Refuse paper turnover in Hungary (199880
(Kopint-Datorg 2010)

The highest quality refuse paper can be producesklactive paper collection. Selective
paper collection is considered to be a new phenomér the population in Hungary. People
still have to be made aware of this process anygl lage to realise the fact that this activity
will have visible results in the reduction of emnmental burdens in the long-run. The
deposition of refuse containing printer’s ink extead from refuse paper still has to be solved
without harming the environment. The recycling pdeg a solution for the application
problem which spares this activity of great costs.

The use of refuse paper as secondary raw matepabses the interests of waste
incineration. The seemingly economical process whing needs an ever-increasing heat
content in the dry refuse. Secondary raw matesal extracts one of the components with
high heat content from mixed communal refuse. H@rgthe recycling of paper is twice as
economical as burning.

Types of refuse paper

In the European Union CEN (Centre Européene de HBlisation, Bruxelles) created the
European bill of standardised qualities of refuapgy in 1994 amalgamating the experiences
of individual nations. Hungary introduced the Iillthe following year despite the fact that it
was not the member of the EU at that time

BIR (Bureau of International Recycling, Brusselsil&CEPI (Confederation of European
Paper Industries, Brussels) prepared the modeionsat the above-mentioned standard by
1999. This enables a five-level classification efuse paper and groups refuse paper
according to its origin and type into the followirgategories: mixed-low quality (A),
moderate (B), good quality (C) and containing onlybleached cellulose (kraft) (D). In
addition to the fourth category of unbleached fitetise paper, this standardisation creates a
fifth group: special refuse paper requiring uni¢gehnologies (EfTable 1).
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Table 1. Refuse paper categories as suggested by CEPI and BIR

Refuse paper of Refuse paper of Good quality Unbleached fibre Special refuse
mixed quality moderate quality refuse paper refuse paper paper
(A) (B) (©) (D) (E)
Mixed 1, Newspapers with max.ightly coloured, Corrugated box —  Mixed paper and
uncategorised 5% of coloured parts mixed edge refuse factory refuse card board
inside
Mixed 2, categorised Unsold newspapersBindery refuse*** Corrugated box —  Mixed wrapping
no coloured parts factory refuse paper types;

inside
Card board Unsold newspapers,Torn, white refuse
no coloured parts
inside or flexo-
pressure

Corrugated cardboarddge refuse from
from stores printing house, little
printer’s ink

White writing***

Used corrugated
cardboard

Edge refuse from  White business
printing house, little publication
printer’s ink *

Unsold periodicals
printing house, printed™**

Edge refuse from Printed white
printing house,
printed *

Office papers,
classified
Newspaper (min.50%oloured writing
and periodical .

Newspaper (min.60%)Vhite book***

Unsold periodicals*

Phonebook

White, painted
publication***

White, printed

Edge refuse from Computer publicationdJsed sacks;

celluloses card board cover

(celluloses and semi-
celluloses);

Corrugated box — Liquid containing
factory refuse (kraft- boxes
and test liner)

Used corrugated boxKraft packing paper
| (only kraft-liner and

semi-celluloses

fluting)

Used corrugated Wet-solid label
boxes, minimum one paper
kraft-liner layer;

Unprinted, white,
wet-solid paper
Used sacks with PE Printed, white wet-
solid paper

Slightly printed white Unused sacks
celluloses card board

Unused sacks with PE
cover

Used kraft papers

and periodical Il. cardboard

Periodical (min. 60%)Coloured White, slightly printed Unused kraft papers

and newspaper?; periodical*** card board

Public brochures**  Carbon free copier White, unprinted cdddused shopping bags
board

White PE covered
cardboard

PE covered card
board***

Fat. computer
publications

Unprinted newspaper

Bleached, wood
containing, painted or
unpainted, unprinted
paper

Bleached, wood
containing, painted
paper, unprinted
White painted paper,
unprinted**, ***;
White edge refuse;
unprinted

White edge refuse;
unprinted ***;
Unprinted, white
celluloses card board

Note: Fat.: contains wood,
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The differentiation within types enables collectors and paper manufacturers to realise
technologies that suits the paper to be manufactured and the setting of technical parameters
which fit the paper recycling machines much better.

This new standard, complemented with modifications, will fail to give appropriate
guidance — mainly because of lack of information — about the quality of refuse paper and the
derivable recycled fibres, giving the collectors a difficult task.

In our experimental work we used a significant quantity of the quality “coloured
periodicals***”, mostly advertisement prints.

The aim of this research work was to find a method for recycling coloured refuse paper
in a way that avoids the costly chemical de-inking process for the removal of additives and
pigments. The use of coloured refuse paper — as an alternative raw material option — avoids
the process of chipping round wood raw material (a very energy intensive technology) since
pre-processed paper can be cut into smaller fractions with a properly chosen post-processing
technology.

We decided to use coloured periodicals from the category of moderate quality refuse
paper (B) because they are used in great quantities and are appropriate for producing board-
based, organic composite products after suitable mechanic preparation without adhesives.

2 METHODS

2.1 Materials used, preparation

The selected raw material was refuse paper of almost homogeneous quality. It was coloured,
highly glossy paper grade from household wastes. This paper grade consisted of magazines,
newspapers, leaflets, catalogues and programme guides. The samples were selected from
different, separate containers. The plastic contaminants and metallic buckles were removed
by hand after the sorting process. We used the principle of gradualism during preparation
following the recycling guidelines of the wood industry.

2.2 Disintegration, determination of fibre dimensions according to ISO 3310

Disintegration was performed using a VIKING GE 110 dis-integrator. The paper fractions
were further disintegrated using a Retsch Mihle SK1 equipment, maintaining the length of
the fibres. During the disintegration process a conidur sieve was used, which changed the
surface of fibres due to the influence of heat and wet state. This surface modification helped
the adhesion between the fibres at a later stage. The characterization of the fibres was
performed at a fibre moisture content of 8—-10% with a particle size analyser. The sampling
was a random selection from the pulp. The pulp was classified using 10 different sieves. After
the proper vibrating time, the distribution of the fibre fractions was automatically calculated,
recorded and displayed.

The parameters for analysis were as follows:
e A: vibrating amplitude (mm)
e T: vibrating time (min)
e Tp: interval between 2 vibration (s)
 m: mass of the initial sample (g)
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The parameters for the first trial:
1. A=15(mm); T=30(min); J=10(s); m=29.8(Q)

The parameters for the second trial:

2. A=25(mm); T=30(min); J= 5(s); m=24.4(q)
The parameters for the third trial:

3. A=2.0(mm); T=40(min); J=5(s); m=21.2(q)
The parameters for the fourth trial:

4. A=25(mm); T=40(min); J= 5(s); m=25.1(q)

The properties of the produced panels depend ordigiategration technique, the
type of the machine and the produced fibre strectWe could observe that the vibrating
amplitude had to be increased from 1.5 to 2.5 mweh we had to shorten the intervals
between the vibrations in order to avoid the depeient of fibre bundles. The fibre
fractions showed appropriate differentiation whaorating time was increased from 30 to
40 minutes.

The results were plotted in columns and solid Ifoemat according to the hole
diameter of sieves and percentageégyure 3).In the course of the experiments fibres
smaller than 25um were present in the sample in insignificant qiteast The fibre
fractions were evenly distributed with good appmation. The other fibre fractions were
of 36, 50, 100, 160, 200, 280, 400, 500, 800, 1a@%0, 1400, 1600, 1800, 2240, 2800,
3150, 355Qum.
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Q3(x) — weight distribution sum %
g3(x) — weight distribution density % (marked wig)

Figure 3. The sample fibre fraction distribution

Acta Silv. Lign. Hung. 7, 2011



Utilisation of coloured paper refuse in eco-products 139

2.3 Mat preparation, pre-pressing

After disintegration fibres are mixed with adhesives and complementary materials in fibreboard
production. There was deliberately no artificial adhesive added to the mat, but it may be used in
the near future to improve the properties of the panel. A pre-calculated amount of furnish was
then hand-felted into a forming box and pre-pressed into &igaire 4).

k=R

Figure 4. Single-layer paper fibre mat

The target specific gravity was adjusted using a micro balance. Dry process panels with
dimensions of 300x300x16 mm were made from the recycled paper furnish.

2.4 Heat pressing

The volumetric density together with the modulus of elasticity is increasing rapidly during
heat pressing. The fibre has visco-elastic behaviour, hence the force-elongation relationship
depends on time as well as velocity. Under heat treatment, the natural polymers become
plastic and the given volumetric density can be reached by the application of lower pressure.
The pressed material springs back less when released. However a board that is kept under
constant pressure is creeping.

So heat-pressing is a complex thermo-dynamic process, in which several phenomena take
place at the same time and interact with each other. The inner temperature relations during the
heat-pressing is very similar to high-temperature drying, water can turn to saturated steam.
During the warming phase when the temperature reaches about 100°C, it stays steady while a part
of the heat is used for the water to evaporate. The maximum inner pressure has an effect on the
strength properties of the panel, primarily on the z-span tensile strength. If the inner pressure
reaches 1.0 N/mfm after opening the press, a so-called board explosion can occur which
decreases z-span tensile strength. Apart from the above-mentioned factors, the geometrical
properties of the fibres also determine the quality properties of the produced panel.

Fibre diameter, cell wall thickness, diameter of cell lumen and surface properties of
fibres all play important roles in panel quality. The compressability of fibres depends on the
ratio of cell lumen and cell wall thickness. Fibres with thin wall cells and bigger cell lumen
can collapse more easily. In the case of paper fibres these disadvantageous properties can not
be observed. When we increase the fine content, the panels have higher volumetric density
and hence higher bending strength and swelling properties. The pressing was done using
SIEMPELKAMP 600x600 mm laboratory hot-press equipment, at 185°C on ayErgges 5).
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Figure 5. A sample press curve according to temperature and magnitude

2.5 Conditioning

One of the most important procedures of panel manufacturing is conditioning. If the panels
are placed on each other after hot pressing they can loose their original strength rapidly.
Above 70°C and at relatively high humidity, a hydrolysis effect occurs and results in strength
decreasing and bond breaking. In order to avoid this, composite panels need to cool down and
let be conditioned, this takes about 4-5 hours at 20°C and at 65% relative humidity.

3 RESULTS

We compared the results of our experiments with the characteristics of standard MDF panels
in Table 2 and 3.

Table 2. Requirements of fibre panels (EN 622-1-5.)

MDF thickness (mm)

Name

<6 6-12 12-19 19-30 >30
Density kg/ni (EN 323) 560-900 560-900 560-900 560—900 560—900
Moisture content % (EN 322) 4-11 4-11 4-11 4-11 4-11
Thickness swelling 24 h % (EN 317) 30 15 12 10 8
Modulus of elasticity N/mfm(EN 310) 23 22 20 18 17
Internal bond (N/mm) - - - 55-85 -
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Table 3. Properties of organic composites

Name Organic composite
Density kg/mi (EN 323) 900 kg/nf <
Moisture content % (EN 322) 9+3
Thickness swelling % (EN 317) 80
Bending stiffness N/mfm 1000 kg/m 8
(EN 310) 1200 kg/ni 13

1400 kg/m 26
Screw holding N/mm 1000 kg/m 52
(MSZ 2364) 1200 kg/mi 55

1400 kg/m 58

The bending stiffness of the organic compositesemaihout adhesives was similar to
that of MDF panels. However, their density was v@gh.

Screw tests (Divos 1999) showed good results. Tietyall the demanded requirements.

Thickness swelling values showed disadvantageossiltse Paper fibres are very
hygroscopic and a 2-hour-long swelling demolishesrttegrity of the panel almost completely.

Still, the application of paper fibres indicate ng@assibilities in manufacturing fibre
panel composite materials.

4 CONCLUSIONS

» Paper fibre, as raw material, has environmentalignélly properties, and the new
recycling application we suggest has several piatent

» This type of coloured refuse paper usage simplifiesrecycling techniques used in the
paper industry as well as in environmental protecsignificantly, because this proposed
method is a more environmentally friendly than ded paper recycling.

 The raw material supply is simple and cheap, berdhis type of paper source is
available in huge amounts.

* The elaboration and application of this technolegyn open new possibilities for paper
recycling and for lignocellulose-composite matex{&igure 6).

Figure 6. From raw material to final product
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* The coloured paper waste has visco-elastic properties, hence constant pressing provides
better density distribution inside the panel.

» Hot-pressed panels need to cool down gradually and the final moisture content has
fundamental impact on the eventual strength of the panels. The cooled down panels were
placed on each other for several days in order to avoid later warpage. This condition
helps to reach the equilibrium moisture content (9,0%). No adhesives were added to the
panels so the originally used complements were activated again and participated in the
bonding mechanism besides the fibre-fibre reactions and the secondary chemical bonds
between cellulose molecules (Figure 7-8).

$3400 20.0kV x200 BSE3D 15Pa ‘ g 200um

Figure 7. Fibre-fibre bonds in the panel structure
(Amplification: 200 fold)

@
$3400 20.0kV'x2.30k BSE3D 15Pa

Figure 8. Activated aggregates and starch on the surface of fibre tracheid
(Amplification: 2300 fold)
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The obtained results approached the requirementthefMDF panels used in the
furniture industry. The cautious application of agiives can increase some properties,
decrease the thickness swelling caused by hygrasbepaviour and improve the utilization
possibilities of this new eco-product.
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Light-trap Catch of the Common Cockchafer
(Melolontha melolontha L.) Depending on the
Atmospheric Ozone Concentration

Janos BskAs — Laszlo NWINSZKY

University of West Hungary, Hungary

Abstract — The study deals the efficiency of light trapping of the Common Cockchdfgplpntha
melolonthal.) (Coleoptera: Melolonthidae) in connection with the ozone concentration of air. The
data of the Hungarian forestry light trap network were used for the years 1997 through 2006. We
calculated relative catch values of from the number of caught insects. We assigned these to the ozone
values of the respective days. For the classified date pairs regression equations were calculated. We
established that the light trapping is most effective if the ozone concentration is high. As opposed to
this, low ozone concentration reduces the success of the catch. Our results may be utilized in plant
protection and forest protection prognoses.

Melolontha melolontha L. / light-trap / ozone

Kivonat — A majusi cserebogar Melolontha melolontha L.) fénycsapdazasa a légkoéri 6zonkon-
centracio flggvényében. A tanulmany a majusi cserebogaMdlolontha melolonthal.)
(Coleoptera: Melolonthidae) fénycsapdas fogasanak eredményességét targyalj@é adeneaytal-

manak fliggvényében. @Gjési adataink az erdészeti fénycsapda halézat anyagabdl szarmaznak, az
1997 és 2006 kozotti éveldb Az adatokbol relativ fogas értékeket szamitottunk. Ezeket hozzéaren-
deltiik az adott naphoz tartozé 6zon értékekhez. Az adatparokat osztalyokba rendeztiik és elemeztik
a regressziés kapcsolatot. Megallapitottuk, hogy a leedmcsony 6zontartalmahoz alacsony fogas,

a magas 6zontartalomhoz pedig magas fogas tartozik. Eredményiink hasznosithat$éatelend
prognosztikaban.

Melolontha melolontha L. / fénycsapda / 6zon

1 INTRODUCTION

The ozone concentration of the air influences the intensity of UV-B radiation, which bears
an impact on the effectiveness of collecting insects by light-trap (Puskas et al. 2001).
Therefore it seemed reasonable to try and find a connection also between the ozone
concentration of the air and the number of insects trapped. In Hungary, ozone monitoring is
carried out at four stations of the Hungarian National Meteorological Service (K-puszta,
Hortobagy, Farkasfa and Nyirjes). Monitoring at K-puszta has been done since 1990 and at
the other three locations since 1996. Presentlyl0 minute average concentration values are
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detected at every station with the help of the ozone monitors. Since 1998 having been
collected earlier by a local data collecting programme (SCANAIR) and stored in PCs.
SCANAIR reduced 15-minute data into half-hour averages which were then entered in the
data base. At the station (K-puszta), registration is performed by an Environment type
monitor. A Thermo Electron type monitor at K-puszta makes also parallel monitoring
possible. The ozone monitors are UV photometric ozone analysers which establish ozone
concentration by illuminating with an UV lamp an air sample drawn into an absorption cell,
then measuring the decline of illumination at a wavelength of 254 nm, which is
proportionate to the ozone concentration. The instrument establishes the ozone
concentration in ppb units, by taking samples in every 10 minutes. The data are in the range
of 0—150 ppb. Database handling is described in detail by Puskas et al. (2001).

Kalabokas and Bartzis (1998), Kalabokas et al. (2000), Kalabokas (2002), Papanastasiou
et al. (2002 and 2003), Papanastasiou and Melas (2006) have been studying the monthly and
diurnal changes of the ozone concentration.

Ozone concentration in the summer months — from May until August — is higher than in
other months of the year. There are typical daily changes. The ozone content is high from
noon to evening and decreases from evening to dawn. It hits its lowest point in the dawn
hours and begins to rise again in the early morning. Ozone concentrations in the atmosphere
depend also on several meteorological factors (Tiwari et al., 2008).

The high concentration of ozone is detrimental to insects. For instance Kells et al.
(2001) evaluated the efficacy of ozone as a fumigant to disinfest stored maize. Treatment of
8.9 tonnes of maize with 50 ppm ozone for 3 days resulted in 92-100% mortality of adult
Red Flour BeetleTribolium castaneunf{Herbst), adult Maize Weevikitophilus zeamais
(Motsch.), and larval Indian Meal MotRJodia interpunctella(Hubner). Biological effects
of ozone have been investigated by Qassem (2006) as an alternative method for grain
disinfestations. Ozone at concentration of 0.07°gkilled adults of Grain Weevil
(Sitophilus granariusL.), Rice Weevil Gitophilus oryzael.) and Lesser Grain Borer
(Rhyzopertha dominic&abr.) after 5-15 hours of exposure. Adult death of Rice Flour
Beetle {ribolium confusum Duv.) and Saw-toothed Grain BeetleOryzaephilus
surinamensid..) was about 50% after 15—-20 hours of exposure. Total adult death of all
insect species was achieved with 1.45%done concentration after one hour of exposure.
Valli and Callahan (1968) light-trap observations indicated an inverse relationship between
Os and insect activity.

2 MATERIAL

We analysed the ozone data registered at K-puszta between 1997h200Bafantula.nilu.
no/projects/ccc/emepdata. hzniThe geographical coordinates of K-puszta are the follow-

ing: 46° 58’ N and 19° 35’ E. Data for Common CockchaMelplontha melolontha L.)
(Coleoptera: Melolonthidae) originated from numerous light-traps which operated up to 100
km away from K-puszta in the years 1997-2@06 have caught in total 1255 beetles on 422
nights. 2627 observation data were analysed. Observation data means the catch of one trap in
one night, regardless of the number of insects. The number of observations exceeds the num-
ber of the nights because light-traps operated simultaneously. As the Common Cockchafer
flies from mid April to mid May in the twilight hours only, and the ozone levels change only
slightly during this period, we used ozone concentration at 20 o’clock (GMT).
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3 METHODS

From the catch data we calculated relative values far all the observation points. The relative
catch (RC) is the ratio of the number of individuals trapped at one sampling point, in one
night, and of the average number of specimens of a generation. Regression equations were
calculated for relative catch and ozone data pairs.

4 RESULTS AND DISCUSSION

Regression equations and significance levels are displayed in Figure 1. The results suggest
that the flying activity of the Common Cockchafétglolontha me-lolontha L.) increases
when the ozone concentration is high.
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Figure 1. Light-trap catch of the Common Cockchafer (Melolontha melolontha L.)
depending on the ozon concentration of the atmosphere

We suggest similar examinations on other insect species with other sampling methods
(for example pheromone-, suction-, Malaise traps) to prove that high ozone concentration of
air increases the flying activity also of other insect species. If this fact is verified, the
influence of ozone concentration should be considered for the preparation of plant protection
prognoses to increase their accuracy. Our result contradicts that of Valli and Callahan (1968),
who experienced a decrease in the activity of Corn Earwbetothis zea Boddie) with the
increase of the ozone concentration. A reason for the contradiction might be that low relative
catch values always refer to environmental factors in which the flight activity of insects
diminishes. However, high values are not so easy to interpret. Major environmental changes
bring about physiological transformatioms the insect organism. The imago is short-lived;
therefore unfavourable environmental endangers the survival of not just the individual, but of
the species as a whole. In our hypothesis, the individual may adopt two kinds of strategies to
evade the impacts hindering the normal functioning of its life phenomena. It may either
display more vitality by increasing the intensity of its flight, copulation and egg-laying
activity or take refuge in passivity to unfavourable environmental factors. According to the
present state of our knowledge we might say therefore that both favourable and unfavourable
environmental factors might equally contribute to a high catch (Nowinszky 2003).
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