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Climate change threats from a European perspective: the “Green Paper”

In summer 2007 the European Commission has isswdmt@ament entitled "Adaptation to
climate change in Europe - options for EU actigigréen Paper”), which is a product of the
European Climate Change Program (Anon. 2007). Tdective of the publication was to
open a Europe-wide public debate and consultationrmodalities to develop adaptation
strategies and to promote common research andxtteege of information with partners
around the world. This consultation is still onggpin

The “Green Paper” is the first common Europeancgaiocument on adaptation to impacts
of climate change, and reflects present prioritesl attitudes toward a multiplicity of
profoundly intertwined and often contradicting peohs. It identifies however problem areas
and challenges from a viewpoint which — accordimghte opinion of the author — does not
represent fully the complexity of diverse naturakological, economical and societal
conditions of Europe, not to speak of adjoiningoag.

The approach of the document is primarily urbaaite technocrat. The highlighting of the
sectors energy and infrastructure nourishes theesspon that the tasks of mitigation and
adaptation are first of all of technical/leconomicaacter. The treatment of the biotic
environment, its resources and of sectors whichsatithem is not according to their
importance. The ecologicaroblems concerning theving natural environmenare at least
equally serious as those of the technosphere, ietlem contribution of biotic resources to the
GDRP is statistically low, as most of their essdrgevices are not accounted for in monetary
terms. Among the vulnerable social groups, the an#éging renewable natural resources
(agriculture, forestry) should be dealt with similattention: their activities significantly
influence many components of climate forcing.

Ecoregionsof Europe are also not equally treated. The ingaétthe increase of drought
frequency and severity in continental Southeasbpiishould be stressed much more as the
effect on conditions and quality of human life anod the functioning (“services”) of
ecosystems will be profound. The fact that the ioemtal plains of Southeast Europe have
their natural continuation eastward into the TuBasin, i.e. Central Asia, is also frequently
escaping the attention.

It may be concluded that due to different reasomasirfly because of weak representation of
interests of this region in the European Union)alareness regarding the specific problems
and real importance of forests and forestry inSbatheast of the continent is limited and this
is reflected in high-level European policy docunsent

It was therefore a well-timed and proper decisigrFBO to organise a special workshop to
identify specific problem areas and the potential dollaboration between countries of the
region. The SEC/SEU Joint Forestry Initiative t@limate Change Impacts on Forest
Management in Eastern Europe and Central As@bvided a platform for exchanging
information on climate change impacts on forest age@ment, to analyse the current status of
knowledge and to identify needs for potential tecainassistance. The published reports in
this volume confirm the necessity of this step.g Honclusions and recommendations of the
workshop are evaluated in a separate section).
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In this paper we propose for consideration someaspvhy continental Southeast Europe
and Central Asia should get more attention in ma&onal cooperation, research and in the
development of national and transnational stragsegfeadaptation to climate change. We will

concentrate on specific aspects of ecological ¢mmdi in the forest/steppe ecotone

(transitory) zone, which is strongly representesbss Southeast Europe and Central Asia. It
should be noted that in addition to the climatiolegical problems discussed here, the rapid
social and economic transition and restructurinthanregion has also a significant effect on
land use —another important component of climaticing.

Climatic and biogeographic conditions of the region . is there anything in

common?

The climatic and bio-geographic conditions of Seatttern Europe and Central Asia are very
diverse, and this is similarly true for their seeiconomical status. Accordingly, the problems
raised by predicted climatic changes are also mlhiffrom land use change, forest
degradation and desertification to the meltinglatrs.

What makes this region specific is theesence of the so-called xeric linot forests and
forest tree species. Xeric (or rear, trailing) tgnat the low latitude and low altitude end of
distribution ranges are determined by climatic isrigMatyas et al. 2009). Xeric limits are
apparent along the arid foothills of Mediterraneaauntain ranges, but they appear most
extensively on temperate, continental plains. @ht#érrain these limits are, however, difficult
to trace as humidity conditions change due to sewlle site variation and because of strong
human interference.

At the xeric limit the closed forest belt formsrartsition zone (ecotone) toward the woodland
or forest steppe type vegetation, which dissolvastrsvard into the true steppe of East
Europe and the Turan. The ecotone is dependent\alatile minimum of rainfall and is
therefore sensitive to prolonged droughts. Predicteanges may easily trigger the loss of
already sparse forest cover, which may lead todiseuption of vital ecological services
forests are providing.

The biotic-ecological factors of the xeric (reamits are shaping the physiognomy of natural
vegetation and influencing land use of Southeasbfii and Central Asia. In Southeast
Europe, the ecotone is a densely populated andudtgiially important zone which has been
under human influence for millennia. This belt teex from East-Central Europe across the
plains of Southeast Europe (Romania, the Ukraing@ &auth Russia) and of Northeast
Kazakhstan far into Southern Siberia and North &h{Manchuria). A narrower and
fragmentary transition zone follows the southerd aastern mountainous rim of the Central
Asian plain. The transition zone appears in tentpertimate also on other continents, first of
all in the Midwest of the US and north into Albedtisthe edge of the Prairies.

What makes the transition zone in flat lands eglgcvulnerable is the magnitude of the
latitudinal lapse ratelt is generally known that the altitudinal lapsée for temperature (i.e.
the rate of change with increasing elevation) an®tm 5.0 - 6.5 °C/1000 m. At the same
time, the latitudinal lapse rate is less recogniZzadthe temperate zone its mean value is
around6.9 °C/1000 km a difference of three magnitudes! A consequendhas obviously
even minor changes of temperatuaffect disproportionately larger tracts of plaings
compared to mountainous regions. One degree ofdeatpe increase causes a shift upwards
along a mountain slope of approximately 170 m:sidu@e change triggers on a plain a shift of
close to 150 km northward. Presuming a spontansogsation speed of approx. 50 km/100
years, an increase of temperature of jud€ Ivould imply for a tree species a migration time
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of 300 years (Jump et al. 2009). This fact explédmesmuch larger vulnerability of plains in
Southeast Europe and Central Asia, as compardtetgdnerally mountainous coasts of the
Mediterranean.

The hidden threat at the xeric limits: increasing d rought

Contrary to general belief, the trend of raisingqperatures and declining summer rainfall
will not result in a “mediterranisation” in contimi&al Southeast Europe because the regulating
effect of the distant sea is weak and the predictedate anomalies will be different from
general trends. According to calculations of IPQOQ{7) predicted temperature changes of
the critical summer climate at the end of the cgnéure more drastic as in the boreal zone of
North Asia or North Europe (Figure l1a). Models shalso a decrease of precipitation,
especially for Southern Europe. (It should be nwerd that the changes for Southern Europe
alone might be somewhat milder, as the predictidP@C was made coupled with the whole
Mediterranean Basin, including North Africa.) Prdd summer precipitation change is of
special significance at the xeric limits which aetremely sensitive to relatively minor
humidity variations. Drought events will happenlime with predicted climatic changes but
their frequency and severity may change at a rédtereht from trends in Northern Eurasia
(Figure 1c). The shifts in drought frequency mayseadrastic changes in lowland forest
regions of South-eastern Europe and Central AsienEa relatively minor shift of
temperature and precipitation parameters will affeofoundly the available climatic niche of
dominant forest species. Mass mortality may appeé#hre rear edges, especially on sites with
unfavourable water regime.

A case study: Hungary

Frequency changes of drought events have beensaaddlyr the territory of Hungary. The
predicted frequency of drought summers (precigitatiecline exceeding 15% of the seasonal
mean) are shown in Table 1. It is highly remarkabl€able 1 that from 2050 onward, the
model defines every second summer as drought eéstimmers out of 50 years will be
drought summers, with growing anomalies (Gélod.62G08).

Table 1. Frequency of recent and predicted drowyeints for Hungary, according to
scenario A2, calculated with MPI's REMO climate rabdReference period: 1951-2000
(Gélos in: Méatyas 2009)

Period Drought summers
number of yearg mean of precipitation mean of temperaturg
(out of 50 years anomalies (%) anomaliesC)
1951-2000] 15 —28.02 +0.95
2001-2050 9 —29.21 +2.00
2051-2100 24 —34.98 +2.86
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Figure 1. Predicted summer
climate changes for the period
2080-2099 vs. the reference
period of 1980-1999, according
to the A1B scenario.

a) Change of mean summer
temperature, dT (°C)

b) Change of mean summer
precipitation, dP (%)

c) Change of the frequency of
dry summers, Freq (%)

The four columns represent
predicted averages for the
regions of boreal, Northern Asig
(NAS); Central Asia (CES),
Central-Southern Europe with
the Mediterranean (SEM) and
North Europe (NEU).

Source: data of IPCC 2007,
design: B. Galos
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Climate forcing and forests: specific conditions at the xeric limits

Climate model simulations prove that land coves, egetation has an important role in
climate regulation. Forests dominate the terrdstaabon sequestration process, modify the
hydrological cycle, albedo and turbulent fluxes abohe land surface. Thus, forests have
both a direct and indirect effect on the majorifyfactors contributing to anthropogenic
climate forcing, such as atmospheric &fntent, surface albedo and land use change {fores
destruction or afforestation), soot of biomass mgpas well as sedimentation of aerosol and
dust particles. In addition to forest clearing &makst fires, also harvesting and industrial use
of timber have an important indirect effect throufle creation of additional carbon sinks.
Land use changes of half a century are enough tsecahanges in the course hourly
temperatures (Druszler et al. 2010, Figure 2).

The climate forcing effect of forests, covering mtinan one quarter of the land surface of the
Earth, is therefore crucial. Surprisingly, currgi@ws on the role of forests are contradicting
and fragmentary: some opinions even state thateeatg forests have little to no benefits to
climate (Bonan 2008). In the transition zone ofseld forests toward the woodland/steppe
region, surface albedo, evapotranspiration, cadioission and sequestration are affected by
land use change, afforestation programs and chandesest policy (tree species preference
change). At the xeric limits where summer tempeestiend to increase, surface albedo and
evapotranspiration have ambivalent effects. Bottidimus and conifer forests have a lower
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Figure 2. Regional climatic effects of land userdmin the western and eastern half of
Hungary between 1959 and 1999. The graph showsetatype differences between the two
land use situations during the vegetation periakdadl on the MM5 meso-scale weather
forecasting model. The model was integrated foprE3defined macro-synoptic situations,
each for 60 hours (the 1236", and 6" hour correspond to 2 p.m. local time). The results
were weighted with the relative frequency of eaelsnmsynoptic type and averaged
(Druszler et al. 2010).
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albedo as other forms of land use, which is augetehy the fact that forest canopy masks
highly reflective winter snow cover. So, from pomit view of albedo, forest cover should
cause higher summer and winter temperatures, tharsewing drought situations. Model
simulations indicate the opposite (Kleidon et a@00@) which fact is supported by field
observations. Investigations at the Canadian pramodland border prove that forest cover
at the xeric limit has a clearly positive effeatimamer temperatures are significantly lower
where woodland/forest cover remained. Hogg andeR2600) found that deciduous forest
causes anomalies first of all in summer: tempeeatare cooler, mean precipitation is higher
and length of growing season increases. The codimd) humidifying effect of intensive
evapotranspiration of forests seem to prevail itespf the forcing effect of additional water
vapour and lower albedo. The input of agricultisaifaces to climate control is less, due to
lower water consumption and shorter active vegatgieriod.

Persistence of forests to drought as comparedassgyr crop vegetation is the result of deep
rooting of trees, utilizing deeper soil water reses. Surface roughness of the crown layer
leads to different aerodynamic conductance, whitdrsacloudiness and causing additional
atmospheric feedback.

Photosynthetic activity — i.e. carbon sequestratipowth and contribution to carbon sinks —
depends on available water resources and tempermeduaditions. At the xeric limits, effect of
summer temperature rise and falling precipitatioroants are confounded with increasing
CO, levels and the fertilizing effect of nitrogen depmn (the latter is enhanced in the
ecotone zone by usually dominant, intensive aguce). Higher CQcauses photosynthetic
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Figure 3. Declining relative height growth (age 16, in pert®nof Scots pine (Pinus
silvestris) populations, tested in 6 common gar(lamovenance) tests in European Russia.
Irrespective of origin (northern, central and soeith), all populations responded to increase
of temperature sum with significant slowing dowmgawth (analysis: Matyas and Nagy, in:
Strelcova et al. 2008)



enhancement, more efficient water use capacityimeréased primary production: this has a
negative feedback effect on climate change.

Numerous studies and also IPCC’s 2007 report fetexaecline in growth and production of
forest stands for East Europe: however, up to nog tendency is not measurable yet as a
general trend (e.g. Somogyi 2008). It should besthohowever, that the reason for the
missing evidence for gradually worsening ecologamaiditions in Southeast Europe has to be
sought probably in the improper selection of ddtas&nalyses are usually based on large-
scale forest inventory data which are not detadlied precise enough to trace complex effects
of opposing trends of negative and positive envitental effects acting simultaneously
across climatic gradients. Specific experimentsgoowth and yield confirm the negative
effects of changing site conditions (Matyas andy&agure 3).

Role of forest management

A recurrent drawback of models describing impactsclomate change, constructed by
ecologists and earth scientists, is the lack ofsm@ration of effects of forest management.
All over temperate Europe and across large tratt®rests of Central Asia, planned and
sustainable forest management has been introdweept for inaccessible alpine areas.
Planned forestry means that the structure, speoieposition and demography conditions of
forests are determined by current management cts)csfpategies and laws. Spontaneous
processes are suppressed or tolerated only assféney fit into the accepted strategies.
Planned, sustained harvesting methods decide ampiblecable techniques for regeneration of
forest stands.

Forest management according to operational plaptemtherefore that spontaneous forest
cover changes determined by climatic shifts mayp&lanced by human action, if principles
of forest policy are oriented towards adaptatioreffects of change. Artificial regeneration
together with forest protection measures may affelst buffer the spontaneous effects of
climatic shifts — needless to say, only until theysological and genetical limits of the
species. Consequently, goal-oriented forest polacyl management should be seen as
effective measures to serve climate adaptation.

All this has an input also on the carbon sink fiorcof the forest vegetation. Fully protected
(or primeval) forests may be regarded as carbortraleurhe extraction of timber for
industrial purposes creates new carbon sinks inhtimean infrastructure which might last
sometimes for centuries. Life cycle analysis (LO&ghniques will help to elucidate its
importance for the carbon cycle.

The forest/steppe transition zone across Soutlieaspe and Central Asia offers much better
opportunities for the described human interventas in boreal regions, due to high
population density, available manpower and regdlatanagement.

Summary
Although issues of global change are in the foctisnternational research and politics,
mainstream research as well as European mitiggidioy regards the specific problems of
continental Southeast Europe and Central Asia agina issues. It should be however taken
into account that:
» climatic forecasts for Southeast Europe and CehAtsa show high uncertainties and
trends different or even opposite to forecastsVitast and North Europe or boreal
Asia,



» there are extensive plains in the region which sangated in a broad climatic and
ecological transition zone (ecotone) towards ste@p®l arid lands. The vulnerability
of this zone to climatic changes is high,

» the decline of vitality and stability of forests yngenerate in this region ecologically
harmful processes (degradation, aridification, a#i@h of organic carbon stored in the
soil of forest ecosystems etc.),

» the forest/steppe transition zone is densely popdjaand plays an important role in
food production and industry. The economical anclaaestructuring following the
political transitions has not reached a stabil@aphase yet. These facts may enhance
expected ecological consequences of changes coalsigle

* most of the region has been under extensive laadardong historic periods, which
renders potentially beneficial, spontaneous praesd adaptation (e.g. migration)
dysfunctional. At the same time, this fact offene tpossibility of applying planned
measures to support natural processes by humafenetece.

The above problems are common all over contineattheast Europe and the forest/steppe
transition zone of Central Asia. The communicatimil cooperation of the numerous, mostly
small nations of the region is yet underdevelodediatives to promote collaboration in
adaptation to climate change would therefore bettedi whole region and may have a global
effect as well.

References

Anon. 2007. Adaptation to climate change in Eurepeptions for EU action. European
Commission, Dir. Gen. for the Environment, Bruxelle

Bonan G.B. 2008. Forests and climate change: fgscifeedbacks, and the climate benefits of
forests. Science 320: 1444-1449

Druszler A., Csirmaz K., Vig P., Mika 2010: Effects of documented land use changes on
temperature and humidity regime in Hungahy: Saikia S. P. (ed.) 2010. Climate
Change. International Book Distributors, Dehra Duttarakhand, India (in press)

Galos B., Lorenz Ph., Jacob D. 2008. Will dry esemtcure more often in Hungary in the
future? Env. Res. Lettedoi: 10.1088/1748-9326/2/3/034006

Hogg E.H., Price D.T. 2000. Postulated feedbaclk#eofduous forest phenology on seasonal
climate patterns in the Western Canadian Intedioof Climate, 13: 4229-4243

IPCC 2007. Climate Change 2007: The physical seidasis. Cambridge University Press,
Cambridge, U.K.

Jump A., Matyas Cs., Penuelas J. 2009. The parafiakitude-for-latitude comparisons in
species’ range retractions. Trends in Ecol. and.E&3t: 12, 694-700

Kleidon A., Fraedrich K., Heimann E. 2000. A grgeanet versus a desert world: estimating
the maximum effect of vegetation on land surfagaate. Clim Change, 44: 471-493

Matyas Cs. 2009. Ecological challenges of climdtange in Europe’s continental, drought-
threatened Southeast. In: P. Y. Groisman, S. Vndva(eds.): Regional aspects of
climate-terrestrial-hydrologic interactions in nbareal Eastern Europe. NATO
Science Series, Springer Verl., 35 - 46

Matyas Cs., Vendramin G.G., Fady B. 2009. Forestsha limit: evolutionary-genetic
consequences of environmental changes at the recéxieric) edge of distribution.
Ann. of Forest Sci., Nancy, 66: 800-803



9

Somogyi Z. (2008) Recent trends of tree growthelation to climate change in Hungary.
Acta Silv. et Lign. Hung. 4: 17-27

Strelcova K., Matyas Cs., Kleidon A. et al. 2008od@mate and natural hazards. Springer,
Berlin



