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Abstract

The dominant negative effect of forests, or forest trees not only for recreation in forests and their
surroundings but also for the health of the population is caused by pollen allergies of some trees. In
the territory of Central Europe, it is mainly hornbeam (Carpinus betulus), birches (Betula sp.), and
alders, especially common alder (Alnus glutinosa). Climate development scenarios published by the
International Panel on Climate Change (IPCC) until the year 2100 indicate that with the trend of
increasing air temperature, there will be a significant change in the habitat conditions of our forests
and thus probably also a change in their structure. It can be assumed that a change in the structure of
forests will mean, among other things, an increase in the proportion of deciduous trees. The article
indicates the possible development of the representation of allergenic tree species on the territory of
the Czech Republic and the influence of this development on the recreational and health-hygienic
potential of forests in the near future.
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Introduction

Climate development scenarios published by the International Panel on Climate Change (IPCC, 2021)
until the year 2100 indicate that with the trend of increasing air temperature, there will be a significant
change in the habitat conditions of our forests and thus probably also a change in their structure. This
change will extend the growing season, which will cause long-term stress to forest trees. This stress
will lead not only to functional changes in forests, such as their hydrological shift (Kupec et al., 2021),
affecting their water use efficiency (Kupec et al., 2018), but also to a change in the distribution of
altitudinal forests zones ( AFZ) and drought (e.g. Vahalik, 2012).

In this context, significant changes can also be expected in the woody composition of forests and non-
forest tree vegetation. In view of the expected increase in the proportion of lower AFZs, an increase in
the proportion of woody species that are bound to these AFZs can also be expected. Because the
main allergenic trees in the Czech Republic are hornbeam (Carpinus betulus), birches (Betula sp.),
and alders, especially common alder (Alnus glutinosa), i.e. trees of lower AFZ, an increase in the
proportion of these tree species can also be expected. This can negatively affect the allergen load of
vacationers in the forests and the landscape as such.

Material and methods

IPCC has published several scenarios of the changes in surface temperature until the year 2100
(IPCC, 2021), see Figure 1. Excluding the most extreme ones there is a real expectation of the
surface temperature increment between 1.4 to 4.4°C until the year 2100 in Central Europe.

Current forests in the Czech Republic consist of a mix of coniferous and broadleaf tree species with
slightly prevailing coniferous ones. The proportion of allergenic tree species is low in general (see
Table 1 — allergenic tree species in bold).

The results presented below were obtained by modeling the changes in AFZ proportions due to
changes in the average surface temperature by 1 - 3°C according to Vahalik (2012). In connection
with this, conclusions were formulated for forecasting the likely spread of allergenic wood species.
Valid calculation is done for the hornbeam.
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Fig. 1: Scenarios of the changes in surface temperature until the year 2100
Source: Summary Report on the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change

Tab. 1: Current proportion of tree species in the Czech Republic in %

Smrk ztepily 43,1 Buk lesni 10,5 | Olse 24
Jedle bélokora 0,9 Duby 8,2 Bfizy 4,2
Borovice lesni 9,6 Habr obecny 2,4 Ostatni list. tvrdé 3,9
Modfin evropsky 3,2 Javory 4.1 Ostatni list. mékké 4,9
Ostatni jehlicnaté 0,9 Jasany 1,6
Source: Czech forest think tank: NIL 11 2011 - 2015
Notes: Jehliénany Coniferous Listnace Broadleaf
Smrk ztepily =~ Norway spruce Buk lesni Beech
Jedle bélokora White fir Duby Oaks
Borovice lesni  Scotch pine Habr obecny  Hornbeam
Modfin evrop. European larch Javory Maples
Ostatni jehl.  Other coniferous Jasany Ash trees
Olse Alders
Brizy Birches
Ostatni list. tvrdé/mékké Other broadleaves hardwoods/softwoods
Results

The impacts of global climate change (GCCH) mean in Czech forests (with a change in average
temperature of approx. 0.8°C over the last 20 years):

e Extension of the growing season by about 3 to 4 weeks
Mild winters (less snow, the ground does not freeze, or only a little)
Reduced dormancy (winter rest)
Prolongation of physiological activity in the season
Extending the time of transpiration in the season
Loss of available water in the soll

e Long-term stress of forest trees
All of this can (and probably will) result in a change in the distribution of altitudinal forest zones (AFZ2)
(e.g. Vahalik, 2012) so that the proportion of lower AFZs and the tree species occurring in them will
increase dramatically. This will also be related to an increase in the share of allergenic wood species,
which are mostly linked to lower AFZ. Table 2 gives a possible prediction of the development of the
distribution of AFZ at different increases in the average annual temperature and a prediction of
changes in the spread of hornbeam.
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Tab. 2: Model changes in the proportion of altitudinal forest zones in CR according to different GCCH
scenarios with special regard to lowland and lower upland AFZ

Altitudinal forest Proportion i?%:‘;)rests in CR Proportion in landscape in CR (%)
zone Current | +1°C | +2°C | +3°C | Current +1°C +2°C |+3°C
1. Oak 8.3 113 | 249 | 329 12.5 17.0 375 | 495
2. Beech-oak 14.9 24.8 164 | 21.9 15.0 25.0 16.5 | 22.0
3. Oak-beech 18.4 20.2 19.9 | 129 30.0 33.0 325 | 21.0
4. Beech 5.7 46 2.1 1.4 16.0 13.0 6.0 4.0
5. Fir-beech 30.0 11.8 7.9 4.7 19.0 7.5 5.0 3.0
6. Spruce-beech 12.0 8.0 5.3 1.3 4.5 3.0 2.0 0.5
7. Beech-spruce 5.0 3.0 1.3 0.0 2.0 1.2 0.5 0.0
8. Spruce 1.7 0.7 0.0 0.0 0.7 0.3 0.0 0.0
9. Dwarf pine 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.0
1-4 AFZ 47.3 61.0 | 63.4 | 69.0 73.5 88.0 92.5 | 96.5
Hornbeam (%) 1.3 1.7 1.7 1.9 24 29 3.0 3.2

Table 2 shows the potential dramatic increment of lowland and lower upland AFZ proportions when
specific climatic scenarios come true. | hand with the changes in the AFZ proportions will come an
increment of the hornbeam proportion.

Discussion and conclusion

Climate change will certainly cause fundamental changes in the composition of the forests of the
Czech Republic, or in the distribution of tree species in general (but that is for another and longer
lecture). These changes will not only be in the species composition but also in the spatial structure of
the forests, including geographical changes in the distribution of altitudinal forest zones. Social
changes will be reflected in this change, not only in connection with the effects of GCCH.

The prediction of the development of the representation of the main allergenic tree species in
connection with the impacts of GCCH in Czech forests can be as follows:

e The concept of "natural forests" will be replaced by the concept of "adapted forests".

e The representation of birch in forests will not change in the long-term time scale (2.8%)

e The representation of alder (1.7%) will probably decrease due to the general drying out of
forests, the prediction of 0.6% is realistic in a horizon of about 20 years.

e The representation of hornbeam (1.3%) will probably increase as a result of the application of
adapted forests, changes in the scope of LVS and as a result of its resistance to the impacts
of GKZ, the total proportion may be up to 3% in the next 20 years.

e A significant change in the composition of allergenic pollen can thus be expected in about 40
years.

Outside of lands purposed for the fulfillment of forest functions, the following can be expected:

e Significant increase in the proportion of hornbeams in the so-called scattered landscape
greenery up to altitudes of around 450 m above sea level (5% maybe more).

e Preservation of the proportion of alder as especially the basic type of vegetation
accompanying watercourses (2.4%).

e Reduction in the proportion of birch (4.2%).
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Souhrn

Clanek se zabyva potencialni zmé&nou proporci zastopupeni alergennich dfevin jakzto driveru
negativniho vlivu lesi na rekreaci, resp. zdravi obyvatelstva obecné, v dusledku zmény pridmérnych
teplot jakzto diisledek klimatické zmény.

Na uzemi stfedni Evropy lze za vyznamné alergenni dfeviny povazovat predevSim habr obecny
(Carpinus betulus), bfizy (Betula sp.) a olSe, zejména olSi lepkavou (Alnus glutinosa). Scénafe vyvoje
klimatu publikované Mezinarodnim panelem pro zménu klimatu (IPCC) do roku 2100 naznacuji, Zze s
trendem zvySovani teploty vzduchu dojde k vyrazné zméné stanovistnich podminek nasich lesl a tim
pravdépodobné i ke zméné jejich struktury. Lze pfedpokladat, Ze zména struktury lesti bude znamenat
mimo jiné i zvy$eni podilu listnadd. Clanek naznaduje mozny vyvoj zastoupeni alergennich dfevin na
uzemi CR a vliv tohoto vyvoje na rekreacni a zdravotné-hygienicky potencial lest v blizké budoucnosti
vtom smyslu, Ze koncept ,pfirozenych lesi“ bude nahrazen konceptem ,adaptovanych lesu*,
zastoupeni bfizy v lesich se v dlouhodobém ¢asovém méfitku nezméni (2,8%), zastoupeni olSe (1,7%
) se pravdépodobné snizi v disledku obecného vysychani lesti a zastoupeni habru (1,3%)
pravdépodobné vzroste v dlsledku aplikace adaptovanych lesd, zmény rozsahu LVS a v dusledku
jeho odolnosti proti dopadum GKZ. Signifikantni zménu slozeni alergennich pyli z lesu (PUPFLu) Ize
oCekavat za cca 40 let. Mimo pozemky uréené k plnéni funkci lesa Ize oCekavat vyrazny narust
proporce habru v tzv. rozptylené krajinné zeleni, a to az do nadmorskych vySek kolem 450 m n. m.
(5% mozna vice), zachovani proporce olSe jako zejména zakladniho druhu vegetaénich doprovodu
vodnich toku (2,4 %) a sniZeni proporce bfizy (4,2 %).
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