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Welcome in Beskydy Mts. 
 
 
 
Dear friends, honoured guests, it is really big pleasure to me to welcome You here in a beautiful 
part of the Czech Republic, The Beskydy Mts. Beskydy are located in the Nord-western  part 
of the Carpathian Mts. This area is characterized by  beautiful  deep forests, specific culture and 
clean environment. 

In this year our institute is celebrating the 20th anniversary of intensive research regarding global 
change, carbon cycle and ecophysiology of production processes in plants, all these topics are 
realized here in the Beskydy Mts. 

Conference „Quo vaditis agriculture, forestry and society under Global Change? is a perfect 
opportunity to meet together and to see what is going on in the field of our professional interest. 
I am really glad to see you all here, I will have the opportunity to hear your contributions and 
to share the  atmosphere of  delightful scientific conference with you. 

I wish You all a nice stay, fruitful conference and pleasant time.  

 

 

 

Yours Michal V. Marek  
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Are we still living in a carbon limited world? 
 
Körner C. 
 
Institute of Botany, University of Basel, Schönbeinstrasse 6, 4056 Basel, Switzerland  
 
Since the discovery of photosynthetic gas exchange more than 200 years ago, it became an 
unquestioned paradigm that CO2 uptake controls plant growth. Crop physiologists where 
among the first to question this idea in the 1970s. Meanwhile it became established knowledge 
that carbon can only be incorporated in plant biomass to the extent chemical elements other 
than C permit. This means that the provision of nutrients allows meristems to build new tissue, 
with carbon downloaded from the phloem pipeline on demand. If there is no demand, 
photosynthetic products will accumulate in chloroplasts and induce end product inhibition, 
followed by down tuning of photosynthetic capacity. In essence, this means that growth controls 
photosynthesis and not the other way round. 
 
This insight has far ranging consequences. It means that photosynthesis is not a driving, but a 
driven process. For modellers, this means that the causality is not the one currently employed, 
explaining the great difficulties in predicting future ecosystem responses to rising CO2. For 
experimentalists this means that they can 'produce' almost any CO2-'fertilization' effect by the 
way they set the nutrient provision for plants. Central questions are how to define nutrition, 
what controls the fraction of nutrients in the soil that participates in the nutrient cycle versus 
those silenced in the recalcitrant soil organic matter pool, and how can the intrinsic light 
limitation of photosynthesis in plant canopies be brought in line with this concept of growth 
control. It seems, we need to depart from the vision that LAI is set by carbon demand only, but 
has evolutionary causes that include competition, herbivory tolerance and nutrient storage. 
 
Not surprisingly, the 4 only existing data sets for undisturbed natural forests show no growth 
stimulation in response to elevated CO2. Even plantations eventually arrive at CO2 saturation if 
no nutrients are added. Long term tree ring data from both tropical and boreal forests also do 
not indicate responses to atmospheric CO2 enrichment. It remains unresolved where the 
currently missing ca. 20 g C m-2 a-1 in the global carbon balance are sequestered. In large, the 
current biosphere is, or is very close to being carbon saturated. Research needs to be re-focussed 
on questions related to the nutrient cycle and processes regarding the direct environmental 
influences on tissue formation. For instance, under drought, tissue formation is far more 
sensitive to water deficit than stomata, causing carbohydrates to accumulate.  
 
 
 
 
 
 
 
References  
Fatichi S, Leuzinger S, Körner C (2013) Moving beyond photosynthesis: from carbon source to sink-
driven vegetation modeling. New Phytol 201:1086-1095 
Klein T, et al. (2016) Growth and carbon relations of mature Picea abies trees under 5 years of free-air 
CO2 enrichment. J Ecol 104:1720-1733 
Körner C (2015) Paradigm shift in plant growth control. Curr Opin Plant Biol 25:107-114 
Muller B, et al. (2011) Water deficits uncouple growth from photosynthesis, increase C content, and 
modify the relationships between C and growth in sink organs. J Exp Bot 62:1715-1729 
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Economics and marketing of ecosystem services: experiences, challenges and 
opportunities 
 
Masiero, M. 
 
Department of Land, Environment, Agriculture and Forestry, University of Padova – Viale 
dell’Università, 16, 35020 Legnqro (PD) - Italy  
 
The Paris Agreement (2015) has placed forests centre-stage within the framework of climate 
change policies. Forests contribute to carbon emissions when cleared, degraded or even 
abandoned, they are sensitive to changing climate conditions, and – if responsibly managed – 
can remove carbon from the atmosphere and store it in standing trees and long-lasting wood 
products, as well as offer woodfuels as an alternative to fossil fuels. The forest sector can 
provide mitigation options that are more time and cost effective than options in other sectors 
(FAO, 2016) while delivering co-benefits as (multiple) ecosystem services (ES) (e.g. water 
purification, biodiversity conservation, recreational opportunities, etc.). 
Policy tools to support multifunctional forestry and the provision of ES have traditionally been 
distinguished into sticks – i.e. command & control –, carrots – i.e. incentives –, and sermons – 
i.e. information & support – (Bemelmans-Videc et al., 1998). Carrots, under the form of market-
based instruments (MBIs), gained prominence in discourses and practice in the last decade 
(Pyrard and Lapeyre, 2014) and among them special emphasis has been given to payments for 
ES (PES) (Wunder, 2005). The number of “pure” PES implemented in the field however 
remains limited, while many spurious mechanisms (quasi-PES or PES-like) have been 
developed. In their last reports, Ecosystem Marketplace (2017) tracked about 900 Million USD 
forest carbon finance commitments, 25 Billion USD on payments for green infrastructure for 
water and 2 to 3 Billion USD in biodiversity projects and markets. In many cases ES are 
bundled, i.e. multiple services are offered together or combined in a single credit. 
Although MBIs (and in particular PES) gained strong attention within the research and policy 
arena, their development continues to pose severe challenges. These include (among others) the 
identification of linkages between ecosystem management and ES provision, quantification and 
valuing of ES, setting of transaction mechanisms, equity and distributional effects, transaction 
costs and also ethical concerns on the “financialization” of nature. Nonetheless PES move in 
the same direction as emerging demand for new services from natural resources and increasing 
social needs and societal challenges that call for new management solutions and governance 
arrangements among multiple actors, building on social innovation and nature-based solutions. 
 
 
 
 
 
 
References  
Ecosystem Marketplace (2017) www.ecosystemmarketplace.com (Accessed 05th Oct 2017) 
FAO (2016) Forestry for a low-carbon future. Integrating forests and wood products in climate change 
strategies. Food and Agriculture Organization of the United Nations, Rome. 
Bemelmans-Videc ML, Rist RC, Vedung E (1998) Carrots, sticks and sermons: policy Instruments and 
their evaluation. Piscataway, New Jersey (USA). 
Pirard R, Lapeyre (2014) Classifying market-based instruments for ecosystem services: a guide to the 
literature jungle. Ecosystem Services 9: 106-114.   
Wunder S (2005). Payments for environmental services: some nuts and bolts. CIFOR Occasional Paper 
No. 42. Centre for International Forestry Research, Bogor (Indonesia). 
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Future trade-offs between agricultural expansion, intensification and global 
biodiversity 
 
Václavík, T.1,2, Delzeit, R.3, Zabel, F.4, Seppelt, R.1,5,6 

 
1 UFZ – Helmholtz Centre for Environmental Research, Department of Computational Landscape 
Ecology, 04318 Leipzig, DE 
2 Palacký University Olomouc, Department of Ecology and Environmental Sciences, Faculty of Science, 
78371 Olomouc, CZ 
3 Kiel Institute for the World Economy, 24105 Kiel, DE 
4 Ludwig Maximilians University, Department of Geography, 80333 Munich, DE 
5 iDiv – German Centre for Integrative Biodiversity Research, Halle-Jena-Leipzig, 04103 Leipzig, DE 
6 Martin-Luther-University Halle-Wittenberg, Institute of Geoscience & Geography, 06099 Halle 
(Saale), DE 
 
Agriculture is the primary driver of terrestrial biodiversity loss. With the global crop demand 
estimated to double by 2050, agricultural expansion and intensification will continue increasing 
rapidly. However, the future trade-offs between providing sufficient food for a growing 
population and conserving biological diversity remain unclear, as they are driven by various 
biophysical and socio-economic parameters at different scales. In this study, we investigate 
these trade-offs by using a three-step interdisciplinary approach. We examine (i) how the 
expected global cropland expansion and intensification might affect agricultural production and 
prices, (ii) where conditions are suitable for cropland expansion and intensification under 
changing climate conditions, and (iii) whether these increases in agricultural production would 
affect areas of high biodiversity value or conservation importance. Our results show that on one 
hand, allowing the expansion and intensification of cropland generally results in an improved 
food security not only in regions where crop production rises, but also in net importing 
countries. On the other hand, the estimated increases in agricultural production may exert 
pressure in many regions that are crucial for biodiversity protection. We identify these hotspots 
of potential conflict areas and discuss our findings in the context of Sustainable Development 
Goals (SDGs) designed to implement sustainable pathways for increasing agricultural 
production while conserving biodiversity and ecosystem services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgement 
This research is funded by the German Federal Ministry of Education and Research (Grant 01LL0901A: 
Global Assessment of Land Use Dynamics, Greenhouse Gas Emissions and Ecosystem Services—
GLUES). 
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Observed and predicted changes in the water balance of the Czech landscape 
– facts and some consequences 
 
Trnka, M.1,2, Vizina, A.3, Hanel, M.3,4, Balek, J.1, Hlavinka, P.1, Semerádová, D.1, Možný, M.5, 
Chuchma, F.5, Farda, A.1, Skalák, P.1, Brázdil, R.1, Dobrovolný, P.1, Zahradníček, P.1,5, 
Štěpánek, P.1,5, Janouš, D.1, Cienciala, E.6, Žalud, Z.1,2 

 
1Global Change Research Institute AS CR v.v.i, mirek_trnka@yahoo.com, tel. 725950927 
2Mendel University in Brno 
3Water Research Institute of the TGM v.v.i. 
4Czech Agricultural university 
5Czech Hydrometeorological Institute 
6Institute of Forest Ecosystem Research, Ltd 

 
The quantification of changes in water requirements and the outlook for coming decades 
corresponds to the recommendation of the recent strategic documents. The water requirements 
for agriculture were estimated at 500x500 m grid for the entire territory of the Czech Republic 
based on daily weather data, slope and aspect, soil water holding capacity and potential 
influence of groundwater. The estimates included also vegetation dynamics as well as sowing 
/ sowing / sensitive period / harvest timing in relation to the weather patterns of the given year 
and other key factors influencing the water need (e.g. varying leaf area and root depth). The 
effect of increasing ambient CO2 on the water regime of plants was also included. The available 
water resources were estimated on the basis of the BILAN monthly balance model, and the 
impacts of both the water management system and actual withdrawals and discharges were 
taken into account in the calculations. Compatibility between the BILAN and SoilClim 
parameters was ensured by their integration. For better interpretability, the management of 
water resources and their availability has been analyzed both at the level of individual 
catchments and their integration. The findings for the period from 1956 to 2016 clearly shows 
tendency towards more frequent and severe droughts toward the end of the period and with 
major drought events occurring during 1990´s. It also showed the severity of 1947 event that is 
however comparable to those observed in 2003 and 2015. The projections for the upcoming 
decades clearly indicate much higher probability of both agricultural and hydrological drought. 
When the modelling cascade was used to assess adequacy of water resources for the current 
level of withdrawals and consumptions it became clear that in some catchments (e.g. Thaya 
river) would not have sufficient resources to meet the demand even during mild drought 
episodes by 2030´s.  
Increase of dryness in the landscape will clearly impact the production function of both 
agriculture and forestry. Less researched is the risk of occurrence of wildfires that would have 
significant consequences not only on the production but also safety and carbon balance. The 
above described system has been modified to assess changes in the fire-weather probability of 
occurrence under present and future climate. The differences for the individual regions as well 
as landuse types has been assessed at the 500 m resolution. There is significant increase in the 
occurrence of days with highly suitable fire weather conditions in next two decades. Such 
changes will most likely lead to measurable increase in the actual wildfire occurrence, their 
mean area as well as overall damages. Given the observed trends in the soil moisture and overall 
conditions during recent decades it is not surprising that south Moravia is tipped to be the 
national wild-fire hot-spot during coming decades. 
 
 

mailto:mirek_trnka@yahoo.com
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Soil hydraulic properties under conventional and conservation tillage – a 
study on seasonal variations and treatment-induced changes 
 
Kreiselmeier, J.1,2*, Chandrasekhar, P.1,2, Weninger, T.3, Julich, S.2, Feger, K.-H.2, Schwen, A.3, 
Schwärzel, K.1 

 
1 United Nations University, Institute for Integrated Management of Material Fluxes and of Resources, 
Ammonstrasse 74, 01067 Dresden, DE  
2 Technische Universität Dresden, Institute of Soil Science and Site Ecology, Pienner Strasse 19, 01737 
Tharandt, DE 
3 University of Natural Resources and Life Sciences, Institute of Hydraulics and Rural Water 
Management, Muthgasse 18, 1190 Vienna, AT 
*Corresponding author: kreiselmeier@unu.edu 
 
Conservation tillage techniques, such as mulch tillage and direct seeding, have become popular 
measures to reduce soil erosion (Lal et al., 2007). A reduction in tillage intensity has an effect 
on soil structure and with this, the soil hydraulic properties (SHP), such as infiltration and water 
retention capacities. These alterations not only occur due to the management applied, but also 
undergo seasonal variations influenced by climatic conditions and other environmental factors 
(Strudley et al., 2008). Numerical modeling as a means of evaluating and monitoring the impact 
of adaptation strategies on the resources soil and water rely on an accurate representation of 
SHP. Yet, often time-invariant SHP are used which may lead to incorrect planning. It has been 
shown that considering time-variable SHP can improve modeling results, but it requires field 
data as a basis (Alletto and Coquet, 2009). 
Therefore, our study investigated and quantified these temporal variations during one winter 
wheat growing period on a long-term tillage experiment in eastern Germany. SHP were 
frequently determined through field and lab measurements on three tillage treatment plots with 
(i) conventional tillage (CT; moldboard plow), (ii) reduced tillage (RT; cultivator) and (iii) no-
tillage (NT; direct drill). Methods included infiltration measurements using a hood infiltrometer 
near saturation and transient evaporation experiments to determine the soil moisture 
characteristic on more than 180 soil cores. 
Results after one year of observation revealed considerable differences in SHP both between 
treatments and with time. Soil under NT exhibited the least temporal variation with higher water 
retention capacity and lower (near-) saturated conductivities compared to RT and CT. Seasonal 
variations were strongly expressed on RT and CT owing to consolidation of soil after tillage 
and environmental factors such as weather events and biological activity. From the determined 
retention and conductivity data we can obtain pore size distributions (PSD) for different times 
of the year. Evolution of these PSD may then be modeled using an approach by Or et al. (2000). 
This way an evaluation of the effects of conservational tillage adaptation and seasonal 
variations on the water fluxes can be made. 
 
 
References 
Alletto L, Coquet Y (2009) Geoderma 152, 85–94. 
Lal R., Reicosky DC, Hanson, JD (2007) Soil Tillage Res. 93, 1–12. 
Or D, Leij FJ, Snyder V, Ghezzehei TA (2000) Water Resour. Res. 36, 1641–1652. 
Strudley M, Green T, Ascoughii J, (2008) Soil Tillage Res. 99, 4–48. 
 
Acknowledgement 
Supported by German Research Foundation (DFG) under grant No SCHW 1448/6-1, FE 504/11-1 and 
the Austrian Science Fund (FWF) under I-2122 B16. 



11 
 

Autotrophic and heterotrophic contribution to soil CO2 efflux in maize 
stands 
 
Balogh, J.1, de Luca, G.1, Mészáros, Á.1, Gecse, B.1, Fóti, S.1, Pintér, K.1, Nagy, Z.1 

 
1 Institute of Botany and Ecophysiology, Szent István University, 2100 Gödöllő, Hungary 
 
We conducted manipulation experiments in lab environment to be able to detect the effects of 
the plant physiological variables (CO2 uptake and transpiration) on soil CO2 efflux. Plant 
individuals were planted into soil samples in small pots. Transpiration manipulation was done 
by regulating vapour pressure of the air around the plant canopy (rh+ treatment). Photosynthesis 
manipulation consisted of programmed absence of light (dark treatment). 
Maize plants (C4 photosynthesis) were grown for four weeks in plastic tubes (20 cm height, 11 
cm diameter) filled up with sieved C3 grassland soil (15 cm soil column). The upper 5 cm of 
the tubes served as gas exchange chamber. A Picarro G1101-i gas analyzer (CRDS) was 
attached to a 5-chamber soil respiration system (SRS) in open dynamic through-flow system. 
The CRDS system measured the isotopic composition of the air from the chambers for 3 
minutes and in the reference air for another 3 minutes. Thus, the isotopic measurements of 5 
chambers took 30 minutes in a single cycle. Keeling-plot approach was also used to calculate 
the isotopic signals of the sources. The CRDS operated in closed mode in that case. 
Soil CO2 efflux was lower by about 20% in the dark samples as compared to the control at the 
beginning of the measurements. It started to increase after 2 hours of exposition to light. δ13C 
values of dark treatment were also lower than in the control treatment. These observations 
suggest that the autotrophic component of soil respiration was lower in the dark samples due to 
the lack of photosynthetic assimilates. There was a quick response of soil respiration to light, 
therefore the time lag between photosynthesis and soil respiration could be short (~2 hours) in 
this plant type and size (Kuzyakov and Gavrichkova, 2010). 
δ13C values of rh+ treatment were higher than in the control treatment. The slight increase in 
delta values suggested that the share of the autotrophic component in soil CO2 efflux increased 
due to the treatment. The reason could be a decrease in the CO2 transport within the inhibited 
transpiration stream (Bloemen et al., 2013). 
The results by the Keeling-plot approach were similar to the results of the measurements in 
open system, that is, elevated vapor pressure (rh+) significantly increased, while the lack of 
photosynthesis (dark) slightly decreased the δ13C values of soil respiration.  
These observations confirm that the plant physiological variables could significantly modify 
the share of the autotrophic component in soil CO2 efflux. 
 
 
 
 
 
 
 
 
References  
Bloemen, J., McGuire, M.A., Aubrey, et al. (2013) New Phytol. 197, 555–65. 
Kuzyakov, Y., Gavrichkova, O. (2010) Glob. Chang. Biol. 16, 3386–3406. 
 
Acknowledgement 
Supported by the ÚNKP-17-1 New National Excellence Program of the Ministry of Human Capacities 
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Interactive effects of environmental drivers may alter the crop responses to 
expected climate change  
 
Klem, K.1,*, Holub, P.1, Urban, O.1, Trnka, M.1  
 
1 Global Change Research Institute, Belidla 4a, 603 00 Brno, CZ  
 
The interactions of environmental drivers may result in a variety of responses in the crop 
metabolism, physiology and production and make thus difficult prediction of future climate 
change impacts.   Although an additive effect of two factors is often considered in modelling 
studies, which means the simple sum of responses to individual factors, synergistic or 
antagonistic interactions are also often occurring, resulting in unexpected increase or decrease 
of the response to the main factor. Additionally, more complex types of interactions can be 
observed in the case of non-linear responses which may even lead to complete change of the 
relationship.  
The main drivers for which the interactions can significantly affect plant response include in 
particular elevated CO2 concentration, air temperature, UV radiation and/or changes in water 
and nitrogen availability. Within open-top chamber experiment we have demonstrated that 
physiological and production responses of winter wheat and spring barley to elevated CO2 
concentration are substantially modified by UV radiation, drought stress and nitrogen 
availability. Elevated CO2 concentration generally increased the photosynthetic rate and 
production of assimilates. Whereas high nitrogen level increased the stimulatory effect of 
elevated CO2 concentration on the above-ground biomass and grain yield, high UV radiation 
reduced the enhancement effect of CO2. Drought generally stimulated a positive effect of 
elevated CO2 on photosynthesis and production particularly due to an increased water use 
efficiency; however, this interaction varied among years. Higher accumulation of starch in the 
grain under elevated CO2 concentration led to an unbalanced proportion to the protein and to 
decrease of its relative content in grain. Similarly to grain yield and above ground biomass also 
the decrease of protein content under elevated CO2 concentration was considerably affected by 
interaction with nitrogen, UV radiation and water availability.  
One of the key environmental driver that can alter the wheat productivity under ongoing climate 
change is a high temperature during anthesis. High temperature episodes are frequently 
accompanied by reduced water availability; however, the interactive effects of these drivers are 
still not well understood. The results of growth chamber experiment revealed that air 
temperatures in the range of 26-41°C accompanied by a reduced water availability during wheat 
anthesis shifts sensitivity of grain formation to lower temperatures. Such interaction can be 
attributed to a reduced cooling by transpiration as demonstrated by an infrared thermal imaging. 
Based on these two experiments we try to demonstrate an importance of interactive effects and 
multifactorial impact studies for an accurate prediction of climate change impacts and also for 
the development of adaptation measures.  
 
 
 
 
 
 
Acknowledgement 
This work was supported by the Ministry of Agriculture (NAZV), project no. QJ153037, Ministry of 
Education, Youth and Sports of CR within the National Sustainability Program I (grant number 
LO1415) and by CzeCOS ProCES project (grant no. CZ.02.1.01/0.0/0.0/16_013/0001609). 
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Potential of flux-variance and surface renewal methods for energy fluxes 
measurements at agricultural and forest surfaces 
 
Fischer, M.1,2*, Katul, G.3, Noormets, A.2, Pozníková, G.1, Domec, J.2, Trnka, M.1, King, J. S.2 

 
1 Global Change Research Institute CAS, Bělidla 4a, 603 00 Brno, CZ  
2 Department of Forestry and Environmental Resources, North Carolina State University, Raleigh, NC 
27695, USA 
3 Nicholas School of the Environment, Duke University, Durham, North Carolina 27708, USA 
 
Two alternative micrometeorological methods, flux-variance (FV) and surface renewal (SR), 
based on measurements of high-frequency (10 Hz) temperature fluctuation, were tested against 
eddy covariance (EC) sensible heat flux (H) measurements at three sites representing 
agricultural, agroforestry and forestry systems. In terms of measurement setup, these sites 
represented surface, roughness and roughness to surface transitional layer, respectively. The 
theory of FV follows the generally accepted relations between scalar variance, scalar non-
dimensional scale and scalar universal function. The theory behind FV is well developed, yet 
mixed results have been presented in the literature applying FV over heterogenous surfaces or 
within the roughness sublayer. SR represents more recent method relying on the main premise 
that the coherent structures, observable in the time-series as ramp-cliff pattern, dominate in the 
flux transport. Objective identification of the mean ramp amplitude and duration from the scalar 
time-series is an attractive avenue to determine the scalar flux.  In contrast to FV, the theory of 
SR is still under development and several perspectives exist. The main aim of this study was to 
evaluate several existing methods of FV and SR and to reveal the connections between these 
two different techniques and their different theoretical perspectives. As expected, the best 
agreement of all methods was in the surface layer, whilst it was the worst in the roughness 
sublayer. Although H from FV and SR can be obtained only from the temperature 
measurements (i.e. free convection version of FV, and SR based only on coherent structures 
from the low-frequency end of spectra), we found a significant improvement when the 
horizontal wind speed and iterative procedure to estimate the stability parameter was used. With 
this additional measurement, the agreement with EC was within 20% across all the three 
investigated surfaces with systematic overestimation by both FV and SR. It was previously 
hypothesized that due to no-Gaussian properties of temperature statistics, the stability 
parameter can be estimated from the temperature skewness. Our results indicated that this 
relation is not robust and cannot be used for reliable flux estimates and that using a site specific 
typical value (median) of the stability parameter is leading to more reliable and acceptable 
outputs. However, we do not completely reject this hypothesis and continue to search for other 
potential stability parameter proxies. We suggest that parallel deployment of FV and SR is 
useful since both methods require same instrumentation while they are based on different 
theories. Therefore, the agreement between FV and SR increases the confidence in the obtained 
results and vice versa.  Despite that, we do not recommend to design experiments relying only 
on FV and SR without any validation by independent method.   
 
 
 
 
Acknowledgement 
The study was funded by USDA NIFA-AFRI Sustainable Bioenergy grant number 2011-67009-20089 
and by the Ministry of Education, Youth and Sports of the Czech Republic within the National 
Sustainability Program I, grant number LO1415. 
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Long time series of eddy flux data over a dry grassland under precipitation 
extremes 
 
Nagy, Z.1, Pintér, K.1, Balogh, J.1 

 
1Institute of Botany and Ecophysiology, Szent István University, Pater 1., Gödöllő, Hungary 
 
Interannual and seasonal variation in fourteen years time series of Net Ecosystem Exchange 
(NEE) and Ecosystem Respiration (Reco) and Gross Primary Production (GPP) data over a dry 
grassland (Bugac, Hu-BUG, Kiskunság Nationak Park, Hungary) was investigated. Annual 
NEE ranged between -236 gCm-2year-1 and 62 gCm-2year-1 (mean: -93 gCm-2year-1, standard 
deviation: 98 gCm-2year-1) during the study period with 3 source years (2003, 2007, 2009). In 
two of the source years the losses were larger than the uncertainties of annual NEEs, . Annual 
NEE sum was largely determined by annual precipitation sum (SPa). Source sink transition as 
a function of SPa shows up at annual prec sums 10% (similar to 50 mm) below the average SPa 
and shows a steep gradient around this threshold. Sink activity increase with SPa increase in 
wetter years is moderate (saturating response at similar to 10% above average SPa). Memory 
effect from extreme wet years manifested in drought alleviating effect – shown by more 
negative than expected annual NEE at a given SPa - in the first and to some degree also in the 
second drought year following the wet extreme.  
Assimilation proved to be more responsive to water supply than Reco, shown by the responses 
also at the higher end of the GPP (Reco) vs ET relationships. Source activity during July and 
August contributed up to 60% of annual net source strengths (Pinter ate al.,2010., Nagy et al. 
2011). Summer source activity occurred under serious drougth as well as under mild (or no) 
drought, suggesting dominant role the heterotrophic respiration component (Balogh et al., 
2017). 
 
 
 
 
 
 
 
 
 
 
 
References 
Pintér, K., Balogh, J., Nagy, Z., 2010. Ecosystem scale carbon dioxide balance of two grasslands in 
Hungary under different weather conditions. Acta Biol. Hung. 61, 130–135. 
Nagy, Z., Barcza, Z., Horváth, L., Balogh, J., Hagyó, A., Káposztás, N., Grosz, B., Machon, A., Pintér, 
K., 2011. Measurements and estimations of biosphere-atmosphere exchange of greenhouse gases. Part 
II, Chapter 6: Grasslands, in: Haszpra, L. (Ed.), Atmospheric Greenhouse Gases: The Hungarian 
Perspective. Springer Netherlands, Dordrecht; London; New York, pp. 91–120. 
Balogh, J., Papp, M., Pintér, K., Fóti, S., Posta, K., Eugster, W., Nagy, Z., 2016. Autotrophic component 
of soil respiration is repressed by drought more than the heterotrophic one in dry grasslands. 
Biogeosciences 13, 5171–5182. 
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Imaging spectroscopy for ground water protection in a watershed with 
intensive agricultural land use 
 
Zemek, F.1, Pikl, M.1, Rodriguez-Moreno, F.1 

 
1Global Change Research Institute, Bělidla 986/4a, 603 00 Brno, CZ  
 
The objective of this study was to identify the areas with high risk of nitrogen (N) leaching to 
underground water in arable land of a catchment cca 200 km2 in size. The underground water 
is the main source of drinking water for the Brno city, Czech Rep. It represents an irreplaceable 
treasure both for people living in the city and the region. Special attention must be paid to its 
reasonable exploitation and protection from pollution. The latter is related to the human 
activities carried out in the areas feeding aquifers. Intensive agriculture practices on arable land 
can endanger ground waters through the infiltration of pesticides and fertilizers, especially 
different forms of nitrogen.  
We tested a hypothesis that the sites where nitrogen can potentially leach into underground 
water can be identified through the spectral features of wheat canopy obtained from airborne 
hyperspectral (HS) and/or Sentinel-2 multispectral data. 
Because nitrogen infiltration can result from a specific combination of geological, soil, and 
orographic properties we analysed two categories of data to meet the goal.   
The first one, GIS maps of respective entities, represents “conservative” factors, namely 
orographic features derived from a digital elevation model and properties of bedrocks and soils. 
The second category covers dynamic features, i.e. manifestation of structural and biochemical 
properties of wheat biomass, measured over two vegetation seasons, as a response to soil, 
moisture and nutrition status. Here we used airborne visible and short-infrared hyperspectral 
(CASI sensor) data, satellite multispectral data (Sentinel-2), and the results of biochemical 
analyses of plants from field sampling in order to: 1/ detect heterogeneity of wheat canopy 
biomass within each field; and 2/ quantify the contents of chlorophyll/nitrogen in plants and 
heterogeneity in the fields. 
From the multilayer analyses of slope, topographic wetness index, hydraulic conductivity of 
rocks, and infiltration coefficient we categorized the arable land into three classes with different 
vulnerability to fast leaching of water and dissolved substances to the aquifer.  
A hotspot analysis of vegetation indices sensitive to structural parameters of above ground 
biomass (NDVI – Normalized Different Vegetation Index) and the nitrogen contents in abve 
ground biomass (REIP – Red Edge Inflection Point), carried out in each wheat field, revealed: 
1/ the highest spatial variability of selected spectral indicators in the most vulnerable class 
identified on analyses of “conservative” watershed factors; 2/ a spatial connectivity context 
between “hot and cold” places in neighbouring fields no matter what the total concentration of 
N in wheat biomass was; and 3/ the results of hot spot analyses of spectral properties derived 
from multispectral Sentinel-2 data and that calculated from airborne hyperspectral CASI 
display similar spatial patters. This also creates high potential of application of the Sentinel-2 
data in agriculture management and hence protection of underground from improper 
practices. 
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A study performed in the Southern part of the Czech Republic highlights  the 
importance of transport versus local emission in determining the 
concentrations and gradients of VOCs in rural and forest areas of Central 
Europe. 
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Airborne determinations of volatile organic compounds (VOCs) at three to four different levels 
of the atmospheric boundary layer (ABL) were performed by Proton Transfer Reaction – Time 
of Flight - Mass Spectrometer (PTR-MS-TOF) at noon of four summer days in four different 
rural and forest sites of the southern part of Czech Republic, where surface determinations of 
meteorological parameters and gas exchange of CO2 were also performed. The PTR-TOF-MS 
was modified and adapted to fit in a small Cessna Caravan airplane, providing a cheap 
alternative to larger aircrafts. 
Vertical gradients of VOCs were measured in the following daily sequence: Lanzhot (floodplain 
forest), Domaninek (rotation poplar plantation), Bily Kriz (mountain spruce monoculture), and 
Kresin (annual crop agroecosystem). These sites were located in various areas of Southern 
Czech Republic at different altitudes. During these days, different transport conditions and 
vertical structure of the boundary layer were established over the study area, so advection 
occurred from different directions. Data on the vertical structure of the ABL were obtained by 
balloon soundings performed at Prostejov, located at the center of the area investigated, whereas 
information on O3 and NO2 levels were obtained from a 200 m tower located at Kresin. The 
highest concentrations were observed in the first flight, where air masses advected from Austria 
and the forest areas of Slovakia reaching the site of Lanzhot. Only in this day of measurements 
clear gradients of isoprene and its primary (formaldehyde, MAC, MVK) and secondary 
products (hydroxyacetone) were measured, together with those of different other VOCs. This 
occurred because of the plume of isoprene generated by the oak forests of Northern Slovakia 
as well as forest fires occurring in Austria, as indicated by the increase of black particles 
predicted by the NAAPS Global Aerosol model. When the meteorological situation changed, 
and the cleaner air masses were advected over the area from the Northern sector, VOC levels 
went down drastically and very low vertical gradients of isoprenoids were measured, reflecting 
the fact that limited emission of these species occurs in Southern Czech Republic, due to the 
low density of isoprenoid emitting species, as indicated by the land use level 4 maps provided 
by CORINAIR. The only compound with high concentration was methanol, as it comes from 
any type of developing leaves, including crops.   
Due to the small emission of anthropogenic and biogenic VOCs, Southern area of Czech 
Republic seems a particularly suitable area to study the complex transport phenomena occurring 
in Central Europe during summer, when high ozone levels are reached, as well as to study the 
reaction processes of VOCs in the atmosphere. 
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Impacts of global change: lessons learned from the past and challenges for 
the future 
 
Ceulemans, R. 
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Global change encompasses changes in the biosphere, atmosphere, hydrosphere and geosphere 
as well as in the biogeochemical cycles linking them together on our planet Earth. But global 
change also involves the socio-economic components of the biosphere, with changes in land 
use and land cover, changes in population and migration, among others. In the end mankind is 
causing and driving global change by disturbing biogeochemical cycles, by intensively using 
fossil energy sources, by increasing the pressure on land and resources for food production to 
feed the growing global population. Over the past decades we have learned a lot about the 
impacts of global change on the biosphere (agriculture and forestry in particular) and the 
atmosphere, and we are also reflecting on the human dimension of the impact of global change. 
Research infrastructures have become technologically more advanced, time series of 
standardized monitoring efforts have grown and their quality has improved, and large databases 
have been streamlined and fine-tuned. All these innovations offer opportunities to answer new 
research questions, for example through data-mining and meta-analyses as well as through the 
integration of existing long-term monitoring data in generalized conclusions. Most of our 
knowledge of the impacts of global change has been integrated into reliable models that allow 
making the necessary predictions. There are, however, still many research challenges, as the 
study of multiple interactions – potentially synergistic or antagonistic –  among different drivers 
of global change as well as between human activities and global change. Other research 
challenges include the need for the further improvement and the validation of models via 
experimentation, experiments on extreme events, as well as a better understanding of the 
dynamics of land cover and land use changes. We need to cross disciplinary borders; beside 
multi-disciplinary collaboration, we should also learn from innovations in other disciplines. To 
guarantee sustainable life on earth for future generations, we have no choice than to mitigate 
global changes and to act wisely. 
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The role of belowground processes in the response of forest to environmental 
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The response of trees to environmental change is often manifested as a change in growth rate, 
either an increase or decrease. Changes in belowground factors occur either as a direct response 
to the changed environmental parameters or as response to increased or lessened demand for 
resources, for example water or nutrients, by the aboveground parts.  
In a series of experiments to manipulate atmospheric carbon dioxide concentrations or soil 
moisture it has been shown that these factors induce changes in fine root biomass (1, 2), but 
also for atmospheric carbon dioxide concentrations changes in community assemblage of 
ectomycorrhizal taxa (3, 4) . It is unclear whether these changes are a response to environmental 
conditions or a result of changes in tree physiological requirements, such as nutrient demand, 
or provision, such as an increase in tree carbon availability. Changes in the community 
assemblage of ectomycorrhizal taxa under elevated carbon dioxide have been suggested to be 
due to increased carbon availability the roots, however these result are reappraise in light of 
investigations to assess the function of ectomycorrhizal communities (5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
(1) Smith et al. (2013) Global Change Biology. 19, 217–228. 
(2)Göransson et al. (2016) Plant and Soil 48, 285-298. 
(3)Godbold et al. (1997) New Phytologist. 137, 433-440. 
(4)Godbold et al. (2015) Forests 6, 1256-1273. 
(5)Wang et al. (2017) Plant and Soil 411:467–481. 
 
Acknowledgement 
We thank the China scholarship council for support of LW, and a Marie Curie grant GPF333996 
LINKTOFUN to DG. BO was supported by a Eurasia Pacific Uninet Fellowship and Erasmus-Mundus 
Post-Doc mobility grant.  This work was also supported by the Ministry of Education, Youth and Sports 
of CR within the National Sustainability Program NPU I, grant No. LO1415. 



20 
 

Impact of China’s afforestation programs on green and blue water flows: 
Ecohydrological investigations in the Loess Plateau Region 
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Abstract: China produces food for a fifth of the world´s population with only 7% of the world´s 
arable land, although 65% of China´s cultivated land is situated in the dryland region of northern 
and north-western China.  Drylands are defined by their scarcity of water, they include arid, 
semi-arid and semi-humid regions; such water-limited environments occupy about 50% of the 
global land surface, and are often sensitive and prone to change because of limitations in water 
and extreme temporal variability in rainfall. The Loess Plateau in north-western China, an area 
of the size of France, is one such region. It is the cradle of the Chinese civilization because the 
soils formed on loess - a wind-blown deposit - are very fertile and easy to cultivate. Loess soils 
are extremely prone to erosion by water and wind as the centuries of improper management 
have shown. It resulted in degenerated ecosystems and thus in poor local economy. To control 
soil erosion various soil conservation programmes consisting of terracing, construction of check 
dams, and vegetation restoration (notably afforestation) were implemented by the Chinese 
government since the 1950s. Forests were not just established to minimize soil erosion by water 
but also to combat desertification in northern China, a plague that significantly reduces the 
amount of fertile farmland and, thus threatens the sustainable regional development. For this 
reason, the Three North Shelterbelt project – better known as China’s Great Green Wall - was 
established in 1978 to increase the forest coverage rate in the Three North Region (an area of 
1.48 million km2) by up to 15% by 2050. 
While soil erosion and the sediment load of the Yellow River have decreased due to the 
successful established soil conservation measures, water discharge of Asia’s third largest river 
significantly declined. To give an example, the average discharge of the Yellow River during 
2000 to 2010 was only 30% that of the 1950s to 1960s. The projected increase in more frequent 
and more intense droughts and floods, and the increasing demand for water of a society that is 
more prosperous will further exacerbate water supply security in dryland China, and thus 
threaten food security and increasing social vulnerability and instability. 
The forest cover in the Loess plateau was 6% in 1949, and increased to 25.7% in 2010. It is 
generally accepted that the forest cover increase has largely contributed to the decline in water 
resources in northern China because forests evaporate more water than grassland or cropland. 
Against the background that afforestation will be continued by 2050, future forest development 
in the Loess Plateau Region needs to be revised.  
Forest evapotranspiration is composed of several components, such as the canopy and litter 
interception, understory and overstory transpiration, and soil evaporation. This means that 
management induced changes in forest structure will result in a different relative contribution 
of these components to total evapotranspiration. As a consequence, such changes in 
evapotranspiration will also lead to a complex change in water yield. Thus, a better 
understanding of how the forest structure controls partitioning of evaporative fluxes into its 
individual components will be the key for the development of a more water-saving forest 
management in water-limited environments as Northern China. 
Based on measurement and modelling studies, ranging from the plot to the catchment scale, the 
impact of soil conservation measures (notably afforestation) on the hydrologic cycle and its 
components is analysed and assessed. Our study demonstrates that afforestation alters green 
and blue water flows. It is concluded that a more water-conserving land management for 
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balancing soil erosion control and water resource demand needs to be established in the Loess 
Plateau region. Aim of this management should be to increase infiltration and deep percolation 
rate (amount of water leaving the root zone) while minimizing water consumption of vegetation. 
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Norway spruce growth response to changing environment in Central Europe 
since the 1960s 
 
Cienciala, E.1,*, Tumajer, J.1,2, Altman, J.3, Doležal, J.3, Kopáček, J.4, Stěpánek, P.5 

 
1 IFER – Institute of Forest Ecosystem Research, Cs. Armady 655, 254 01 Jílové u Prahy, CZ 
2 Charles University, Faculty of Science, Department of Physical geography and Geoecology, 
Albertov 6, 128 43 Prague, CZ 
3 Institute of Botany of The Czech Academy of Sciences, Zámek 1, 252 43 Průhonice, CZ 
4 Biology Centre CAS, Institute of Hydrobiology, Na Sádkách 7, 370 05, České Budějovice, CZ 
5 Global Change Research Centre, Belidla 4a, 603 00 Brno, CZ  
 
Our contribution focuses on tree growth responses of Norway spruce (Picea abies, L. Karst.) 
to changing environment within the altitudinal gradient of the Czech Republic. The objectives 
were to assess i) growth trends within the past five decades and ii) contribution of the key 
factors in explaining the observed tree growth variability and trend. We used an extensive 
biometrical and dendrochronological measurements within the Czech landscape inventory 
CzechTerra based on a 7 x 7 km grid across the whole Czech Republic, Central Europe 
(Cienciala et al. 2016) and draw our conclusions also from other companion studies performed 
on this material focussing on the recent-historical tree growth analyses (Altman et al. 2017, 
Cienciala et al. 2017, Tumajer et al., 2017). To overcome the limitations arising from the 
importance of tree size/age and competition status for tree grow, we used novel tree ring width 
(TRW) chronologies of 40 (±10)- and 60(±10)-year old trees (Cienciala et al. 2017) that were 
averaged by altitudinal zones (thresholds 500 and 700 m a.s.l). These regional chronologies of 
raw (non-detrended) TRW data served as dependent observations that were analysed using 
General Linear Model (GLM) with the correspondingly averaged plot-specific growth drivers 
including climate variables, N-deposition and ambient CO2 concentration for the period of 
1960s to 2010s. We demonstrate that spruce tree growth significantly increased during this 
period, with tree growth optimum above 700(800) m a.s.l. TRW data also revealed a specific 
growth stagnation in late 1970s corresponding to the period of severe acidification of forest 
ecosystems. GLM analysis showed CO2, spring temperature, seasonal precipitation and N-
deposition (including interaction with altitude) as the major growth drives, explaining about 55 
% of TRW growth variability. Interestingly, the sensitivity analysis indicates a strong effect of 
increasing CO2 concentration on the long-term growth trend. These results should, however, be 
further crosschecked with the possible effect of altered forest management on tree growth since 
1960s. 
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Radial tree growth response indicates different vulnerability of Norway 
spruce and European larch to changing environmental conditions in the 
Tatra Mountains 
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During last 15 years heavy windstorm and consequent bark beetle outbreaks damaged almost 
50% of mature, mostly natural Norway spruce forest in Tatra National Park (Slovakia). 
Regional climate change scenarios project air temperature increase by +2 oC in 2050-2070 
period. Expected warmer climate, shift in precipitation regime and more stormy conditions 
might significantly change forest growth and potential for provision of forest ecosystem 
services.  
In this study we have analysed the influence of environmental conditions on radial growth of 
Norway spruce and European larch, two dominant tree species on south slopes on the Tatra 
Mts.  Study site was located in 900-1100 m a.s.l. Environmental conditions represented 
meteorological records (diurnal air temperature and precipitation) for 1890-2016 period and 
occurrence of large-scale windthrows well documented from 1915. Radial changes were studied 
by two methods on different temporal scale. First, cross sections (n=200) from uprooted trees 
served for annual tree rings width measurement and estimation of long term growth dynamic. 
Second, band dendrometers installed in 2009 on 5 spruces and 5 larches, served for more 
precise, hourly detection of tree circumference changes. 
Both methods revealed several abrupt growth changes. Growth decline detected on cross 
sections was identified after rain-poor seasons and coincided well with standardized 
precipitation index (SPI). Strong positive growth reaction exhibited mostly larch as a response 
to canopy openness after wind disturbances. Norway spruce reacted less spontaneously.   
Band dendrometers served for more precise estimation of tree water status. Based on 
climatologically controlled maximum daily shrinkage (MDS) and tree water deficit (delta w) 
we identified weather situations limiting tree growth. 
Current tree growth indicates more sensitive reaction to environmental condition that it was in 
past.  Surprisingly, more vulnerable to changing conditions seems to be larch, still understood 
as a key species for coniferous stand stability in the Tatra Mountains forest. 
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Effects of elevated CO2 concentration on tree species. What have we learned 
during the past 15 years? 
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Research on impacts of elevated CO2 on the physiology of forest trees started in the Czech 
Republic in 1989 when the Laboratory of Ecological Physiology of Forest Trees at former 
Institute of Landscape Ecology, Czech Academy of Sciences joined an international project 
ECOCRAFT (European Collaboration on CO2 Responses Applied to Forests and Trees) leaded 
by prof. Paul G. Jarvis (University of Edinburgh, Scotland). The research has been focused on 
the investigation of Norway spruce trees – dominant tree species of the Czech Republic – grown 
under mountain conditions. Such specific conditions requested a development of specific 
experimental facilities for the fumigation by elevated CO2 concentration at tree – open-top 
chamber (Janouš et al. 1996) and stand level – glass domes (Urban et al. 2001).  
In 1995, Michal Marek and his colleagues published first paper describing the photosynthetic 
down regulation induced by elevated CO2 concentration. Such acclimation response has been 
later assigned particularly to reduced sink activity, reduced nitrogen content in photosynthetic 
tissues, and reduced activity/amount of Rubisco enzyme. 
Currently, the Laboratory operates smart growth chambers, a farm of open-top chambers, and 
glass domes to investigate interaction of elevated CO2 concentration with other environmental 
drivers connected with climate change (temperature, drought, cloudiness, ultraviolet radiation, 
mineral nutrition supply etc.). In addition, interactive effects of elevated CO2 concentration and 
dynamic light environment on carbon uptake have been investigated. 
Key findings of the past 15 years will be presented during the talk.  
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mechanical properties in Norway spruce under climate change. 
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Xylem fulfils optimization strategies during growth. For efficient water transport, cells with 
large lumina and thin cell walls are needed; mechanical stability demands higher cell wall 
proportions resulting in thick cell walls and small lumina. In conifers, wood exploits the 
efficiency of multitasking. The tracheid functions not only in transport, but also in mechanical 
support.  
In this paper we focus on cell traits – length, diameter, and wall thickness to test a trade-off 
between strength and hydraulic conductivity. Recent advances have clearly demonstrated that 
mechanical forces play a crucial role in cell and organ morphogenesis, which ultimately define 
plant morphology. Mechanical forces have been recognized to influence many biological 
processes. Living cell perceives the state of hydration; and internal mechanical forces due to 
internal growth and mechanical loading. Xylem flow resistance and protection against 
cavitation and wall collapse are widely studied. The mechanical reinforcement in drought 
induced embolism resistant wood is often explained by the stronger negative pressures in the 
conduits (physiological xylem pressures often between 0.1 and 10 MPa). Nevertheless, conduit 
implosion due to negative pressures has never been observed in wood. Therefore, we focused 
one neglected mode of loading, the buckling. This has been identified as another major 
mechanical constraint on cell stability. Safety against buckling is independent of the actual 
environment, it is governing by cell geometry and stiffness characteristic of cell wall. The 
biomechanical background enabled to calculate the critical dimensions that the cell mechanical 
design cannot exceed.  
To tackle these questions, the Norway spruce xylem was used as model structure. Samples 
(cores) were taken from six dominant healthy 90-year-old Norway spruce trees. The radial 
tracheid files were measured on the transversal section to get the radial dimension (15-45 µm) 
and cell-wall thickness (2-6 µm) of the tracheids. A spruce monoculture forest located in the 
Drahanska vrchovina area (49° 29′ 31″ N; 16° 43′ 30″ E, 600-660 m a.s.l.), Czech Republic, 
was chosen as a research plot. 
We have calculated the critical stress given by axial load to tracheid by the Euler formula. A 
conclusion from the calculation is that the buckling load of a cell may be increased by changing 
biomass to one with a higher modulus of elasticity, or changing the design of the cell's cross 
section so as to increase its moment of inertia. The inputs to the model there were constant 
length of tracheid (2500 µm) and cell-wall modulus of elasticity (15 GPa). The uniform critical 
buckling stress (5,5 MPa) for any cell within tree ring was found except the last few cells where 
it dropped to 3,5 MPa. While the diameter of the cell is limited by supply of water mainly, the 
cell-wall thickness increases in proportion to mechanical stability. To maximize conducting 
efficiency for a given mechanical strength, the cell-walls should be as thick as possible. That 
would be determined by the rate and duration of wall growth before the cell differentiate to 
become functional. 
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80-year old temperate pine forest? 
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Any disturbances resulting in a forest functioning changes have an influence on its carbon 
balance. Extreme weather events constitute a huge threat for forestry sector, not only from 
ecological but also economical point of view. Among these phenomena the most dangerous for 
forest ecosystem are strong winds (windstorms, hurricanes or tornadoes), which according to 
e.g. IPCC or Carbo-EXTREME project predictions, will be even more frequent and intense in 
the future as the climate warms. Only in Europe in the last 20 years several cyclones hit the 
continent devastating enormous area of forests: Lothar (1999), Gudrun (2005) or Kyrill (2007). 
Also in Poland, summer 2017 brought a proof that wind-caused damages can have a scale, that 
will influence national forest policy for years. This year in August ca. 40 000 ha of forest in the 
north of the country were knocked down due to hurricane and another  
40 000 severely damaged (information from the official site of the State Forests National Forest 
Holding- SF NFH). At this context our study, aiming at quantitative assessment of the extreme 
weather event damages influence on the near-end-of-rotation temperate pine forest carbon 
balance, seems to fulfil the gap of scientific activities at windthrow disturbed forests.   

Our study presents results of continuous mass and energy fluxes measurements by use of 
the eddy-covariance (EC) technique. The measurements were carried out in the period from 2013 
to 2016 at two research stations: currently reforested windthrow area (Tlen I) and a middle-aged 
pine forest (Tuczno). The habitat at Tlen I (soil type, trees composition, the age class of pine 
forest, etc.), before it was damaged by tornado in July 2012, was similar to that in Tuczno forest. 
That is why we used EC data from that site as the closest analogue of how could the net carbon 
exchange look like at the pine forest which is currently a managed windthrow area (analogue to 
Tlen I before tornado). In the period 2013-2016 the average annual net ecosystem productivity 
(NEP) totals of the middle-aged pine forest in Tuczno was ca. +428 g C ∙ m-2, with the range 
from +360 to +480 g C ∙ m-2. According to the sign convention chosen in this study, positive 
value of NEP means, that the surface in a given time scale was a carbon sink (CO2 absorption is 
greater than its emission), while negative value implies carbon source. At the same time, each 
square meter of reforested windthrow area (Tlen I) has emitted to the atmosphere up to 440 g C. 
Comparing respective annual NEP total values at Tuczno and Tlen I it can be stated, that until 
the fourth year after pine forest damage by extreme weather event, under similar climate and soil 
conditions, the net carbon absorption of regular middle-aged forest could not compensate for a 
net carbon loss at reforested windthrows area. After that time, due to dynamic seedlings growth 
in a wet 2016 vegetation season, this trend has reversed. 
Further studies at reforested windthrown area gives an opportunity to answer other scientific 
questions: how long does it take for the new plantation to “make up for the carbon losses”?  or 
how does the choice of reforestation technique affect the net carbon balance? 
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The implementation of proper practices in forest ecosystem (i.e. thinning, fertilization, 
harvesting) can reduce GHG emissions from atmosphere and increase its role as carbon sink 
through biomass, soil, dead organic matter and litter, contributing to climate change mitigation. 
In this study, we examined the impacts of three different thinning treatments (unthinned, 
traditional and innovative) on GHG emissions from forest soil in two Mediterranean coniferous  
forests in  Italy (Monte Morello, Tuscany) and in Greece (Xanthi) using the static closed 
chamber method.  
The environmental factors, mainly soil temperature and soil moisture, were monitored along 
with the CO2, CH4 and N2O of GHG emissions in each thinning treatment twice per month 
during a year. Seasonal litterfall production was also measured from thinning and unthinned 
areas in order to study its correlation with GHG emissions. Estimation of Global Warming 
Potential (GWP) of GHG emissions for each treatment was assessed, thus giving an initial 
picture of mitigation potential of thinning practices against global climate change.   
The results showed a seasonal variation, in both sites, in soil environmental factors, GHG 
emissions and GWP in thinning treatments. A significant seasonal correlation has also been 
estimated among GHG fluxes and different fractions of litterfall. It is concluded that thinning 
as silvicultural treatment effects strongly on dynamic of GHG exchange between soil forest and 
atmosphere, contributing to climate change mitigation.  
Key words: Greenhouse gases, Global Warming Potential, climate change mitigation  
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During the 20th century forest ecosystems in Central Europe have been seriously damaged and 
soil pools of major nutrients significantly depleted due to long-term deposition of sulphur (S) 
and nitrogen (N) compounds from the atmosphere. The problem is exacerbated by forest 
harvesting, which removes additional amounts of nutrients from the ecosystems, and by 
elevated leaching of nitrates (NO3) and base cations (mostly Ca, Mg, K) from deforested areas. 
On the other hand, harvesting has decreased dry and occult deposition of S and N onto forest 
canopies. At the Uhlířská catchment (Jizera Mts., northern Czech Republic) high S and N 
deposition resulted in forest dieback with deforestation of 50% of catchment area in the 1980´s.  
Concentrations of SO4 in streamwater decreased rapidly, but NO3 as well as dissolved organic 
carbon (DOC) concentrations increased. The pH rose, because the SO4 decline was larger than 
the increase of NO3 and DOC.  In the 1990´s atmospheric deposition decreased by 60-70% due 
to power plant desulfurization; streamwater has continued to recover from acidification.  
Regrowth of Norway spruce in deforested areas (plantation from late 1980´s) has changed 
catchment biogeochemistry by several ways during last decade: (i) streamwater NO3 has 
declined dramatically, (ii) S dry deposition on newly developed canopy has increased, and (iii) 
uptake of base cations (Ca, Mg, K) by the trees has increased. As a result, recovery in the 
catchment has slowed, and streamwater pH has decreased slightly during last three years. 
Application of the biogeochemical model MAGIC suggests further slow re-acidification of this 
sensitive granitic catchment until 2060 as a result of intensive regrowth of Norway spruce 
plantations. During last few years significant reduction of stream runnof (by 30-40%) was also 
observed. The driving mechanisms are enhanced base cation uptake and S dry deposition. This 
process can hampered observed biological recovery of macrozoobentos and newly re-
established (1991) brook trout (Salvelinus fontinalis) population.   
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Global Change Research Institute (GCRI) operates a unique infrastructure of Flying laboratory 
of imaging systems (FLIS) that consists of a photogrammetric aircraft equipped with airborne 
remote sensing instruments, including set of three hyperspectral cameras covering visible, 
shortwave infrared and thermal spectral regions, and a laser scanning system. This 
instrumentation allows retrieving biochemical and structural information about vegetated 
surfaces. High resolution airborne data play an important intermediate role in the process of 
physical scaling from field-to-airborne-to-satellite spectral measurements that helps to interpret 
the spatial and spectral variations in the reflected and/or emitted radiation by vegetation 
canopies.  
The remote sensing department is currently developing a conceptual framework for estimation 
and validation of the Copernicus Sentinel-2 satellite biochemical and structural products, 
particularly leaf chlorophyll content and leaf area index, for European forest ecosystems 
dominated by spruce (Picea abies) and beech (Fagus sylvatica) trees. The estimation of forest 
parameters is based on machine learning inversion of an extensive database of forest spectral 
signatures, which were scaled from leaf up to the canopy level with the Discrete Anisotropic 
Radiative Transfer (DART) model. The maps of estimated vegetation parameters are retrieved 
from both, the airborne and the satellite data. The validation of the Sentinl-2 satellite products 
was attempted through a multi-scale approach, where maps retrieved from high spatial 
resolution airborne imaging spectroscopy data are first verified with ground measurements and 
then compared per pixel for quantitative and spatial similarity with maps obtained from 
Sentinel-2 imagery. 
In this presentation we will introduce the activities of CGRI Remote sensing department and its 
unique infrastructure for airborne imaging spectroscopy. Next, the potential of the infrastructure 
will be demonstrated on proposed framework for quantitative remote sensing of forests from 
leaf to ecosystem levels. Special focus will be given to the Bílý Kříž research site as the only 
CGRI site with 10-year history in imaging spectroscopy. 
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At present, many valuable sources of information are available on a pan-European scale for 
elucidating the cause-effect relationship of global warming on forests. Major climatic 
parameters from 1950 up to the present are carefully amalgamated in ECA&D daily data 
(European Climate Assessment & Dataset) or EOBS gridded dataset (http://www.ecad.eu/). On 
the other hand, proxy methods such as NDVI (Normalized Difference Vegetation Index) are 
very suitable for disclosing intra seasonal variations in vegetation activity over a multi-decadal 
time span. One of the longest chronological series of RS data with global coverage was obtained 
with AVHRR (Advanced Very High-Resolution Radiometer), assimilated into GIMMS 
NDVI3g time series as an improved 8-km normalized difference vegetation index (NDVI) from 
1981 to 2015 (ecocast.arc.nasa.gov). Based on the aforementioned sources of information, the 
aim of this study was to provide insight into climatic development over Europe, and cause – 
effect inference on seasonal vegetation activity (NDVI).  For this purpose, GIMMS NDVI and 
ECA&D datasets (daily precipitation, daily min, max and average temperatures) were pre-
processed and integrated into the joint database with the aid of the R computing environment 
(ncdf4, rgdal, raster, gimms and rts libraries). To ascertain information from solely the forests, 
a vegetation mask based on the Corine LC 2012 (www.eea.europa.eu) was constructed,  and 
forest areas of Central, Eastern, and Southeastern Europe were isolated. The centroids of each 
of the GIMMS forest pixels have been used for further point sampling.  In addition, auxiliary 
data,  such as tree species maps for European forests (http://www.efi.int) and SRTM 90m 
Digital Elevation Database (http://www.cgiar-csi.org/) were added. The obtained data settings 
makes possible diverse types of processing such as (I) Pixel based assessment of seasonal 
(Mann-Kendall) trend; (II) Modeling of the seasonal cause-effect relationship on all or specific 
point forest locations using appropriate statistical learning methods; (III) Further computation 
and amalgamation of extreme climatic indices for locations of interest (warm spells, cold spells, 
extreme precipitation, growing season length…). At the present state of processing, the 
obtained results of this study based on the seasonal raster map analysis provide a clue about the 
increasing NDVI trend in the vegetation period (1.4.-30.10.) for most of Europe except for the 
region of Southeastern Europe, from western Pannonian region up to the Caspian Sea.  A similar 
pattern in raster data can be identified during the winter (DJF), summer (JJA) and autumn 
(SON) seasons, except spring (MAM), where no particular regional trends were identified. In 
ECA&D climatic data from 1981 up to now, there is a very obvious significant increase in 
average temperatures in summer (JJA) and autumn (SON) but no particular precipitation trends 
were detected.  The results of aggregated NDVI and climatic data from 4918 forest locations in 
Central, Eastern and Southeastern Europe show the disclosing pattern of a positive relationship 
of NDVI and temperatures in the winter and spring seasons and to some degree a negative 
relationship in summer and autumn. For precipitation and NDVI data, no particular seasonal 
relationship is evident except for some obvious non-linear positive increase of NDVI caused by 
increasing rainfall in the summer season. 
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A number of regional and global forest related maps are made available recent years. 
Independent validation of these maps becomes an important task. A global map can be good in 
general, but wrong in specific places and/or not appropriate for specific tasks (e.g. forest change 
estimation). We offer three on-line tools, which help users to get an overview of available 
datasets, provide feedback and calculate accuracy metrics. (1) Geo-Wiki.org is a demonstration 
and crowdsourcing platform, which consists of several branches, including land cover, biomass, 
forest, etc. (Fritz et al., 2012). Every branch provides a list of available thematic layers and 
collects feedback in order to improve the maps. (2) Laco-Wiki.net is another on-line tool for 
map validation base on very high resolution imagery provided by Google and Bing (See et al, 
2017). The tool is flexible and allows calculating standard validation metrics, including area 
estimation. (3) Forest-Observation-System.net – a platform to collect and share in-situ forest 
biomass measurements. 
We demonstrate a few applications of mentioned above tools, which results in uncertainties 
assessment of existing maps and producing hybrid maps of a better accuracy. These applications 
include global forest mask for the year 2000 with spatial resolution 1 km (Schepaschenko et al., 
2015a); global map of certified forests for the year 2014, 1 km (Kraxner et al., 2017); forest 
mask of Russia for the year 2010, 230 m (Schepaschenko et al., 2015b); dynamics of tree cover 
in the Moscow region 2000-2013 (Ontikov et al., 2016). 
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Ozone (O3), one on the most phytotoxic air pollutant and greenhouse gas, affects vegetation by 
reducing its growth and carbon sequestration potential (ICP Vegetation, 2011). Its precursors 
are known to be nitrogen oxides, which undergo various reactions catalysed by volatile organic 
compounds resulting in O3 production, particularly under high irradiances. We tested the 
hypothesis that sky conditions modulate O3 flux into forest ecosystems via a modulated 
stomatal conductance. 
Forest selected for this study is a monoculture of Norway spruce (Picea abies) and it is located 
at Bílý Kříž experimental site (NE of the Czech Republic, 908 m a. s. l.). O3 fluxes were derived 
from vertical O3 concentration gradients applying an Inverse Lagrangian Transport Model 
(Raupach, 1989, Juráň et al., 2017). The dataset covers, with small gaps, years 2012–2016 and 
it was split according the season (Spring 1.4.–15.6., Summer 16.6.–31.8., Autumn 1.9–15.11, 
and Winter 16.11.–30.3.) respecting climate specificity of the mountain site. Based on the value 
of diffusion index (DI), the dataset was further separated to days with clear (DI≤0.2), partly-
cloudy (DI=0.5–0.6) and cloudy (DI≥0.9) sky conditions. 
The highest O3 fluxes were found during summer and spring months. Substantially higher 
depositions were found under cloudy and partly-cloudy skies than clear sky conditions in each 
season. To test the hypothesis that high O3 fluxes are associated with high stomatal 
conductance, stomatal conductivity at a canopy level (GScanopy) and gross primary production 
were calculated from eddy-covariance H2O and CO2 fluxes, respectively. Indeed, we have 
found a tight correlation between O3 flux and GScanopy having a substantial hysteresis during 
clear sky days. Path Analysis also revealed a low effect of ozone concentration on O3 fluxes, 
whereas GScanopy effect is substantial. Ozone production was related to the presence of toluene 
transported from Ostrava region and adjacent parts of Poland under sunlit conditions as 
measured by eddy-covariance technique and calculated by HYSPLIT model. Impacts of O3 
pollution on carbon sequestration will be discussed during the presentation. 
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The increase in atmospheric nitrous oxide (N2O) concentration affects global radiative forcing 
consequently leading to changes in the Earth’s climate. Plants are known to emit N2O; however, 
the role of trees in the N2O exchange of forest ecosystems is still an open question. While the 
soils of temperate and boreal forests were shown to be natural sources of N2O, trees have been 
so far overlooked in the forest N2O inventories.  
We determined N2O fluxes in common tree species of boreal and temperate forests: Scots pine 
(Pinus sylvestris), Norway spruce (Picea abies), downy and silver birch (Betula pubescens, B. 
pendula), and European beech (Fagus sylvatica). We investigated (1) whether these tree species 
exchange N2O with the atmosphere under natural field conditions, (2) how the tree N2O fluxes 
contribute to the forest N2O balance, and (3) whether these fluxes show seasonal dynamics.  
The studies were performed in a boreal forest (SMEAR II station, FI; June 2014 - May 2015) 
and in two temperate mountain forests (White Carpathians, CZ; Black Forest, DE; June - July 
2015). Fluxes of N2O in mature tree stems and forest floor were measured using static chamber 
systems followed by chromatographic and photo-acoustic analyses of N2O concentration 
changes. 
Pine, spruce and birch trees were identified as net annual N2O sources. Spruce was found the 
strongest emitter (0.27 mg ha–1 h–1) amounting up to 2.5% of forest floor N2O emissions. All 
these tree species showed a substantial seasonality in stem N2O fluxes, and the seasonality was 
related to the physiological activity of the trees and climatic variables. In contrast, stems of 
beech trees growing at soils consuming N2O may act as a substantial sink of N2O from the 
atmosphere. Consistent N2O consumption by tree stems ranging between −12.1 and −35.2 mg 
ha–1 h–1 and contributing up to 3.4% to the forest floor N2O uptake is a novel finding in 
contrast to current studies presenting plants as N2O emitters. To understand these fluxes, N2O 
exchange of photoautotrophic organisms associated with beech bark (lichens, mosses and 
algae) was quantified. All the organisms were net N2O sinks at full rehydration with 
consumption rates comparable to stem consumption rates. 
We demonstrate that all the studied boreal and temperate tree species contribute to N2O 
exchange in forest ecosystems, and these fluxes should be included in the forest N2O emission 
inventories. 
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In the past, since the first half of the nineteenth century, these forests in the Silesian Beskid and 
the Żywiec Beskid Mountains have been managed for maximizing timber production. Thus, in 
the forests of this area, unlike the rest of the Carpathians region, only one species dominated - 
spruce. It was expected that such stands can be a constant element of the landscape. In the 
second half of the twentieth century forests have been subjected to long-term pressure of 
industrial immissions and other types of human impact as well as climatic disorder like wind 
and low precipitation, high temperature and biotic factors like insects and fungi. Disease 
processes have started, leading to the breakdown of the stands, the intensity of which occurred 
at the turn of the last century. Their consequence was spatial disorder and limitation of all forest 
functions.  
Intensified stand conversion were obtained on the basis of scientific results based on: stand 
health, tree species composition, soil chemistry, water chemistry, nutrient cycling and same 
implications from climatic changes in this region too. Those ecological background for 
silviculture procedures for restoration of forest after spruce decay will allow to achieve stability 
for new forests and restore all its leading and expected social functions, in particular the water 
and soil protection too. This process requires time, costs, and social understanding and 
engagement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In: Ekologiczne i hodowlane uwarunkowania przebudowy drzewostanów świerkowych w 
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The synergistic effect of high air pollution (especially SO2) in the 1970s and 1980s, climatic 
stress and an infestation of weakened forests by the spruce bark beetle led to an extensive 
decline and dieback of Norway spruce forest ecosystems in the Giant Mountains in the Czech 
Republic. In the first half of the 1990s, air pollution began to decrease and forests have started 
to regenerate their ecosystem functions. Our aim was to assess the regeneration capability of 
Norway spruce in a tree-line ecotone as their adaptation response to climate change. Since 2014 
we have studied the main driving factors which affected Norway spruce regeneration, especially 
soil condition, vegetation cover, forest health condition and in 2016 we have started to measure 
microclimatic parameters on the lowest and highest forest plots of our tree-line ecotone. All 
measurements were done in 24 circular sample plots of 500 m2 regularly placed in six transects 
across the tree-line ecotone, situated in three sites from West to East Giant Mts. The numbers 
of Norway spruce seedlings, divided into five height-categories (< 10 cm, 10-20 cm, 20-50 cm, 
50-100 cm, 100-200 cm) were assessed, as well as the cover of dominant microsite types 
covering the forest floor (Vaccinium myrtillus, Avenella flexuosa, Calamagrostis villosa, 
Nardus stricta, Athyrium distentifolium, Deschampsia cespitosa, spruce litter patches and 
decaying wood). Variability in seedling and sapling numbers and its dependence on site and 
stand characteristics of the plots as well as abundance of microsite types were analysed by 
principal component analyses (PCA) and redundancy analyses (RDA) using Canoco for 
Windows. Multivariate statistics was applied also to analyse the differences in cover values of 
microsite types among altitudinal positions on transects.  
The highest recruitment density was found in closed canopy forests and the quantity of spruce 
seedlings decreased along transects towards the highest altitudinal positions reflecting the 
diminishing canopy cover and height of living spruce trees. The differences in spruce 
regeneration were related also to occurrence and cover of different microsites. The number of 
smaller individuals (height up to 50 cm) was positively correlated with the cover of spruce litter 
patches while higher saplings occurred predominantly in plots with high cover of Avenella 
flexuosa. The differences in cover values of microsite types among the altitudinal positions on 
transect were not statistically significant. Lower number of seedlings in higher altitude was 
correlated with lower density of mature spruce trees and less favourable climatic condition 
compared to lower plots. According to our preliminary results and scientific knowledge on 
European mountains, the altitudinal shift of forest vegetation zones are not probable in next 
decades; later on new plant communities could form under proceeding climate change. 
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Over the last decades, landscape degradation has been facilitated in Mediterranean area by the 
interactions between land use (e.g., abandonment) and climate forcing (e.g., drought), which 
negatively affect ecosystem health and soil productivity, and in turn increase the risk of 
desertification, and land vulnerability to soil erosion (e.g., Doblas-Miranda et al. 2017). To 
mitigate such landscape degradation processes, natural regrowth has been described as a 
possible option (e.g., Gilman et al. 2016), despite so far poorly linked to occurring land use 
changes. The present study tries to address the following question: “is natural regrowth a 
feasible option for landscape restoration?”. We analyzed the main landscape dynamics 
(including forest expansion and changes of tree crown coverage) occurred in last two decades 
in the “Collemeluccio-Montedimezzo Alto Molise” Man and Biosphere Reserve in Central 
Italy, and evaluated the relationships between successional stages and biodiversity. Results 
highlight that: (i) abandoned lands are subjected to forest expansion; (ii) crown coverage 
averagely increased; and (ii) the variation of crown coverage influences biodiversity. The main 
findings suggest what are the implications due to forest cover changes, such as those related to 
the crown coverage dynamics-biodiversity linkages, thus offering a valuable contribution for 
sustainable management and planning in similar contexts possibly affected by degradation 
trajectories. 
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The purpose of this contribution is to review recent empirical evidence from several cross-
sectional and experimental studies which look at the structure of attitude to global climate 
change (GCC), factors of this attitude, and ways to change attitude to GCC. The presentation 
will consist of three parts.  
The first part will summarize evidence about the structure of attitude to GCC using secondary 
analysis with exploratory Rasch models of data from 28 European countries (N = 27,919) as 
well as two surveys conducted in the Czech Republic (N = 200 and 400). Results of these studies 
basically show that whereas many existing studies assume multi-dimensionality of attitude to 
GCC, this construct can be described parsimoniously as a one-dimensional construct when we 
take into account differential difficulty of indicators of GCC attitude (Urban, 2016). Such 
findings have important implications as they suggest that different reactions of individuals to 
the threat of GCC are closely interconnected.  
Second part of this presentation looks at the role of cultural values as factors and moderators of 
attitude to GCC. Using data from several experimental studies conducted in the Czech Republic 
(600 < N < 800), we show that cultural values have effect on attitude to GCC but do not 
moderate the effect of information provision on attitude. This results suggest that, unlike in the 
U.S. where cultural values lead to polarization of attitude to GCC (e.g., Kahan et al., 2012; 
Kahan, Jenkins‐Smith, & Braman, 2011), cultural values have very small (if any) polarizing 
effect in European countries.  
The third and final part of this presentation reviews evidence from three cross-sectional and 
experimental studies (150 < N < 250) regarding Dunning-Krueger (D-K) effect (Kruger & 
Dunning, 1999) in in climatic domain. D-K effect is a well-described phenomenon whereby 
individuals with low knowledge in some domain tend to underestimate their lack of knowledge 
because they also lack meta-cognitive skills that would allow them to appreciate level of their 
ignorance. We show that miscalibration of subjective knowledge exists also in the domain of 
GCC but that it cannot be fully explain as being due to lack of meta-cognitive skills because it 
exists also in individuals with extremely high knowledge of GCC. In any case, knowledge 
miscalibration has important consequences for attitude formation.   
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Predicting how climate change will alter contaminant transport in the global environment poses 
an exceptional challenge. It requires detailed knowledge of the physical and chemical properties 
of contaminants, subjects in which much progress has been made during the past decades. It 
also requires a profound understanding of environmental pathways and how they might respond 
to change forced by, for example, alteration of the atmosphere’s greenhouse gas composition. 
 
This depth of understanding is currently lacking. It is clear that aerosols and greenhouse gases 
such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and chlorofluorocarbons 
(CFCs) are being released to the atmosphere by human activities, that the world’s hydrological 
cycle is being massively altered by damming for power and irrigation and that humans are 
assaulting the global marine food web. Sufficient evidence has been assembled from 
paleorecords and much shorter instrumental observations to convince most – but not all – 
climate scientists that these types of disturbance will contribute to global change if they have 
not already done so.  
A lot of work was done during the various project concerning to study how global change may 
alter contaminant exposure in the Arctic as receptor of global contaminants pathways. 
Pathways, which collect the chemical contamination from the source regions of the Globe.  
Based on the IPCC prediction, that a mean global air temperature rise of 3 to 5°C during the 
coming century, it cn be supposed that increased temperature will have direct effects on 
contaminants (e.g., enhanced volatility, more rapid degradation, altered partitioning between 
phases) and on the environment (e.g., loss of permafrost, change in the seasonal cycle of snow 
or ice). However, a general air-temperature projection such as this is an insufficient basis for 
addressing the more important changes that will inevitably occur in the connections between 
the Arctic and the regions to the south and in the detail of pathways within the Arctic. Within 
the context of Arctic ecosystems and the humans who depend on them, it will not be temperature 
rise that is most important but, rather, the consequent change in the timing of seasons. During 
a contaminant’s voyage to the Arctic, it may spend varying proportions of time in air, soil, 
water, ice, and food webs or it may become degraded. Each step along the path and every point 
of transfer can be altered by global change, which for a contaminant may mean dilution, 
concentration, transformation, bifurcation, shortcut, or delay. 
The response time of natural systems is a key factor in establishing the role of a particular 
process in the equation of change. Almost all contaminants exhibit a transient rise in their 
emission followed by a dramatic decrease after bans or controls are instituted. Depending on 
environmental response times and reservoir sizes, the unloading stage for a given contaminant, 
following bans on its emission, is not a simple reverse of its load-ing stage. The atmosphere 
may predominate initially as a transporting medium, but with controls, other slower moving 
media (water, soil) may take over, especially if they comprise the largest reservoir of 
contaminant. All factors that can influence the contaminant transport system can change, 
including temperature, winds, precipitation, ocean currents, ice cover (on lakes, rivers and 
oceans), stream flows, and ecosystems. For the Arctic, it is clear that changes associated with 
ice and precipitation (the 0ºC isotherm), and with ecosystems (trophic structure, pathway 
bifurcation) have the greatest potential to alter contaminant pathways and exposure. 
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Current climate policy, as agreed in Paris Agreement in 2015, aims to limit increase of global 
to 2 °C, and ideally to 1,5 °C. Existing proposals of countries to reduce their respective 
greenhouse gas (GHG) emissions would bring global warming of about 2.6–3.1 °C compared 
to pre-industrial period (1). However, since none of the big industrial countries are on the track 
to meet reduction goals (2), and various unproven CO2-removal technologies for climate 
mitigation are being proposed (3), chances for keeping the 2 °C guardrail are extremely low 
(4).  Analysing the impacts of warming below 2 °C therefore needs to be understood as a 
hypothetical, if desired outcome of the future.  
Global temperature already exceeded the boundary conditions during the stable Holocene 
period, within which modern agriculture and first complex civilizations evolved, and is rapidly 
approaching the value observed during the last interglacial period about 120 thousand years ago 
(5). Further rise would mean global temperature not seen for almost 3 million years. With the 
unprecedented rate of shifting atmospheric energy balance, global weather patterns established 
over the past centuries are increasingly disrupted. This is manifested through warmer, longer, 
and geographically larger heatwaves, droughts or wildfires, interrupted by less regular and more 
extreme rains, floods, or windstorm damage (6,7). Such changes poses huge challenges to 
agricultural and forest management practices, as well as to a current social order. 
During the presentation, latest evidence of the most significant climate change induced 
disturbances to marine and terrestrial ecosystems, as well as urban environments, will be 
provided. It will be argued that there are limits to adaptive capabilities of humans, and that in 
fact some of the realised adaptation measures are already failing in many ways. The world, 
including Central Europe and Czech Republic, is entering the era of ‘mega’ disturbances – i.e. 
mega-wildfires, mega-droughts, super-heatwaves, mega-floods, and super-storms. In some 
cases, climate change caused suicides and increased the risk of violent and armed conflicts 
within countries. Unless faster mitigation as defined in the Paris Agreement is not realized, 
existing global society is at risk of disintegration as a consequence of hitting the limits to climate 
change (8). 
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This contribution is focusing on the notion of value of nature and nature´s services for human 
society and the impact of anthropogenic activities and global change on changing these values. 
Natural capital accounting (NCA) aims to quantify the contribution of natural assets and 
services they provide to human well-being and economy. This contribution briefly reviews 
basic approaches to natural capital accounting and the role of economic value of ecosystem 
services and costs of global change. I compare approaches of valuation of ecosystem services 
and climate change impacts.  
Economic valuation of ecosystem services has been disputed as a selling out of nature. I review 
arguments against the monetization of nature in comparison to arguments for pricing of nature 
and costs of global change impacts. The approach to the assessment of ecosystem services is 
dependent on the context and valuation framework of the study. One of the most valued public 
goods is the sequestration of carbon by ecosystems. I will provide examples of carbon valuation 
and different approaches to carbon value, i.e. the social cost of carbon (SCC).  
Finally, I will provide some brief examples of human impacts on ecosystems, following the 
consumer-oriented perspective and the role of consumers in generating environmental impacts 
and global change, with regard to carbon appropriation and emissions. I review how different 
distribution of wealth and vulnerabilities is generating global disparities. The responsibility of 
wealthy countries and vulnerability of poor should be accounted for in global studies to achieve 
a global environmental justice. Disentangling the true social cost of carbon can contribute to 
environmentally just accounting towards sustainable civilization.  
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This paper evaluates economic impacts of climate change in agriculture in the South Moravian 
Region in the next 20 years. The evaluation is carried out on 36 cadastral territories for a period 
2017-2040 and is based on a concept of ecosystem services. Results are presented in several 
scenarios. The scenarios are based on modelling the impacts of climate change in these 
territories. The scenarios differ in the setting: whether the current situation will be maintained 
or the situation will get worse due to climate change and whether any adaptation measures will 
be implemented or not.  
Aim of the article is to show an economic (social) importance of implementing adaptation 
measures. The evaluation is based on an anthropocentric approach, which uses a modified cost-
benefit analysis. The analysis includes investment costs, operating costs, loss of profit due to 
loss of production and benefits. Based on models the impacts were quantified and monetized 
(e.g., impact associated with soil erosion, nutrient loss or water retention capacity). 
The paper comes to a conclusion that without reflection of climate change and without 
realization of the measures the net present social benefits are negative (net loss higher than CZK 
6.6 billion) and that climate changes will make the situation worse (net loss CZK 9.5 billion) 
for the 2017-2040 period. In the case of implementation of the measures and impact of the 
climate change, the net social benefits are CZK 2.1 billion.  
Based on the results, implementation of the adaptation measures is recommended, regardless 
of whether climate change occurs. If the net social benefits are not achieved, the net social loss 
will at least be minimized. Implementation of the measures thus appears necessary to maintain 
sustainability of agricultural land use. The results can be used as an argument for political 
decision-making. 
 
 
 
 
 
References 
Konečná J, Pražan J et al. (2014) Hodnocení ekonomických aspektů protierozní ochrany zemědělské 
půdy. 
Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Synthesis 
Ndamani F, Watanabe T (2017) Developing indicators for adaptation decision-making under climate 
change in agriculture: A proposed evaluation model. Ecological Indicators 76, 366-375. 
Niles MT, Lubell M, Brown M (2015) How limiting factors drive agricultural adaptation to climate 
change. Agriculture, Ecosystems and Environment 200, 178-185. 
 
Acknowledgement 
Supported by grants No. EHP-CZ02-OV-1-039-2015 “Complex planning, monitoring, information and 
educational tools for adaptation to the impact of climate change, with the main emphasis on agriculture 
and forestry management in the landscape” and No. 260 471 Specific Academic Research Projects 2017 
of Charles University, Faculty of Humanities. 



45 
 

Supporting development of urban adaptation strategies in the Czech 
Republic, using nature-based solutions  
 
Krkoška Lorencová, E.1,*, Emmer, A.1, Vačkář, D.1  
 
1 Global Change Research Institute, Bělidla 986/4a, 603 00 Brno, CZ  
 
Cities are complex socio-ecological systems that are particularly vulnerable to the impacts of 
climate change (Andersson-Skold et al. 2015, Andersson 2006). These socio-ecological 
systems are also the subject of various trends, such as urbanization, population aging and 
increasing concentration of substantial economic assets within the cities (EEA 2012) that 
increase their vulnerability to climate change impacts. Supporting the development of climate 
change adaptation strategies in Czech cities is, therefore, essential, reflecting the needs resulting 
from the National Adaptation Strategy approved in fall 2015. Nature-based solutions (NBS) 
have been promoted as a useful approach to reduce the adverse impacts of climate change while 
providing broad range of nature´s benefits. NBS can play a significant role in adaptation to 
climate change and is considered to increase resilience of cities. 
In order to develop urban adaptation strategies in the Czech Republic, a generic framework of 
the adaptation cycle was applied, combining various methods and participatory approaches 
engaging a wide spectrum of local stakeholders and decision-makers in the adaptation process. 
We assessed current and expected future climate change impacts and vulnerabilities, using 
spatially explicit indicators for exposure, sensitivity and adaptive capacity. Moreover, based on 
specific case studies, we provided evidence on the biophysical and economic effectiveness of 
various urban NBS, such as green roofs, urban parks, sustainable drainage systems, rainwater 
harvesting, etc. 
The above mentioned outcomes were used to develop city´s adaptation strategies in pilot cities 
- Prague, Brno, Pilsen, and ongoing Litoměřice, Ústí nad Labem. These adaptation strategies 
are to be presented in this contribution in the context of mainstreaming the adaptation efforts 
into the local decision making. It is shown that preparation of adaptation strategies in cities 
must reflect complexity of urban systems and incorporate scientific data as well as local expert 
knowledge, 
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There is currently up to 75% of Europeans living in an urban environment. Cities for citizens 
provide a wide range of functions and services such as education, jobs and culture and they are 
also known as the engine of regional development. But the fast expanding of the cities with 
permanently increasing concentration of population brings the great pressure on the balance of 
the environment. How cities are planned and structured exacerbates the negative effects of 
climate change while natural elements and green areas are shrinking. Generally says the climate 
change including increasing temperature and extremely rainfall has impact on people health 
(McMichael, et al, 2003) (Patz, et al, 2005). It is believed that an estimated 15 000 deaths 
occurring in France where the result of heat waves in 2003 (BBC, 2003).  The cities are 
dependent on healthy natural environment that continuously provide a wide range of benefits – 
ecosystem services. This article focuses on regulatory ecosystem services in the city, especially 
climate regulation. Regulating ecosystem services are defined as the benefits gained from the 
regulation of ecosystem processes for example climate regulation, natural hazard regulation, 
disease regulation, water purification, food regulating, waste management, pollination, pest 
control or water purification. Green infrastructure in urban environment will be important to 
reducing the impact of climate change and for resilience cities. (EFB, 2015) Mainstreaming 
ecosystem services into spatial planning in cities can bring a numerous benefits for quality of 
life in cities because microclimatic function of green infrastructure can mitigate the negative 
impact of climate change in cities. This paper identify the concept of green infrastructure and 
what it can actually bring to the city. First, it is necessary to determine the possible impacts of 
climate change in urban areas and than define green infrastructure  The paper concerns effective 
green infrastructure management, which abates negative effect of heat Island efect. It is argued 
that, the proper spatial planning including adaptation measures that can reduce negative 
consequences and enhance well-being. Paper evaluates the perception of risk of climate change 
by semi- structured interviews with key actors in these cities within project SIMRA, H2020.  
We address flollowing questions: What is mayor climate change risk perceived by key actors 
in selected cities?How to set management so its greenery could effectively provide regulation 
ecosystem services? How to reduce the negative effect of climate change by maintaining the 
city greeenery on a long – term basis? Results are compared with cities Praha, Brno, Plzen 
analyses with project UrbanAdapt acctually running in Czech and the recomandation derived 
for central Europe. 
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European mountain landscape faces unique global change challenges but also offers 
opportunities for sustainable development. The specific role of mountain ecosystems in climate 
change regulation arises from their capacity to capture significant amount of carbon in 
vegetation and soil organic matter in the long term. In spite of the importance of European 
mountain ecosystems to provide carbon sequestration ecosystem service has been overlooked 
long time, the need to reverse their degradation has already been noted within the broader debate 
about climate change, especially since Rio Earth Summit in 1992. Nowadays, mountain 
sustainable development is top policy agenda. In this paper, we investigate the potential of 
carbon forestry as an innovative technological-governance approach for effective forest 
management addressing responses to global change climate impacts. Furthermore, we analyse 
the adaptive mechanism of different resource regimes (state, private, commons) contributing to 
global change vulnerabilities and promoting social innovations in forest resource governance 
as well as well-being of European mountain regions. The research demonstrates comparative 
analyses of eight forest regimes in European continental mountains and Northern Europe 
applying expert assessment to determine factors influencing the vulnerability and resilience of 
forest regimes and estimate the intensity of used carbon forest management practices. 
Moreover, carbon sequestration potential of selected forest regimes is calculated.   
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We use several GIS tools to assess and predict changes in biodiversity in the forest-agriculture 
landscape. First, we created a new GIS “Combined layer”, consisted of Habitat mapping of 
Natural Conservation Agency of the Czech Republic (NCA) (set up in relation with the 
establishment of the Natura 2000 network) for natural and close to nature habitats and Corine  
Land Cover layer for more anthropogenically influenced habitats. Each habitat was evaluated 
by point and financial biodiversity values based on the Biotope valuation method (BVM; Seják 
et al. 2003).  
To model biodiversity development in future and select most valuable segments of nature 
outside protected areas we have used two models, Globio3 and Marxan. Both worldwide used 
tools have been adopted for conditions of the Czech Republic. GLOBIO 3 is a tool for valuation 
of naturalness–diversity loss of origin species. The model is built on simple cause–effect 
relationships between five environmental drivers (land use, infrastructure, landscape 
fragmentation, atmospheric nitrogen deposition and climate change) and current biodiversity 
impacts. The mean abundance of original species relative to their abundance in undisturbed 
ecosystems (MSA) is used as an indicator for biodiversity. Territory of the whole Czech 
Republic is processed by Globio3 based on datasets Corine Land Cover and Data 200 at scale 
1:200 000. To analyze landscape segments (small watersheds) at scale 1:10 000, Combined 
layer and ZABAGED/Open street map (OSM) were used. With regard to the conditions of the 
Czech Republic and non-availability of the suitable nationwide database of plant and animal 
finding data, the MSA indicator was changed from “mean species abundance” for “mean habitat 
value per area”, reflecting the naturalness of habitats according to BVM method. 
MARXAN is software designed to aid systematic conservation planning. With the use of 
stochastic optimization routines (Simulated Annealing) it generates spatial reserve systems that 
achieve particular biodiversity representation goals with minimal total cost of the reserve 
system; a certain percentage of each geographical/biological feature is represented by the 
reserve system. Combined layer, including Habitat mapping of NCA, plant and animal  survey 
databases are the main datasets. 
The outputs of Globio3 and Marxan models enable us to identify valuable areas, representing 
the refuge for the preservation and propagation of wild plants and animals, with a high degree 
of risk, including climate change, which need a general nature protection, minimally 
environmentally friendly agriculture and forestry management.   
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In agrometeorological (and related) experiments, various processes (e.g. crop growth, drought 
conditions, wild fires) are simulated by dynamical computer-based models, whose inputs 
include weather series. Depending on the purpose of the simulation, the weather series may 
represent (A) present, past, future or arbitrarily modified climate (for use in assessing effects of 
climate change or sensitivity to climate variability), or (B) weather conditions projected by 
weather forecast models for forthcoming days/weeks/months (for use in operational forecasting 
of given process). One of the most favourite methods used to produce weather series of these 
types are stochastic weather generators. 
Stochastic weather generators (WGs) are software tools, which are based on statistical 
modelling approaches. After being calibrated from observational data, WGs may provide (a) 
synthetic weather series statistically similar to the real weather observations, (b) weather series 
representing changed-climate conditions (WG parameters are modified by climate change 
scenarios typically derived from GCM or RCM simulations), (c) weather series for the 
forthcoming days/weeks/months representing available weather forecast for a given period 
(WG parameters are modified to fit the weather forecast). Important features of the generators 
consist in their speed (much higher compared to dynamical weather or climate models) and 
representation of stochasticity of weather regime, which both together allow to produce 
arbitrarily long synthetic series and/or multiple realisations of the weather series representing 
given climate/weather conditions. Considering various applications of WGs, they may differ in 
temporal and spatial resolution, number of variables, and modelling approach.  
This contribution brings an overview of applications of WGs in agrometeorology, with a focus 
on those in which members of our team were involved since 1995 when the first Czech weather 
generator Met&Roll has been made operational. These applications include (1) Assessment of 
possible effect of climate change and climate variability on crop yields, grass growth, pests and 
drought conditions; (2) Development of the PERUN system which linked crop model with WG 
for use in crop growth forecasting; (3) Development of the M&Rfi generator, which is a more 
flexible version of the previous Met&Roll generator. (4) Using M&Rfi in combination with the 
AgriClim and SoilClim models to asses probability of agrometeorological extremes under the 
changing climate; (5) Comparison of the parametric weather generator M&Rfi with the non-
parametric (based on resampling) GoMez generator; (6) Inclusion of the Fire Weather Index 
(as an additional diagnostic variable) into WG and using it in assessing climate change impacts 
on wild fire risks; (7) Development of the hourly weather generator HOWGH, which was based 
on a linking the daily generator M&Rfi with a resampling algorithm (to disaggregate daily 
values into hourly values) and used for pest modelling; (8) The gridded weather generator 
SPAGETTA is now under development and expected to be used in agrometeorological 
applications. 
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Spatial patterns of ecosystem processes show substantial temporal variation due to the 
variability in the pattern and intensity of the actual driving forces with consequent uncertainties 
in flux and yield estimations. The aims of this study were to describe the temporal variability 
of soil moisture and respiration spatial patterns of two Hungarian agricultural fields in 
correlation with varying background factors, and to compare these observations with previous 
findings in semi-natural, managed grasslands (Fóti et al., 2017). 
For this reason, we conducted spatial measurements in different crops at two study plots (plot 
C1: corn - 2014, bare soil – 2015; plot C3: sunflower - 2014, corn - 2015) on soil respiration 
(Rs) and different background factors, as soil water content (SWC), soil temperature (Ts), 
altitude (ALT) and soil carbon content (C) of the measuring positions. 8 measuring campaigns 
(2 by years and by crops at each site) has been conducted along a two-year study. The sampling 
scheme was based on grid-shape arrangements of 10 m resolution with a total of 75 sampling 
points in both study plots. Data analysis was based on variography and kriging or pattern 
visualization on the basis of mapping with inverse distance weighting interpolation.  
Altitude showed autocorrelation lengths of about 50 m in both plots, but we detected that this 
variable was less important factor than in the case of the semi-natural grasslands in determining 
the spatial patterns of the other variables. This can be due to the lack of a fine scale undulating 
surface (micro-relief), which was characteristic in the grasslands, but didn’t exist in crops due 
to land management. Neither SWC nor Ts showed consistent co-patterns with ALT or each 
other. However, Rs changed in general jointly with ALT, which was also the opposite in our 
previous study in grasslands, such as the joint change of C with ALT. Higher C at higher 
elevation can explain the more intensive Rs, and lower C at the gently sloping areas can be 
attributed to the deflation/erosion effects. Description of the temporal variability of the spatial 
patterns of different ecosystem processes may increase our understanding about crop yield 
variability through e.g. spatial patterns of soil moisture or soil fertility limitations.  
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Since the extreme weather events such as dry spells and heat waves are expected to be more 
frequent due to climate change, the issue of appropriate water management for sustainable 
agricultural production is being larger deal to ensure. Since the wheat is the second most widely 
grown cereal on the world and the first one in the European countries, this study deals with 
wheat. The study is focused on assessment of the effect of short periods (3 and 7 days) of high 
temperatures (26°C as a control, 32, 35 and 38°C as daily temperature maxima from high noon 
to 2 p.m.) and drought stress at different developmental stages (BBCH 31 – beginning of stem 
elongation, BBCH 61 – flowering and BBCH 75 – early grain filling) on water use efficiency 
(WUE) of winter wheat cultivars Tobak and Bohemia which belong to the most wide-spread 
winter wheat cultivars in the Czech fields. The results of WUE values showed that the plants 
of both Bohemia and Tobak cultivars are able to withstand such stress conditions during the 
short-time water shortage through increased WUE. On contrary, the wheat plants may be 
stressed more markedly even during short-time drought period if exposed to higher 
temperatures and the combination of drought and high temperatures. Generally, the wheat 
plants were the most sensitive to drought at BBCH 31. 
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Hydrometeorological extremes (further HMEs) influence human activities and cause material 
damage or even loss of human lives in the present time, as well as it was in the past. In order to 
improve our knowledge of past HMEs, it is necessary to search for sources of information 
covering time period before starting of the systematic meteorological and hydrological 
observations (in the Czech Republic generally in the latter half of the 19th century). 
Documentary evidence represents a promising and rich such source. In historical climatology 
and hydrology, different types of documentary evidence are used, represented by various 
annals, chronicles, diaries, private letters, institutional documentary evidence of economic and 
administrative character, newspapers etc. The documents usually contain information about the 
type of extreme event, date and location of its occurrence, and the damage caused. HMEs are 
represented particularly by hailstorms, torrential rains, floods and flash floods, thunderstorms, 
windstorms, late frosts and droughts. The information could be used for analysis of long-term 
series of HMEs (Brázdil et al. 2012) or only with respect to individual types like floods (Brázdil 
et al. 2014), hailstorms (Brázdil et al. 2016a) or droughts (Brázdil et al. 2016b). This study 
focusses on impacts of HMEs, classifying them on impacts to agricultural production (damage 
to fields and crops, meadows, pastures, loss of livestock), to material property (buildings, 
devices) and on socio-economic impacts (secondary consequences such as lack of seeds and 
finance, high prices, indebtedness, poverty and deterioration in field fertility) (Dolák et al. 
2015). The uncertainties associated with documentary evidence and its spatiotemporal 
distribution are discussed. The study shows documentary evidence as an important source of 
data contributing to better understanding of HMEs and their impacts in the past. The knowledge 
of past HMEs in combination with the data from instrumental measurements may be used in 
current risk management with potential to contribute to reducing of potential hazards. 
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Remote sensing represents the efficient way of monitoring vegetation condition at the field 
level. This study focused on the ability of remote sensed data to estimate crop yield prior to 
harvest. The study was undertaken in Polkovice (49°23'50.05"N, 17°14'52.25"E) located at 
lower elevations of the Czech Republic where intensive crop production prevails. The study 
area was divided into two land blocks – Niva and Trávník. In this study, the Normalized 
Difference Vegetation Index (NDVI) and the Enhanced Vegetation Index (EVI) were used for 
index-yield comparison for years 2015 and 2016. NDVI and EVI are vegetation indices widely 
used in agriculture. They are able to track crop progress and evolution in green biomass amount 
(Becker-Reshef et al. 2010; Esquerdo et al. 2011). NDVI and EVI time-series came from two 
satellite datasets – the Moderate Resolution Imaging Spectroradiometer (MODIS) and Landsat 
8. MODIS scenes used in the study were at spatial resolution 250 m while Landsat 8 scenes 
were at resolution 30 m. Indices were compared for the period from 16th April to 30th June. 
This period represents a part of the growing season when changes in vegetation development 
are most significant. In the year 2015, winter wheat was planted in the study area. In the year 
2016, the crop planted there was spring barley. Yield data were available for individual land 
blocks in t/ha. 
Undertaken index-yield comparison for years 2015 and 2016 showed that there is a clear 
relationship between indices and yield data over the studied period. NDVI and EVI from both 
Landsat 8 and MODIS showed the positive relationship with yield for the compared period, 
even though EVI from MODIS showed rather less significant relationship. Results of the study 
showed that more detailed spatial resolution of Landsat 8 (30 m resolution compared to 250 m 
of MODIS) is more suitable for index-yield analysis at such detailed level as a field. Remote 
sensing dataset at more detailed resolution is able to capture significant changes in vegetation 
development better. 
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In nature, plants continuously face fluctuating environment that influences their pigment 
composition, physiology, fitness, and stress tolerance capacity; however, how variations of 
environmental stimuli contribute to the development of these traits received only limited 
attention. Here, we used two Arabidopsis thaliana natural accessions Co and Te, originated 
respectively from warm and cold habitats, and exposed them to a static and a dynamic 
environment. For investigating effects of dynamic light, we exposed plants for four weeks, to a 
static [~ 100 μmol (photons) m−2 s−1] and a fluctuating irradiance (e.g. sinusoidal wave), and 
compared the chlorophyll and flavonoid contents, parameters of chlorophyll a fluorescence and 
reflectance indices. For investigating effects of dynamic temperature, we grow plants in a non-
acclimated environmental conditions [irradiance of ~100 μmol (photons) m−2 s−1; temperature 
of 22/18 °C (day/night)] for six weeks with 12 h photoperiod, and then cold acclimated under 
a static [at 4 °C (day/night)] and a dynamic [0-4°C, it was 0 °C at night and in the first 3 h of 
the morning, then increase to a maximum at 14:00 and go down steadily at 0 °C again till rest 
of the day] temperature regimes. We report that dynamic light and temperature influences not 
only contents of chlorophylls and flavonoids, but also photosynthetic mechanisms regulating 
non-photochemical quenching, and its response is different for different accessions. Therefore, 
fluctuating environment plays an important role in regulating photosynthetic mechanisms under 
natural growth conditions and its effects are important for improving the efficiency of crops 
under biotic and abiotic stresses and for the experimental validation of physiological, 
biochemical or metabolic processes. 
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Climate change is a major challenge for growing grapes and hops. Statistical data suggest that 
the production of the hops and grapes is particularly vulnerable to a change climate. Even with 
the modest warming so far experienced yields of grapes and alpha acid production fluctuated 
considerably. Recorded observations show an increase in air temperature and more frequent 
water deficits, which is associated with an earlier onset of plant phenological phases and with 
a faster ripening than in the past. The same trend is observed in wild plants. We analysed the 
fluctuations and trend hop and grape yields, sugar and alpha acid contents during the period 
1954–2015 in the Czech Republic. Climate change has a positive effect on the viticulture, 
through improving the quality of wine, but the risk of fluctuation´s yields due to late spring 
frost damage persists. On the contrary, climate change has a negative impact of traditional 
aromatic hops, by reducing alpha acid production. For example, extremely hot and dry summer 
in 2015 caused a great vintage, but the content of alpha decreased by 46 %. Hop and wine 
growing in tiny areas are more vulnerable than in larger areas with different climatic conditions. 
Thus, climate change may gradually lead to changes in the regionalization of hop and wine 
production. Policy assistance may be necessary for the adaptation of the Czech hop growing 
industry to changed climatic conditions. 
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Metabolomics is the youngest ‘omics’ approach that aims to analyse all metabolites 
(metabolome) in a biological samples. Metabolomic profiling (target and non-target) represents 
a new tool to ascertain the plants response to biotic (pests) or abiotic stresses (such as drought, 
pollution, etc.). Abiotic stress factors as UV radiation, drought, increased concentration of CO2 
and pollution of environment are closely related with global change. Combination of stress 
factors has significant effect on the changes of metabolome and also can be investigated in 
detail. Therefore the metabolomics give us information about how plants react to globe change 
and can help to solving global change problems.  
Tandem analytical techniques are used for analysis of metabolome. Tandem analytical 
techniques are a combination of separation techniques (HPLC, GC) with MS detection 
techniques. HPLC-HRMS is used for target and non-target analysis of polar and semi-polar 
primary and secondary metabolites (polyphenols, etc.). GC-MS is used for target analysis of 
nonpolar metabolites or easily derivatisable polar metabolites (volatile compounds etc.).  
Target analysis was used also for assessing of impact of environmental contamination to plants. 
Aquatic plants and other organisms may be affected by pharmaceutical contamination, but on 
the other hand they can also contribute to the biotransformation and removal of xenobiotics 
from contaminated water and sediments. Plants have potential to function as in situ biomonitors 
of waterborne contaminants and easy-to-use model organisms in ecotoxicological research. 
Plant cell redox state and antioxidant mechanisms are usually the first responses to 
environmental stress. The aim of the present study is to assess if Lemna minor plants can be 
influenced by environmentally-relevant concentrations of diclofenac and paracetamol and what 
are their possible effects and which are the relevant physiological and biochemical markers at 
plant, tissue or cellular level. 
Metabolomics can be applied for both field and laboratory experiments. The main experiments 
are focused on plants response to seasonal changes, altitude gradient, effects of enhanced UV 
radiation, drought, other biotic/abiotic stress factors, as well as their combinations.  
The field experiments confirmed changes in metabolome profile in sun and shade acclimated 
leaves of European beech trees grown along the altitudinal gradient. The growing seasons had 
also wide effect on changes in metabolome profile. 
Significant differences in constitutive metabolomic profiles, particularly phenolics, were 
observed between barley varieties in laboratory experiments. High UVA and UVB doses 
increased synthesis of galangin, luteolin, chrysin etc., particularly in sensitive Barke variety. 
On the contrary, high N supply reduced concentration of sinapic acid, homoorientin, apigenin 
etc., particularly in resistant Bonus variety. Such decrease in phenolics related to reduction of 
photosynthetic parameters induced by UV radiation. 
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Turbulent exchange of water vapour (latent heat flux, LHF) and carbon dioxide (Net Ecosystem 
Exchange, NEE) of a semi-arid grassland (46.69°N, 19.60°E near Bugacpuszta, Hungary) have 
been measured since 2002 by eddy covariance (EC) technique.  
The raw (10 Hz) dataset was processed by the EddyPro® open source software (EddyPro, 
2014). Gap-filling and flux partitioning was performed by the REddy ProcWeb online tool 
(Reichstein et al 2005).  
Annual mean evapotranspiration at the Bugac site from the time series of 14 measurement years 
is 488 mm (SD: 77 mm), while the mean annual precipitation for the same period is 566 mm. 
In most years the annual sum of ET was less than the annual sum of precipitation except for 
two years (2011, 2012) following a wet extreme year (2010) showing a significant memory 
effect. Effect of storage water showed mitigating effect on shorter time scales as well, since 
precipitation sums during the summer months were exceeded by those of ET in 
drought/heatwave years (2003, 2007, 2009, 2011, 2012). High LAI (closed canopy) and more 
or less constant cover resulted in strong coupling between transpiration and photosynthesis as 
shown by the strong correlation (R2=0.8618) between the annual sum of ET and GPP. The 
relationship between EC based evapotranspiration and MODIS Evapotranspiration (MOD16) 
was also investigated. On annual basis MODIS ET is a close estimation of EC based ET, as the 
slope of the regression between the yearly sums (2003-2013) of MODIS based vs EC based ET 
is 1.0168 (R2=0.6236, RMSE=43.03mm) . However, when considering the main growing 
season (1 May - 31 July) only, MODIS ET underestimated EC based ET by 10% (R2=0.77, 
RMSE=22.74), showing that there is a bias on seasonal basis in the MODIS data. Goodness of 
fit for the regression of 8-days sums (temporal resolution of MODIS data) in the different years 
range between 0.6913 and 0.8879, while the slope ranges between 0.9271 and 1.2224. 
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Our study evaluates the fingerprint of climate trends on vegetable crop yields in the key 
producing regions of the Czech Republic. To estimate the short- and long-run yield response 
functions to temperature and precipitation changes, we integrated the regression models and 
dynamic growth models. Regression models have been considered in this study because of the 
unavailability of the extensive experimental input data required in crop models for the all 
studied vegetables. Although crop models have great potential for practical use in horticultural 
field production in particular, their use is still limited. The CROPGRO-Tomato model was used 
to simulate the growth parameters of Thomas F1 and Palava F1 tomatoes bush cultivars grown 
under open field conditions in two different sol-climate locations in the middle of Elbe lowland 
(Potopová and Tűrkott, 2014, Tűrkott et al. 2017). We applied the newly calibrated values of 
genetic crop, ecotype file and cultivar coefficients for BBCH, LAI and yield (Potopová et al. 
2017). By assessing historical and current trends of temperature variables, we find positive 
long-term impacts of recent warming on fruiting vegetables (from 4.9 to 12.2 % ∘C−1; Potopová 
et al. 2016) but decreases in the yield stability of traditionally grown root vegetables in the 
warmest areas over the past 26 years. Experimental results show, that fruit formation in tomato 
cultivars decreases as both extreme temperature and drought frequency increase. Research on 
tomatoes has suggested that drought-heat stress during fruit formation reduces yield by 30 % 
(e.g. each 1 °C above 28 °C reduced the yield by 10 %). The greatest differences between 
measured and simulated LAI and yield values were recorded in the growing seasons with the 
higher temperature and precipitation anomalies. In 2015, the LAI and yield values were 
overestimated by the model in extremely hot and dry conditions (July - August). The high 
number of days with heat stress in the tomato growing season of 2016 caused a slowdown in 
the relative growth rate of dry matter. The large amount of global radiation and heat waves have 
resulted into necrosis in the fruit tissue of tomato. 
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Local adaptation assessment of agricultural system is needed to implement effective strategies 
to cope with climate change effects. This is challenging as local specificities are usually 
determinant and have to be considered. The objective of this study is to show a comprehensive 
and general methodology that has been developed to address this issue. 
Given the large uncertainties involved, multi-model ensembles and impact and adaptation 
response surfaces are useful tools to explore sensitivity of impact and adaptation variables to 
changes of climate (P, T, CO2) and environmental variables (e.g. soil) (Pirttioja et al., 2015; 
Ruiz-Ramos et al., 2017). These surfaces, combined with probabilistic climate change 
projections, allow defining and testing biophysical and economical thresholds for impact and 
adaptation (Ferrise et al., 2017). This information can be complemented with confidence 
indicators, like the Hypothesis Confidence Index (Rodríguez et al., 2017), depicting the degree 
of dependence of the results from the ensemble of models considered. Only by considering all 
this information together, this is to say, impact and adaptation value, likelihood of occurrence 
and confidence, the recommendations derived from modelling results can be meaningful for 
stakeholders and with real implementation potential. 
We show a study case that served to develop and apply the methodology to conduct local 
adaptation under high uncertain conditions mainly due to uncertain climate projections, large 
variability of Mediterranean climate and environmental conditions, limited field data and crop 
models divergences. The methodology allowed generating a set of potentially effective 
adaptation options for different climate perturbations and soil conditions and inform them with 
likelihood and confidence level. As a result, sound recommendations could be selected from a 
wider set of adaptations, and they could be tailored to the specific situation. 
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We analyzed a distribution of Köppen-Geiger climate classification (KGC) zones within two 
time periods in the 21st century, 2021-2050 and 2071-2100 and estimated a potential impact of 
their shift on the population and land-use types in Central Europe. The KGC zones were derived 
using regional climate models ALADIN-Climate and RegCM3 of 10 km spatial resolution 
following the IPCC SRES A1B emission scenario. Temperate oceanic climate (Cfb) will remain 
the dominant climate type in Central Europe but it will extent into higher altitudes and replace 
boreal or colder climate types that will practically vanish by the end of the 21st century. Humid 
sub-tropical (Cfa) climate will replace Cfb type in lowlands where 20-50% of population lives 
nowadays. The majority of arable land and permanent crops areas will lie in the Cfa zone by 
the end of the century. There is a risk of the frequent occurrence of Cfa-like and Mediterranean 
climate -like (Csa) years that will affect practically all areas with the crop production and two 
thirds of population at least once in 10 years. 
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The aim of this broad and interdisciplinary project, coordinated by Global Change Research 
Institute, AS CR (GCRI), Department of Climate Analysis and Modelling, was to create an 
open and continuously updated online database summarizing information about climate change 
impacts, risks, vulnerabilities and adaptation measures. Outcomes were prepared for the whole 
area of the Czech Republic on the basis of best available techniques and cooperation of 
specialist teams. Other goals of the project was to create an information system that provides 
integrated monitoring and early warning system; and also design the user-friendly system with 
an emphasis on a high degree of resolution (from the area in front of the Czech regions to 
individual stations). 
The project was conducted in 4 activities as follows: Activity I: preparation of a robust and 
collective database data; Activity II: the creation of a flexible and open database of climate 
change impacts, vulnerability and adaptation measures in connection with the issue of climate 
protection at the national, regional and local levels; Activity III: commissioning an integrated 
monitoring and warning system for monitoring, early warning and prognosis; Activity IV: 
organizing information campaigns aimed at vulnerabilities, risks, impacts and adaptation 
measures through a series of workshops and a final conference focused on particularly 
vulnerable regions.  
The results of the project are presented on the web page www.klimatickazmena.cz where we 
provide detailed map information describing both current and future state of a number of 
indicators. The layers are divided into sectors: Agriculture (e.g. soil moisture), Forestry (e.g. 
forest fires), Water regime (e.g. drought stress), Climate extremes (e.g. temperature, 
precipitation), Landscape (e.g. biodiversity). 
Models used for the calculation of future conditions were selected through combination of both 
objective and subjective criteria from a set of 40 suitable GCMs (climate4impacts.eu). As it 
was not feasible to present all the GCM outputs, only selected group of 5 GCMs was processed. 
Two criteria were considered: to obtain a set well representing inter-model variability of all 
GCMs, and at the same time to contain maximum number of GCMs that are used for driving 
RCMs within the CORDEX project. 
Our analysis of future climate conditions is further based on RCM simulations prepared within 
the European part of the global Coordinated Regional Climate Downscaling Experiment 
(CORDEX, www.cordex. org). In total, 10 different RCMs and 13 driving GCMs have been 
employed in total. In the CzechAdapt project we focused on 0.11° experiments resolution. The 
following RCMs were used and bias corrected: ALADIN53, CCLM4-8-17, HIRHAM5, 
RACMO22E and RCA4. Models CCLM4-8-17 and RCA4 are driven by three and six GCMs 
respectively. The experiment selection depended on their availability as of July 2015. 
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Stomata modulate the exchange of water and CO2 between plant and atmosphere. Although 
stomatal density is known to affect CO2 diffusion into the leaf and thus photosynthetic rate, the 
effect of stomatal density and patterning on CO2 assimilation is not fully understood. 
We used wild-types Col-0 and C24 and stomatal mutants sdd1-1 and tmm1 of Arabidopsis 
thaliana, differing in stomatal density and pattern, to study the effects of these variations on 
both stomatal and mesophyll conductance and CO2 assimilation rate. Anatomical parameters 
of stomata, leaf temperature, and carbon isotope discrimination were also assessed. 
Our results indicate that increased stomatal density enhanced stomatal conductance in sdd1-1 
plants with no effect on photosynthesis, due to both unchanged photosynthetic capacity and 
decreased mesophyll conductance. Clustering (abnormal patterning formed by clusters of two 
or more stomata) and a highly unequal distribution of stomata between the adaxial and abaxial 
leaf sides in tmm1 mutants also had no effect on photosynthesis.  
Except at very high stomatal densities, stomatal conductance and water loss were proportional 
to stomatal density. Stomatal formation in clusters reduced stomatal dynamics and their 
operational range as well as the efficiency of CO2 transport. Stomatal development can be 
linked to mesophyll conductance for CO2. 
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Earth remote sensing (ERS) data is becoming more and more popular for monitoring of natural 
and natural-technological objects and systems (NNTOs), including agriculture, forestry and 
other subject areas. Further prospects of its active use are associated with moving from 
relatively simple monitoring tasks to forecasting NNTOs status under anthropogenic impact 
and climate changes, proactive management of NNTOs and decision-making support for this 
management under normal and emergency conditions. 
Today there are multiple sources of remote sensing data available with different levels of 
processing. At the same time, there is a lack of applications and decision-making support 
services which could be adapted for a user who does not have special skills in information 
technologies and ERS data processing fields. This gap presents a significant obstacle to a wider 
usage of accumulated and steadily growing volumes of ERS data. 
Solving this problem requires information systems of a new level. These systems are to be 
aimed at the integration of ERS and other ancillary data (both spatial and non-spatial) with 
models of NNTO's status forecasting and proactive management, in automatic mode. Moreover, 
the models’ choice and adjustment of their parameters have to be carried out automatically as 
well. Development of the simplest user interface is a no less important task. 
A theoretical foundation for creation of such a system is provided by methods of information 
fusion models qualimetry that have been developed in the SPIIRAS in the recent years. Now 
this theoretical basis enables embodying the intellectual multi-criteria choice of models and 
setting their parameters without operator intervention. At the same time, contemporary 
information technologies provide new opportunities for distributed systems design.  
The use of these bidirectional achievements has led to creation of an intellectual information 
platform based on a service-oriented architecture. The main components of this platform are 
the following: a service bus, as a “backbone” of the platform framework; software modules for 
decision-making support that are performed as web-services; business process execution 
language tools for forming components interaction scenarios; an intellectual interface for 
choosing necessary models and adjusting their parameters; program interfaces providing 
interconnection of diverse ERS and ancillary data sources. 
The platform enables the usage and integration of data from different Earth observation 
satellites, including Sentinel series, Russian “Resurs-P” satellites, and others, as well as 
production and provision of new information services in different modes - from interactive, 
through automated, to the fully automatic mode. Successful case studies have been performed 
for creating new services for agricultural lands monitoring, forest management and changes 
detection in the forests states, environmental protection, flood forecasting, etc. 
(http://litsam.ru/index.php/en/homepage-en/).  
In general, the developed platform is a universal constructor or software suite which allows 
producing services and downstream applications in different fields of practice. 
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The influence of changing leaf photosynthetic pigments concentrations on the sensitivity of the 
selected optical parameters (i.e. Photochemical Reflectance Index (PRI), ΔPRI, and R690/R630 
(where R is a reflectance at a superscripted wavelength) towards LUE is discussed. 
Photosynthetic and leaf chlorophylls to carotenoids (chl/car) ratio changes during the growth 
of European Beech (Fagus sylvatica) and Norway spruce (Pisea abies) saplings were induced 
by changing the living environment inside of the phyto-chambers . Point reflectance 
measurements of each individual trees were recording color changes as a consequence of 
altering photosynthesis. Based on the evaluation of 45 pairs of measurements conducted on 6 
individual saplings, the observed variability in the strength of the PRI, ΔPRI and R690/R630 
versus LUE relationships was compared to resulting leaf chlo/car ratio of each tree. Data were 
used in order to explain the influence of changing pigments on the sensitivity of each individual 
optical parameter towards LUE. 
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The recent decline of spruce trees observed in the Czech Republic represents a spotted and 
uneven pattern with a varying extent of infestation (Fabiánek et al. 2012). The acidification and 
nutrient degradation effects on forest soils from the past remain notable even today, which 
contributes to the unfavorable forest health status and resilience of Norway spruce stands grown 
in study area (Grodzki 2010, Cienciala et al. 2017). Therefore, accurate and timely monitoring 
of the concerned forest areas is needed for forest management. 
The study investigated the potential of UAV-based remote sensing technique for monitoring of 
spruce health indicators. The objectives were: 1/ to test the applicability of UAV visible an near 
infrared (VNIR) and geometrical data based on Z values of point dense cloud (PDC raster) to 
separate forest tree species in the study area; 2/ to explore the relationship between UAV VNIR 
data and individual spruce health indicators from the field sampling; and 3/ to explore the 
possibility of the qualitative classification of spruce health indicators. The analysis based on 
NDVI and PDC rasters was successfully applied for separation of spruce and beech, spruce and 
fir, and for identification of dead trees. Separation between beech and fir was performed by the 
object-oriented image analysis. NDVI was able to identify the presence of key indicators of 
spruce health, such as mechanical damage on stems and stem resin exudation linked to honey 
fungus infestation. The results contributed to an improved separation of coniferous trees (spruce 
and fir) based on VNIR and PDC raster UAV data, and demonstrated the new ability of NDVI 
in qualitative classification of spruce trees. The proposed methodology can be applicable for 
monitoring of spruce health indicators in the affected forest areas. 
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Stem respiration (Rst) takes place in living cells in the inner bark, cambium and xylem, and 
provides energy for maintenance processes of the existing cells (maintenance respiration, Rm) 
and for dividing cells and their consequent differentiation (growth respiration, Rg). 
The objective of this study was to quantify proportion of these two components in total stem 
respiration of young Norway spruce trees over seven growing seasons. 
Rst at the breast height was continuously measured on eight spruce trees using an automated 
chamber system based on closed mode. Rm was determined on the base of temperature 
dependence of stem respiration in the second half of October, when no stem grow was expected, 
and any respiration exceeding this maintenance rate was considered as Rg. 
In May, Rm was the main component of stem respiration. However, in the end of May and 
beginning of June, the contribution of Rg into Rst rapidly increased. Rg started to exceed Rm 
between 31 May and 17 June. Rm became the main component again between 15 July and 3 
October.  
Rst led to a release of 0.255 to 0.337 kg of carbon per m2 of stem surface over seven studied 
growing seasons. On average, Rm contributed to stem respiration by 49±6%, while Rg by 
51±6%. The seasonal amount of carbon released through Rm significantly increased with 
seasonal mean temperature, while inter-seasonal differences in Rg were driven by stem 
increment. 
Rm and Rg are driven by different factors (e.g. temperature and growth, respectively). 
Therefore, the response of stem respiration to environmental condition may change over the 
season because of variable proportion of Rm and Rg. The determination of this variability will 
contribute to improvement of forest ecosystem carbon cycle models and to evaluating the effect 
of climate change or other possible influences on carbon cycling and sequestration in forest 
ecosystems. 
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Climate projections based on climate models are key tools for assessing global or regional 
climatic exposure patterns and are used, for example, for driving vegetation and other models. 
We use in this study the simulations conducted for the so-called EUR-11 domain with 0.11° × 
0.11° horizontal resolution (~12.5 km) developed within the framework of the Coordinated 
Regional-climate Downscaling Experiment over Europe (CORDEX). We took advantage of the 
recent availability of the bias-corrected climate model outputs, and we strived to evaluate the 
pattern of climatic exposure for the main biogeographical zones of Europe. We mainly focused 
on basic climate variables and indices, which are relevant for vegetation research, though the 
application domain is broader. 
We used five regional climate model (RCM) results driven by the two Representative 
Concentration Pathways (RCP4.5 and RCP8.5; Moss et al., 2008). The used model results were 
bias-corrected using the distribution scaling method (SMHI-DBS45, Yang et al., 2010) and 
were released by the Swedish Meteorological and Hydrological Institute.  
Biogeographical zones of Europe (EEA, 2017) were used as spatial frames for the assessment 
of climate change pattern in Europe. Certain modifications of the original zones were done to 
make the evaluation more informative. For example, the Alpine zone was split to the Alpine-
North (Scandes) and Alpine (Carpathians, European Alps, Pyrenees, Dinaric Alps, Balcan Mts.) 
to consider the substantial latitudinal gradient.  
We found that mean annual temperature is projected to increase on average by up to 3°C with 
RCP 4.5 and to 6° C with RCP 8.5. The increase is most pronounced in the Anatolian, Boreal 
and Alpine-North zones, while the increase is smallest in the Atlantic zone. The annual 
precipitation is expected to increase in most of Europe by the end of the Century, except for the 
Mediterranean and Anatolian zones, where the decrease is as much as 7-8% of the reference 
precipitation. At the same time, we evaluated the climatic exposure based on a number of 
climate indices that characterize heat, warmth, snow, continentality and other regimes. For 
example, number of frost-free days is expected to increase in all zones, particularly in 
Temperate, Alpine and Boreal zones, and the signal is very consistent in all RCMs and RCPs. 
The average length of a dry period increases by up to 8 days in the Mediterranean and Anatolian 
zones, and slightly decreases in the remaining zones. A more detailed assessment is to be 
presented in the forthcoming paper. 
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Greenhouse gases (GHG) emitted from forest soil can be influenced by thinning treatments, 
due to changes on forest microclimate (water and energy balance), resulting in changes on 
resources availability (nutrients, water, oxygen), and due to changes on plant processes 
(respiration and photosynthesis), resulting in changes on soil processes (CO2, CH4 and N2O 
fluxes and oxidation) (Gathany et al. 2014). In this study, we analyzed the differences on GHG 
emissions from the soil of a conifer forest in Greece, where three different treatments were 
applied (no thinning, light and intense thinning). 
The study area is a peri-urban forest in northeastern Greece (city of Xanthi), where the main 
species is Pinus brutia, and it covers an area of 2.366,137 ha. In the context of the LIFE14 
CCM/IT/000905 project, CO2, CH4 and N2O fluxes were measured with the static closed 
chamber method, in each thinning treatment twice per month, during one year. The Random 
Forest analysis (Breiman 2001) is an ensemble approach that gives estimates of what variables 
are important regarding their impact on a dependent variable, thus offering an experimental 
method for detecting variable interactions, even if fitting is poor. 
The results showed a reduced effect of the treatment on all three fluxes (CO2, CH4 and N2O), 
compared with the monthly effect. There is not much difference among treatments regarding 
CO2, while differences among treatments are apparent regarding CH4 and N2O. As for the 
monthly distribution, there is a fair pattern regarding CO2, with a gradual increase till May and 
then a decrease, while there is no clear pattern regarding CH4 and N2O. It is concluded that 
thinning may influence significantly CH4 and N2O emissions, while there is no evidence of 
strong differentiation among different thinning treatments of CO2 emissions from forest soil. 
Additional future research, based on more years of measurements, is essential before extracting 
definite conclusions. 
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The throughfall of water is one of the most important components of a water regime in the 
forest ecosystem. Precipitation are depended on the spatial characteristics of vegetation canopy 
and thus throughfall may be exhibited by the tools which can precisely describe forest structure. 
Volume of the throughfall in young (37 years old) and old (110 years old) Norway spruce forest 
was measured for two years during the growing season. The throughfall collectors were placed 
in a regular grid (5 by 5 m) at both experimental plots. Tree characteristics, including stem 
diameter at the breast height (DBH), tree height (H), crown projection (CP), crown length (CL) 
and spatial position (x–y coordinates) of trees and throughfall collectors were measured using 
a Field-Map system (IFER CR) at both  experimental plots. 
Three methods were proposed for modelling of the throughfall based on canopy characteristics 
– hemispherical photography, leaf area index measurement and airborne laser scanning. 
HemiView photos (Nikon D5300, Sigma 4,5 mm F2,8 Ex DC CIRCULAR FISEYE) was the 
first method determining canopy as a gap fraction and distribution of openings above the 
throughfall collectors. Photos were taken in a regular grid at the site of throughfall 
measurements and the regression model between the volume of throughfall and the canopy 
structure defined by gap fraction was compiled. The second method was assesment LAI (I-
COR, LAI-2200 plant canopy analyzer) which define total one-sided area of leaf tissue per unit 
ground surface area. The LAI was measured at 5 zenithal angles (7°, 23°, 38°, 53° and 68°). 
Airborne laser scanning data were acquired over the two plots with a Riegl Q680i scanner in 
December 2015. We estimate the throughfall based on a penetration of laser pulses through the 
canopy to the ground. We built a regression model between the throughfall and a penetration 
index calculated as a ratio between ground points and all laser points in a cylinder around each 
of the throughfall collectors. We use the achieved equation to model the throughfall in the whole 
area of interest.  
Our new methods of measurement provide more accurate values of throughfall and determine 
how much water going through canopy in a large scale. This approach of throughfall 
determination defined canopy structure of the stand with mean characteristics of precipitation 
and also provided the methodology for optimal location of throughfall collectors for the most 
meaningful description of throughfull precipitation.   
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In order to predict the responses of natural plant communities to future increases in atmospheric 
CO2 concentration, it is necessary to understand the responses of individual species to CO2 
supply. It has been shown that under sufficient light intensities elevated CO2, among other 
effects, stimulates growth and photosynthesis, decreases stomatal conductance, and increases 
root-to-shoot biomass ratio. The magnitude of these responses is species-specific and may 
potentially alter the species composition of plant communities, including forest understories.  
Accordingly, we transplanted two grass species, Calamagrostis arundinacea (L.) Roth and 
Luzula sylvatica (Huds.) Gaud., to the understory of the 8 years old experimental mixed forest 
(Picea abies and Fagus sylvatica) exposed to elevated atmospheric CO2 concentration (700 
ppm) in experimental glassdomes (Bily Kriz, Beskydy Mountains, CZ). Effects of elevated CO2 
on plant morphology and photosynthesis were examined after 3 years of treatment. We tested 
the hypotheses that shade tolerant species can profit from elevated CO2 even at low light 
conditions and that relatively low accumulation of assimilates at such light conditions will not 
cause CO2 induced down-regulation of photosynthesis. We expected that elevated CO2 can 
substitute insufficient light intensities under the tree canopy and can lead to higher biomass 
production and survival of plants in deep forest understories. 
Parameters derived from photosynthetic light response curves showed that the typical shade-
tolerant species L. sylvatica exhibits a positive acclimation under elevated CO2 allowing higher 
light use efficiency under sub-saturating light intensities as compared to plants grown under 
ambient CO2 concentration. In contrast, C. arundinacea showed higher stimulation of growth 
and photosynthetic rates by elevated CO2 mainly under saturating light intensities at the 
beginning of the growing season, when the forest leaf area is not fully formed and the open 
canopy transmit higher proportion of incident light to the understory. Elevated CO2 
concentration led to higher leaf mass area and root-to-shoot biomass ratio in L. sylvatica, while 
rather physiological effects of doubled CO2 concentration were found in C. arundinacea. In 
response to elevated CO2, enhancement ratio (ER) of photosynthetic parameters of C. 
arundinacea reached maximal values mainly at the beginning (May) or at the end (October) of 
the growing season. In contrast, the highest ERs in L. sylvatica were found mainly in August, 
when the highest shading effect of the tree canopy was observed. 
Our data indicate that growth and physiological responses to elevated CO2 of plants growing in 
forest understories are species specific, differ from responses of sun exposed plants, and depend 
on shading degree of tree canopy. 
 
 
 
 
 
 
Acknowledgement 
This research was supported by the Ministry of Education, Youth and Sports of the Czech Republic 
(MEYS CR) within the National Programme for Sustainability (grant No. LO1415). The Bílý Kříž 
experimental site is within the National Infrastructure for Carbon Observations − CzeCOS and is 
supported by MEYS CR (LM2015061). 

http://www.sciencedirect.com/science/article/pii/S0168192316303963#gs0005
http://www.sciencedirect.com/science/article/pii/S0168192316303963#gs0015


74 
 

Climatic influence on wood anatomy and tree-ring features of Norway spruce 
 
Horáček, P.1,*, Gryc, V.2, Vavrčík, H.2, Giagli, K.2, Fajstavr, M.1  
 
1 Global Change Research Centre, Bělidla 4a, 603 00 Brno, CZ  
2 Mendel University in Brno, Department of Wood Science, Zemědělská 3, 613 00 Brno, CZ 
 
The upcoming climate change scenario raises questions on the future of the vast Norway spruce 
(Picea abies L. Karst.) forests in Europe. Weather information is permanently recorded on the 
cell and final tree-ring structure and hence, directly the density of wood. The morphology of 
the tracheid i.e., the radial dimension and cell-wall thickness depends on (I) its position in tree-
ring, (II) the position in the stem and (III) the weather conditions prevailing during its formation 
and development. Taking for granted the climate change scenario, the research was based on 
two main questions: (1) how drastically can the climate change affect the morphological 
variables of the tracheids and (2) how is this finally depicted on the wood density profile within 
the tree-ring. To tackle the questions, two different periods of years (1983-1989 and 2009-2012) 
were used for analysing and comparing the tree-ring structure. A Norway spruce monoculture 
forest located in the Drahanska vrchovina area, 30 km north of Brno (49° 29′ 31″ N; 16° 43′ 
30″ E, 600-660 m a.s.l.), Czech Republic, was chosen as a research plot. The average annual 
air temperature and precipitation is 7.6 °C and 717 mm respectively (moderate climatic region). 
Samples (cores) were taken from six dominant healthy 90-year-old Norway spruce trees to 
prepare permanent microscopic slides. Three radial tracheid files were measured on the 
transversal section to get the radial dimension and cell-wall thickness of the tracheids. Wood 
density was calculated empirically on the base of the density of wood substance and share of 
cell-wall.  
Local long-term climatic data (from 1960 to 2015) showed an increase of the annual air 
temperature since 90’s. Air temperature data of the growing season exclusively, showed that 
the examined period of the years 2009-2012 had remarkably higher temperature compared to 
the period of years 1983-1989. Contrariwise, the annual sums of precipitation data did not 
reveal any important change. The average cell-wall thickness of the tracheids along the radial 
files was found to be between 1.8 to 2.8 μm (at the beginning of the tree-ring), showing an 
increasing trend which culminated (5.5 μm) at the 0.7–0.9 relative position within the tree-ring 
before decreasing again (3.5 μm). Although, the cell-wall thickness trend was found to be 
similar for both examined periods of years, nevertheless the average radial dimension trend 
differed noticeably. Namely, the average radial dimension of the tracheids which were formed 
during the period of years 2009-2012 was constantly smaller than the one formed during the 
period of years 1983-1989 (from 0.3 to 1.0 relative position). Furthermore, wood density was 
found to be affected in a respective way, showing a remarkable difference between the two 
examined periods of years, again from 0.3 to 1.0 relative position. This difference reached 
almost the 300 kg∙m-3 by the ending of the tree-ring. Higher wood density (2009-2012) is 
probably related to the smaller average radial diameter of the tracheids.  
Conclusively, the findings showed that the climate change will be pronouncedly reflected on 
the changes of the cell morphology. In the future, the wood density of Norway spruce can be 
expected to be higher. 
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Forest ecosystems play significant role in terrestrial carbon (C) cycle through significant 
potential of C accumulation in vegetation and soil under climate change (Lorenz and Lal, 2010). 
Soils are the largest terrestrial carbon pool and small variations in soil organic carbon pools 
caused by changes in soil processes e.g. biological activity controlled by climate can 
significantly affect global carbon cycle, climate change and soil properties (nutrient retention, 
water holding capacity etc.). Therefore the knowledge of carbon dynamics in soils is crucial for 
carbon cycle modelling under environmental changes. In temperate forest ecosystems, more 
than 60% of the total organic carbon is stored in forest floor and mineral soil (Watson et al., 
2000). There already exist a high number of studies showing the concentrations and stock of 
soil organic carbon across different ecosystems. These studies however show methodological 
inconsistencies namely in the depth of soil being sampled, leading to biased results. For 
European forest soils, soil organic carbon pools are analysed only to depth of 20 cm of mineral 
soil (Batriz et al. 2010) or to 30 cm (Jones et al., 2005). For detailed Czech national soil survey, 
forest soils were sampled only to 30 cm (combining forest floor and mineral soil). Shallow 
sampling leads to underestimation of carbon stored in mineral soil. To account for most of the 
soil organic carbon we sampled soils at long-term monitored catchments of the GEOMON 
network up to depth of 80 cm of mineral soil. Carbon pools were calculated for organic horizons 
and specific depths of mineral soil (0-10 cm, 10-20 cm, 20-40 cm, 40-80 cm). Forest floor 
average thickness was 6.7 cm which represents 97 t/ha of organic matter of dry mass on average, 
containing 38t/ha of carbon. Average value of total carbon pool in mineral soil was more than 
two times higher (101t/ha). A half of this pool (50 t/ha) consisted of carbon underneath 20 cm 
of mineral soil. Underneath 40 cm of mineral soil there is still substantial pool of carbon 25 t/ha 
(one quarter of total carbon pool in mineral soil). The remaining carbon pool is located 
underneath. As monitored catchments are located in variable landscapes differing in 
environmental variables (elevation, bedrock, show variable soil physical parameters, mean 
annual temperature, mean annual precipitation, forest age, forest composition, and S and N 
deposition legacy) we analysed the relationship of soil carbon pools to these environmental 
variables. The carbon pool in mineral soil significantly depends on catchment altitude, past 
sulphur deposition and the content of fine earth in the soil profile. These three variables 
explained 30 % of carbon stock variability in mineral soils. The higher the catchment's altitude, 
past S deposition and fine earth content the higher the carbon stocks in mineral soils. Carbon 
stock in forest floor is dependent only on altitude, explaining 12% of variability.  
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Tree-ring width (TRW) chronologies are valuable proxy archives for climate reconstructions. 
In the Czech Republic (CZ), the longest TRW chronology consisting of living, historical, 
archaeological and subfossil oaks has been gradually improved during the last two decades. 
Here, we present the development of the most current version of the chronology and the first 
millennia-long hydroclimatic reconstruction derived from the chronology.  
The weakest and low replicated periods of the chronology were improved by systematic 
sampling of historical timber and random sampling of living trees. Then, the recent part of the 
chronology was divided into 10 sub-chronologies based on five environmental factors such as 
soil moisture, age, elevation, and geographical position for testing of significant differences 
between the chronologies. We have demonstrated that even if detailed information about these 
factors in the case of historical samples is not well-known, the resulting reconstructions may 
not be significantly biased by such a deficiency.  
In total, 3744 TRW measurements were used to compile the newest TRW chronology covering 
the period from 134 BC to 2014 AD. The internal homogeneity of the chronology remains 
essentially unaffected and should be generally valid for the entire CZ oak TRW chronology. 
The TRW chronology was developed to best capture the high-frequency extremes over the past 
1250 years. It was proved that positive extremes (wide tree rings) correspond to wet years with 
higher summer precipitation while negative extremes (narrow tree rings) well represent dry 
years. The highest number of negative extremes was found in the 19th century, while positive 
extremes were most frequent in the 12th century. The recent part of the TRW chronology, 
representing Bohemia (western part of the CZ) reflected significant May–July precipitation 
signal in the period 1901–1980. This period was further used for calibration/verification. The 
oak TRW chronology explains 34% of May–July precipitation variability during this period. 
RE and CE statistics were used for verification and their highly positive values proved a good 
reconstruction skill. The well-replicated part of the oak TRW chronology used for the final 
reconstruction (1040–2015) was derived from the EPS statistics. The reconstruction revealed 
two long periods of low precipitation variability, in the 13th–14th centuries and the 1630s–
1850s.  
Our new reconstruction is characterized by a large inter-annual and inter-decadal variability 
with no long-term trends. New reconstruction should contribute to better understanding of past 
precipitation fluctuations in the central European region.   
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Understanding the mechanistic relationships between vegetation indices (VIs) derived from 
reflectance and photosynthetic activity across a range of time scales is important for developing 
accurate, predictive photosynthethic models calculated from remote sensing (RS) approaches. 
This study summarizes data points acquired during two years of measurements of optical 
properties and gas-exchange characteristics of European Beech (Fagus sylvatica) and Norway 
spruce (Picea abies) tree species in controlled environments. Daily conditions were simulated 
by temperature changes, e.g. mixing control days with days of high night temperature and cold 
photoperiod and vice-versa. The observed statistical relationships between 105 pairs of selected 
optical parameters (i.e. Photochemical Reflectance Index (PRI), ΔPRI, and R690/R630 (where 
R is a reflectance at a superscripted wavelength) and Light Use Efficiency (LUE) were 
considered at different canopy LAI, changing pigments stoichiometrics and daily changing 
dynamics of environmental conditions.  
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Rock chemistry from three boreholes and water chemistry of bulk precipitation, throughfall, 
stream  and soil water from the 2015 and 2016 water years were examined in the Slavkov Forest 
Critical Zone Observatory in western Bohemia. The observatory contains three small 
catchments forested by Norway spruce (Picea abies). Lysina (LYS) and Pluhův Bor (PLB) are 
in the Czech GEOMON network of catchments (Oulehle et al. 2017). Moreover, LYS is part of 
two International Cooperative Programs (ICP) – Integrated Monitoring (Vuorenmaa et al. 2017) 
and Waters (Garmo et al. 2014). Stream water discharge has been monitored continuously since 
the 1990 water year at LYS, since 1992 at PLB and since 2015 at Na Zeleném (NAZ). The 
coefficient of alkalinity of rocks at the base-poor LYS falls in the low chemical reactivity 
category (0.1-0.2), with the lowest recorded value of 0.12. Rocks from the calcium (Ca)-rich 
amphibolitic NAZ catchment have high reactivity (0.25-0.4) and rocks from the magnesium 
(Mg)-rich serpentinitic PLB catchment have high or even very high reactivity (>0.4), with the 
highest recorded value of 0.56. Relatively large concentrations of rock sulfur (up to 0.63%), 
mainly as FeAsS2, were detected at NAZ (Krám et al. 2017). Dry deposition and internal 
cycling of base cations were estimated proportionally to sodium (Na) flux, assuming negligible 
internal vegetation flux of Na. Internal cycling in canopy throughfall was influenced by base-
rich substrate chemistry at PLB and NAZ. Throughfall fluxes reflected substrate chemistry, 
e.g., the largest internal cycling of Mg (84% of the throughfall flux) was calculated at PLB and 
the largest internal cycling of Ca (74%) was calculated for NAZ and correspondingly the lowest 
(22%) for LYS. Stream and soil water chemistry reflected the composition of the underlying 
rocks, especially for Mg, nickel and chromium at PLB, and for Ca at NAZ. Only stream water 
reflected the bedrock composition for sulfur and arsenic at NAZ (not soil water). Acidic stream 
water and soil water at LYS reflected incomplete neutralization of acidic deposition in the 
catchment and had mostly negative alkalinity and correspondingly elevated concentrations of 
inorganic monomeric aluminum. Spruce trees at PLB suffer by phosphorus (P) deficiency 
(Rosenstock et al. 2016) mainly due to low P concentration in serpentinite (0.02% of P2O5), 
especially in comparison to high P concentrations in granite at LYS (0.43% of P2O5). 
Concentrations of P in soil water from the organic horizon at PLB were just 0.1 mg L-1 and 
only 15% of that P was potentially bioavailable as the soluble reactive P (SRP). In contrast soil 
water in the organic horizon at LYS exhibited very high concentrations of P (2.6 mg L-1) and 
about 95% was bioavailable (similarly 85% of P at NAZ was bioavailable). Extremely slow 
above-ground biomass growth of spruce at PLB (0.8 t ha-1 yr-1) reflected the described 
deficiency. Corresponding above-ground biomass growth of spruce was 4.9 t ha-1 yr-1 at LYS 
and 6.4 t ha-1 yr-1 at NAZ.  
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Tree growth is dependent on many factors such as microsite conditions and climatic and genetic 
variations. Here, we assume that higher growth potential indicates both an economic benefit 
and better vitality for any tree. New evaluation method for studying mutual tree competition 
based on the trees’ social area orientation and shape was developed. The investigation was 
performed in nine Norway spruce stands in the Czech Republic. Our study presents the results 
of a radial increment evaluation of 279 trees with diameters at breast height ranging from 5 to 
55 cm and ages ranging from 35 to 89 years. The objective of this study was to quantify relative 
tree radial increments from 2008-2012 with respect to the lowest and highest competition found 
in specific sectors of tree social area (AS). Specific groups of trees (tree classes) according to 
their size (dominant, co-dominant and sub-dominant) and their composition in ninety-degree 
sectors using established rules were evaluated. Social area (AS) can be commonly characterized 
as the area where a particular tree realises its growth. The results showed that a spatially-
available area (AA) is an inappropriate parameter for predicting tree growth, whereas AS is 
suitable. Tree size is an important indicator of relative radial increments. A significantly 
positive correlation was found for sub-dominant trees with the lowest competition from the 
north-west, west and south-west, whereas a negative correlation was seen when the lowest 
competition was observed from the south-east, east and north-east. Significant relationships 
between the growing of co-dominant trees and the direction of the lowest competition were 
discovered. For dominant trees, there was an evident growth reaction only when more than 50% 
of the AS was oriented towards one of the cardinal points This set of findings can be effectively 
used to optimise biomass production in terms of its quality and quantity and also as a tool used 
to maximise carbon sequestration and tree vitality under global changes using proper tending 
approaches. However, this issue deserves more and detailed attention in future research and 
practice. 
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Gemmamyces piceae is the causal agent of bud blight disease of several spruce species 
contemporary spreading within the Ore Mts. In the Czech Republic this invasive cryptogenic 
fughi pathogen was investigated in 2009 for the first time on Picea pungens trees (Černý et al., 
2016). Within 5 years new spreding to other host species (Picea abies) was recorded. The 
occurence of this fungi can bring several consequences for the spruce, such as decrease of the 
photosynthetic rate and biochemical changes according to the level of the shoots damage. 
Physiology of the infestated trees affected by this pathogen is not known. Biotrophs as 
Gemmamyces piceae usually reduce the stomatal conductance gs in the infected tissue (Oliva et 
al., 2014). On the other hand transpiration of the whole plant may not be influenced (Hajji et 
al., 2009). From this point of view a complex approach of tree physiological state should be 
applied. We focus on the parameters related to the transpiration, assimilation rate and 
differences in photosynthetic pigment composition in 5 stages of infection (0 – non-infected, 4 
– heavily damaged). Physiological traits of spruce related to environmental conditions under 
biotic stress are widely discussed. 
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Under conditions of upcoming climate change, we can expect longer and more often draught 
periods during growing season. Different forest ecosystems will react to it with different 
sensitivity. This work aims to compare the response to water stress of spruce (Picea abies (L.) 
H.Karst., est. 1981, Bily Kriz, Beskydy Mts., 875 m a.s.l.) and beech forests (Fagus sylvatica 
L.,  est. 1903, Stitna, White Carpathians, 550 m a.s.l.). Days with (WS) and without (NS) water 
stress were chosen from the years 2011-2013. We analyzed exclusively clear days (July to 
September) to achieve comparability of results (daily mean clearness index > 0.6). WS and NS 
days were defined based on precipitation and VPD thresholds validated by cross-checking 
against available water resource (Krupkova at al., 2017). 
 
Gross Primary Productivity (GPP; calculated on the basis of eddy covariance measurement; 
Aubinet et al., 2012) light response curves showed higher initial slope and higher assimilation 
capacity (GPPmax) for the spruce forest.  GPPmax was the highest for NS days in the spruce 
forest (2.6 times higher than spruce WS days; 1.2 and 1.7 times higher than NS and WS days 
in beech forest, respectively). Alpha for the spruce stand was about two times higher than in 
beech forest. Net ecosystem exchange in WS days was on average 38% and 21% lower than in 
NS days for spruce and beech forest, respectively. This demonstrates the negative effect of 
water scarcity at investigated sites. Although GPPmax during NS days was higher for spruce 
compared to beech stand, the sensitivity of spruce to drought was higher than in beech. 
Maximum canopy conductance (Gc) in WS days reached 42% and 65% of Gc values during 
NS days in spruce and beech forest, respectively.  Daily course of GPP in spruce forest showed 
marked hysteresis. Afternoon decrease of GPP is explained by lower afternoon values of Gc. 
At beech forest, no hysteresis was found even during water stress; afternoon decrease of Gc 
was not observed. The differences in GPP were significant within morning and evening hours. 
 
We conclude that different response to water stress indicates the different accessibility of water 
for both species. In contrast to anisohydric beech that has deep roots, stricter water loss 
management of spruce is related to shallow roots and its isohydric strategy. 
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Changes in growth and physiology are among the primary responses of trees to environmental 
variation. To examine the growth and physiological response to changing climatic conditions 
of the environment, we conducted the experiment with Abies alba Mill. during the 2015 and 
2016 vegetation season. We monitored meteorological parameters (air temperature and 
rainfall), soil water potential (ΨW), stem circumference and photosynthesis parameters (CO2 
assimilation rate (A) ans stomatal conductance (gS)). Both vegetation periodes had above 
average temperatures and were rainfall deficient. While the April-June period in the season 
2015 was cooler with relatively higher rainfall than in 2016, during May and June 2016 were 
monitored higher temperatures with significant precipitation deficit, what led to significant 
decline of ΨW in the last decade of June. On the contrary during the season 2015 reached the 
ΨW high values, which began continuously decrease during extremely warm and dry August. 
Differences in the dynamics of environmental variables (temperature, precipitation, Ψw) were 
manifested in different seasonal dynamics of the increase of stem circumference during the 
years 2015 and 2016, although the overall seasonal increase was approximately the same. In 
the season 2015  began the growth of the stem circumference in the last week of April, while 
in the season 2016 it was already in the early April. In both vegetation period the end of the 
continuous increase of stem circumference can be situated in the middle until to the end of 
September. The high temperatures, the rainfall deficit and the decrease of Ψw during August 
2015 probably affected the continual decline of A and gS values. While the vegetation season 
2016 was different, the values of A and gS decreased in May and June deficient in precipitation 
and in the wet August they reached the highest values. 
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The study of ecosystem dynamics and the accurate estimation of their primary productivity are 
crucial for the assessment of their contribution to the global carbon cycle and their overall 
performance, especially under the frame of the ongoing climate change. Mediterranean 
ecosystems in particular are characterized by warm and dry summer periods, thus they are 
considered among the most sensitive ecosystems to the climate change. Eddy covariance 
technique is considered as the only method that provides direct measurements of primary 
productivity on ecosystem level, however due to various reasons it has to be combined with 
modelling approaches.  
In this study we present the seasonal fluctuation of primary productivity, in terms o CO2 
assimilation, for a Mediterranean Aleppo pine (Pinus halepensis) forest, as it was measured 
with the eddy covariance technique for a two year period, on a natural habitat of the species, in 
Kassandra Peninsula, Chalkidiki, Greece (40ο 06’ Ν, 23ο 18’ Ε, el: 0-10 m). An analysis of the 
main environmental factors influence on primary productivity has also performed, in order to 
assess their relative significance and the way they affect primary productivity on ecosystem 
level. From the above analysis, the mathematical dependence on environmental factors of 
primary productivity has been carried out and a simple model was developed. The latter is used 
for gap filling purposes and for a potential use to other ecosystems of the same species.  
The seasonal fluctuation of primary productivity follows the seasonal fluctuation of 
environmental factors, while daily GPP values varying from as low as 0.5 g C m-2 d-1 during 
wintertime to 8.5 g C m-2 d-1 at mid-spring. From the studied environmental factors, 
Photosyntetically Active Radiation implies the greater affection on GPP fluctuation, while 
temperature has a minimal effect on GPP, but a strong effect on ecosystem respiration. 
Although the summer periods are warm and dry, the studied species is not subjected on great 
water stress, keeping relative high GPP values during summer. 
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Changes in atmospheric deposition, stream water chemistry, and solute fluxes were assessed 
across 15 small forested catchments (GEOMON). Dramatic changes in atmospheric deposition 
have occurred over the last three decades, including a 70% reduction in sulphur (S) deposition.  
These changes in atmospheric inputs have been associated with expected changes in levels of 
acidity, sulphate and base cations in streams. Soil retention of S appeared to partially explain 
rates of chemical recovery. In addition to these changes in acid-base chemistry we also observed 
unexpected changes in nitrogen (N) biogeochemistry and nutrient stoichiometry of stream 
water, including decreased stream N concentrations.  Among all catchments the average flux of 
dissolved inorganic nitrogen (DIN) was best predicted by average runoff, soil chemistry (forest 
floor C/N) and levels of acid deposition (both S and N). The rate of change in stream DIN flux, 
however, was much more closely correlated with reductions in rates of S deposition rather than 
those of DIN. Unlike DIN fluxes, the average concentrations as well as the rates of decline in 
streamwater nitrate (NO3) concentration over time were tightly linked to stream dissolved 
organic carbon/dissolved organic nitrogen ratios DOC/DON and DON/TP rather than 
catchment characteristics. Declines in phosphorus adsorption with increasing soil pH appear to 
contribute to the relationship between C, N, and P in our study catchments. Our observations 
suggest that catchment P availability and its alteration due to environmental changes (e.g. 
acidification) might have profound effects on N cycling and catchment N retention that have 
been largely unrecognized. 
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Terrestrial ecosystems globally are receiving increasing amounts of reactive nitrogen (N) with 
anticipated positive effects on ecosystem carbon (C) sequestration. The “hot spots” of N 
deposition are often associated with areas formerly or currently receiving high deposition of 
sulphur (S). It is possible that recent measurements of C fluxes from these regions might not be 
representative of systems in long-term balance with climatic conditions, but of systems subject 
to additional anthropogenic pressures, and in many cases undergoing transient change as 
deposition levels decline or rise. In a 4 year, two forest stands (Norway spruce vs. European 
beech) replicated field experiment involving acidifying, N addition and its combination 
treatments, we tested to what extent changes in soil acidity or/and N availability affect relative 
balance of ecosystem C accumulation, versus ecosystem losses in either (dissolved) organic or 
(gaseous) inorganic forms. We demonstrated a consistent suppression of soil water dissolved 
organic carbon concentration (by 30 % - 50 %) driven solely by chemical changes associated 
with increases of hydrogen ion concentrations under acid treatments independently of forest 
stands. Suppression of soil respiration (Rs) by 6 % - 10 % was observed only in spruce forest 
under acid treatments and was consistently accompanied by reduced in situ decomposition of 
high lignin biomass (rooibos tea), reduced microbial biomass, increased of fungi to bacteria 
ratio and by increases of C to N enzyme stoichiometry. We did not observe acid treatments 
effect on Rs in the beech forest. We hypothesized that the apparent sensitivity of spruce soil to 
acid stress, manifested by slowdown of C cycling, was primary associated with adaptation of 
microbial community to acquire C from low quality litter, whereas in beech stand microbes 
were reliant on nutrient (N) acquisition.  The only changes in C cycling associated with N 
addition were related to the increases of C to N enzyme ratios in both forest types, without any 
impact on C losses. Lack of direct N effect on C losses, decomposition and microbial 
community might be explained by the adaptation of both forests to long-term elevated ambient 
N deposition. However, elevated N inputs can be associated with soil acidity generation, thus 
induced soil acidification can exert greater control over C dynamics than N as fertilizer, either 
in N addition experiments or in areas with excess N deposition. 
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Forest ecosystems provide a wide range of goods and services. While some of them are valued 
by markets such as wood and non-wood products, are valued by markets, many others are not 
As a result,  the social value of  these services has typically not been taken into account in 
individual and collective decision-making, and/or goods and services have been perceived as 
freely available. In particular, for those forest ecosystem services having the character of public 
goods or common-pool resources, various attempts have been undergone for internalizing 
positive and negative externalities in economic decision-making (Gomez-Baggethun, et al. 
2010,  Chobotova, 2013, Kluvankova, Gezik, in print). 
Payments for ecosystem services (PES) is a mechanisms to ensure the value of ecosystem 
services in policy and decision making, in particular where traditional narratives for 
conservation have failed to influence economic decision making. The effect of PES in local and 
multilevel context vary depending on quality of social networks and type of goods that can 
(crowd-out) erode or (crowd-in) complement those goods (Gomez-Baggethun, et al. 2010, 
Primmer et al, 2013; Vollan, 2008 etc.). 
The study aims to provide the systematic and robust review of existing payment schemes with 
the focus of type of payments (compulsory, obligatory, compensation payments etc.), location, 
scale and sustainability. For this purpose a meta-analysis of about 500 scientific Web of Science 
papers was undertaken following the PRISMA methodology (Moher et al., 2009). Results 
shows the uneven territorial distribution of existing schemes as well as different theoretical 
approaches used for the valuation of their effectiveness.  
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The forest species and the canopy cover can directly and indirectly affect soil carbon fluxes 
(soil respiration). Little is known, however, on soil respiration and its spatio-temporal variation 
under the canopy of different tree species, soil temperature and soil moisture conditions.  
Especially the CO2 emissions from forest soil in Mediterranean forests are poorly understood 
as there is a lack of measured data. This study was designed to explore variations in soil 
respiration under the canopy of two different oak species, one evergreen and one broadleaved, 
as well as changes in soil temperature and moisture conditions during a year period.   
 
The experimental area is located near the Forest Research Institute in Thessaloniki (40° 30’ 
32’’ N 23° 5’ 3’’ E, altitude 40 m a.s.l). The area consists of experimental plots of pubescent 
oak (Quercus. Pubescens) and holm oak (Q. ilex). Each plot occupies an area of 1350 m2 (45 
X 30 m). The planting space was 3X3 m and was planted 50 years ago. A weather station is 
also located at the study site. The soil belongs to the brown Mediterranean soil type. The texture 
varies between clay and loam. It consists of sand and clay.  The soil CO2 efflux was measured 
on a weekly basis using a closed dynamic chamber system (LI-8100, Li-Cor Inc., Lincoln, 
Nebraska, USA). The CO2 flux from the soil was estimated by placing the long term chamber 
(8100-101) on PVC collars (20 cm diameter) and measuring the increase of CO2 within the 
chamber for 24h. The measurements were executed in 2-min intervals with 15 seconds 
deadband and 3 measurements per hour were carried out. The insertion depth of the collars was 
5–8 cm into the forest floor. Along with soil CO2 efflux, soil temperature at a soil depth of 10 
cm was measured adjacent to respiration collar with the 8100-201 Omega soil portable 
temperature Probe (Omega Engineering Inc.) provided with the LI-8100 meter, and soil 
volumetric water content (VWC) at a depth of 6 cm was measured with the portable Theta probe 
ML2x (Delta T devices Ltd). Measurements were carried out from December 2016 to 
September 2017. 
 
There were strong seasonal fluctuations in soil temperature and moisture during the measured 
period. 
The results show that soil respiration measured under a tree canopy cover varied with species 
and soil water content. In all measured the soil respiration under the broadleaved species (Q. 
pubescens) was higher than that under the evergreen Q. ilex.  The difference between species 
was higher during summer. Max recorded value for Q. ilex was 4.8 μmol m2 s-1 in July and in 
Q. pubescens was 9.8 μmol m2 s-1 also in July. Significant increases in soil respiration were 
found after rain events. Our findings that the canopy cover of different tree species influences 
soil respiration under different soil moisture conditions could provide useful information for 
parameterizing and/or calibrating carbon flux models, especially for spatially explicit carbon 
models. 
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Studies that combine dendrochronological data (radial growth) and remotely sensed image 
time-series are generally scarce. We provide new findings that relate to the radial growth of 
different species (pedunculate and Turkey oak, European beech and Scots pine) and MODIS 
Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and Land 
Surface Temperatures (LST). Significant correlations between MODIS observations (from 
2000 to 2013, averaged to monthly and annual values) and growth have been found. All four 
species were influenced by each of four indices for some specific months. LSTd annual values 
were significantly related to the growth of three species (Turkey oak, beech and pine) and 
annual EVI and LSTn to single species (pine and beech, respectively).  
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Covering approximately 14 million hectares, Fagus sylvatica is one of the economically and 
ecologically most important tree species in Europe. Climate change is supposed to negatively 
affect beech ecosystems due to well known vulnerability of this species to drought. For that 
reason, there is a widespread concern that adaptive evolution of beech may not proceed 
sufficiently rapidly to respond to rapid environmental changes. Provenance trails may provide 
a good basis for evaluation of genetic diversity of various provenances, as well as studying of 
population phenotypic responses to climate change. Beech provenance trials in Serbia were 
established during spring 2007, at two trial sites - one at an isolated, marginal site for beech 
with low elevation, acidic soil and the low annual sum of precipitation, and the other at a higher 
elevation, calcareous soil and within the mean humidity range in the pure beech stands of 
Serbia. The trials consist of 25 provenances that cover latitudinal range from the North to the 
South of Europe, and altitudinal gradient from 35 m to 860 m a.s.l. The additional value of these 
trials is that contrary to previously established series, where the provenances from Balkan were 
omitted, this is the first time that the majority of the provenances originated from the Balkan 
region. The studies in Serbian beech provenance trials have been focused mainly on the 
examination of various functional traits variability within and among different provenances, as 
well as research of phenotypic plasticity of leaf and wood anatomical traits. The results indicate 
the presence of significant variability both within and between different provenances, as well 
as ecotypic pattern of genetic variation. Also, the studies have indicated the possibility of plastic 
provenance response to changes in environmental conditions, as well as the ability of 
provenances originating from moist sites to adapt to drier habitat conditions. Finally, the studies 
evidenced that beech provenances from Balkan Peninsula might be potential targets in the 
search for drought-resistant ecotypes. This is especially important from the perspective of 
production, marketing and transfer of forest reproductive material that is better adapted to 
changing environmental conditions. 
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Water availability is of major importance for forest production and tree health condition. More 
frequent and severe droughts are presumed in the changing climate scenarios enhancing water 
deficit during growing season and leading to decrease in forest stability and productivity. The 
capacity of forests to withstand droughts depends on species-specific water use features and on 
the stand structure, including stand density and tree size distribution.  
The study aimed to evaluate differences in tree transpiration and tree response to extreme water 
deficit during drought, in relation to stand density. The study took place in mature pure sessile 
oak stands located near Soběšice and Vránov, SE Czech Republic, during extremely dry 
growing season of 2015. Tree transpiration was measured by sap flow method in four sessile 
oak stands, two stands without the canopy shelter and two stands with closed canopy cover. 
Stands were selected using hemispherical photos that described light conditions, where the 
defining parameter was the proportion of diffuse light compared to the open area conditions 
(indirect site factor). Stands were 80-120 years old, stand density ranged from 89 to 711 tree 
ha-1 and stand basal area from 6.5 to 33.3 m2 ha-1. Transpiration data were analysed together 
with microclimatic and soil water potential conditions.  
Trees in stands without canopy shelter transpired significantly more than those growing under 
closed canopy. This was caused by higher insulation and, therefore, higher transpiration needs 
of trees in less dense stands. In all studied stands, there was a positive correlation between 
transpiration and tree size. In each of the stand, the dominant trees reduced transpiration during 
drought in larger extent than the suppressed ones, which confirmed that dominant trees react 
faster to water deficits. 
The whole stand transpiration significantly differed with stand density and was higher in denser 
stands. The reduction of stand transpiration during drought conditions was less pronounced in 
younger stands and in stand without canopy shelter, which related to lower water competition 
among trees and more water available for individual tree in less dense stand even during drought 
conditions. Our study confirmed better performance of trees growing in less dense stands during 
extreme droughts. These findings can be used in forest management planning in order to 
achieve to most appropriate stand structure to reduce the negative effect of droughts.  
 
 
 
 
 
 
 
 
 
 
 
Acknowledgement 
Supported by Ministry of Education, Youth and Sports of CR within the National Sustainability Program 
I (NPU I), grant No. LO1415. 



91 
 

Reproducible quality checking of eddy covariance data with R software 
package eddyczechr 
 
Šigut, L.1,*, Sedlák, P.1,2, Macálková, L.1, Pavelka, M.1, Mauder, M.3 

 
1 Global Change Research Institute CAS, Bělidla 986/4a, 603 00 Brno, CZ 
2 Institute of Atmospheric Physics CAS, Boční II 1401, 141 31 Praha, CZ 
3 KIT, Institute of Meteorology and Climate Research, Atmospheric Environmental Research, 

Kreuzeckbahnstraße 19, 82467 Garmisch-Partenkirchen, Germany 
* sigut.l@czechglobe.cz 
 
It is well known that in order for eddy covariance (EC) to provide reliable flux estimates it is 
required that the underlying assumptions of the method are met. Post-processing software 
provides users with variety of statistics extracted from high frequency data that can be used for 
quality checking (QC). Here we present new R software package eddyczechr that facilitates QC 
tasks and we report on the results obtained for different site-years from Czech Carbon 
Observation System (CzeCOS).  
The eddyczechr package allows to use already predefined tests or filters and to introduce new 
ones for site-specific problems. It also introduces effective naming strategy that associates flag 
names with appropriate fluxes (momentum, sensible heat, latent heat and CO2 fluxes supported) 
and therefore simplifies their incorporation to composite flag. In combination with proposed 
standard QC workflow this approach leads to reproducible QC results. Very important part of 
the package is also tools for data visualisation. Plotting of fluxes together with meteorological 
data time series makes identification of problems easier while QC summary plots evaluate the 
importance of each QC flag. Important features of the package are also unit conversions, data 
aggregation and plotting of gap-filled and partitioned fluxes in different time scales. This 
bridges the current gap in R environment EC data processing chain and together with already 
existing software provides the capabilities for computation of yearly budgets from post-
processed halfhourly data.  
Application of the QC scheme on CzeCOS data demonstrates that data quality can differ among 
sites due to local micrometeorological conditions despite the fact that the site setup and 
instrumentation are similar. Also year to year differences in data quality can be observed even 
when problems with instruments are not considered. To conclude, eddyczechr is a reliable tool 
for flagging compromised or outlying EC fluxes. 
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Recently, it has been found that photosynthetic apparatus of Norway spruce is lacking two of 
photosystem II (PSII) light-harvesting proteins (LHC II, namely lhcb3 and lhcb 6), resulting in 
different structure of PSII supercomplexes (Kouřil et al. 2016) and much smaller macro-
organisation of the pigment-protein complexes (PPC) in plant thylakoid membranes in 
comparison with other land plants (Karlický et al. 2016). Moreover a substantially different, 
from the rest of higher plants, composition of spruce thylakoid membrane lipids could 
contribute to enhanced flexibility and integrity of thylakoid membranes, leading to enhanced 
thermal stability of photosystem II (Karlický et al. 2016).  
Based on these facts the two specific responses of spruce photosynthetic apparatus to elevated 
temperatures and high light will be discussed: a, more pronounced acceleration of light induced 
xanthophyll cycle activity at elevated temperatures in comparison with Arabidopsis plants 
leading to extremely rapid induction of zeaxanthin dependent non-radiative dissipation of 
absorbed excitation energy within PS II (NPQ); b, different strategies of acclimation to high 
light, regarding adjustment of thylakoid membrane organization and composition and possible 
involvement of others NPQ mechanisms in comparison to those typical for other land plants. 
Extraordinary flexibility in both short- and long-term responses to oxidative stress suggest that 
the different protein and lipid compositions of spruce thylakoids (and probably also in other 
species of Pinaceae), resembling some green algae and mosses, could provide an advantage 
when coping with frequent changes in temperature and radiation.   
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Raman spectroscopy combined with confocal microscope allow for analysis of biological 
tissues down to the cellular or sub-cellular level (Kaczor and Pilarczyk, 2014; Vítek et al., 
2016). It has established as one of the non-invasive analytical tools for chemical and structural 
analysis of wood (Agarwall and Ralph, 1997), including imaging analysis of cell wall design 
(Gierlinger et al., 2012, 2013).  
Here, tree cores from Picea abies were examined from two different altitude zones (400 m a.s.l. 
and 1100 a.s.l.) in Jeseníky mountains, Czech Republic. Raman spectroscopic approach of tree 
ring analysis allowed to obtain information about lignin/cellulose ratio in latewood spanning 
the last 35 years. The ratio is calculated based on the Raman intensity of the lignin band at 
~1600 cm-1 assigned to phenyl groups and cellulose band at ~1096 cm-1 due to vibration of 
glycosidic bonds. The band intensities were obtained from baseline-corrected spectra. Three 
trees were sampled from each location and two cores were collected from each tree, from 
western and northern direction, respectively.  
The results show clear overall difference of the lignin/cellulose ratio from high and low altitude 
and usually similar trends from the cores originating from the same tree. The clear dependence 
of the obtained lignin/cellulose ratios on the altitude were registered overall through the whole 
profile, with higher values obtained from the high altitude. The composition of spruce wood 
cores from the high altitude zone reveals also higher variability of the lignin/cellulose ratio 
among the tree rings within the last 35 years, compared to low altitude area.  
Unambiguous relation of lignin/cellulose ratio with mean annual temperature record was 
revealed in the case of spruce wood from low altitude. On the other hand, this relation was not 
proven for high altitude zone and for mean annual precipitation. 
The results show the great potential of the Raman spectroscopic method in dendrochronology.    
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Global warming is considered one of the major human-induced threats to forest ecosystem 
adaptation and resilience. Processes involving the adaptation capacity of forest ecosystems, and 
the role of forest management to improve mitigation strategies still need to be deeper 
understood. Hence, a multi-scale research framework to highlight linkages between adaptation 
of forest ecosystems and mitigation strategies in forest management from cell to broader (i.e., 
regional, national) scale, is proposed. Cell scale. The analyses of cambial activity and cell 
features, as well as of synchronism between apical and lateral meristems, can be used to 
investigate the effects of environmental disturbances on species’ responses and their chances 
of success, ultimately improving prediction of tree growth response to climate change (Cocozza 
et al. 2016; Antonucci et al. 2015). Stand scale. Dendrochronological studies support the 
analysis of the tree species-disturbance interactions, such as tree species geographical 
distribution at high elevation or at forest’s edge (Palombo et al. 2014), competitions due to 
stress responses (Tognetti et. al 2014), and effects of insect outbreaks on tree growth 
(Fierravanti et al. 2015). Findings from these studies are necessary to support the 
implementation of effective mitigation strategies at broader scale. Broader scale. The 
integration of modeling tools with accurate data, facilitates the understanding of ecosystem 
dynamics and energy fluxes in a context of changing climate, such as e.g., approaches for 
mapping forest ecosystem services (Vizzarri et al. 2017). The proposed framework provides a 
methodological flow to enhance the supporting role of forestry research within climate change 
adaptation and mitigation contexts. Scale transition (from cell to broader scale) and conceptual 
shifting (from adaptation to mitigation strategies) represent two important peculiarities of our 
research approach. 
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Analysis of knowledge, attitudes and practices towards climate change as a 
prerequisite for building a community-based oriented adaptation plan 
A case study from Khartoum-Sudan 
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Plausible climate change scenarios anticipate serious climatic consequences on the urban sector 
of Sudan. Khartoum state is the biggest metropolitan in Sudan; it has undergone a series of 
ravaging climate variability impacts and it has already endorsed a top-bottom approach 
adaptation plan to climate change. However, poorly knowledgeable population about these 
adverse impacts, ongoing governmental activities to tackle them and exclusion of the 
community's voice in the adaptation plan may entail carefree attitudes towards the problem and 
isolate the community from active participation in the adaptation process. It consequently 
increases community’s vulnerability and exposure to the adverse impacts of climate change.  
This study covers results from a field survey carried in 2014 among a simple random sample 
from Khartoum state. It aims to provide a quantitative insight into the community awareness, 
attitudes, and practices pertaining to threats and current adaptation activities to climate change 
and to reflect their own special issues need to be included in future adaptation plan. The study 
raised two main questions. The first question investigated respondents’ knowledge of basic 
terms and perceptions of causes and the impacts of recent climate variability and future climate 
change impacts. The second question explored respondents’ special issues to be considered in 
the adaptation plan and their willingness to pay to support both the ongoing governmental 
adaptation activities and their individual adaptive practices. 
A questionnaire composed of 61 questions, covers various aspects of knowledge, attitudes, and 
practices, and has been designed and distributed among 395 households in Khartoum state. The 
data analysis showed that 75% of the respondents were aware of both, the term “Climate 
change” and its main causes. However, familiarity with its associated risks was fairly 
acknowledged due to some cultural and religious factors.  Moreover, knowledge and attitudes 
regarding the ongoing governmental efforts, leading institutions and NGOs and the capability 
of Khartoum state authorities’ to adapt the city to the foreseen impacts, have gained the lowest 
level of knowledge among the surveyed sample. While 79% of the respondents have agreed 
and strongly agreed to pay to mitigate climate change; the most raised issues by respondents 
were increase of greenery, proper garbage collection system and empowering of the local 
governance units. 
The study suggested that awareness of Khartoum state dwellers about current and future climate 
change impacts and ongoing governmental coping efforts must be improved so as to reinforce 
community’s adaptive capacity. Simultaneously, governmental authorities should include 
citizens’ views, needs, and inputs to ensure the success of its adaptation activities.  
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For sustainable development and prosperity of humankind that would not compromise the 
Earth’s resources and would meet today’s energy, food and environmental needs we have to 
develop innovative biotechnological solutions that are incorporated into our community actions 
and reflections. Such innovations are usually perceived as enhancement in agricultural 
productivity or protection, ways to diminish the use of pesticides, reduction of greenhouse gas 
emissions, creation of an innovative disease therapy, etc. 
In this work we will focus on microalgal cell factories used as a chassis for biotechnological 
solutions for needed innovations. Microalgae have evolved and developed adaptation 
mechanisms to profit in wide range of ecological niches that are usually not optimized for 
production of valuable compounds or acting as mitigation agents even though they have such 
capacity. To overcome these limitations dictated by natural genetic optimization during long 
process of evolution it's necessary to identify ways to improve capacity of these microorganisms 
to produce valuable compounds or perform desired functions. 
Innovations developed by CzechGlobe researchers during recent years that combine advanced 
experimental techniques together with systems biology approaches to investigate various 
microorganisms and their interactions with environment are discussed. Perspectives of using 
these innovations for design of adaptive strategies and technological solutions supporting 
sustainable use of resources with particular focus on the area of technologies that aim to reduce 
and mitigate global change impact are further outlined. 
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Aim of the PhD thesis is to analyse current state and explore challenges and opportunities for 
integrating the concept of ecosystem services (ES) into nature protection policy and decision-
making in the Czech Republic, focusing on stakeholder attitudes and values, perceived benefits 
(nature’s contributions to people - Pascual et al., 2017) and power relationships (Felipe-Lucia 
et al., 2015). Further four specific goals have been identified: 1) Review of the national 
environmental policy to describe current (explicit and implicit) use of ecosystem processes, 
services and benefits; 2) Analysis of stakeholder‘s preferences and attitudes towards ES in order 
to identify priority ES, perception of benefits/disservices provided by ecosystems to various 
stakeholders, recognized values of nature; 3) Identification of power relationships among 
stakeholders which influence flow of ES, barriers for full use of ES; 4) Identification of barriers 
and opportunities for integration of the ES concept into nature protection policy and decision-
making, role of formal and informal institutions. Research is based on the following methods: 
1) Literature review - progress towards integration of ES into policy and decision-making in 
other countries; 2) Document analysis - environmental policy documents (nature and landscape 
protection, climate change, air protection, water protection, waste, risks, sustainable 
development); 3) Stakeholder analysis - institutional (organized groups) stakeholders; 4) 
Interviews - focus on power relationships which mediate ecosystem services flows 
(stakeholder’s ability to use, manage or impair ES). Several policy and social implications of 
the research reflect significance of the research: 1) Exploring ES demand by engaging key 
institutional stakeholders in interviews will help to inform policy makers and also further 
research about real stakeholder needs; 2) Analysing current state and exploring challenges and 
opportunities for practical use of the ES concept in environmental governance will help to better 
understand the science-policy interface; 3) Exploring power dimension of ecosystem 
governance with focus on stakeholder power relationships will help to facilitate sustainable use 
of ecosystems (natural resources) and their contributions to various stakeholders. Expected 
outcomes of the research include: 1) List of preferred/neglected ES for each stakeholder group; 
2) Arguments for/against practical use of the concept of ES and valuation of nature; 3) 
Identification of opportunities and challenges for effective integration of ES into policy and 
decision-making (role of formal and informal institutions); 4) Map of power relationships 
among key institutional stakeholders to explore the effect of power asymmetries on access to 
ES. 
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The Cordillera Blanca of Peru (8.5°-10° S; 77°-78° W) – the most heavily glacierized tropical 
range of the world – has been experiencing apparent glacier ice loss since the end of Little Ice 
Age (LIA), the last significant period of glacier advance. Glacier ice loss (retreat and thinning) 
is, among other processes, accompanied by the formation and evolution of all types of glacial 
lakes. Outburst floods originating in these lakes – glacial lake outburst floods (GLOF) – are 
low frequency, high magnitude events characterised by extreme peak discharges and associated 
damaging potential, making mitigation and adaptation rather challenging issue. Relatively 
densely populated piedmont of the Cordillera Blanca has suffered several extreme GLOFs in 
past, claiming thousands of lives and causing considerable material damages. Facing ongoing 
climate change-induced glacier ice loss and associated evolution of new, potentially hazardous 
lakes, moreover hand in hand with increasing societal vulnerability, the need for reliable hazard 
identification, mitigation and adaptation is obvious. 
 New methodological framework for identification of lakes susceptible to produce GLOF 
has been developed, reflecting regional specifics of causes and mechanisms of GLOFs in the 
Cordillera Blanca (Emmer and Vilímek, 2014). Consequently, update inventory of lakes (882 
lakes in total) including GLOF susceptibility assessment of large lakes has been made (Emmer 
et al., 2016). Various hazard mitigation options (open cuts, artificial dams, tunnels and their 
combinations) have been examined in order to show effectiveness of these measures in 
changing geo-environmental conditions (Emmer et al., accepted). While rather extensive work 
has been done in the field of GLOF hazard identification and mitigation, societal vulnerability 
and adaptation still remain open and challenging issue, especially due to the specifics of 
GLOFs, considerably limiting the use of ‘traditional’ flood adaptation (flood protecting) 
measures. Especially soft adaptation measures (prevention, education) in combination with 
properly designed early warning systems at carefully selected localities are considered the most 
efficient solution. 
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With respect to the increasing production of the electricity from renewable sources, electricity 
trading and power grid management must struggle with new challenges. This concerns mainly 
instability of electricity production due the weather volatility. Flawed forecast can incur 
significant financial losses. In the recent years, the Department of Climate Modeling at the 
Global Change Research Institute has developed and is operationally running forecasts of 
electricity consumption and electricity production from photovoltaic and wind power plants for 
one of the two largest energy companies in the Czech Republic – for EON Energy a.s.. The 
basis for prediction is a locally adjusted unique system, so-called. "Multi-model", which 
consists from a mix of the best meteorological models in the world. Basic forecast for energy 
trading in the Czech Republic grid ends up with +48 hours. Further outlook of electricity 
production is then given for the period of up to 5 days. Since the weather is unstable and we are 
still not able to describe it mathematically in a sufficient way (and thus absolutely trust the 
models), the final decision about forecast still relies upon a meteorologist, who makes 
adjustments and describes to energy trader all possible risks to next hours. Also important is 
the medium-term forecasts. It is based on a combination of five models for 9 days ahead and it 
has been developed primarily for monitoring of drought (www.intersucho.cz) and farmers. The 
results are so complex that we use them also for forecasting in energy sector.  
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Increasing urbanization, coupled with the impacts of climate change, has generated renewed 
efforts to understand how the structure and composition of the urban landscape affects local 
climate. To understand better the relationship between urban temperatures and such factors as 
vegetation abundance, impervious surface abundance, and geometry of street canyons, data at 
higher spatial and spectral resolution is needed.  
The study focuses on assessment of thermal properties of different urban elements under an 
extreme summer heat spell and during a cold winter night. 
We explore the synergy of multi-sensor airborne data of an urban area to provide the kinds of 
detailed information that will make it possible for urban planners to make informed decisions 
concerning mitigation and adaptation strategies for dealing with increasing urban temperatures. 
That is why statistics over administrative units, such as municipal districts and urbanistic units, 
were calculated for selected features. 
We acquired airborne data using a set of hyperspectral instruments that includes the Compact 
Airborne Spectrographic Imager (CASI), the Shortwave infrared Airborne Spectrographic 
Imager (SASI), the Thermal Airborne Spectrographic Imager (TASI), and LiDAR scanner 
Riegl Q680i over the city of Brno during summer midday and winter night. The CASI, SASI 
and TASI data were radiometrically and atmospherically corrected and georeferenced. We used 
the temperature-emissivity separation algorithm (TES) to generate both emissivity bands and 
surface temperature. A classification of urban elements, namely buildings, roads, grass, trees, 
and open water bodies was derived based on hyperspectral CASI, SASI, and LiDAR data. 
The results: 1/classification shows very uneven distribution of five land cover classes in the 
whole Brno city cadaster and within most of 27 municipal districts. This fact is reflected in high 
differences in summer surface temperature (more than 13°C) between districts but little 
differences in winter night temperature; 2/the same category of urbanistic units display different 
summer surface temperature. This indicates a significant difference in proportions of landcover 
classes within urbanistic units. The main contribution to the town high temperature comes from 
civic amenities and industrial areas; 3/ the quantification using linear regression model revealed 
statistically significant (p < 0.01) contributions of four classes to the mean temperature of the 
urbanist units. The main increment of high surface temperature of urban units comes from roads 
and roofs of buildings while the role of trees and water bodies display opposite trends – they 
contribute to mitigation of temperature in hot days.  
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