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Preface

The proceedings include the scientific contributions of the "International Workshop on Local
and Regional Challenges of Climate Change Adaptation and Green Technologies™ that has
been organized 19th September 2014 at the University of West Hungary, Faculty of Forestry.

The aim of the workshop was to synthetize the main results of the RECLAND (Erasmus
Multilateral Projects, 526746-LLP-1-2012-1-ES-ERASMUS-EMCR, MSc Programme in
Climate Change and Restoration of Degraded Land) and VITEG (Green Technology
European Virtual Gateway 527296-LLP-1-2012-1-UK-ERASMUS-ECUE) projects. The
wide spectrum of the presented scientific topics refers to the multi- and interdisciplinar
aspects of climate change and green technologies. Successful adaptation to the projected
climate change and the rise of the awareness regarding to green technologies can only be
achieved in the frame of international cooperations (in both projects experts from Spain,
England, Rumania, Estonia and Hungary have been involved) as well as by integration of the
results of recent research projects into education.

In the first part of the proceedings the key outcomes of the two projects are introduced with
special focus on the module content and accreditation of the developed MSc program and
teaching methods. In the second part the underlying research activities are discussed,
addressing the following topics: climate change mitigation, climate change impacts on forests
and water balance, adaptation to climate change, restoration of degraded land, urban soils, life
cycle assessment, green technologies.

The organisers of the workshop thank all speakers and presenters for the contributions, the
Dean of the Faculty of Forestry Prof. Dr. Ferenc Lakatos for making possible to organize the
workshop at the University of West Hungary in Sopron, as well as the RECLAND and
VITEG projects for the financial support.

the Editors

Sopron, September 2014
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El0szo

A kiadvany a Nyugat-magyarorszagi Egyetem Erdémérnoki Karan, Sopronban, 2014.
szeptember 19-én megrendezett ,,A klimavaltozas helyi és regionalis kihivasai, zold
technologidk” cimii tudomanyos workshop eldadasainak irasos Osszefoglaldjat foglalja
magaban.

A rendezvény célja a RECLAND (Erasmus Multilateral Projects, 526746-LLP-1-2012-1-ES-
ERASMUS-EMCR, MSc Programme in Climate Change and Restoration of Degraded Land)
¢s a VITEG (Green Technology European Virtual Gateway 527296-LLP-1-2012-1-UK-
ERASMUS-ECUE) projektek keretében elért legfrissebb eredmények bemutatasa volt. Az
elhangzott tudoméanyos eldadasok soksziniisége a klimavaltozassal és a zold technoldgiakkal
kapcsolatos témak multi- és interdiszciplindris jellegét igazolja. A klimavaltozashoz vald
hatékony alkalmazkoddshoz ¢és a zold techologidk iranti nyitottsdg noveléséhez
nélkiilozhetetlen a nemzetkozi egylittmiikddés (mindkét projekt spanyol, angol, roman, észt és
magyar kutatok bevondsaval valosult meg), valamint a legfrissebb kutatdsi eredmények
oktatasba torténd beépitése.

A konferencia kotet elso része a RECLAND projekt keretében kidolgozott MSc szintii képzés
tananyagat és akkreditacidjat, valamint a VITEG projektben kifejlesztett oktatasi modszereket
mutatja be. A kiadvany masodik része az oktatds alapjaul szolgalé tudomanyos kutatasok
eredményeit Osszegzi, a kovetkezd témak érintésével: klimavaltozas mérsékelése,
klimavéltozas hatdsa az erdei Okoszisztémdkra és a hidrologiai ciklusra, alkalmazkodas a
klimavaltozashoz, rekultivacio, varosi talajok, életciklus elemzés, zold technologidk.

A szervezdk koszonik a résztvevOknek, hogy eldadasaikkal, posztereikkel gazdagitottdk a
rendezvényt, Prof. Dr. Lakatos Ferenc dékannak, hogy helyet adott a workshopnak az
Erdémérndki Karon, valamint a RECLAND ¢és VITEG projekteknek az anyagi tdmogatas
biztositasaért.

a Szerkesztdk

Sopron, 2014. szeptember
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Accreditation Description of a MSc Programme in Spain
Developed Under the Erasmus Multilateral Programme

M.P. Arraiza’, M. C. Gimenez'", J.L. Garcia®, C. Cordén’, C. Calderén’, J.V. Lopez’,
Juan Carlos Santamarta®

YUniversidad Politécnica de Madrid (SPAIN)
Universidad de la Laguna (SPAIN)
*Corresponding author: martin.gimenez@upm.es

Abstract

In Spain, there are several possibilities for the accreditation of a Lifelong learning Master
Degree. One option is the internal accreditation, through the Technical University of Madrid
(UPM) post-graduate degree, as MASTER, SPECIALIZATION, EXPERT, and
CONTINUOUS TRAINING. These degrees lead our students to be successful in the labour
market, so as the enhancement and reorientation of their professional careers, because all
degrees have a clear professional orientation.

The second option is given by the “National Agency for Quality Assessment and
Accreditation of Spain”, ANECA, which is a Foundation whose aim is to provide external
quality assurance for the Spanish Higher Education System and to contribute to its constant
improvement. In order to perform its activities (evaluation, certification and accreditation),
ANECA has developed several evaluation Programmes with the purpose of integrating the
Spanish system into the European Higher Education Area (EHEA).

UPM is leading the Lifelong Learning Master Degree RECLAND (MSc Degree on Climate
Change and Restoration of Degraded Lands), which is currently accredited as UPM post-
graduate degree, and in the future it will be accredited as an official degree by ANECA.

Keywords: competences / accreditation / masters programme / aneca / certification / degree

INTRODUCTION

The first part in accreditation process involves the justification and objectives of the Master
RECLAND.

The United Nations Climate Change Conference, Durban 2011, delivered a breakthrough on
the international community's response to climate change. In the second largest meeting of its
kind, the negotiations advanced, in a balanced fashion, the implementation of the Convention
and the Kyoto Protocol, the Bali Action Plan, and the Cancun Agreements. The outcomes
included a decision by Parties to adopt a universal legal agreement on climate change as soon
as possible, and no later than 2015.

One of the decisions adopted by COP 17 and CMP 7 regard to the land use, land-use change
and forestry, and invites the Intergovernmental Panel on Climate Change to review and, if
necessary, update supplementary methodologies for estimating anthropogenic greenhouse gas
emissions by sources and removals by sinks resulting from land use, land-use change and
forestry activities under Article 3, paragraphs 3 and 4, of the Kyoto Protocol.
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DESCRIPTION OF MSc RECLAND PROGRAMME

This Programme was designed to modernise the curriculum provision in partner countries by
implementing a strategic approach for applied and unified credit transfer type of postgraduate
education that prepares students for the regional and global postgraduate job market. To
jointly develop and deliver a European Masters modules programme technology enhanced in
MSc Programme in Climate Change and Restoration of Degraded Lands based on the
“Tuning” project framework.
Land degradation is a human-induced or natural process which negatively affects the
productivity of land within an ecosystem. The direct causes of land degradation are
geographically specific. Climate change, including changes in short-term variation, as well as
long-term gradual changes in temperature and precipitation, is expected to be an additional
stress on rates of land degradation.

«  Climate change-induced land degradation is expected through;

« Changes in the length of days and/or seasons;

» Recurrence of droughts, floods, and other extreme climatic events;

+ Changes in temperature and precipitation which in turn reduces vegetation cover,

water resource availability, and soil quality;
»  Changes in land-use practices, such as conversion of lands, pollution, and depletion of
soil nutrients.

Adaptation-related projects on land degradation should apply incremental reasoning during
the design and preparatory phase. The focus of projects should be on reducing the impacts of
climate change on land degradation over and beyond measures that would normally be
undertaken as a land degradation focal area activity. In line with the adaptation funding
window that applies in this case (see below), maintaining and/or strengthening the resilience
of ecosystems and communities to climate change by reducing the rates of land degradation
(caused by climate change) is a priority. Projects should reflect dynamic, long-term response
measures that can effectively contribute towards the reduction of climate change-induced land
degradation.
EU Policy on Climate Change (WHO/Europe, Parma Italy, 2010) for member states envisage
to strengthen health, social and environment systems and services to improve their capacity to
prevent, prepare for and cope with climate change. Within this context the consortium of this
project evaluated EU’ HE offer of Climate Change and Degraded Land to identify if the next
generation of environmental scientists and managers are offer a solid and well prepared
curricula. A survey of existing curricula at educational institutions in partner institutions was
conducted and followed by a thorough analysis. This survey covered the ways how the
practice is organized for students. This and all other data was discussed in the preparatory
phase of the project idea. The proposed project draw lessons from this evaluation identified
educational practices that need to change to embrace climate change and land degradation and
restoration as a subject, gaps in education from employers and professionals perspective.
Based on this a MSc programme of modules will be accredited jointly or dually at partner
institutions and the overall MSc will be jointly piloted by the consortium leader, UPM, with
the intention to offer restoration of degraded land within an interdisciplinary context with
enterprises support and endorsement; and that opportunities, such as internships and other
methods of applied learning, are included in the curriculum as a result of the partnership with
stakeholders. All partners will participate in the piloting of the MSc on Climate Change, and
Restoration of Degraded Land and will also include accredited modules in their accredited
MSc programmes offer with the intention of joint delivery.
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Objectives of the MSc Recland
There is strong scientific evidence indicating that land degradation has become a substantial
problem for most of Europe as a result of climate change. This has been highlighted by the
EUROPEAN COST Action FP0601 "Forest management and the Water Cycle"
- The results of the United Nations Climate Change Conference, Durban 2011, delivered a
breakthrough on the international community's response to climate change and ratified the
importance of the land use and land use change as related to Climate Change.
- For the restoration of degraded land and mitigation of the effects of climate change in
land use there is a need for greater awareness and training among ground staff.
- There is a serious shortage of staff specialised in the technology enhanced restoration of
degraded land in Spain, the UK, Romania, Hungary and Estonia.
- Many EU students have still not being involved in a mobility programme and therefore
the proposed MSc programme is intending to encourage students from partner Universities
to become involved with exchange programmes and to study some of the MSc at partner
institutions were jointly accredited.
The main Master's educational objectives are:
a. To develop teaching materials that utilise learning objects
b. To develop modules tailored to technology assisted on Climate Change and Degraded
Land
c. Todevelop a virtual learning environment that facilitates learning and assessment
d. To disseminate the results to a wider European audience
e. To exploit the results by organising the transfer to other practitioners
f. To develop and validate jointly a MSc modules programme on enhanced technology
on Climate Change and Restoration of Degraded Land.
g. To update existing libraries,
h. Development of an innovative joint continuing postgraduate education curriculum and
coordinated continuing education organizational structure for partner countries represents
good example of optimal and coordinated resource utilization. The proposed MSc modules
programme will provide provision for continuing education and cover the shortage of skills
and educational resources on Climate Change and Restoration of Degraded Land at
European level.

TARGET GROUP

This Master will be addressed to Graduates of Environmental Management and Rural
Development faculties who intend to work in the climate change mitigation sector, graduates
of planning faculties who intend to specialise in land restoration, science, geography and
engineering graduates, or professionals from either a science or technical background.
Existing specialist specialists who intend to develop their competence. The online option
allows practitioners to enhance their professional development within their current
employment.

Secondary target group/ beneficiaries: graduates from countries affected recently by degraded
land that are based in their communities, such as countries from Africa, Asia and Latin
America. The fact that the course is given both in English and Spanish will make possible to
reach all these beneficiaries despite of their nationality.

10
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ACCREDITATION SUMMARY

Educational mode (full-attendance, semi-attendance or distance education):
e distance education (e-learning)

Duration:
e Months: 12 Hours: 1500 (LECTS = 25 hours)
e Start: September, 1, 2015 End: May 31, 2016

Credits ECTS:
e 60ECTS

N° of available places:
e  Maximum Number: 27
e  Minimum Number: 10
N° of scholarships and allocation criteria:
e Scholarships offered by Institutions outside UPM: 2
e Scholarships for UPM personnel: 2
Allocation criteria:
e Curriculum
e  Academic record
All offered degrees are available in e-learning mode:
Specialist in Restoration of Degraded Lands. Modules 2, 3, 5, 6 and 7.
Expert in Water Management. Modules 4 and 5.
Expert in Climate Change and Waste Management. Module 3.
Expert in Project Management. Module 10.
Expert in Applied Statistics in Degraded Lands. Module 10.

Selection Criteria
Students who have the ability to study and produce the work expected for a Masters level, and
having enough real experience to relate their learning experience with his/her work
experience. For these reasons, the selection criteria should be flexible, realistic and recognize
a range of qualifications and previous experience.
All prospective students must have current experience in the field of climate change/ degraded
areas (at least one year). Prospective students must have a "HE Level™ (Higher Education),
demonstrating their ability to study in an academic environment. This requirement may be
waived if the candidate has exceptional expertise in mitigating climate change and the
university staff to believe that the candidate would get success in the programme.
While the faculty seeks flexibility in entry requirements to the program is unlikely to accept
applications for people with no prior experience or without adequate climate change and
restoration of degraded lands academic qualifications.
Selection will be based on:

»  Cover letter from the applicant

»  Current Degree and academic record

«  Current Degree subject field

»  Professional experience

» Level of English

»  Optional Interview (videoconference)

«  The information will be presented to the Programme Committee for the final decision

11



Local and Regional Challenges of Climate Change Adaptation and Green Technologies, H-Sopron, 2014
ISBN 978-963-334-192-6

Monitoring And Evaluation
The evaluation will be on-line in each module. In line with the innovative nature of the
master, the evaluation strategy used a mix of assessment methods. Evidence of achievement
of learning outcomes will be as follows:

*  Written and practical work

« Participation in discussions and exercises

»  Production of a portfolio of case studies

* Review

«  Approximately 20,000 words Dissertation (with 10% tolerance).
Both assessment methods, learning and continuous training will be used throughout the
programme. Learning assessment creates a meeting point for both students and tutors in order
to evaluate the development, learning consolidation and planning ahead.
Continuous evaluation allows recognition of progression to other studies, reports to
participants the level of achievement, and validates learning processes.
Each module requires students’ participation in a two days’ workshop. The first day will be
used for applied modeling science and then, on the second day the student will remain in the
center of residence to work in practical cases, group assignments, reports and debates.
Students are expected to apply theoretical understanding in a variety of different scenarios and
employing a variety of approaches to the expression and distribution of tasks. At the end of
the programme, students will have developed the necessary knowledge and skills to improve
employment opportunities in the field of climate change.
The specialist and expert degree do not require a final dissertation. Shall be deemed to have
been approved after passed each module exams.
Master will require the completion of a graduation report about subjects programme, written
in English and must report copyright in favour of UPM, if the work has been performed in
part or all in their facilities. In case that students do their Master thesis in Climate Change and
Restoration of Degraded Land with a company, the student will retain his/her own copyright
but must ensure that the information provided does not create a conflict of interest with that
company, being responsible for the effects caused in this case. If the copyright remains the
student property, he/she must perform an automatic transfer of rights to UPM for teaching and
research only.
As part of the monitoring methodology of the programme, each student will have a mentor
assigned according to their own profile. The student is expected fluid and frequent contact
with their tutor in order to discuss the different aspects of their training.
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Abstract

Climate change is expected to have severe consequences on the environment, on the
economy, as well as on human health and wellbeing. Forestry sector is especially vulnerable
to the projected changes. The already visible impacts are very likely to be much more severe
throughout the 21st century, when extreme events are expected to occur with higher
probability. In the frame of a joint EU-national research project Agroclimate, a decision
support system is under development that provides information about the most important
regional and local risks and mitigation options regarding climate change impacts for forest
management and forest policy.

For rising the public awareness, the learning material in the forestry education should be
continuously updated with the results of recent research. For this purpose a learning module
“Afforestation for Restoration of Land and Climate Change Mitigation” has been worked out
in the frame of the RECLAND project that discusses the impacts of present and projected
climatic extremes on forests, on the ecosystem services of forests as well as the role of
afforestation in the climate change mitigation.

In the focus of this paper is, how to bridge the gaps between climate research, forestry
practices and education based on the experiences from the recent international and national
research projects.

Keywords: climate change impact / adaptation / forest ecosystem / forest education

INTRODUCTION

According to the Working Group II contribution to the Fifth Assessment Report of the IPCC’s
“climate change will increase the likelihood of systemic failures across European countries
caused by extreme climate events affecting multiple sectors” (IPCC 2014). In the Carpathian
basin regional climate projections suggest more irregular rainfall and a warmer climate.
Model studies largely agree in projecting a small increase of the winter precipitation sum and
a significant decrease of the summer precipitation amount (Jacob et al. 2013, Vautard et al.
2013). These changes are expected to have profound consequences on the environment, on
the economy, as well as on human health and wellbeing.

In the sensitive forest ecosystems, impacts of the consecutive dry periods in the last 20-years
are already visible. Summer droughts altered the presence, vitality, health status and
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production of forests (Lakatos and Molnar 2009, Matyas et al. 2010). These impacts of
climate change in forestry are very likely to continue throughout the 21st century, when
extreme events are expected to occur with potentially greater impact. Forestry requires long
term planning. Therefore a thorough research is essential on future climate tendencies and on
the regional and local risks in order to develop appropriate adaptation and mitigation
strategies.

In the forestry practise following climate change related questions need to be answered:
e Are the native tree species able to adapt to the projected climate change?
e How is the production capacity, timber growth and yield affected in the next decades?
Avre future climate conditions lead to more and new insects, pests, diseases?
Should we harvester earlier because of health status decline or mortality?
Should foresters think on new tree species? From where should they come?
What are the economic impacts of species change and mortality?

These questions motivated researchers to develop the Decision Support System
“Agroclimate” in the frame of a joint EU-national research project. It provides GIS-supported
information about the most important regional and local risks and mitigation options
regarding climate change impacts, projected for reference periods until 2100.

This example shows that practice (experiences of local farmers and foresters) and
stakeholders’ needs can help to generate research questions but on the other side research also
drives the development of the practice, support decision making in forest management and
forest policy. Of course the involvement not just of government but also civil society and
educational institutions is important. For rising the public awareness, climate and forestry
research should be communicated in an understandable way. Here, forestry education can
play a key role if the learning material is continuously improved and updated with the recent
scientific results.

In the focus of this paper is, how to bridge the gaps between climate research, forestry
practices and education based on the experiences from the recent international and national
research projects.

THE LEARNING MODULE

In the frame of the RECLAND project the Institute of Environmental and Earth Sciences of
the University of West Hungary developed the learning module “Afforestation for Restoration
of Land and Climate Change Mitigation” that address the above mentioned basic practice
oriented questions.

The general aim of the module is to present a state of the art overview on the role of forests in
the climate system regarding to climate change and the possible adaptation strategies and
mitigation options. The learning material discusses the effects of present and projected
climatic extremes on forests, on the ecosystem services of forests as well as the role of
afforestation in the climate change mitigation based on the results of recent research. The
module content synthesizes the theoretical and practical aspects by introducing a broad
spectrum of methods applied in environmental sciences. From educational aspects, the aim of
the module is to develop the skills of the students to understand the complexity of forest —
climate interactions on different spatial and temporal scales and regions as well as the role of
forests in the climate system.
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CLIMATE RESEARCH - FORESTRY PRACTICES — EDUCATION

This section provides a brief overview of the 5 main chapters of the module content based on
the following structure:

e aim of the learning module chapter

e scientific basis of the chapter - i.e. how climate and forestry research support this aim
e possibilities for transferring the scientific results into forestry practices

e key competences and learning outcomes for students

1. Reforestation under climate change in temperate, water limited regions: current
views and challenges

Aim. The first chapter introduces the main concepts, activities and recent research in this field.
It gives a general introduction about the most important climatic and anthropogenic drivers of
afforestation, deforestation and forest restoration worldwide and in Europe.

Scientific basis. Climate is a determining and limiting factor of forest distribution. At the
sensitive lower edge of the closed forest belt (at the “xeric limits”; Matyas 2009), survive and
adaptation of forests are primarily limited and threatened by the recurrent droughts. The
forest/grassland transition zone is therefore especially vulnerable to projected drastic
temperature and precipitation shifts in the future (figure 1).
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Figure 1. Projected temperature (dT) and precipitation changes (dP) for the 21st century relative to 1981-2010

Application in forestry practice. Because of the extreme long-term character of forestry, the
consideration of projected future climate effects has to play a central role in management
planning. Forest cover should be maintained in order to maintain the ecological benefits and
services.

Key competences and learning outcomes. Students will be able to evaluate the ecological role
of forests at the dryland edges, determine regions in the forest/grassland transition zone that
are already affected and that could be affected by the consequences of changing climate
conditions. Further on they will understand the importance and urgency of the appropriate
decisions in forestry and nature conservation.
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2. Forests in a changing climate

Aim. This chapter discusses the effects of climatic extremes (and their expected changes) on
the distribution, health status and vitality of forests, focusing on the vulnerable regions.
Scientific basis. The future of beech in Southeast Europe requires special attention, especially
regarding to the projected climate change, because this region harbours significant
populations living at or near their xeric distribution boundary. Impacts of droughts are already
visible in the beech and oak forests that serves as basic experiences for the prediction of the
possible impacts of climatic extremes for future time periods.

Simulation results of regional climate models indicate that although the mean annual values
of precipitation remain almost constant, decreases in summer precipitation are projected to
exceed 20-25 % until the end of this century. Warmer and dryer condition can lead to the
increase of the probability and severity of droughts as well as to longer dry spells and heat
waves with the higher frequency of temperature extremes (Gdlos et al. 2013b, Gélos et al.
2014). The changes are expected to be faster than the adaptation of the native tree species.
This can result in drastic decline of the health status, timber growth and production of beech
and oak forests and to the reduction of their macroclimatically suitable areas (Rasztovits et al.
2012; figure 2). More frequent and increased drought stress will also increase vulnerability to
pest and pathogenic damages. Long consecutive dry periods can lead to mass mortality
(Matyas et al. 2010).
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Figure 2. Projected decrease of precipitation (top row) and the corresponding change of the climatically

suitable areas of the main forest types for (bottom row) for 1981-2010 (left), 2011-2040 (middle) and 2041-2070

(right) based on the forestry aridity index (Fiihrer et al. 2013)

Application in forestry practice. The above mentioned scientific results is being transferred
into the Agroclimate Decision Support System. In this way foresters can be informed about
the suggested adaptation and mitigation options, on the possible species changes.

Key competences and learning outcomes. Students will be able to identify the climatic drivers
of forest decline and mortality in the vulnerable regions, understand the importance of climate
extremes in the processes at the lower limit of forest distribution as well as explain the climate
sensitivity of beech. They get an impression on the complexity of the climate change related
problems, on the causes and consequences and learn how to use it for decision making in
forestry.
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3. Structure and functioning of forest ecosystems

Aim. This chapter provides an overview on the ecosystem services of forests and discusses the
water-, energy- and carbon balance of forests and forest soils and their characteristics
depending on climate conditions, region, season, diurnal cycle and forest ecosystem.

Scientific basis. For the development of the climate impact projections for the future,
appropriate local scale measurements and modelling studies are essential. First, connections
are tried to be found between meteorologic and hydrologic variables and the health status and
carbon cycle of forests. Second, using climate information for the future, these functions can
be extrapolated until the end of the century. Results of local scale case studies show the effect
of warmer and dryer conditions on the evapotranspiration processes and ground water level in
forested catchments as well as on the carbon content of forests and forest soil (e.g. Gribovszki
2010, Moricz 2010, Bidlo et al. 2014).The fine scale observational time series can contribute
to the evaluation and development of regional climate simulations and can built a part of the
decision support system Agroclimate.

Application in forestry practice. Based on the monitoring activities, foresters get useful
information on the actual weather and hydrologic conditions. Local scale modelling can be
used as an effective tool for sensitivity studies and case studies.

Key competences and learning outcomes. The learning material of this chapter explains how
to interpret the ecosystem services of forests in theory and practice (applying the measuring
techniques of forest microclimate, analysing the results and drawing appropriate conclusions).
In this way students can give arguments, why it is important to maintain forest cover.

4. Climatic effects of land cover change

Aim. Chapter 4 provides a summary on the climatic effects of land use and land cover change
from global to regional scales, emphasizing the anthropogenic influence in the system.
Further on a case study has been carried out on the country scale impacts of land use change
in the last century.

Scientific basis. Based on the results of mesoscale model simulations, the Hungarian land use
changes in the last 100 years caused an increase of +0.15 © C daily temperature and +0.18 ° C
dew-point depression during the vegetation period. This means that the near-surface air over
Hungary is now warmer and drier than before, due to the land cover change. The Hungarian
land cover change does not have a significant impact on the average precipitation nation-
wide. However, the impact on the regional distribution of precipitation is considerable
(Driiszler et al. 2010).

Application in forestry practice. Based on the assessment for the past, mesoscale climatic
effects of suggested land use practice can be evaluated regarding to the projected climate
change.

Key competences and learning outcomes. Students can distinguish the natural and the
anthropogenic climate forcing and characterize the magnitude of the climatic effects of the
historical land use change in different regions.

5. Afforestation as a tool for climate change mitigation

Aim. Chapter 5 introduces the results of regional-scale sensitivity studies carried out to
investigate the role of afforestation in climate change mitigation for Europe.
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Scientific basis. Large, contiguous forest blocks have robust effect on the climate on regional
scale. In the most climate change affected regions climatic effects of afforestation are
relatively small (figure 3). But in other regions they can play an important role in reducing the
probability and severity of climatic extremes. Based on the simulation results, afforestation
may lead to cooler and moister conditions in most parts of the temperate zone thus can reduce
the projected climate change. In country scale, the strong warming and drying tendency
projected for Southwest Hungary could be hardly compensated by forest cover increase. But
in the northwestern region more than half of the projected climate change signal for
precipitation can be relieved with enhanced forest cover (Galos et al. 2013a).
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Figure 3. Climate change signal for temperature (dT) and precipitation (dP) due to emission change (a) and due
to potential afforestation (b). (Gaélos et al. 2013)

Application in forestry practice. Results can help to identify the areas, where forest cover
increase is the most favourable and should be supported to reduce the projected climate
change. In this way they can contribute to the future adaptation strategies and to appropriate
forest and land use policy (and also to the selection of the most cost-effective mitigation
option).

Key competences and learning outcomes. At the end of this module learners will be able to
understand the complexity of the forest — climate interactions and feedback processes. Further
on they can evaluate the climatic effects of land use and land cover change and the role of
forests in climate change mitigation.

Related courses in the Faculty of Forestry. The module content has been accepted and
included in the master curriculum of forester and environmental engineer students in English
language, in the frame of the subject Afforestation for Restoration of Land and Climate
Change Mitigation. On the Faculty of Forestry, climate impact of forest ecosystems and forest
— climate interactions is part of several subjects in master programs and doctoral courses, e.g.
Meteorology and Climatology, Weather extremes: impacts and adaptation, Global
environmental systems, Land cover/land use change and climate, Ecological climatology.

SUMMARY

For developing appropriate adaptation and mitigation strategies in forestry, a thorough
research is essential on future climate tendencies and on the regional and local risks. The
stakeholders’ needs motivated researchers to develop the Decision Support System
“Agroclimate” that addresses the most important climate change impacts and adaptation
options in the Carpathian basin. Climate information and knowledge as well as the recent
scientific results should be also transferred into the forestry education. In this paper a learning
module content has been introduced that synthesizes the theoretical and practical aspects in
this field. From educational point of view, the aim of the module is to develop the skills of the
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students to understand the climate change impacts on forest ecosystems on different spatial
and temporal scales and regions as well as the role of forests in the climate system. In this
way it gives an excellent example for bridging the gaps between climate research, forestry
practices and education.
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INTRODUCTION

In 2007, the leaders of the United Nations’ Intergovernmental Panel on Climate Change
(IPCC) were awarded the Nobel Peace Prize for their assessment of the physical science basis
of global climate change. That report concluded that climate change of global and possibly
irreversible scope and nature were the result of rising atmospheric concentration of carbon
dioxide (CO2), and that human activity was accountable for this rise in CO2.

The implications of this climate change on future climatic conditions range from very bad to
dire, depending on which end of the statistical planning ranges you use. Energy has always
factored heavily into the political economy of the world. As energy supplies dwindle, and as
emerging nations fan demand for energy to drive their growing economies, prices rise,
interruptions in energy supply abound, and political and military tensions escalate. Many,
with justification, view the current conflict in Iraq as revolving largely around U.S. needs to
secure supplies of oil. A great many futurists identify the quest for energy (and water) as the
defining issue of this new century. Whether the issue is energy security or climate change,
both roads lead to the same destination. Against this backdrop, a group of university
presidents and chancellors expressed their deep concern “about the unprecedented scale and
speed of global warming and its potential for large-scale, adverse health, social, economic and
ecological effects.”

BACKGROUND

The European Opinion has placed a high priority on accelerating the transition to a "clean
energy, green economy" across Europe, a priority that makes the vital connections between
climate change, economic stimulus, energy security, and job training. The missing link in this
interconnected system is the critical role that higher education must play in helping to make
the clean energy, green economy a reality.

Transforming the European. economic, energy, and environmental systems to move toward a
clean energy, green economy will require a level of expertise, innovation, and cooperative
effort not seen since the second world war effort. Public engagement in this transition is
essential: top-down solutions, such as regulating carbon emissions, alone will not suffice. A
broad base of literate citizens must help to make this transition happen. Citizens will need to
implement changes in business and personal practices, to support and help develop new
technology and policy, and to confront the coming social and economic problems and
opportunities arising from a changing climate. Architects, engineers, planners, scientists,
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business managers, financial experts, lawyers, entrepreneurs, political leaders, resource
managers, and many others along with a green manufacturing workforce and environmentally
literate consumers will all be needed to make this transition.

Higher education too has a critical role to play, and must help students understand the
complex connections and interdependencies between the environment, energy sources, and
the economy connections that underpin the concept of a clean energy, green economy. Only
then will a broad segment of the population begin to pull in the same direction as those who
are leading this transition.

NEW APPROACHES

The education required to accomplish this is a new way of thinking and learning about
integrated, systemic solutions not just to the economic and environmental challenges but also
to the interdependent health, social, and political challenges. Above all, this new way of
thinking uses the green economy as the focal point for understanding the deep connections
between economics, energy, the environment, and social well-being, often referred to as
"sustainability."”

Higher education is beginning to do its part. To date, a wide number of European tertiary
institutions are working to develop action plans to make their campuses climate-neutral.
Largely as a result of demand from students, the higher education sector is now the largest
purchaser of green energy. In addition, campuses have conducted campus sustainability
assessments, and hundreds more are planning to conduct such assessments in order to install
solar panels or wind turbines. Over a dozen major higher education associations, including the
Buckinghamshire New University in the UK, have made sustainability one of their guiding
principles and top priorities.

Yet similar changes to the curriculum are lagging in universities across the continent. A
recent report by EDUCAUSE Centre for Applied Research indicates that even though
environmentally sustainable operations are now ranked among the highest priorities on
campus, students today are no more likely than their predecessors to be environmentally
literate when they graduate.

The European Union parliament is also beginning to embrace the need for education for a
green economy.

The need to develop a skill base for each mitigation technology is obvious, both for
technological expertise and soft skills. Students can benefit from a revised curriculum
providing the necessary knowledge while professionals and blue collar workers need to be
offered lifelong learning programmes. In both cases a multidisciplinary approach should be
adopted. Encouraging the education system to take a broader view of how competences and
qualifications are acquired is an important step. Involving the EU in promoting green
awareness in education and increasing general public awareness of the green economy is
equally important. The European Commission new skills for new jobs initiative promotes
early identification of skills and labour market needs and also develops the green economy.
EU through Cedefop (European Centre for the Development of Vocational Training) and in
cooperation with ILO (International Labour Organization)will continue to examine skill needs
for greener economies with respect to new and changing occupational profiles, greening
existing occupations, and identifying skills and occupations that become obsolete. The
research is based on several country studies with primary focus on good practice examples of
how national policies for greening economies are complemented by identification of skill
needs and efficient skills response strategies.
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This study informs the new programs for tertiary education, vocational/technical schools, and
K-12 schools to educate students about climate change and the green economy, including
bolstering existing career pathways programs to provide more green educational and training
opportunities for youth and young adults. This new climate change awareness drive offers an
unparalleled opportunity to provide EU supported investment for educating a new generation
of citizens in strategic green economy-related fields, including engineering, technology,
science, mathematics, business, and policy, while also supporting broad public education
about a green economy and climate change.

With great challenges come great opportunities, and the great opportunity in this transition is
to build a more stable, sustainable, and secure economy. This will mean new jobs — jobs for
which universities are well positioned to prepare workers. As a critical participant in this
transition, IT departments can do at least three things:

e Set an example by minimizing the campus IT environmental footprint and moving
toward climate-neutral operations (often saving some money in the process),

o  Work with colleagues in other departments to help students connect the dots between
energy security, environmental health, economic stability, and community well-being
by infusing sustainability concepts into the teaching and curricula,

o Actively support efforts to pass the new legislation noted above.

The EU-28 had around 4,000 higher education (undergraduate and postgraduate) institutions,
with just over 20 million students in 2011. Each year, higher education sends out into the
workforce4.8 million graduates armed with the attitudes, skills, and knowledge either to
advance a clean energy, green economy or to continue "business as usual." The impact, good
or bad, of each of these 4.8 million individuals lasts a lifetime. As the old adage goes, we're
either part of the solution or part of the problem.

CONCLUSION

The European Union tertiary education demonstrate progress in tackling the environmental
impacts of campus activities. The thrust of work over the next few years will be to:
o Ensure that these environmental best practices are widely disseminated,
e Assist tertiary education in adopting and using Green Technology best practices
effectively,
e Help institutions comply with requirements to reduce carbon emissions in line with
government and funding council demands.
To help address these goals, in the UK, the JISC (Joint Information Systems Committee Ltd)
has developed a tool to help institutions measure their carbon footprints. In addition, JISC is
funding projects based in higher education institutions to grow the knowledge base around
green technology and ICT, develop exemplar and demonstrator projects, and strengthen the
capacity of the sector to implement these changes.
Overall, green technology or the environmental implications of ICT use and provision cannot
be taken in isolation. Often efficiency gains in environmental terms go hand in hand with cost
and wider efficiency savings, even if it is not always easy to connect capital and revenue
budgets to enable these savings to be easily made. This indicate that there is much that has
been done — but there is more to do.

Acknowledgement: This paper has been supported by work undertaken by the European
Project entitled " Green Technology European Virtual Gateway" 527296-LLP-1-2012-1-UK-
ERASMUS-ECUE
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Abstract

This paper presents the opportunities and initiatives in the use of low enthalpy geothermal
resources in the Canary Islands, particularly in the construction industry. The Canaries face
two problems related to electricity generation: on one hand it is an isolated system, on the
other hand it is very expensive to produce electricity which mostly comes from fossil fuels.
However the Canaries have favorable conditions to develop renewable energy, including
shallow geothermal resources.

Keywords: renewable energy / energy efficiency / Canary Islands / building industry

INTRODUCTION

One of the most important reasons for promoting renewable energy in the Canary Islands,
among which we include geothermal, is its insularity. We have total dependence on external
energy resources, and therefore a great vulnerability to any energy-related crisis.

In this sense, the Canary Islands Government and other government agencies are promoting
the use of renewable energy in all areas, including the building industry. In ideal conditions,
the energy consumed by buildings should be balanced by the power they generate. This is the
objective of the European Union on January 1, 2019: the construction of zero energy
buildings, namely new buildings that produce as much energy as they consume. This energy
production will have to be done by the use of renewable energy (solar, wind, geothermal,
etc...)
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Figure 1. Photovoltaic plant on the island of Gran Canaria, Canary Islands

ENERGY CONSUMPTION IN THE CANARY ISLANDS

The Canarian electrical system is separated from that in mainland Spain. It is not connected to
any main electrical grid and it is highly divided (Santamarta, 2013). The primary energy
consumption has increased considerably in the Canaries (PECAN, 2007), with an average
annual growth to 2004 of 2.9% compared to 3.2% until 2001. Hence, there is a moderating
trend in growth in energy consumption.

Currently, renewable energy in the Canaries contributes only to 5% of the energy demand.
This is significantly lower than the energy supplied by petroleum, namely 99.4%.

In summary, the combination of strong growth in energy consumption and CO, emissions in
the Canaries (well above what Spain assumed under the Kyoto Protocol and subsequent
distribution within the EU) will require a very active policy of efficient energy use. This
implies the promotion of energy resources with low or no production of CO,.
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Figure 2. Diesel Electrical Power Plant on the island of EI Hierro, Canary Islands

The energy vulnerability of the Canary Islands is significantly larger than for the rest of Spain
which, in turn, is much higher than the average of the European Union. This requires
designing an energy strategy that promotes the rational use of energy and the exploitation of
local energy resources at a reasonable cost.

The cost of energy generation in the Canary Islands in 2012 were (following the Canary
Islands Government figures):

e  Wind: 89 €MW

e Photovoltaic: 145 €/ MW

e Fossil fuel: 169 €/ MW

GEOTHERMAL ENERGY IN THE CANARY ISLANDS

According to several reports of the Spanish Geological and Mining Institute (IGME, 1991),
the Canaries are considered as a “geothermal region”. This is due to the volcanic origin of the
islands and the existence of eruptive activity in historical and recent times.

The infiltration of seawater is of particular relevance in relation to air conditioning systems of
shopping centers and hotels in coastal areas. The weather, latitude and altitude of certain
islands, point to a great potential for geothermal installations in isolated houses that demand
air conditioning and hot water.
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Since about 1980, IGME has conducted preliminary studies about the technical and economic
feasibility of the use of geothermal energy in different areas of the Canary Islands. In this
sense, it was established an agreement with the national company Adaro, for geothermal
exploration in the Canary Islands (Dic., 1979). Different studies, including geophysical and
geochemical surveys, were conducted in Gran Canaria, Lanzarote, La Palma, La Gomera and
Tenerife. The most complete study was held in the Caldera de las Canadas del Teide in 1991.
This analysis consisted on geothermal prospecting with hydrogeochemical and geovolcanical
studies, air thermography at EI Teide crater and geochemical and isotopic studies of El Teide
fumaroles. There were different geothermal studies in the late 80°s. From all these studies, it
was chosen the ideal area for drilling a deep geothermal exploration borehole. The geothermal
gradient that was measured in the borehole was much lower than expected, with mean values
of 4.8°C / 100m and maximum values of only 9.4°C / 100m. (IGME 1993).

All studies that have been carried out in the islands reveal that the geothermal potential is
manifested in various forms on the surface. On the one hand, on islands with abundant
groundwater as Tenerife and Gran Canaria, these waters reflect the existence of geothermal
indicators (high temperature, high contents of silica, fluorine, boron, etc .; abundance of
gases, etc.); on the other islands where there have been historic volcanic eruptions, such as
Lanzarote and La Palma, there remains a high thermal anomaly linked to these eruptions, so it
is possible to measure temperatures of 300-400 °C in near-surface points.

Figure 3. Thermal waters in the island of La Palma anary Islands

Currently, there is a project called Geothercan 2011-2014 devoted to:
e 3D modelling to characterize geothermal resources in the Canaries.

e Study 4 areas in Tenerife, 1 in Gran Canaria and 1 in La Palma EI proyecto se centra
en 6 zonas 4 en Tenerife, 1 en Gran Canariay 1 en La Palma.

e Carry out structural studies in all 6 areas (ULL-PETRATHERM)
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Carry out geochemical analysis of gases and volatiles (ITER-INVOLCAN)
Carry out self-potential studies in all 6 areas (ITER-INVOLCAN)

Carry out magneto-telluric studies in all 6 areas (U. BARCELONA)

Carry out muon tomography studies (ITER-U.TOKIO)

It is intended to perform a basic geothermal research providing a solid foundation for detailed
studies (geothermal boreholes). This project also attempts to define efficient innovative
research tools that facilitate the development of the first geothermal project in the Canaries.
Moreover, Geothercan aims to replicate this experience in other areas of Spain and other
similar volcanic environments in the world.

LOW ENTHALPY GEOTHERMAL RESOURCES

Low enthalpy geothermal energy is based on the capacity of the subsoil to accumulate heat
and maintain a constant temperature between 10 and 20 m deep, throughout the year. Because
the heat content of low enthalpy geothermal resources is insufficient to produce electricity,
those resources with temperatures below 50 ° and even 15 ° C, can be used for domestic hot
water and air conditioning, through a heat pump system

There are different facilities in the Canaries that are already using low enthalpy geothermal
resources for air-conditioning, pool heating and preparation of hot water (DHW). These
systems save in energy costs, but they also help to reduce the emissions of CO,.

Some local experiences are:

Tenerife:
e Installation of 30 kW. Private house

Gran Canaria:
e Proposed instalation at a shopping center in EI Tablero

Fuerteventura:
e Hotel Robinson Playa.- scheduled installation
e Hotel Melia Sparrows. Planned installation of 140 kW
e Shopping Center Las Palmeras. Corralejo. Installation of air conditioning. Installation
of 1,882 kW
e Shopping Center La Rotonda. Puerto del Rosario. Refrigeration. Facilities 1,285 kW

Lanzarote:

o Arrecife Gran Hotel. Facilities include air conditioning, pool heating, thalassotherapy
and ACS. Installation of 1,076 kW.

e Casino Club Nautico in Arrecife. Pool heating. Installation of 115 kW.

e Hotel Las Costas. Puerto del Carmen. Installation of air conditioning, preheating ACS
and pool heating. Installation of 849 kW

e Hotel Lanzarote Village. Puerto del Carmen. Installation of air conditioning,
preheating ACS and pool heating. Installation of 622 kW.
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e Floresta Apartments. Puerto del Carmen. Pool heating and air conditioning in public
areas. Installation of 311 kW.

e Acualava Waterpark. Pool heating.

e More than 7,200 kW of total installed capacity.

CONCLUSIONS

The geothermal potential in the Canary Islands would be intended for use as electric power in
the case of medium and high enthalpy geothermal resources. Low and very low enthalpy
geothermal resources would be used in households and facilities, in particular in the tourist
sector, as well as the industrial sector, namely industrial areas, desalination plants , etc ...

Regarding the level of administrative authorizations required for the installation, it is not fully
standarized, especially in open systems. Hence, the corresponding technician determines the
criteria to follow for approval of the installation. This leads to a high uncertainty on the
authorization of the installation, lengthening the time needed for it.

In any case, there is potential for exploitation of geothermal energy in buildings in the
Canaries because of the weather conditions and the particular characteristics of the resource
that is available.
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Abstract

The several constraints to achieving Sustainable Forest Management (SFM) raises questions
regarding the cost effectiveness of using forests to reduce GHG emission compared to
measures in other sectors. The use of forests to abate CO2 emissions is difficult to compare
with more conventional technological measures in particular sectors, because of the several
non-market benefits that forest management offer (arising from ecosystem services). Present
paper is an attempt to evaluate, based on data available at this moment in Romania, the cost
effectiveness of using forest to mitigate climate change.

Keywords: climate change / forest / sustainable forest management

INTRODUCTION

Even if the area is not yet systematized mainly because of the lack of the data, there are few
examples where this has been done, and one case is in Russia, where the marginal abatement
cost curve analysis also included afforestation/reforestation activities (see Figure 1 below). In
this case abatement measures involving forests were profitable.
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Figure 1. Abatement cost for Russia (WB 2008)

30


mailto:popa.bogdan@unitbv.ro

A klimavaltozas helyi és regionalis kihivasai, z6ld technolégidk, H-Sopron, 2014
ISBN 978-963-334-192-6

Limited availability of data for the forest sector in Romania makes it difficult to present
marginal abatement cost estimations for specific forest management approaches, similar to
what was done in Russia.

MATERIALS AND METHOD

In place of a marginal abatement cost curve, the analysis estimates the discounted net benefits
per ton of CO2eq sequestered through SFM of production forests, protection forests and
afforestation. This approach is justified for the following two reasons:
(i) The CO2 sequestered is a co-benefit of the management practice. Accordingly using
cost of the management practice per unit of CO2 would inflate the cost of generating
emission reductions.
(if) The aim is to determine whether there is a positive discounted net benefit that would
justify further investments.
Due to data constraints, the estimation required using several assumptions. These are listed in
Table 1.

Table 1. Assumptions used in estimation of discounted net benefits per CO2 ton (source: Authors)
Main assumptions®

The ratio of production and protection forest under Romsilva
management is the same as the ratio of production and protection
forest in the country

Net profit figures per hectare from Romsilva (for 2012) are
representative for all production forests

Percentage of total income from timber sales is the same as in 2008
Estimating cost per tCO2 | (i.e., 77%)

from production forests Percentage of income from timber sales is proportional to
percentage of total costs for management

Average annual harvest for 2013-2020 is 16.57 million cum
Average harvestable volume per hectare is 150cum

Average C stock in living biomass is 66.80 tC/ha

Average C stock in dead organic matter is 7.55 tC/ha

Total area owned by private individuals that are compensated for
protection activities is: 190,744 ha (Natura 2000 only)
Compensation (as per the ministerial decree (is approximately € 137
per hectare per year.

Unit cost for managing NFA park area can be extrapolated for other
areas under protection:

Estimating cost per The cost for the basic level of management per hectare is: € 4.5
tCO2eq from protection The cost for the optimal level of management per hectare is: € 7.4
activities Unit cost for managing 22 NFA CNPA park area can be

extrapolated for other areas under protection

Benefits from total CO2E sequestered for 25 years in business as
usual (BAU) is € 14,400,000

Benefits from total CO2E sequestered for 25 years under
Sustainable Ecosystem Management (SEM) is € 20,200,000
Amount of tCO2eq sequestered in 25 years is: 3,200,000 for BAU
Amount of tCO2eq sequestered in 25 years is: 4,488,889 for SEM
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Main assumptions®

(assumptions specific to benefits from protected area involved
extrapolations from Popa and Bann, 2012, without including the
tourism and CO2 benefits used in their approximations)

Using distinct values for afforestation of plains, hills and mountains
with specific species and soil conditions, the present value of
afforestation costs (for 6 years) in the three geographic areas are
approximately:

€ 6227 in the plains

€ 4870 in the hills

€ 3509 in the mountains

Approximately 40% of the area that is afforested serves as a forest

Estimating cost per belt
tCO2eq from afforestation | For optimal outcomes, 4-6% of agricultural land should be under
forest belt

Improvements in wheat yields are a valid and representative
approximation of benefits from forest belts

The improvement in yields are gradual and reach a maximum after
10 years when the forest belt is well established

Wheat yield is approximately 4000kg/ha

Forest belts result in a maximum 17% increase in yield
Average price per kg of wheat is € 0.7

Average C stock in living biomass is 66.80 tC/ha

Average C stock in dead organic matter is 7.55 tC/ha
Conversion value from C to CO2 is: 3.6

Common assumptions Discount rate is 10%

Exchange rate from RON to US is: 0.3

Exchange rate from US to Euro is: 1.33

Deflator for period 2005-2013: 138.46%

The assumptions presented above were derived from existing studies and models conducted
by ICAS and experts on the forest sector of Romania It should be noted that the variability in
land size, quality of forests, age of stands and access to infrastructure would change costs of
forest management. That said, several non-market benefits associated with forest management
are not reflected in the estimations for production areas and afforestation.

RESULTS AND DISCUSSIONS

The estimations of discounted net benefits per tCO2eq are:

e Sustainable management of production forests for timber: approximately € 0.77
This value is estimated using figures for revenue and costs associated with the existing
technical measures and limited road access. If the technical measures were modified, access
improved and new technologies adopted, the net benefits per tCO2eq could be higher)

e Sustainable management of protection forests (protected areas): range from € 401-€

512

This value is estimated using information from five of the most established protected areas in
the mountains of Romania. The benefits from soil erosion estimated from these five protected
areas are likely significantly higher than the soil erosion benefits that would be derived in the
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central or southern parts of the country. Accordingly, the value is considered to be
significantly higher than a representative value for the country.

e Afforestation: range from € 5.8 to € 6.1
The lower value is for afforestation in the plains and the higher value is from afforestation in
the mountains.
The net benefits indicated above should not be used as absolute values because they are
estimated based on several assumptions. The values, instead, should be used to give an
indication of whether there are positive discounted net benefits associated with the three
management options given their potential to contribute to CO2 emission reduction. Additional
data on management costs, revenues, and information on carbon sequestration and release
based on species, age class of stands, soils and harvesting need to be used to generate accurate
estimations and provide the basis for developing a marginal cost curve. The National Forest
Inventory that is underway, has generated useful information from the first round of data.
Without the second round of inventory analysis, however, it is difficult to use these data at
this juncture.
There are several benefits from sustainable management of production forests and
afforestation that are not reflected in the calculations. For the former, these include positive
economic and social externalities (e.g., employment, revenue from trade, social inclusiveness
and secure benefits) and partially positive environmental externalities (e.g., flood prevention,
erosion control and resilience to climate change). Moreover, increased harvesting of trees
allows for greater carbon sequestration as the trees regrow and mature (year 20-40), after an
initial decline in carbon sequestration. There are also benefits stemming from the reduced
incidence of fires. One of the best ways to lower the incidence of forest fires is to have
firebreaks and to reduce the ‘fuel’ or combustible material found on the floor of forests. This
can cause the fire to spread quite rapidly. Forest management activities often include thinning
— removing smaller trees, small diameter trees and low value species. Management often also
involves removing understory vegetation that can be a source of ladder fuel. For
afforestation, these include positive environmental, economic and social externalities (similar
to those mentioned above). In addition, the cost of forest management currently is
significantly higher than optimal. A 2006-2007 study of Romsilva found that there were ways
to reduce the NFAs its operating costs by 58%. Such a reduction in cost complemented with
improved road infrastructure would increase the net benefits per tCO2eq.

CONCLUSIONS

Even in the condition of poor data availability, we can affirm that the forest sector of
Romania is a key sector for mitigating climate change. Forests are a major sink of GHGs and
can help maintain, and potentially even increase, the level of GHG emissions reduced by the
country. Forest based mitigation measures can include conserving existing CO2 sinks,
enhancing carbon sinks and reducing the trade-off between the sinks and tangible and
intangible benefits from other land uses.

An advantage of investing in the forest sector for mitigation is the co-benefits from SFM and
forest conservation. Improved forest management and management practices that internalize
the potential impact of climate change can build the resilience of forests to climate variability,
enhance the resilience of other sectors (e.g., agriculture), restore degraded lands, and provide
a source of renewable energy for rural areas that has a low carbon footprint. Sustainable
management of forests is instrumental for achieving Romania’s international obligations and
EU directives.
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Abstract

Opencast mining creates disturbance to the ecosystem at all ecological scales: species,
ecosystem and landscape level. The novel conditions are overwhelming starting from newly
established bedrock and habitat distribution for vegetation dynamics. Usually on post-mining
restoration sites develop novel ecosystems as soil conditions are completely new and
ecosystem assemblage is spontaneous in the beginning. This study is based on long term
monitoring and evaluation of afforested oil shale quarry in Estonia. Afforestation for
ecological rehabilitation has been used in Aidu oil shale quarry since early 1960s. Scots pine
showed the best afforestation results of these new calcareous sites. During the mining the
ground- and rainwater has been continuously extracted from the quarry area. Water extraction
from abandoned Aidu quarry has been terminated in 2012 and this leaves the area to the
gradually changing water table in the next years.

The study is based on chronosequence data of soil and vegetation. After site reclamation soil
formation has started and our study shows that soil properties develop towards the common
Hepatica and Calamagrostis forest site types. Vegetation of restoration area differs from
common forest sites, there are represented dry and wet site specific species as well as poor
and fertile type specific species. Forest stand development is similar to Hepatica type forest.
Studied novel ecosystems are quite dynamic, changing quickly by disturbances and have not
easily predictable development pathways.

Keywords: afforestation / long-term monitoring plot / oil shale / ecosystem restoration

INTRODUCTION

Oil shale mining has been carried out in Northeast Estonia since 1916 (Toomik, 2008). The
opencast mining area covers now more than 12,000 ha. Most of the mining area is located in
former woodlands and has been rehabilitated as woodlands (Toomik & Liblik, 1998).
Reforestation of abandoned mining areas dominated by calcareous detritus has been carried
out since 1960 on the area of 10,965 ha (Kaar, 2010). Scots pine (Pinus sylvestris L.) has
showed the best adaptation ability for afforestation of these novel calcareous sites (Kaar,
2010) and excellent growth results (Korjus et al., 2007). Even on very stony substrate the
survival of planted Scots pine has been up to 85-90% (Kaar, 2002). In some areas planted
Scots pine has been replaced naturally with Silver birch (Betula pendula Roth.).

During the mining on Aidu quarry the ground- and rainwater has been continuously extracted.
In 2012, the water extraction has been stopped in the whole area, including afforested area.
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This leaves the area to gradually raising water table in the next coming years what will be also
monitored in future.

Ecological restoration of post-mining sites aims to direct their development towards a long-
term sustainable ecosystem (Lamb & Gilmour, 2003) and to return the degraded system to
pre-mining conditions where ecosystem structure, function and processes are restored
(Bradshaw, 1997). Afforestation can play a major role in harmonizing long-term reclamation
of the ecosystems by restoring productivity, biological diversity, and ecological integrity on
these degraded areas (Kaar, 2002). Classical ecological restoration actions follow the
principle of moving an ecosystem from undesired state towards the desired, pre-disturbance
state that existed historically (Perring et al., 2013). Although, this can be valid up to certain
extent in the degraded agricultural, forest or pastoral lands, it is usually not possible to
exhausted mining sites (Doley & Audet, 2013). In post-mining sites the inability to achieve
ecological restoration goals is due to the radical difference in physiochemical and biological
characteristics of these sites as compared to historical environments. The degree of change
caused by anthropogenic disturbance is often so severe, that novel ecosystems develop
(Hobbs et al., 2006; Mascaro et al., 2013), where combinations but also relative abundance of
species arise that have not occurred previously in a given site. This is distinguished from
hybrid ecosystems that have the ability to turn back previous or historical conditions (Hobbs
et al., 2009).

We set out this study to examine reclamation process on former oil shale mining sites in
Northeast Estonia, to see how attempts at restoration that began in the 1960s fared and to
compare the forest stands that resulted to native forests on similar sites. Because site and
stand factors recover at different rates, we examined stand composition and structure, ground
flora diversity, and soil physical and chemical property development over time. An early
failure of the reclamation treatment (planted conifers) and subsequent recolonization by silver
birch in one area provided an opportunity to examine whether we had a “counterfactual”
treatment (Ferraro, 2009), that is, a “no-treatment” or natural succession treatment (Mascia et
al., 2014). Prach et al. (2014) have found close relationships between local species pools and
success of target species in colonization of restored sites, which among others indicate
importance of traditional floristic research in ecological restoration.

MATERIAL AND METHODS

The study area is Aidu quarry (total area 30 km?) in northeast part of Estonia (59°30°N;
27°07’E). The former land use on this area was woodland, wetland and agricultural land on a
smaller scale (Tulchinsky, 2008). The excavation of oil-shale in opencast mining was started
in 1974 and stopped in 2012. The oil-shale overburden was 5-30 m deep. After reclaiming the
elevation of this area is 41 — 59 m above the sea level. The afforestation started in 1981 (Kaar,
2010). Most of the area has been planted with Scots pine bare root seedlings with initial
density 5,300-6,700 plants per hectare.
This study includes complex monitoring of changes in:

1) forest stand level: stand structure and species composition, individual tree competition

and height growth;

2) ground layer vegetation: moss and herb layer species and abundance;

3) soil: soil structure, soil organic layer, soil texture, pH, contents of K, P, N organic C and

total C;

4) groundwater table: groundwater level fluxes.
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For the study there were established 60 permanent survey plots in different forest stands in
2011 (Figure 1). The method of the Estonian Network of Forest Research Plots (Sims et al.,
2009) was used for monitoring of stand dynamics. The sample plots are circular with a radius
of 10 and 15 m, which depends on stand density and visibility in stand. On all plots, azimuth
and distance from plot centre of each tree (both, live and dead) were recorded. On 54 plots,
diameter at breast height (DBH) and condition of each tree were measured. For every fifth
tree, tree height and crown base height were measured. In young stands (6 plots) with many
trees below 1.3 meter height, height and also DBH (if it was possible) of all trees was
measured. Increment cores were taken from 5 trees as minimum in every stand. Vegetation
subplots (1 x 1 m plots) are located 5 meters to north, east, south and west from survey plot
centre, where all seedlings, vascular plant species and all bryophytes were recorded on Braun-
Blanquet scale. All together 240 subplots were described.

On all plots soil properties were characterized. The humus layer and topsoil layer thickness
was measured in 13 points by inserting a metal rod through the topsoil to hit the first rock
layer. Stoniness of each plot was evaluated according to the method of Laarmann et al.
(2010). Topsoil samples were taken from the each plot in depth to 30 cm and analysed in the
Laboratory of Biochemistry of the Estonian University of Life Sciences. Total nitrogen and
carbon content of oven-dried samples were determined by dry combustion method on a
varioMaX CNS elemental analyser (ELEMENTAR, Germany). Soil organic carbon was
determined by Tyurin method, the pH values were determined by extraction using potassium
chloride (pHKc)), the concentrations of mineral elements (P, K) were determined by
FiaStar5000 (FOSS GmbH, Germany) and soil texture classified into 3 categories: <0.002
mm (clay), 0.002 — 0.063 mm (silt), 0.063 — 2 mm (sand).

The correlations between soil parameters and stand data were analysed using dispersion and
regression analysis. Species and communities data were analysed using canonical
correspondence analysis (CCA) with the PC-ORD software ver.6. (McCune & Grace, 2002).
Species richness was defined as number of different species on plot. Understory plants were
divided into four groups by degree of anthropogenic impact. Kukk & Kull (2005) system
classification is used, which defines the ability of a species to survive and develop habitats
with a specified level of human impact: antropophyte tolerate strong, apophyte moderate,
hemeradiaphore little and hemerophobic without any anthropogenic impact. Soil, stand and
understory data were ordinated using Detrended Correspondence Analysis (DCA). If the
length of a variable’s variation gradient was relatively short (<2SD), then Principal
Component Analysis (PCA) was used. Differences among the stands of the two main tree
species (pine and birch) was tested using the multi-response permutation procedure (MRPP).
For ordination of understory data we used non-metric multidimensional scaling (NMS) for
pine stands; there was insufficient age variation in the birch stands to examine understory
development over time. NMS is an ordination technique based on ranked similarities of
species composition suitable for community data that may not be normally distributed or fit
assumptions of linear relationships among variables. We used the Sorensen distance measure
with a log transformation on species abundances. We used the “autopilot” option on “slow
and thorough” and a Monte Carlo randomisation test was applied on the stress scores. Pearson
correlations with ordination axes for all quantitative variables were calculated separately for
each.

For comparing tree height and diameter with regular forest types, we use stand-wise forest
inventory data from the database of Estonian Forest Registry. Indicator species of three site
types (Hepatica, Arctostaphylos, Calamagrostis) were taken from literature (Lohmus, 2006;
Paal et al., 2009). These site types have similar bedrock conditions to the study area. From the
database we selected 2140 managed Scots pine stands from Hepatica (1111 stands),
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Arctostaphylos (973 stands) and Calamagrostis (64 stands) forest site types (Lohmus, 2006),
with stand age ranging from 1 to 39 years.

Figure 1. Study area in Aidu quarry, red dots are permanent survey plots, red areas Scots pine stands, light blue
areas Silver birch stands. (Base map: Estonian Land Board).

RESULTS

The restoration efficiency on degraded oil-shale mining areas is depending on initial site
conditions. Analysis results are presented in the Table 1. The analysis showed that stoniness
influences forest growth more than other measured variables. The stoniness is significantly
correlated with other soil variables, except with content of potassium. There was significant
correlation between stoniness and share of deciduous species on plot (r = -0.90, p<0.001).
Phosphorus content in soil ranged from very low to very high. Regression analysis showed
that age has significant effect for P content (p<0.001) although this model described only 35%
of variation. P content is positively correlated with share of sand in soil and negatively
correlated with share of clay in soil. Potassium content varied from low (<50 mg kg™ on 45
plots) to average (51-100 mg kg™ on 15 plots) and is positively correlated with clay content in
soil (p<0.001). The average nitrogen content in soil was 0.13%. Total C content is higher with
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thinner fine soil depth (p=0.003) and with higher clay content (p<0.001). The content of
organic carbon is related to soil pH (r=-0.57, p<0.001) and N content (r=0.65, p<0.001).

On eight sample plots, where Scots pine was initially planted, it has been naturally replaced
with silver birch. Topsoil layer thickness is dependent from dominant tree species (p<0.001),
the average soil depth in pine stands was 6.7 + 0.6 cm and in birch stands was 37.61 = 3.0 cm.
An increase of the deciduous tree percentage corresponds to a significant increase in average
soil thickness (p<0.001) soil nitrogen (p<0.001), organic carbon (p=0.01), phosphorus content
(p<0.001), organic layer thickness (p<0.001) and to a significant decrease in soil pH level
(p<0.001). There was no significant relationship for carbon (p=0.09) and potassium (p=0.17)
content.

According to the PCA, birch stands are clearly and significantly (MRPP; t=-11.75; p<0.001)
different from pine stands in the ordination plot (Figure 2). The first ordination axis most
closely represented a gradient of fine soil thickness (r=0.92, p<0.001), from a very thin soil
layer on the left side of diagram to a thicker layer on the right. The gradient went in the
opposite direction for stoniness and pH level. The second ordination axis represented a
gradient of stand age, with younger stands at the top of the diagram and older stands at the
bottom (r=-0.86, p<0.001). The increase in soil nitrogen (N) in pine stands over 33 years was
statistically significant (p<0.001), but still remains lower than the nitrogen level of birch
stands (Table 1). The soil phosphorus (P) level increased significantly (p<0.001) with stand
age, reached up to 40 mg/kg and the mean P level differed significantly between pine and
birch stands (p<0.001). Soil pH was higher in young pine stands and soil acidity increased
with age (p<0.001). We did not find significant differences between soil carbon (p=0.317) or
potassium (p=0.176) content among stands of different ages.

There were 100 herbaceous plant and 32 bryophyte species in total on sample plots. Three
protected species were found also: Epipactis helleborine on 3 plots, Goodyera repens on 3
plots and Dactylorhiza fuchsii on 2 plots. Most of herbaceous species on the plots tolerate
moderate anthropogenic impact, there were found also two species who need strong
anthropogenic impact, Tragopogon pratensis (on 2 plots) and Melilotus albus (70% of plots),
and two hemerophobic species Orthilia secunda (48% of plots) and Monotropa hypopitys (on
2 plots).The average herb richness was 13 species on a plot in pine stands and 10 species in
birch stands (p=0.05).
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Table 1. Summary of measured environmental variables (p values present the comparison between the pine and
birch stands, p-value: * 0.05, ** 0.01, *** 0.001).

Scots pine stands Silver birch stands p-

Variable Avg | Min |Max |Avg |Min | Max | value
Share of deciduous species (%) | 10 0 56 99 94 100 bl
Herbs richness 13 6 32 10 6 13 *
Mosses richness 4 1 10 2 1 3 foleled
Herb cover (%) 26 3 55 59 34 84 bkl
Moss cover (%) 39 2 99 9 1 27 ool
Herbs diversity by Shannon 0.76 |0.05 |1.79 1.02 |0.69 |1.36 0.29
Mosses diversity by Shannon 049 |0 1.30 002 |0 0.45 ool
Organic soil layer thickness (cm) | 1.4 0 3.5 3.1 2.1 4.3 ool
Fine soil thickness (cm) 6.3 2.5 28.7 385 | 313 |48 il
N total (%) 0.11 |0.05 |0.21 0.22 |0.12 |0.37 xkk
C total (%) 921 | 174 |17.72 |6.014|3.48 |10.04 |**
C organic (%) 474 | 201 |8.47 596 |3.67 |9.50 *k
pH KCI 7.6 7.2 7.8 7.0 6.3 7.3 Fokk
P available (mg kg™) 2491|494 |103.48 | 67,23 | 33.03 | 124.89 | ***
K available (mg kg™) 86.47 | 49.72 | 153.75 | 77.94 | 55.18 | 102.15 | 0.28
Share of sand (%) 55 31 85 70 61 78 folalel
Share of silt (%) 31 10 52 20 13 26 xkk
Share of clay (%) 13 5 17 11 8 13 ol
Stand height (m) 7.5 1.9 13.8 153 |10.6 | 18.2 xkk
Mean stand diameter (cm) 8.5 1.5 15 13.3 |85 15.6 ool
Basal area (m” ha™) 130 |04 [271 [166 |[135 [221 [0.23
No of trees (ha™) 2304 | 594 |3883 |1350 | 821 |3274 |**
No of dead trees (ha™) 26 |0 255 158 |14 [269 | ***
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Figure 2. Ordination of plots by soil and stand variables. PC1 (37% of variance, p=0.001) and PC2 (16% of
variance, p=0.001). The cut-off for vectors is R? of 0.5. Dec = share of deciduous trees in stand, Fsoil = topsoil
layer thickness, P = phosphorus, Height = mean stand height, Diameter = mean stand diameter, Osoil = soil
organic layer thickness, Age = stand age, Moss = mean richness of bryophytes, Stone = stoniness, pH = pHK¢,.
Stands are represented by symbols: triangles = pine stands, circles = birch stands.

DISCUSSION

Our assessment of forest ecosystem and soil properties showed successful restoration of
opencast mining area through afforestation with Scots pine before water extraction stopped in
Aidu quarry. Collected data is useful for further reference and monitoring after water
extraction has stopped. Next measurements on sample plots will be done with 3-year interval.
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Monitoring and evaluation of restoration sites is generally lacking long-term studies and
seldom pre-mining conditions are evaluated to use as a reference to guide restoration or as a
measure to assess restoration success (Anderson & Dugger, 1998). One way to overcome
these limitations is the chronosequence approach where space is substituted with time (Hutto
& Belote, 2013). Our study used a quasi-experimental design to evaluate reclamation of spent
mined lands in Northeast Estonia. The substrate (calcareous shale) differs considerably from
many reclamation studies (Wiegleb & Felinks, 2001; Mudrak et al., 2010) on more acidic
material, for example coal mines. Nevertheless, the reclamation approach that began in former
Soviet times followed a simple revegetation paradigm (Stanturf et al., 2014) and focused on
establishing a forest cover using Pinus sylvestris, a species that was easy to propagate,
establish, and sell low-quality timber. The extensive use of Scots pine in afforestation of post-
mining sites is due to its usually successful survival and establishment under difficult
conditions (Kaar, 2002). Nevertheless, young trees may die as a result of frost in winter or
drought in summer on such stony and clayey substrate.

An advantage of active restoration is that there is a faster formation of continuous vegetation
cover than on spontaneous succession (Prach & Hobbs, 2008). In some cases, however,
spontaneous succession may be preferable, especially on smaller disturbed sites surrounded
by natural vegetation and if there is no specific restoration goal. Another advantage may be
that spontaneous succession promotes natural conditions, which may be more important than
the future productivity of the disturbed site (Prach & Hobbs, 2008; Hodacova & Prach, 2003).
Sites of spontaneous succession may act as habitat for endangered species, while reclaimed
sites offer habitat for common species with broad ecological amplitudes (Prach et al., 2011).
Reclaimed mined land may present heterogeneous substrate conditions and relying on a single
planted species may raise the risk of low growth, high mortality, disease or invasive species,
especially if the planted species is not adapted to site conditions (Martinez-Ruiz et al., 2007).
At the Aidu quarry, high mortality of the newly planted Scots pine resulted in colonization by
birch. Since the stands under monitoring are relatively young the results does not indicate,
that the birch will achieve commercially valuable timber size, or other more adaptable species
may have been planted, that would better achieve restoration goals. It is likely that
assemblages will vary naturally across sites during the recovery process (Klotzli & Grootjans,
2001; Wiegleb & Felinks, 2001; Choi, 2004). However, such variation may hide aberrant
trends on some sites and/or assemblages amid many others (Wassenaar et al., 2007). On the
other hand, continuous tree cover was obtained and a diverse understory, different from that
under pine was developed; which has met biodiversity restoration goals.

Restoration of post-mining sites faces completely new substrate conditions in the beginning
and usually it is not possible to restore historical conditions in disturbed sites. A common
outcome is a novel ecosystem that is characterized by new species combinations as result of
human intervention, but does not depend on continuing human activity (Hobbs et al., 2006).
Novel ecosystems may be more rich and diverse than natural communities and may offer
suitable habitat for threatened and protected species (Richardson et al., 2010). We evaluated
whether the ecosystems that develop on restored mined land in Northeast Estonia represent
novel communities by comparing them to common forest conditions based on representative
Scots pine site types. We compared the soil conditions to three site types found on similar
bedrock to our study sites and then compared indicator understory vegetation common to the
three sites types. The N, K and organic carbon levels in soil are similar to soil of Hepatica site
type, whereas P, C and pH are more similar to Calamagrostis site type. It shows that soil
formation and its content in reclaimed mined land differs from soils of certain forest site types
and has formed unique conditions for vegetation development. The vegetation community is
also distinctively different from vegetation on common forest sites. Pine growth on the
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reclaimed sites is similar to the growth on Hepatica site type (Figure 3) and significantly
different from the other two forest site types. Similarly, more understory species are
indicators of Hepatica site type than the other types.

20 20

—— Hepatica
— — Calamagrostis
- —- Arctostaphylos

15

Height {m)
Diameter (cm)

10 15 20 25 30 35 10 15 20 25 30 35
Age (y) Age (y)

Figure 3. Stand height and diameter on sample plots at post-mining restoration in Aidu compared with dynamics
on common forest site types. Dots are plots in the current study, lines show different common forest types
presented by the GAM model.
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Abstract

Height distribution patterns of young, especially naturally regenerated mixed broadleaves
stands, have not been extensively studied in Estonia. Still, the percentage of stands left for
natural regeneration is increasing and today, 70% of clear-cut stands left for natural
afforestation are regenerating by 76% with broadleaved species. Growth assessment of young
stands, especially stands before canopy closure, gives possibility to assess forest site potential
and to develop realistic predictions for following periods. In Estonia, the growth modelling of
young stands is based on tree species abundance and average height estimation. At the same
time it is different from for the older stands, where the modelling is based on tree species
average basal area and average tree height after canopy closure.

Data was collected from three test stands (final felling year respectively 1996, 2000 and 2002)
with 9 study areas where 45 forest regeneration study plots were established and measured in
2005 at Jarvselja Training and Experimental Forest Centre. The study plots were re-measured
4-6 times between the years 2006 and 2012. Suitability of Weibull distribution for height
distributions on consecutive years was tested and Weibull parameters were analysed. Annual
height growth model was created in order to assess yearly dynamics, where the effects of
significant model parameters were separately assessed. Analysis indicates that empirical
height distributions of young regenerated forests do not fit well to theoretical distributions,
but in many cases, distribution configurations resemble. The annual growth analysis showed
that annual increment is significantly influenced by particular calendar year.

Keywords: Weibull distribution / height growth / modelling / broadleaves

INTRODUCTION

In Estonia, naturally regenerated forests are dominating on the forested land. Just 90 years ago
broadleaved forests covered a quarter of the forest land, but today the share between
broadleaved and coniferous forest is almost equal. Over the last half-century, the Estonian
forest area has almost doubled. This trend has caused a sharp increase in the proportion of
naturally regenerated broadleaved forest. An increase of broadleaved species area and
(general) proportion is primarily caused by natural and artificial afforestation of abandoned
agricultural land and changes in reforestation policies (Kurm and Tamm 2001).

Today, one of the most important questions in Estonian silviculture is how to develop a young
naturally regenerated broadleaved forest to ecologically and economically valuable forest. At
the same time the naturally regenerated mixed broadleaved stands have not been extensively
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studied so far in Estonia. Assessing the development of naturally regenerated forests is
complicated because the changes are happening rapidly and are affected by a set of several
variables. It has been shown before, that the most descriptive and also well suited is to use
height growth as the proxy to describe growth and yield potential of a juvenile stand.

The aim of the study was set to examine the height distribution and annual growth dynamics
of young forests. We compared consecutive years height distributions to theoretical Weibull
distribution (and Weibull probability density function parameters were studied). For finding
the most substantial factor affecting the annual height growth of young trees, we used model
trees annual increments analyse.

MATERIAL AND METHODS

Forest regeneration study plots were established in 2005 in south-eastern Estonia at the
Jarvselja Training and Experimental Forest Centre (58°25'N, 27°46°E) for a study the growth
dynamics of young naturally regenerated forests. Nine sample areas (M1, M2, M3...M9) are
located on three different young stands (Oxalis, Oxalis drained peatland and Vaccinium
myrtillus site type) by groups of one, three and five depending on the stand size. Before the
establishment of sample areas the study sites were cut in 2000, 1996 and 2002 and left for
natural regeneration. Sample areas were distributed within stands with the distance of 50
meters. The sample plots inside the study areas were placed using cluster arrangement as

shown in Figure 1.
6 4dm

Wl TN
\

Figure 1. Design of five circular plot cluster on the study areas

Every cluster includes five circular 50 m? sample plots. The centre of the middle plot in a
cluster was always set in the centre of the study area. The other four plots were placed 10
meters from centre to north, south, east and west directions. The plot centre was marked with
a metal rod. Furthermore, all plots were divided into four sectors (each 12.5 m?). Each sector
was numbered (e.g. Figure 1), starting with the northeast quarter. The aim of a small plots
cluster is to allow merging these plots into one large plot after the canopy closure. During the
first three measurement years the height of all trees higher than 0.8 meters from the ground
level were measured. Since 2008, all tree heights were measured starting from the ground
level. Also, the intensity of measurements was changed, during the first four years sample
areas were measured each year and after that on every second year. In total there were carried
out 5 to 7 measurements between the years 2006 and 2012 depending on the sample area. The
records of each measurement included a sector number, tree cohort, tree species and a total
tree height for each sample tree. Within the sample plot sector, from dominant tree species the
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three highest trees were selected as model trees. In addition, a model tree was selected for
every other tree species found in the sector. For each model tree higher than 1.3 meters, was
measured breast height diameter in two directions, total height, the height of living crown
base and the height of the lowest dead branch (thickness not less than 2 cm, length not less
than 10 cm). Also damages were assessed on the model trees, which were classified according
to cause and severity. Unique tree number was given to each model tree, which allows to
monitor each model tree growth dynamics whole out the study period. The stands were re-
measured at the end of the vegetation period or early in next year before new vegetation
period started (Padari et al. 2009).

More than 14 tree species have been recorded in the sample areas, most common were Silver
birch, Norway spruce and Common aspen. Trees from a previous forest generation are
growing in some of the sample areas, but in our analysis only measurement data of a newly
established tree generation was used. Due to different measuring techniques of sample and
model trees the result is two different datasets, which were analysed separately. The sample
trees dataset also contained model trees. The total number of measured sample and model
trees in each sample area is presented in Table 1. The age of the trees in 2006 was counted by
measuring tree rings from the analyse trees felled next to the sample plots.

Table 1. Short description of re-measurements on sample areas

Stand | Sample area | The age of the trees in 2006 Number of sample trees
Number of model trees

Min Avg Max | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012

M1 395 | 476 | 592 | 967 845 | 807

2 4.6 10* 86 | 83 | 86 | 90 | " | 89 | 92

M2 471 | 541 | 680 | 908 693 | 759

2 4.0 11* 94 | 94 | 100 | 98 | ~ | 89 | 88

M3 426 | 450 | 645 | 955 617 | 761

' 2 3.9 15 1 89 | 8 | 93 | 94 | "~ | 90 | o5
M4 3 50 10* 130 | 139 | 221 | 281 | 275 | 268 | 327

’ 43 | a1 | 43 | 45 | a5 | 45 | a7

M5 3 40 7 100 | 149 | 232 | 378 | 417 | 415 | 504

' 44 | 41 | 53 | 53 | 58 | B8 | 61

M6 246 | 285 | 404 | 939 641 | 972

3 9.3 2* 1 %0 | 70 |78 |80 | "~ | 79 | 79

M7 446 | 439 | 513 | 786 413
I 2 o4 ¥ 27 | 76 | 81 | 81 | T | 65 |

M8 169 | 234 | 763 | 1144 402 | 567

2 7.9 18 |\ 5g | 53 | 91 | 89 | - | 8L | 80

M9 . 105 | 120 | 151 | 154 | 150 | 153 | 160

" 4 12,4 25 58 | 50 | 61 | 62 | 62 | 61 | 64

*The maximum age of the analyse trees appeared to be older than the regeneration period
from final felling due to the sampling of Norway spruce advanced regeneration.

Tree height distribution analysis based on sample trees

We tested the fit of empirical young trees height distribution to three different theoretical
distribution (normal, lognormal and Weibull distribution) based single year measurement
data. Based on the results, Weibull distribution was selected for this study to test distribution
fit to consecutive years height distributions. Weibull distribution has been previously
successfully used to describe distribution of breast height diameter (Gulov 2010). We decided

47




Local and Regional Challenges of Climate Change Adaptation and Green Technologies, H-Sopron, 2014
ISBN 978-963-334-192-6

to use shape and scale parameters that contain the 2-parameters Weibull distribution function,
which is not as flexible as the 3-parameter function, but has proven to be more accurate
(Maltamo et al. 1995). Statistical computing environment R (R Core Team 2014) was used to
analyse the data. Consecutive years height distribution of different tree species was the object
of the analysis, each sample area data was analysed separately. We used a maximum
likelihood method to estimate shape and scale parameters with R function fitdistr(). Weibull
distribution fit for height distribution was assessed with the Pearson chi-squared test. To use
the Pearson test, the data must be grouped into classes (Sachs 1982). We set a criterion that in
every sample area, each tree species total measurement count must be higher than 300 and for
particular year more than 40. In result 120 empirical distributions met the set requirements
(Table 2).

Table 2. Number of height distributions by tree species and sample areas

ree species

Sample area Common aspen | Silver birch | Norway spruce | Rowan | Linden | Others| Total
M1 6 5 - - 6 - 17
M2 6 6 6 - - 24
M3 6 6 - - - - 12
M4 - 7 4 - - - 11
M5 - 7 4 - - - 11
M6 - 6 6 - - - 12
M7 - 5 5 - - - 10
M8 - 6 - - 6 4 16
M9 - - 7 - - - 7
Total 18 48 32 6 12 4 120

We used three methods for grouping tree heights (with one-meter interval classes, with 5
equal frequency classes, with 10 equal frequency classes). Function pchisq() was used to
calculate probability of significance (p-value). Empirical distribution was considered different
from theoretical distribution when p-value was less than 0.05. Shape and scale parameters
dependence on each other and on several variables (minimum, maximum, arithmetic and
mean square height; tree species; sample area) was assessed. Variation in parameter estimates
throughout the study period was analysed for each tree species in each sample area.

Single tree growth analysis based on model trees

The tree species top height was used as a proxy for selecting model trees, it was assumed that
these trees would form future stand. By observing growth dynamics of model trees, we can
make predictions about the development of the future stand. The model trees were linked to a
unique number in each sample area, which allows ranking every model tree height to a
particular measurement year. To analyse annual growth dynamics, it was necessary that the
height of the model tree be measured on every measurement occasion. The final dataset of the
model trees consists of 360 model trees measurement data. The analysis was carried out using
data on three most represented species (Common aspen, Silver birch and Norway spruce). To
monitor the growth dynamics the time from the regeneration felling for each stand was used
as a proxy. This allowed comparing the same species growth dynamics if trees were growing
in different sample areas. The annual height growth for each model tree was calculated and
top height (average height of one hundred highest trees H100) was calculated for each sample
area. The relative height of each model tree was calculated, using the ratio between a model
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tree and H100. The relation between measurement characteristics and annual growth was
modelled. The importance of measurement characteristics on an annual growth of a model
tree was analysed. The significance of different characteristics was assessed with ANOVA,
function anova() in program R. A model was created using the results of the analysis to
simulate the growth of the model trees.

For modelling the trees species annual growth different dependent variables were used:
measurement year; sample area; age of the tree; and relative tree height. For each tree species
the model of linear dependence and generalized additive model (GAM) was created. The
model of GAM better describes the contribution of different characteristics to annual height
growth. GAM allows a generalized linear model to apply a smooth function of an additive
model (Crawley 2007). Each factors contribution to the annual growth was tested with
ANOVA.

RESULTS AND DISCUSSION

Tree height distribution dynamics

Distribution with five classes showed best fit with the Weibull distribution, the Pearson chi-
squared test result probability of significance was 0.05 or higher in 39.17 % of the cases.
Respectfully the fit with one-meter interval classes was significant in 31.67 % of the pairs and
for 10 classes distribution 30.83 % of the cases. These results confirm that the method for
dividing the data in classes plays an important role in the Pearson test results. About half of
the analysed empirical distributions rejected fit to the Weibull distribution or to the other used
classical distributions. However, visual analysis of these distributions showed the empirical
and theoretical distributions general shape similarity.

The fit with empirical distribution depends on the shape and scale peculiarities of the specific
distribution on particular measurement year. The changes of the shape and scale parameter
values in consecutive years was analysed by tree species in each sample area. In Figures 2 and
3, the values of the parameters dynamics are shown graphically. The Figure 2 shows that the
different tree species shape parameter values have a similar dynamics in each sample area. In
the temporal scale, the parameter values follow in general declining trend. The reason behind
that decline is the reduction of average height of trees during the development of the stand.
The average height of young stands is reduced particularly because of ingrowth of new trees
in the sample area, this increases the share of small tree heights in the dataset.

The increase of the shape parameter is caused by the increase of average height of trees. In
sample area M8, there was a sharp rise in the values of Silver birch shape parameters in
comparison of the years 2008 and 2010. This was caused by the death of small trees between
the two re-measurements.

The density function curve of the Weibull distribution is determined with the shape parameter
being close to normal distribution at the value of 3.6. On studied sample areas the value of the
shape parameter is less than 3.6 in case of most of measurement years and most of the tree
species, indicating to a positive asymmetry within the distributions. The positive asymmetry
is expected with young trees height distribution because of the annual ingrowth of new trees
in early stand development. Therefore, the share of small values is high in each year, but at
the same time also high height values always exists stretching the distribution to the right. In
temporal scale shape parameter have a declining trend, so positive asymmetry of distribution
growing during the study period.
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Figure 2. The dynamics of the shape parameter value on each sample area
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Figure 3. The dynamics of the scale parameter value on each sample area

The scale parameter describes the scope of the observed dataset values. The values of the
analysed distributions showed an increasing trend over the study period, describing clearly the
young stand peculiarities. The height distributions of young stands always starts with very
small values, but the difference between the minimum and maximum value increases
annually. A change in parameter value dynamics can be observed in years 2007 and 2008 and
was caused by the changes in the method for tree height measurement. The scale parameter
trends for different tree species are similar.

The two parameters of the density function of the Weibull distribution dependence on
different site and climatic variables were analysed. The shape and the scale parameter showed
correlation to each other, but not a good correlation was found between the shape parameter
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value and stand height characteristics. The correlation was found between the scale parameter,
maximum height of the distribution and the scope of the heights. A strong linear correlation
was between the scale parameter and the mean square height of all studied tree species.

Modelling based on the model trees
In Table 3 is presented the probability of significance of factors in GAM model.

Table 3. Probability of significance of factors

Factor Probability of significance

Common aspen Silver birch Norway spruce

Year <0,0001 <0,0001 <0,0001
Sample area 0,0020 <0,0001 <0,0001
Age of tree - 0,00414 0,3580
Relative height 0,0485 0,00724 <0,0001
R’ 0,3050 0,3660 0,2990

The analysis of each factor impact to annual growth showed that, for all the tree species,
growth is most dependent on a specific growing year. The importance of the growing year can
be foremost connected with the average temperature during the vegetation period. To control
this dependence, dynamics of annual growth was compared with the nearest weather station
average summer temperature (May to August). Figure 4 shows the predicted annual height
growth growths and the 95% confidence intervals.

— aspen
birch

| — spruce - r
— temperature ‘

15
17.0

1.0

Annual height growth (m)
Average summer teperature (C)

0.0
|
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Figure 4. The average temperature of the vegetation period and predicted annual growth

The comparison of growth and the average temperature showed nonlinear relationship. A
deviation from the general trend occurs with the growth of Common aspen in 2008.
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Abstract

The need to predict the growth response of trees to future climate change is ever growing.
Current climate change is altering environmental conditions quickly, and locally adapted
populations are likely to experience climate to which they are not well adapted. In order to
study this sub-optimal adaptation, common garden experiments provide a powerful tool for
studying climate tolerance of trees. Out of the 1998 series of the international beech
provenance trials, one experiment was established in Bucsuta, SW Hungary. Because of its
ecologically marginal location, this is one of the most suitable site in the experiment to predict
responses of populations to sudden climatic changes, simulated by transfer. 15-year diameter
data were used as dependent variable. Out of the bioclimatic variables, Ellenberg’s drought
index (EQ) which has shown the best correlation was selected for the further analysis. The
difference in EQ (AEQ) between the provenance origin and the test site, and the 15-year
diameter data were used to establish a linear transfer function which may be used to predict
growth decline caused by future climate change.

Keywords: common garden / increment loss / Ellenberg index / adaptation

INTRODUCTION

According to palaeoecological data, tree species will be unable to adapt to rapid climate
change due to their low migration rate (Davis et al. 2005) and highly fragmented landscape
(Jump — Penuelas 2005). Ecological tolerance limit of the species are threatened by projected
increasing average temperature and increased frequency of extreme events.

European beech (Fagus sylvatica L.) is a dominant tree species across Europe with a wide
distribution range. In Central and South Europe, the most important factor limiting the
occurrence of the tree is the precipitation, therefore marginal population at low-elevation
(xeric) limit require special attention. In some studies has been demonstrated the growth
decline with the worsening climate conditions at the xeric limit (Matyas et al. 2009, Jezik et
al. 2011, Hlasny et al. 2014). On the other hand, heavy and long drought events weakened the
trees and have made them susceptible to diseases causing mass mortality of beech (Jung 2009,
Lakatos — Molnar 2009).

Population’s gene pool is shaped by macroclimate, beech populations adapted to local climate
with different ecological conditions. This difference is also reflected in phenotypic traits like
bud burst date, length of vegetation period..etc. Populations from different parts of the
distribution area show distinct ecological tolerance which may provide an opportunity to
investigate tolerance limit of beech (Matyas — Yeatman 1987). Common garden experiments
provide a powerful tool for studying climate tolerance of trees. These experiments have a long
tradition in forest research. Data collected from these trials allow to compare such important
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traits as frost resistance, drought tolerance or other differences in growth between
populations. According to the results of common garden experiments we can give
recommendations for the use and transfer of forest reproductive material have to be adjusted
in the face of climate change.

The International Beech Provenance Trials of IUFRO

In 1995 and 1998 international beech provenance trials were established across Europe,
organized by the Institute for Forest Genetics, Grosshandorf, Germany (Wiihlisch 2007),
(Figure 1). Reproductive materials used in the experiments were collected from the whole
distribution area and raised at the same place until age two. After two years they were
transferred to trial sites across Europe.

The objective of these experiments was to identify intraspecific differences in order to be able
to determine the most suitable population at a given site and to make predictions of future
distribution range of beech under changing environmental conditions.

Figure 1. Test sites (A ) and origins of beech provenances (e) of the 1995 and 1998 International Beech
Provenance Trial, projected on the distribution map of European beech (source: EUFORGEN)

The Hungarian Trial Site in Bucsuta

Out of the 1998 series of the international beech provenance trials, one experiment was
established in Bucsuta, SW Hungary. This trial covered a wide part of the species range, it
consists of 36 provenances (Table 1). Every provenance was planted in randomized plots and
replicated in three blocks across the site which belongs to Zalaerdé Forestry Corporation.
Each rectangular plot consists of five rows, each with 10 trees at a spacing of 2 m between
rows and 1 m between plants within the rows.

Before planting, the old forest stand was clear-cut, tree stumps were removed and the trial
area was fenced. The trial is situated on 220 m a.s.l. under beech forest climate, it has
southern exposure with 5-10° slope angle. The soil type is brown forest soil with clay
illuviation. The third block is located on the bottom of the hill, it is the most humid part of the
trial site.
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Table 1. Geographic data, annual precipitation and July mean temperature of provenances, as well as the
ecodistance (AEQ) between Bucsuta and the provenance location

Annual

. . Altitude mean July mean
ID  Name of provenance Country Latitude Longitude (m) precipitation tempgrature AEQ
(mm) °O)
1 Perche FR 48.42 0.55 205 691 17.6 3.98
2 Bordure Man. FR 49.53 0.77 80 689 17.6 3.90
6 Plateaux Du* FR 46.80 5.83 600 1097 17.8 13.22
8 Pyrenees Or. FR 42.92 2.32 670 754 21.3 1.20
11 Heinerscheid LU 50.08 6.12 423 844 16.7 9.66
13 Soignes BE 50.83 4.42 110 810 17.4 7.97
14 Aarnink NL 51.93 6.73 45 797 17.1 7.99
17 Westfield 2002 GB 57.40 -2.75 10 836 13.2 13.66
21 Grasten, F.413 DK 54.92 9.58 45 780 15.8 9.19
23 Torup* SE 55.57 13.20 40 634 16.6 3.27
26 Farchau, 72A DE 53.65 10.67 55 676 17.3 3.86
27 Graf Von W. DE 51.52 8.78 375 941 15.8 12.66
29 Dillenburg DE 50.70 8.30 520 751 17.4 6.28
31 Urach, 12A 13 DE 48.47 9.45 760 894 16.3 11.22
32 Ebrach DE 49.85 10.50 406 701 17.2 4.91
34 Oberwil CH 47.17 7.45 570 923 17.8 10.16
35 Hinterstoder* AT 47.72 14.10 1250 1539 114 22.04
36 Eisenerz* AT 47.53 14.85 1100 1259 12.2 19.76
39 Jaworze, 178F PL 49.83 19.17 450 950 16.3 12.29
40 Tarwana, 81C PL 49.47 22.33 540 704 16.9 5.44
43 Jawornik, 92B* PL 49.25 22.82 900 764 16.4 7.98
46 Domazlice-Vyhl CczZ 49.40 12.75 760 893 145 13.21
48 Jablonec N.N. (ov4 50.80 15.23 760 731 13.9 10.43
49 Brumov Sidonie CczZ 49.05 18.05 390 799 16.5 8.80
51 Horni Plana-Ce.* cz 48.85 14.00 990 1097 142 16.50
52 Magyaregregy 60A HU 46.22 18.35 400 707 19.0 2.57
53 Postojna Masun.* SI 45.63 14.38 1000 1346 16.9 16.89
54 Idrija-11/2, 14 Sl 46.00 13.90 930 1318 16.8 16.70
59 Pidkamin UA 49.95 25.38 612 18.1 -0.13
64 Nizbor CczZ 50.00 14.00 480 541 17.6 -3.08
65 Koino PL 49.92 20.42 400 729 18.2 4.48
67 Bilowo, 115D116B PL 54.33 18.17 250 631 15.6 4.73
70 Buchlovice (V4 49.15 17.32 410 669 17.3 3.59
H1 Banokszentgyorgy HU 46.60 16.85 200 747 20.0 2.67
H2 Farkasgyepii HU 47.20 17.65 625 19.1 -1.11
H3 Ordoglyuk * HU 48.49 21.36 450 651 19.0 0.26
46.57 16.67 220 707 20.8

Bucsuta (1998-2013)

* The marked provenances not included in the analysis.
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Figure 2 shows climate location of Bucsuta and of all provenances which are presented at the
site. The average rainfall in Bucsuta is about 700 mm per year and the average yearly air
temperature in summer is 21°C. Hungarian test site is located at the margin of the climatic
space as shown in Figure 2.
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Figure 2. Location of Bucsuta and of the provenances in the climatic niche of annual precipitation and July mean
temperature

MATERIAL AND METHODS

Climate data

Climate data for the provenances origin are derived from the WorldClim database
(www.worldclim.org), referring to the 1950-2000 period. The database included
interpolations of observed data with a spatial resolution of about 1 square kilometer. In the
case of trial site, it was needed to get climate data for the period provenances were exposed to
(1998-2013), as the outplanted seedlings responded to the climate conditions of this period.
Owing to a lack of local meteorological station, the data of the nearest station (in
Nagykanizsa) were used for the analysis.

17 bioclimatic factors, two continentality- and three aridity indices computed from monthly
averaged temperatures and monthly precipitations were used (Table 2). The most significant
component was selected by correlation analysis.

Observed data

Plot averages of 15-year diameter, measured on the 5 largest trees per plot at the Hungarian
site were analyzed to establish a linear transfer function. All of the diameter data could not be
used for the analysis, only the most reliable plots included in the dataset. The Alpine
provenances behave quite different probably due to different adaptation, therefore, they also
have been removed. Finally, 8 provenances had to be excluded from the analysis. Out of
provenances used in the experiment, 16 with two block diameter data and 12 with one block
diameter data are presented. In addition, 44 diameter data have been used. The 5 largest trees
of each provenance have been selected, these trees may be considered as final crop trees
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which characterize the growth potential of population well. Finally, screening data have been
taken into account as pooled dataset.

Working hypothesis

Long-lived organisms such as trees must tolerate relatively broad fluctuations of
environmental conditions without the chance of escaping to more favourable habitats.
Adaptation is the only way to survive the changing environment, there are several genetic and
non-genetic processes operating on the individual, population, species and ecosystem levels,
balancing changes in environmental conditions. Despite of the fact, that tree species have
successfully survived changing geological periods, it is concern that they may not be able to
cope with future environmental changes. Expected temperature increases are far higher than
those that occurred during the interglacial periods of the Quaternary. The aim of the study was
to determine increment loss of beech due to sub-optimal adaptation to rapid climate change.
Observed changes in growth of a provenance in response to climatic changes experienced by
transplanting can be interpreted as simulations of its response to future climate change. The
magnitude and direction of changes can be performed with the help of ecodistance variables
(Matyas 1994). The ecodistance is calculated as difference between test site climate and
climate of the origin of provenance.

This study is the reformatted version of the article (Horvath — Matyas 2014) which was
submitted to the scientific journal of Erdészettudomanyi Kozlemények in Hungarian
language.

Table 2. List of bioclimatic variables used in the correlation analysis with15-year diameter data (significant at p<
0.05 (*) and at p<0.01 (**) are marked)

Pearson’s
Bioclimatic variables Abbreviation correlation Significance
coefficient
Annual Mean Temperature Ta 0.345 0.190
Mean Diurnal Range Thn 0.369 0.160
Isothermality Izoterm -0.110 0.680
Max Temperature of Warmest Month Trnax 0.582 0.018*
Min Temperature of Coldest Month Tmin -0.014 0.960
Temperature Annual Range Tan 0.430 0.096
Mean Temperature of Wettest Quarter TQH 0.060 0.826
Mean Temperature of Driest Quarter TOA 0.014 0.958
Mean Temperature of Warmest Quarter TQW 0.582 0.018*
Mean Temperature of Coldest Quarter TQC 0.059 0.828
Annual Precipitation Pa -0.405 0.120
Precipitation of Wettest Month P max -0.181 0.503
Precipitation of Driest Month Prin -0.436 0.092
Precipitation of Wettest Quarter PQH -0.303 0.254
Precipitation of Driest Quarter PQA -0.345 0.191
Precipitation of Warmest Quarter PQW -0.298 0.263
Precipitation of Coldest Quarter PQC -0.237 0.377
Gorczinski’s Continentality Index (Rasztovits et al. 2012) GCT 0.460 0.073
Continentality Index (Rasztovits et al. 2012) CONT 0.399 0.126
De Martonne aridity index (Rasztovits et al. 2012) DMI -0.540 0.031*
Ellenberg’s climate quotient (Rasztovits et al. 2012) EQ 0.642 0.007**

Forest Aridity Index (Fiihrer — Jagodics 2007) FAI 0.415 0.110
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RESULTS AND DISCUSSION

In order to select the most significant bioclimatic factor, we performed correlation analysis
between bioclimatic variables and 15-year diameter data (Table 2). Significant value was
obtained by following variables: EQ, T,. TQW, DMI. The most important factor which
performed the strongest correlation is Ellenberg’s climate quotient (EQ), as shown in Table 2.
Earlier studies demonstrated that EQ is the most influential predictor which describes the
distribution limit of beech (Fang — Lechowicz 2006, Czucz et al. 2011). After we determined
ecodistance (AEQ) values, as described in the working hypothesis. Positive value of AEQ
expresses a simulated warming of the environment through transfer to the site. As shown in
Table 1, almost all provenances experienced warmer and drier conditions by transplantation.
Instead of absolute value of diameter, all data in percent of maximal value (wich obtained by
0 AEQ) were used in the analysis. Figure 3 shows linear function of increment decline which
explains 25% of the total variation between provenances (R?=0.2472, p=0.0006). The
function used to define increment loss caused by sub-optimal adaptedness, in other words, by
this function we can predict increment loss of populations caused by projected climate
change. For example, increase in EQ value of one site by five units due to climate change
means 10% reduction in growth.

Because of the ecologically marginal location of Hungarian trial site, Bucsuta is one of the
most suitable site in the international experiment to anticipate negative effect of climate
change. Generally accepted that the local population is the best, however, other studies
suggested that non-local provenances may exceed the performance of the local ones (Matyas
et al. 2010, Leites et al. 2012). Finding a population which is considered preadapted for future
conditions may be decisive for sustainable forest management.
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Figure 3. Increment decline caused by sub-optimal adaptedness. The “transfer function” defines the decline in

percents of the mean diameter of the locally adapted provenance, in function of the change of the Ellenberg’s
drought index (AEQ)
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CONCLUSION

Planting seedlings adapted to predicted future climates has been suggested as a key forest
management strategy to mitigate negative impacts of climate change. Therefore it is important
task to recognize adaptive capacity of main tree species. Provenance tests provide sufficient
information about the response of population transferred to new environment which
interpreted as climate change effect. In our study, we introduce an increment loss describing
function which can be used to predict growth decline caused by future climate change.

Our study should assist forest managers in planning reforestation for uncertain future
conditions.
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Abstract

This paper investigates the causes of a Pinus forest die-off in Feny6f6. In the research area 20
soil profiles were studied to find the reason of the tree mortality. The characteristic soil type is
rusty brown forest soil in the area. The effects of climate change on the Pinus forest were also
analyzed. We used gridded station data from the Hungarian Meteorological Service for the
time period 1961-2013. It contains daily, monthly and yearly time series for precipitation and
temperature means and extremes. The results show that the annual mean temperature and the
frequency of extremely high temperatures increased in the last few decades. Soil conditions
and climate change together lead to the decrease of the groundwater level that became
unavailable for the vegetation.

Keywords: climate change / die-off / groundwater level / Pinus sylvestris / soil investigation

INTRODUCTION

Hungary has several places where natural ecosystems are under transformation for example
by the effect of climate change. Lack of the adaptation capacity can lead to the mortality of
these trees. In our study we try to determine the causes of the forest die-off in a primary Pinus
forest in Feny6f6. The aim of the research is to find the reason of the decay of this old-growth
forest— which is growing on protected area — whether it is caused by the soil properties and
other abiotic variables or it is the result of the drying climate. On the investigated area there
were high human activities (e.g. agriculture, grazing — see below in table 1), which may have
an effect on the mortality of the forest (picture 1).
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Picture 1. Scots pine (Pinus sylvestris) with strong symptoms of health declinde in the Feny6f6 research site

STUDY AREA

The research site belongs to the Trans-Danubian region, and the investigated old Pinus forest
is part of the Papai-Bakonyalja mountains. The average altitude of Feny6f6 250-300 m. The
location of the area is shown in figure 1 and picture 2.

Picture 2. Investigated forest stand
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On the area of Feny6f6 and its surrounding the typical land use types are forests (47.2%) and
agricultural lands (39.4%). Grazing (8.5%) is also characteristic and the territory of settlement
takes 863 hectars.

Table 1. Land use types in Feny6f6

Land use type ractional coverage | Area (ha)
(%)
Residental area 35 863.0
Agricultural area 39.4 9621.3
Garden area 0.7 172.0
Viticulture area 0.3 61.5
Grassland 8.5 2087.4
Forested area 47.2 11525.7
Creek and lake areas 0.4 87.8

Soil properties

According to the texture 56 % of soils are sand and 42 % is loam by the physical assessment,
therefore soil texture and hidrological factors could be made versatible soil types on the area.
Thus we could find rusty brown forest soil (picture 3) and brown soil mostly under the
subsurface of forests (MAJER 1988). Skeletal soil, quicksand and slithly humic sand soils
(picture 3) have been created by anthropogenic effects. Rarely we could detect perigon sand
because of deposition, next to creeks we could find meadow soil (BABOS 1966). Because of
the climate and the forest vegetation the carbonated quicksand were leach out, therefore
humic sands, slightly acidic rusty brown and lessivated brown forest soils have been rised.
The groundwater level is between 4-6 meters, so for vegetation it is not avaible.

Picture 3. Rusty brown forest soil (left) and humic sand soil (right)

Climate conditions

The climate conditions of the research site are medium wet and medium warm. The average
annual temperature is 10.0 °C and the annual precipitation sum is 600-650 mm (HALASZ
2006). In the warmest month of the year the average temperature is 19.7 °C and in the coldest
month of the year -2.1°C (MAJER 1988). The sunshine duration is above 1980 hours
(DOVENYT 2010), so the vegetation is mostly Pinus on sandy soil (Festuco vaginatae-Pinetum
sylvestris), other types Pinus (Festuco rupicolae — Pinetum sylvestris) and mixed sessile oak
(Quercetum petraeae - cerris pannonicum) (DOVENYI 2010).
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MATERIALS AND METHOD

Soil analysis

Altogether 119 samples from 20 soil profiles have been collected which proved to be
substantial for the proper characterization of the territory. After a ground reconnaissance we
have been focused on the following properties in the lab: soil pH (potentiometrically in water
and KCI), the texture of soils was determined by particle size distribution (MSZ-08-0205-
1978). In addition we determined calcium carbonate content (Scheibler calcimeter) and soil
organic matter content (FAO 1990). Furthermore the y1 and y2, ammonium lactate/acetic acid
extractable (AL) potassium and phosphorus content were measured (BELLER 1997). The
categorization of the soil samples was carried out as reviewed by BELLER (1997) and
STEFANOVITS et al. (1999).

Climate dataset

For the time period 1961-2013 we used gridded station data from Hungarian Meteorological
Service (www.carpatclim.eu.org). The spatial resolution of the database is 0.1° x 0.1° (~ 10 x
10 km grid). It contains daily, monthly, yearly datasets for temperature and precipitation
means and extremes, wind and moisture conditions and drought indices. The selected climate
parameters were the monthly and yearly mean temperature, the precipitation sum and the
drought indices.

RESULTS AND DISCUSSION

Climate change

In the reference period (1971-2010) the average annual temperature was 10.4 °C and the
annual precipitation sum was 667.5 mm in Feny6f6. Figure 2 shows clearly the increase of
temperature means and the extremes of the precipitation sum.
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Figure 2. The annual tempreature means and precipitation sums in Feny6f6 (1961-2013)

Analyzing the temperature and precipitation differences of the vegetation period compared to
1971-2010, the data show that the temperature differences increase drasticaly at the last few
decades (figure 3). The precipitation of the vegetation period had a large influence on Pinus
forest, therefore the precipitation differences were essential to find the causes of the tree die-
off. Statistically every third-fourth drought event (when the precipitation sum is lower than
the average) is followed by a year with extremly high precipitation sum (figure 3). Between
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2000-2005 there were several dry periods with high temperature and low precipitation sum.
This variablity can cause the drying of the Pinus trees.
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Figure 3. The temperature differences (on top) and the precipitation sum of the vegetation period (below)
compare to 1971-2010 in Feny6£6

The climate database contains also information on extreme temperature indices. For our
investigaton we used the maximum temperature (Tmax) indexes such as the total number of
summer days (where Tpa> 25°C), hot days (where Tmax> 30°C) and dry days (where Tmax>
35°C). The average of the number of dry days was 11 days in 1961-1990, and between 1971-
2010 it was 17 days, so the frequency of extremly high temperatures increased. The tendency
of the number of dry days, hot days and summer days is shown in figure 4.
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Figure 4. The number of the extrem temperature indicates changes (1961-2013)

The consequens of the increasing mean and extreme temperature and the variability of
precipitation could lead to the forest die-off in Feny6f6, but definitaly these parameters were

not the only causes.
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Soil conditions

Soil pH (pHH.0) was between 4.2 and 8.5. The soil pH of upper layers were detected between
the mostly acidic and the weakly alkaline category (figure 5), but the most of the soil samples
were acidic. The soil pH of lower layers were dominantly alkaline. In the soil profiles the
leaching was characteristic, therefore we could measure the acidic values in upper layers. The
results of pHkci were followed the values of pHH.0. Soil pH (pHkci) was between 3.5 and 8.3.
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Figure 5. Distribution of soil pH (pHH,0) in all soil profile

The acidic pH of topsoil (0-20 cm depths) is favourable for the most of tree species, altrought
the appear of calcium carbonate content in alkaline lower layers are unfavourable for the
vegetation. The reason for it is that the calcium carbonate have an influence on drying, which
hinders the water uptake of the vegetation.

The CaCO3; content of the soils was between 2% and 19% in below of 20 cm depths layers,
which is not favorable to each species. We found a few saline soil in lower layers.

The conclusion is that the chemical properties of soils are suitable to the vegetation, beside of
the higher CaCOj3 content and salinity of soils decreased the productivity of these soils.

The texture of soils was determined by particle size distribution (MSZ-08-0205-1978). The
ratio of clay% and silt% was between 3% and 11% in the samples, thus based on these values
the physical assessment was coarse sand. These types of soils can be characterized with
unfavourable absorbing capacity; although they can not store water quite well and the water
escapes from the upper layers very fast. So this water is hardly available for the vegetation
(Stefanovits 1992), because the available waterstock is exhausted easily during a longer dry
period.

The humus content of the soil was between 0.01% and 8.8%. High values were detected close
to the surface, but figure figure 6 shows, that the highest values were mostly in the lower

layers. We found buried humus layer in a few cases (picture 4), which improve the water and
nutrient supply of soils.
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Figure 6. Distribution of humus content in all soil profile

The total nitrogen supply was medium (0.01 — 0.25 N%). AL-extractable phosphorus content
of soils was few (3.4 — 15.9 P,0s mg/100g soil) and AL-extractable potassium content
showed the same amount (1.5 — 9.1 K,O mg/100g soil). The low amount of these nutrients
mean that there is no part of this soil, which can store the colloids.

Picture 4. Rusty brown forest soil with buried humus layer

CONCLUSIONS

The aim of this study was to find the reasons of an old Pinus forest die-off in Feny6f6. On the
investigated area we analyzed the climate conditions and studied 20 soil sites.

The meteorological data clearly show, that the mean annual temperature of the research plot
increased drastically (~1°C). The annual precipitation sum decreased in the last few decades,
but its not significant, because the precipitation in the vegetation period shows high
variability. We analytzed also the frequency of extreme high temperatures. The number of
summer days (when the maximum temperature Tmac>25°C), hot days (Tmax>30°C) and dry
days (Tmax>30°C) increased in Feny6f6, which caused higher water utilization and water
deficiency. The main conclusion is, that the higher temperature and the variability of the
precipitation sum caused the forest decay.

Firsly, the area seems to be homogenic, but based on our research, we found a lot of
diffencies (e.g. genetic soil type, tilth or humic layer) on several plots of the investigated area.
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On most of the area the caracteristic soil type is the rusty brown forest soil, but humic sand
soils have been also found. In several cases buried humus layer has been detected, which
improve the water and nutrient supply of soils. Due these favorable properties the calcium
carbonate content appeared near to the surface, which hinder the vegetation in water
utilization or water uptake. Coarse sand is the typical physhical assessment, which has
unfavourable absorbing capacity; they can not store water, thus it leach trought of soil profile.
Where CaCOj3 content is still in soil and there is a thin humus layer above the coarse sand, the
soils properties are mostly favourable. The water is hardly available for the tree species, water
storage is impossible in sand soil.

Summarized, the previously unfavourable conditions of soil (low watercapacity, sandy soils
with calcium carbonate content in the topsoil) occurred together with high temperature values
in the last years. It causes continuously water utilization. Both climate extrems of the summer
period and the unfavourable soil properties have an effect on the stands. The forest stand have
no avaible water, that can protect it from extreme warm conditions.

Acknowledgements: We thank Zsuzsanna Valint for the language check.
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Abstract

In Hungary about 90% of the precipitation evaporates and only 10% runs off (goes to streams,
soil and groundwater storage). It is essential to determine more accurate the amount of
evapotranspiration for better knowledge of hydrological cycle. Water balance of Zala county
(west-southwest Hungary) was analysed using remote-sensing based actual evapotranspiration
(Szilagyi & Kovécs, 2011) and runoff spatially distributed maps (1 krnz) over the 1999-2008
period. For evaluating the effects of climate change on water balance we used the Budyko-
type model (a-parameter), moreover a linear model with B-parameter was introduced for the
extra-water affected pixels. By using the two parameter maps and future data of climate
models (mean annual temperature and precipitation) evapotranspiration and runoff predictions
have been done by the end of the 21st century, in spatially distributed mode.

Keywords: evapotranspiration / runoff / climate change

INTRODUCTION

Generally, on the land surface more precipitation evaporates than runs off (goes to streams,
soil and groundwater storage). In Hungary about 90% of the precipitation evaporates and only
10% runs off. Evapotranspiration (ET) is a very effective vehicle for mass and energy (due to
the high latent heat of vaporization value of water) transfer between the land- or vegetation
surface and the ambient atmosphere (Szilagyi & Jozsa, 2009). Therefore, it is essential to
determine more accurate the amount of ET for better knowledge of energy balance and
hydrological cycle.

Obtaining spatially distributed ET estimates is crucial in most water balance calculations for
identifying mass and energy fluxes across the area of interest (Szilagyi & Kovécs, 2011).
Monthly actual evapotranspiration (ETA) has been mapped for Hungary by Kovacs (2011)
over the 2000-2008 period.

MATERIAL AND METHODS

Description of the ET and runoff mapping technique

Spatially distributed (1 km?) monthly actual evapotranspiration (ET) rates over Hungary for
20002008 are mapped by Kovacs (2011), with the help of MODIS daytime land surface
temperature as well as sunshine duration, air temperature and humidity data Mapping by the
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CREMAP-model (Szilagyi & Kovacs, 2011) is achieved by a linear transformation of
MODIS daytime land surface temperature values employing the complementary relationship
(Bouchet, 1963) of evaporation.

The monthly ETa maps have been prepared from March till November each year, because in
the winter-time with possible patchy snow cover on the ground the quasi-constant surface net
energy assumption of the surface temperature versus ET 4 transformations break down (due to
the snow cover’s vastly different albedo from that of the land) (Szildgyi & Jozsa, 2009). ETa
in Hungary is small from December through February, the sum total is about 20 mm (Kovacs,
2011). We made calculations for total water years (from November 1. to October 31.), so 20
mm correction was added for all pixels of each mean annual ET o maps (1999 November was
prepared as the average of the other Novembers). The mean annual ET maps were averaged
for the examined period (1999-2008).

On annual scale - using ETa and precipitation data - the spatially distributed runoff can be
calculated using long-term water-balance equation:

R=P—ET, )

where P is the precipitation, ETa is the evapotranspiration and R is the runoff (each members
in mm/period).

The Budyko-Type Model

The Budyko-model (Budyko, 1974) is often used to estimate the actual evaporation as a
function of the aridity index. According to Novaky (1985, 2002) the spatially distributed
version of Budyko-model is applicable to analyze the climatic impacts. For evaluating the
effects of climate change on evapotranspiration we used a Budyko-type parameter (o),
furthermore a linear model with B-parameter was introduced.

The Budyko-type o was calculated to each pixels (1 km?) according to the next equation
(Cséki et al., 2013):

er, ___ P((z) p(1a(—))

—_ = — = — —T
ETpan [364DD£+1&4} [354[:-&?1[:-4_}

rx:

@)

where o is a calibration parameter, which aggregates all of the factors affecting the
evapotranspiration (dominantly the surface cover) (Keve & Novaky, 2010), ET, the potential
evapotranspiration (mm/year), ETpan the pan-evaporation (mm/year), ETa the actual
evapotranspiration (mm/year), R the runoff (mm/year), T the mean annual temperature (“C),
and P is the precipitation (mm/year).

In that case if ET value was higher than P value of the pixel, so R becomes negative, the o
parameter could not be determined, because the natural logarithm of a negative number is
undefined (Eq. (2)). For these pixels another calibration parameter () was calculated, which
gives the relationship between ETpa, and ETa (Cséki et al., 2013):

— ETy — ET 4
B ETyan [364DD£+1D4_} (3)

The spatially distributed parameter maps (o and B) can be used for evaluating future ET  and

R in spatially-distributed mode, for that only temperature and precipitation predictions are

required. The calculations were done with the help of DigiTerra Map software, the
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temperature and precipitation data were available in the TAMOP-4.2.2.A-11/1/ KONV-2012-
0013 project.

STUDY-SITE DESCRIPTION

Zala county is situated in the south-western part of Hungary (Figure 1.). It is bordered by the Vas
county from the north, by the Veszprém county from the east, by the Somogy county from the south,
and by the state border in the west. It is one of the smallest counties of Hungary, it has an extent of
3784 km?.

Ukraine

Slovakia

Austria

Romania

Slovenia

Croatia R Y Serbia

0 50000 100000 150000 200000 250000

Figure 1. Location of Zala county within Hungary

The climate is moderated by atlantic effects, so the mean annual temperature was about 11.6 °C
between 1999 and 2008. Winters are relatively mild and summers tend to be cooler than the norm for
the Carpathian Basin. It is one of the wettest part of the country, the average annual rainfall in the
examined period was about 700 mm in the west, and 600 mm in the east.

Dominant land use in the county is agricultural (54%), with a significant presence of forests and semi
natural areas, which cover more than 37% of the total area (Figure 2.).

B Artificial surfaces - 5.2%
Agricultural areas - 53.9%
’7 Forest and semi natural areas - 37.2%
| Wetlands - 1.7%
| Water bodies - 2.0%

et

0 10000 20000 30000 40000 50000

Figure 2. Land cover of Zala county (CLC, 2006)
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RESULTS

Evaluation of evapotranspiration and runoff

The mean annual actual evapotranspiration over Zala county (1999-2008) is displayed in Figure 3.
The average ETa of Zala county was 577 mm/year, the 88% of the mean annual precipitation (655.7
mm/year). The blue pixels show lower rates on the map, the bigger cities are distinctly visible (blue
patches: Zalaegerszeg in the North, Nagykanizsa in the South, Keszthely in the East). Higher ET A
values (red and orange pixels) belong to water bodies and wetlands, as well as in the southwestern part
of the county.

- l ET (mm)

430 850

[
[

10000 20000 30000 40000 50000

Figure 3. Mean annual ET 4 rates over Zala county (1999-2008)

Mean annual runoff (R, 1999-2008) was calculated from the water-balance equation, as the difference
of annual precipitation and mean annual actual evapotranspiration (R =P — ET,). The average
runoff was 78 mm/year (the 12% of the mean annual precipitation). In the northeastern part of the
county, water bodies and wetlands have the lower runoff rates (blue pixels, Figure 4.). Higher values
(red and orange pixels) belong to the cities, moreover to the middle, the south and to the southwestern
part of the county.

Figure 4. Mean annual R rates over Zala county (1999-2008)
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Evaluation of a and p parameters
The Budyko-type o parameter was calculated, according to the Eq. (2). The spatially distributed map

of the parameter can be seen in Figure 5.

Il Aifa Budyko L
70 -09

10000 20000 30000 40000 50000

Figure 5. The calculated Budyko-type o parameter rates in Zala county

B parameter was calculated (with the help of Eq. (3)) for that pixels, where the ET 5 value was higher
than the P value (the Budyko-type model for such type of pixels is not valid). Typically this is the case
for wetlands and water bodies. The  parameter map is displayed in Figure 6.

N

|
0 10000 20000 30000 40000 50000

Figure 6.  parameter pixels and rates in Zala county

EVAPOTRANSPIRATION AND RUNOFF PREDICTIONS

For estimating future ET 5 and runoff of Zala county, besides the prepared Budyko-a and B parameter
maps, temperature and precipitation data were required. They were obtained for three periods (2011-
2040, 2041-2070, 2071-2100) by averaging of 12 Regional Climate Models data (Csoka, 2013). The
Eq. (2) and (3) were applied for calculating spatially distributed future ET . The runoff data were
counted as the difference of precipitation and ET a.

The estimated mean annual ET 4 values belong to the examined (1999-2008) and the predicted three
periods (2011-2040, 2041-2070, 2071-2100) in the context of climatic index (100-T/P, Novaky, 1985)
can be seen in Figure 7. According to the predictions about 3 Celsius mean annual temperature
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increase (from 11.6 °C to 14.6 °C) and 25 mm precipitation decrease can be expected to the end of the
century. The mean annual evapotranspiration may increase about 27 mm, from 577 mm to 604 mm
(from 88 to 96 percent of the precipitation).

610 -
ETa 2071-2100

(mm) 605 - s
2041-2070 _— ® 604

Gm 4 ’ 600 '.'..'.’_,..,.,.

595 - —

590 - " |y=50.856x+488.24
2011-2040_—

585 -
— @ 583

580 | 1999-2008

pre
575 577

570

17 18 19 20 21 22 23 24
100-T/P
Figure 7. The trend of mean annual evapotranspiration in the context of climatic index

Figure 8. shows the mean annual runoff values belong to the examined (1999-2008) and the predicted
three periods in the context of climatic index. The mean annual runoff may significantly decrease
(from 78 mm/year to 27 mm/year, from 12 to 4 percent of the precipitation) to the end of the 21st
century.
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Figure 8. The trend of mean annual runoff in the context of climatic index

CONCLUSIONS

Water balance of Zala county was analysed using spatially distributed actual evapotranspiration
(Szilagyi & Kovacs, 2011) and runoff maps (1 km?) over the 1999-2008 period. The average ETx of
the county (1999-2008) was 577 mm/year, the 88%, while the runoff was 12% of the mean annual
precipitation.

For evaluating the effects of climate change on evapotranspiration we used the Budyko-type model (a-
parameter), moreover a linear model with B-parameter was introduced for the extra-water affected
pixels. By using the two parameter maps and future data of climate models (mean annual temperature
and precipitation) evapotranspiration and runoff predictions have been done by the end of the 21st
century. According to the predictions, the mean annual evapotranspiration may increase about 27 mm
while the runoff may decrease to the one third to the end of the century.
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Abstract

The present study describes the hydrologic characteristics of volcanic islands erosion and
identifies problems that occur in them. In order to manage and mitigate climate change is
necessary watershed management of the islands, including the management of natural hazards
through its analysis, flood estimation and stability of slopes and embankments because the
torrential rain regime, and finally erosion control and soil conservation, one of the main
problems of oceanic islands that directly and indirectly affect its hydrological cycle.

Keywords: hydrology / oceanic islands / climate change / water erosion

INTRODUCTION

The islands are isolated systems, this has meant to evolve as different environmental units
with respect to the continental land in several aspects (Santamarta, 2013); on one hand plant
diversity -including endemism- that in most of the islands is present, this effect is greater the
more distant to continent, all resulting from a combination of evolution and geographical
isolation. The other aspect to consider is the origin of volcanic islands, produced by a
volcanic eruption located on the seabed. The islands have a short life cycle compared with the
continental land and from the beginning, go through the following stages: (i) seamount
formation, (ii) growth, (iii) collapse building due to large gravitational landslides and erosion
processes, and finally (iv) sinking under the sea.

They also share common environmental, economic and social characteristics such as: (i)
unique forest ecosystems and highly sensitive species to small perturbations in habitats, (ii)
botanical singularity, (iii) high presence of the primary sector, (iv) dependence on tourism as
an industry, (v) high energy dependence but can integrate renewable energies, (vi) high
population density -an illustrative example is Hawaii that has the highest population density
in the United States. Even edafologic levels between the volcanic soils in the islands are more
similarities than differences.
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HYDROLOGY OF VOLCANIC ISLANDS

Watersheds in the islands show a morphology bounded by ravines, when there have been
conditions of precipitation and significant erosion over time (Fig. 2), these are very
pronounced in the highlands of the islands -greater concentration of precipitation in the rift
zone-, also they are smaller than in continental areas, the terrain is steeper, especially in
young islands, when the ravines are close to the coast lines and become more stretched and
widths. It is necessary to take certain precautions while technical projects are drafted,
specially related to the estimation of surface runoff, because the formulas used to continental
terrains tend to overestimate the runoff amount, according to some studies carried out
(Santamarta, 2013).

Except very specific archipelagos, such as Hawaii, volcanic islands tend to not have
continuous rivers, but small streams especially after heavy rainfall episodes can occur. This
means that only a small percentage of the surface water resources are used (mainly in
agriculture). In some cases, these waters are mixed with groundwater of lower quality -with
high content Sales- to improve the final characteristics of the waters. It may seem that the
volcanic islands with heavy precipitation rates such as the island of Terceira in the Azores
with 1,300 mm on average per year or Jeju Island in South Korea with a rainfall of 1,975 mm
per year may have rivers throughout the year, which does not occur due to the permeability of
the volcanic terrains in the islands (Jong-Ho et al., 2005).

The surface exploitation is based on use of water that flows through the ravines when they are
perennial -occasionally-, or temporary when there is significant rain amount. Conventional
water dams are used to collect the water in the ravine itself if geological conditions are
possible; in other cases, indirect methods as channels in ravine (known as “tomaderos” in
local terminology) are used. After that, surface water is led to other dams or water basins
waterproofed artificially. It is desirable that the water collected come with fewer sediments in
order to not decrease the ability of storage both dams and basins.

Numerous water harvesting systems are described in which forestry engineering, historical
tradition and specific strategies in semiarid land are combined, often of Arab origin, in order
to increase the availability of water resources in crops.

STRATEGIES FOR SOIL CONSERVATION AND WATER HARVESTING

Erosion occurs when conditions are favorable for detachment and transport of soil particles.
Both sheet erosion and rill erosion are caused by the impact of falling raindrops, the shear
surface runoff and concentrated flow channels, and the combination of both processes.
Factors such as climate, soil erodibility, tilt and length slope and vegetation cover conditions
determine the magnitude of the erosion rate.
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Figure 1. Rill erosion on the island of La Gomera

To reduce erosion many practices have developed, not all of them universally applicable;
however, wherever the erosion phenomenon occurs, there are three basic principles for
effective control, not only of water erosion, but also wind erosion:

e Increase the resistance of the soil to erosive forces

e Reduce the erosive force of flow

e Reduce the impact of falling raindrops on the ground
Soil resistance to erosive forces is increased by improving the structure and stability of the
soil, through measures such as addition of organic matter or other chemicals (lime, gypsum or
fertilizer), and certain farming (topographic contours, terraces).Maintaining a permanent
cover to protect the soil surface mainly reduces the impact of falling raindrops on the soil.
The reduction of the erosive force of the flow is achieved by reducing the runoff amount and
flow rate. The resistance to flow velocity can be increased by several practical applications,
such as building of barriers or terraces. It is also possible to use hydraulic retention structures,
piping and control of water and storage (Santamarta, 2011):
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Figure 2. Construction of a sediment retention dam

One of the biggest problems facing soils in the volcanic islands are forest fires. The effect of
fire alters the physical and hydrological properties.

DISCUSSION AND CONCLUSIONS

The origin, geology and the formation of volcanic islands significantly determine the
development, use and both positive and negative effects of water resources in the island
environment.

Water and natural resources must be managed in a special way and jointly, taking into
account the peculiarities of the volcanic island systems and its water resources; this means
that sometimes the strategies and methodologies used in continental land need not be valid for
limited and heterogeneous spaces as the islands.

Part of the solution to the shortage of water resources and erosion control is in sustainable
forestry in addition to the construction and maintenance of aquifer protection areas
corresponding to natural spaces.

Finally the following actions are necessary: i) surface water sources uses and control of
associated natural hazards, (ii) reduction of surface runoff are necessary and therefore erosion
rates, (iii) planning and management of natural areas for mitigating the effects of torrential
rains, (iv) improving the processes of infiltration and groundwater recharge by increasing and
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treatments of the vegetation cover, and (v) soil conservation by water infrastructure and
mitigating of its effects by immediate post fire hydraulic performances (Santamarta, 2013Db).
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Abstract

In order to investigate the land use types of the soils we have collected samples from the
topsoil of sampling sites in the following Hungarian towns: Sopron, Szombathely. In these
towns there are significant differences in land use: as besides the old downtown there are also
younger suburbs and suburban forests, vineyards, pastures, gardens and agricultural areas.
Samples were collected from soil spots from 0-10 and 10-20 cm depth as well as from soil
profiles, where samples were taken from each of the profile layers. Differences between the
previously results can be explained by the effects of the vegetation and land use. Land use is
also significantly determined by ecological conditions and now the whole ecological system
depends on effect of climate change. The location of towns is another determining factor in
this case. Based on our experiments the unique character of the cities are fading away, the
qualification of the peripheral areas are changing, the usage of the land is condensing, which
lead to a declining quality of urban soil.

Keywords: land use change / Sopron / Szombathely / urban soil investigation

INTRODUCTION

Land use change has a very significant role in nowadays. During our investigation we tried to
determine the condition of urban soils, which based on the different land use types in Sopron
and on area of Szombathely town (HORVATH et al. 2013). After the previously research it has
a point, that there is a strong connection between the contamination of technosols and land
use types.But how to detect this connection in case of towns, which are derived from different
geologic circumstances and from different developments? What kind of impact has the local
environmental factors, when the anthropogenic loadings are mostly the same? Our aim was to
identify the main feedback effects between the town and its environment.

ABOUT STUDIED AREAS

The studied area was the township of Sopron and of Szombathely. These cities are located in
the north-western part of Hungary at the western border of the country.

SoPRON - The area of the city has been inhabited since the prehistoric age. In 1676 a
conflagration destroyed most of the city and during World War 11 it survived many air raids
(TotH 2011). Most of the city is located in the Sopron-Basin, which is situated between the
Fert6side Hills and the Sopron Hills. The city is covered by Neogene deposits (DOVENYI ed.
2010). The Sopron Hills were formed 580-520 million years ago during the Cambrian period
and probably consist of the oldest rocks in Hungary (gneiss and mica-schist). Luvisols
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typically evolved in the Sopron Hills and in the suburb. In the Sopron Basin, where most of
the city is located, the characteristic types of soil are Fluvisols, but in the downtown they turn
to Technosols (calcic) (IUSS Working Group WRB 2007). The climate of the city is
temperate cold with an annual precipitation of 500-600 millimetres. In the Sopron Hills the
amount of annual precipitation exceeds 750 millimetres (DOVENYI ed. 2010). Nowadays the
largest anthropogenic effects appear in the areas of city construction and in the soils of the
city centre.

SZOMBATHELY - The investigated area was the township of Szombathely, which has got
nearly 85.000 inhabitants. It is the oldest founded town in Hungary that was destroyed already
by an earthquake in 456. The most important water courses of Szombathely are the Gyongyos
and the Perint, which are running through the area. The characteristic type of soil is Fluvisols
in the low carbonaceous and non-calcarcous valleys of the Gyongyos and Perint creeks. There
are Umbrisols on the suburb, but in the downtown they turn to Technosols (calcic) (NOVAK
2013). The climate is temperate cold and dry. The average annual temperature is 9.0-9.5°C.
The average amount of the annual precipitation is 630-650 mm. The locations of cities are
shown by Figure 1.

SOPRON

/’.SZOM BATHELY

HUNGARY

0 100 200 300 400

Figure 1. The location of cities in Hungary

METHODS AND MATERIALS

Sample collection was carried out during the spring of 2011, after the period of ground frosts
at the beginning of sprouting when intense agricultural work had already commenced. We
collect soil samples on the studied areas (Sopron - 104 sampling point - (Figure 2),
Szombathely - 88 plots - (Figure 3)). The sampling was applied on a random roaming method
to focusing all at the problematic places in towns.The studied areas have been characterized
by land use types, therefore the number of samples were quite different in each category. It
was typical both of the cities, that the areas occurred mosaic, so the contamination of these
land use categories are dissimilar.
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OMBA

Figure 3. Sampling points on studied area of Szombathely

The samples of Sopron belong dominantly to forestlandcategory(Figure 4) and soil samples
of Szombathelyare originated from creek and lake banks (Figure 5).
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Figure 4. Distribution of land use types on studied area of Sopron
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Figure 5. Distribution of land use types on studied area of Szombathely

PREVIOUSLY RESULTS

While increasing of area of Sopron the forest of surroundings became to part of the city. That
is why the “Léverek” — it is the traditional name of forest gardens in Sopron — will disappear
in the future. The soils of forest are acidic, so if there are anthropogenic effects, than the
extractable toxic element will be available easily for vegetation. Gyongyos and Perint creeks
are acrossed Szombathely. Perint is the reservoir of the cleaned sewage. According to soil
analysis soil pH was dominantly neutral, but it was acidic soil pH in several cases. On these
plots the contaminations could be mobilized and they could leach in the groundwater. The
cause of deficiency of water supply has been completed by the infiltrating waters.

Table 1. Distribution of average values of land use in Sopron

Sopron
Land use types pH €acos KA H%
0-10 cm |[10-20 cm | 0-10 cm (10-20 cm| 0-10 cm |10-20 cm| 0-10 cm |[10-20 cm

Forested areas 55 5,3 7 6 55 46 8,08 4,63
Garden areas 7,5 7,6 13 12 47 43 4,77 3,43
Viticulture areas 7,5 7,0 11 10 53 53 6,46 4,90
Agricultural areas 7,3 7,5 8 7 52 47 5,74 4,39
Residential areas 7,6 7,8 13 13 49 44 5,72 3,8
Traffic areas 7,7 7,9 16 16 52 45 7,07 4,11
Industrial areas 7,8 8 19 18 46 43 5,55 3,85
Creek and lake banks 7,7 7,8 14 14 57 51 6,64 5,63
Parks 7,7 7.9 14 13 56 50 6,79 521
Other 7,5 7,7 20 20 55 50 4,19 4,23
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Table 2. Distribution of average values of land use in Szombathely

Szombathely
Land use types pH CaCOq KA H%
0-10cm | 10-20cm | 0-10cm | 10-20cm | 0-10cm | 10-20 cm | 0-10 cm | 10-20 cm

Forested areas 55 54 0 0 46 38 4,94 2,67
Garden areas 1,7 7,7 10 6 53 43 5,85 3,07

Viticulture areas - - - - - - - -
Agricultural areas 6,7 6,8 4 3 44 44 3,76 2,97
Residential areas 6,9 7,1 4 5 51 43 5,78 3,51
Traffic areas 7,2 7,3 5 6 49 42 6,20 4,52
Industrial areas 7,9 7,9 6 8 49 54 3,92 4,29
Creek and lake banks 6,9 6,8 4 4 57 58 3,79 3,64
Parks 6,5 6,8 5 5 54 45 5,96 3,88
Other 7,0 7,3 3 5 54 49 6,64 5,73

The summary of the result are able to localize local pollution plots and to access problems for
the further investigations. In all of the three towns there are significant differences in the land
use, as besides the old downtown there are also younger suburbs and suburban forests,
vineyards, pastures, gardens and agricultural areas. In our further research we would like to
understand the functioning of the ecosystem and its elements on these areas in case of climate
change or man-made effects.
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Abstract

Agroforestry is a method of land use helping to mitigate climate change impacts and
providing several ecological services. In the last century agroforestry was a widespread
technology in Hungary. During the last decades it has regressed and disappeared from large
areas of the Hungarian countryside. The paper introduces in short the role of agroforestry in
the past and its potential role in cimate adaptation of the Hungarian countryside.

Keywords: climate change / agroforestry / rural development

AGROFORESTRY - PAST AND PRESENT

Hungary is an agricultural country, therefore the traditonal agroforestry technologies like
windbreaks, shelter-belts, hedgerows, wooded pastures were applied in large scale in the past
centuries. The conscious afforestation of pastures, croplands, and waysides started disparately
on state or private lands in the 18"-19" centuries (Gal, 1961). This tendency continued in the
cooperative large-scale monoculture farming systems during the 1950-60s, as a result of
which the volume of wooded buffer strips increased significantly up to a total length of 2500
kms (Gal, 1961). Thanks to a large-scale state financed program on protective wood lands, the
extension of the windbreak system significantly increased in the period of 60s’-70s’. The aims
of the program were to increase the domestic agricultural productivity and wood production
basis and decrease the national wood import dependency. The aims of the research were to
identify the effects of wooded buffer strips on the production sites (soil, microflora,
microfauna) and on the agricultural productivity, so as to justify their positive effects
observed or measured only in fragments up to the sixties (Gal, 1961;1963). As a result of that
multi-annual research and development activities the area of forest belts increased further
until the 80’s.

However, after a while, aerial pest management made it necessary to eliminate shelterbelts
from the large-scale farms. As the outcome of the privatization, the landscape of the Great
Plain had undergone a structural transformation, resulting in more diversified land use, a lot
of small parcels together with new large estates. The significant decrease of forest belt
territories was the outcome also of the widening of roads and the logging of shelter-belts or
rarified snow protection forest belts. After harvesting, these protective woodlands have not
been rehabilitated. In this way the positive trend of increasing area of protective forest belts
first stopped, then reversed. As a result, the former area of forest belts (35 000 hectares) has
decreased by 50% by the beginning of the 21% century (see Table 1.).
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Table 1. Forest belts of Hungary in terms of numbers and decades (Frank and Takacs, 2012)

Date Source Volume Location/ Note
status
Gal 1500 km Alfold
1960 (1921) shelter-belts
1000 km Kisalfold
1970 D(ir;s722|§y 34977 ha | nation-wide protective forest strips
1975 Gal 9891 ha realized
1976 and shelter-belts
21990 Kaldy 4091 ha planned
1975 (2977) 22600 ha realized sum of forest belts
1975 8800 ha realized
1975 | Keresztesi
21990 (1991) 20600 ha planned green belts
1990 29400 ha planned
Danzsky .
1990 (1972) 33400 ha planned wooded buffer strips
AESZ .
2001 (2001) 16417 ha registered shelter-belts

THE POTENTIAL ROLE OF AGROFORESTRY IN CLIMATE ADAPTATION

Nowadays the effects of climate change are already felt. It manifests in enduring hot spells
along with long terms of droughts in summer mainly in the central, southern and eastern parts
of the country. Floods and drainage waters are expected to occur more frequently.
Maintainance of high level and good quality of agricultural productivity under these
circumstances has become a great challenge for the present-day Hungarian agriculture.
In Hungary the total ratio of agricultiural territories - croplands, pastures, plantations,
grasslands - is 60% of the territory. 85% of these are classified agro-environmentally sensitive
areas. The high ratio of “risky” territories demonstrates the strong need for development in
rural areas, among others the implementation of innovative agricultural technologies able to
mitigate climate effects and increase social-economical sustainability. As a consequence rural
development has become one of the hot issues in the last years in Hungary.
A research project supported by the Hungarian Academy of Sciences and Ministry of
Environment called ”"VAHAVA” targeted at analysing the effects of climate change,
identifing the best practices, and increasing the resilience of the Hungarian rural areas against
the climate change effects. According to the VAHAVA report, the most endangered territory
is the Great Plain, the main area of the Hungarian agriculture (Lang et al., 2007).
According to the Hungarian Rural Development Strategy (2012-2020), rural regions need to
find new paths of development with the following basic features:

e preserving the integrity of the landscapes (landscape protection)

e high quality food production

e sustainable natural resource management

e protection of water, soil, and living resources.

"
AESZ: State Forestry Service
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Agroforestry has been seen as an option to work at the interface of these challenges.
International studies have shown that this land use system has the potential to maintain
productivity and improve ecological functions in agricultural landscapes, while helping to
mitigate climate change impacts.(Alam et al., 2014)

Hungary has a leading position in the implementation of the EU Measure 222 (First
Establishment of Agroforestry on Agricultural Land) in Europe. (Agroforestry in the past CAP..)
This measure was inteded to contribute to the objectives of sustainable and environmentally
sound land management by establishing new land use systems combining extensive
agricultural and forestry systems. In Hungary more than 900 ha of newly established
agroforestry areas — wooded grasslands - have been resulted from the implementation of this
measure.
There is also a growing interest of farmers and conservationists in the traditional silvopastoral
systems. This highlights the importance of traditional ecological knowledge of the
agroforestry systems.
Furthermore, by recognising the important role of protective forest belts/windbreaks and the
potentials of alley-cropping systems new initiatives and research projects started in the last
years.
The aim of these programs are:
e to develop a model for the designing and construction of forest belts by the
combination of digital modelling and field sampling with analytical methods
e the examination and development of windbreaks and shelter belt system
e to study and develop agroforestry technologies under domestic circumstances in
cooperation with local farmers. (This cooperation will also contribute to the
,AGFORWARD?” international research project on agroforestry.)
These initiatives are also supported by the fact that agroforestry is among the “determinative
research and development subjects” of the Ministry of Rural Development. (Vityi et al., 2014)

CONCLUSION

The use of modern agroforestry technologies and re-adaptation of traditional ones could
become a new path of the development of Hungarian rural lands, since it meets the objectives
of the national rural strategy while facing the challenges of the agricultural sector.
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Kivonat

Munkénk soran kifejlesztettiik az eldrevetitett klimavaltozas okozta foldhasznalat-valtozasok
technologiai aspektusédnak kornyezetvédelmi elemzési modelljét. Kutatasunk sordn az agrar-
foldhasznalatok miivelési technoldgidinak kornyezeti vonatkozasait vizsgaltuk. A jellemzo
mezdgazdasagi/erdészeti technologiakrol, azonos funkcionalis egységre (referenciacgységre)
vetitve, folyamat- és életciklus szemléletben 1étrehozott kornyezeti leltaradatbazisban 6ko-
mérleget (input-output anyag- és energiamérleget) allitottunk fel. Az egyes technologidk
mérleg eredményei - a kornyezeti problémakorokhoz kapesolodd kornyezeti hataskategoriak
segitségével jellemezve - értékelhetdveé és sszehasonlithatova valnak. A foldhasznéalatokhoz
kotddé mivelési technologidk, klimaszcenariok szerinti, kornyezeti hatdsmindsitése és
kornyezeti kockazatossaga megallapithato.

Kulcsszavak: foldhasznalati technologia / életciklus-elemzés / életciklus-hatasértékelés /
szénlabnyom / életciklus szemlélet

BEVEZETES

Az 1d@jaras atlagos allapotat, melyet az egyes meteoroldgiai paraméterek varhatd értékeivel
jellemezhetiink, az adott teriilet és iddszak klimajanak nevezziik. A Foldiink éghajlatdban
bekovetkezd valtozds mara a kutatok szdmara vitathatatlan tény. A valtozéds altaldnos
mikéntjének alapelveirdl nagyjabol megegyeznek az elképzelések, viszont a kisebb részletek
mar annyira hely-specifikusak, hogy ujabb kutatasokat igényelnek (Ladanyi 2006).
A kornyezeti elemek és rendszerek jellemzdiben az emberi tevékenység kovetkeztében
bekovetkez6 valtozas a kornyezeti hatas (Pajer 1998). A kornyezeti hatas értékelése a valtozas
jelentdségének kifejezését célozza, és ezzel egyuttal intézkedéseket, dontéseket készit eld. A
kornyezeti hatasok értékelése alapot adhat ahhoz is, hogy kiilonbozd tevékenységek
kornyezeti szempontbol 6sszehasonlithatok legyenek (Polgar 2012).
A komplex kornyezeti rendszer kolcsonds kapcsolataibol kifolydlag a klimavaltozassal
Osszefliggésbe hozhatd kdrnyezeti hatdsokat is e rendszer szerves részeként kell vizsgalnunk.
Az agrar-foldhasznalatokbol adodo erdd- és mezdgazdalkodasi miveléssel a vegetacio
alakulésat, ezzel a felszinboritast befolyasoljuk.
Driiszler (2011) nyoman megallapithatjuk, hogy a csapadékon, hdmérsékleten, fényen és
széndioxidon keresztiil elsdsorban az éghajlat alakitja a vegetacié fejlédését (Budyko 1974;
Prentice 2001; Nemani et al. 2003).
Ujabb kutatasok szerint azonban a vegetaci6 is visszahat az éghajlatra, méghozza az albedon,
a ho-, viz- és momentum forgalmon keresztiil direkt médon az energia mérlegre, illetve
indirekt médon a CO; koncentraci6 megvaltoztatasan keresztiil is (Pielke et al. 1998; Betts
2001; Bonan 2004; Matthews et al. 2004; Pitman et al. 2009; Pongratz et al. 2009).
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A Fold felszinének jelentds teriiletét hasznaljuk novénytermesztésre, s az emberiség direkt
beavatkozéasa (erddirtds, varosodas, mezOgazdasdg, tallegeltetés) bolygonk szarazfoldi
terlileteinek kozel 50%-4an véltoztatta meg a természetes ndvénytakarot (Crutzen 2002).

Az arid, szemi-arid teriiletecken a mezb6gazdasagi teriiletek terjedése, a tullegeltetés és a
tiizelofa kitermelés képes modositani a felszin energia egyensulyat, valamint a hidroldgiai
ciklust, s ezaltal az éghajlatot (Charney 1975; Charney et al. 1977).

A nagy terlileten bekovetkezett felszinboritas-valtozas képes jelentésen modositani a
biomasszaban tarolt, illetve a 1égkdrbe keriilé szén mennyiségét, az N,O illetve CH, 1égkori
hatéssal van a kliméara (Driiszler 2011).

Foldiink felszinének csupan 11-13% esik mezdgazdasadgi miivelés ald, mely teriiletek nagy
részén a mivelés nem intenziv. Magyarorszag viszont kiilonleges helyzetben van, ugyanis
teriiletének 50%-a intenziven mivelt, valamint 20%-at kozel intenziv modon kezelt
erdéteriilet boritja (Neményi - Milics 2010).

Magyarorszag felszinének ca. hdromnegyedét foglalja el elsddlegesen klimafiiggd, azaz nem
Ont6zott teriilet: szanto, rét, erdo.

Matyas (2006) idézi Rumpf (2011) szerint a légkori szénmegkotés jelentdségének felismerése
kedvezd helyzetbe hozta az erdégazdalkodast. Az erdégazdalkodas az egyetlen olyan
gazdasagi tevékenység, amely azon tal, hogy szénsemleges, jelentds mennyiségi
atmoszférikus szén tartds kivonasat is lehetdvé teszi.

Az A4ltalanosan elfogadott eldrejelzések szerint az eurdpai erdédvezetek polusiranyu
eltolédasa fog bekdvetkezni. A varhatd éghajlatvaltozas okan az erdoteriiletek észak felé
boviilni fognak, mig déli iranybol visszahtizédnak. A biodiverzitdsban €és a tajban okozott
hatasai miatt, az eltolédas széles korben kivaltja nyilvanossag érdeklédését a probléma irant.
(Matyas 2010).

A gazdasagi szféra €s nyitott technoldgiai folyamatai eltérd intenzitasukbol adodéan mas-mas
kornyezeti hatast fejtenek ki. Ebbdl adéddan a hozzajuk tartoz6 anyag- és energia elvonasok
¢és kibocsatasok alapjan a globalis kornyezeti problémakhoz is eltérd6 mddon jarulhatnak
hozza. A technologidk folyamat- és életciklus szemléletben torténd kornyezeti vizsgalata
lehetdve teszi a részletes elemzést és a klimavaltozashoz torténd hozzajarulds megallapitasat
IS.

A foldhasznalatok sordn a mivelési technologidkkal atalakitott vegetacios viszonyok €s a
felszinboritas hatdsai mellett, az egyes technoldgiak sajatos kdrnyezeti vonatkozésait is
figyelembe kell venni. A fOldhasznalat technoldgiai aspektusdnak vizsgalata fontos
kiegészitést jelent az eddigi klimakutatasokhoz.

CELKITUZES

Az agrar 6koszisztéma kutatasok egyik célja, hogy felderitse, a jelenlegi foldhasznalatok és az
alkalmazott technoldgidk mennyire vannak 6sszhangban a klimavaltozéssal jar6, megvaltozott
kornyezeti adottsagokkal. A kutatasok eredményei alapjan, néhany kornyezeti tényezo
hatdsanak ismeretében, mar tandcsot lehetett adni egy-egy foldhasznalat modositasara, a
kisebb kornyezeti kockézattal bir6 technologidk hasznaltéra.

,»Az eldrevetitett klimavaltozas hatdselemzése és az alkalmazkodas lehetdségei az erdészeti €s
agrarszektorban” (TAMOP 4.2.2.A-11/1/KONV-2012-0013) projekt kutatoi csoportunkhoz
kapcsolodo résztémajaban végzett munkank 6 célkitiizése az eldrevetitett klimavaltozas
okozta f6ldhasznalat-valtozasok kornyezetvédelmi elemzésére alkalmas modszer kifejlesztése
technologiai aspektusban. Az elemzési modell a foldhasznalatokhoz kot6dé miivelési
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technologidk - klimaszcendriok szerinti - kornyezeti hatdsmindsitését és kornyezeti
kockézatossag megallapitasat célozza életciklus szemléletben.

ANYAG ES MODSZER

A vizsgélataink erdészeti vonatkozdsban Magyarorszagon, Zala megye mintateriiletére
koncentraltak, mig a szant6foldi novénytermesztési technoldgidk esetén Gyoér-Moson-Sopron
megyei adatokkal dolgoztunk. Jelen Osszefoglald a szant6foldi novénytermesztési
technologiak vizsgalatara tér ki.

Els6 lépésben a jellemzO szant6foldi novénytermesztési technologidk feltarasara ¢és
kivalasztasara volt sziikség.

A szamos felmeriilé miivelési technologia kozotti kategorizalds konnyebb kezelhetdséget €s
egyszerisitést tesz lehetdve.

Szant6foldi ndvénytermesztés esetén szakértdi javaslatra (Gergely 2014) a kukorica
(elovetemény: Oszi buza), 6szi buza 1. (elévetemény: kaposztarepce) és Oszi buza 2.
(el6vetemény: kukorica) termesztés-technologiai miiveleti sorat vizsgaltuk.

Kovetkezd 1épésben az elemzésre kivalasztott technologidk életciklus-elemzését (LCA)
végeztiik el, a hatasaik szénlabnyom (carbon footprint — CF, IPCC 2007 tanulmany) alapu
rangsoroldsa érdekében.

Az LCA elkészitéséhez alkalmazott modszertan megfelel az ISO 14040:2006 ¢és ISO
14044:2006 szabvany kovetelményeinek.

Az LCA Iépései a kovetkezok voltak:

1. Cél és targykor meghatarozasa:

Az LCA modszerével a vizsgalt technologidk Osszehasonlitd kornyezeti hatdselemzését
kivantuk elvégezni, mely rangsorolast tett koztiik lehetdvé. Erre alapozva kornyezeti
kockézatuk - a felhasznalt klimaszcenariokkal dsszefliggésben — azonosithato volt.

A szantofoldi novénytermesztési technologidk rendszerhatarait azok miveleti sora adta,
amely haszonnovényenként a kovetkezoképp alakult:

Kukorica (eldvetemény: Oszi buza): tarlohdntds nehéztarcsaval, hengerezés, hantas,
hengerezés; miitragyaszoras ¢és kiszolgald széllitds; Oszi mélyszantds; talajlezaras;
mitragyaszoras ¢€s kiszolgald szallitds; asoborona, vetddgy nyitds; vetés; vegyszeres
gyomirtds €s kiszolgélo szallitas; betakaritds; terményszallitas (10 tkm).

Oszi buza 1. (elévetemény: kaposztarepce): tarlohantds nehéztarcsaval, hengerezés;
miitragyaszoras és kiszolgdlod szallitds; magagy készités, szantofoldi kultivator; vetés;
fejtragyazas és kiszolgalo szallitas; vegyszeres gyomirtas €s kiszolgald szallitas; fejtragyazas
¢s kiszolgalo szallitas; betakaritas; terményszallitas (10 tkm).

Oszi blza 2. (elévetemény: kukorica): tarlohdntas nehéztircsaval; miitragyaszoras és
kiszolgalo szallitas; 6szi mélyszantas; talajlezaras; vetés; fejtragyazas és kiszolgalo szallités;
vegyszeres gyomirtas €s kiszolgalo szallitas; fejtragyazas és kiszolgald szallitas; betakaritas;
terményszallitas (10 tkm).

Kiszolgald szallitas esetén 5-5 km-es kozati megkdzelitési tavolsagot vettiink alapul.
Kukorica esetén a terményszaritas és betarolds, 0szi buza 1. és szi buza 2. esetén a betarolas
1épései mar nem keriiltek az elemzésbe.

Funkcidegységnek 1 ha miivelési teriiletet vettiink alapul, referenciadramokként a
kovetkezoket vettiik figyelembe: kukorica: 8 t/ha, ¢szi buza 1-2.: 5,6 t/h.
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Az elemzésbe nem vontuk be a technologiakhoz sziikséges gépek ¢€s eszk6zok eldallitasanak
kornyezeti paramétereit.

2. Leltarelemzés:

A vizsgalt technologiakrol szakértéi adatok, szamitasok segitségével Kkornyezeti
leltaradatbazist (input-output, elemi aramok) hoztunk létre (Gergely 2014). Gockler (2014)
nyoman atlagadatokkal dolgoztunk, melyek megallapitasa sokszor hibaval terhelt, am
alkalmazasuk elengedhetetlen az elemzéshez.

A szantofoldi novénytermesztési adatok vonatkoztatdsi idészaka 2012/2013. Foldrajzi
érvényességét tekintve az adatok az NYME MEK Novénytermesztési Intézet
Tangazdasaganak teriiletérdl szarmaztak.

Az adatok forrasai sajat adatok, szakért6i becslés, publikalt adatok voltak.
Ezutan felépitettiik a vizsgalt a szant6foldi novénytermesztési (kukorica, 6szi buza 1-2.)
technologidk életciklus-modelljét.

3. Hatasértékelés:
A hatasértékelés modszertani 1épéseit az ISO 14044:2006 szabvany irja le. A szabvany
szerinti hatasértékelésnél a leltareredményeket eldszor — az LCA tanulmany céljainak és
kereteinek megfeleld — a hataskategoéridkhoz rendeltiik. A hatéskategoéridk nem masok, mint a
kornyezeti problémakoroket képviseld osztdlyok, amelyekhez a leltar eredményei
hozzéarendelhetok. Egy leltaradat, akér tobb hataskategoriahoz is kapcsolhato. Minden egyes
hataskategoriara vonatkoztatva a modszer szerz6i meghatdroztak egy referencia egységet. Pl.
1 kg CO; globalis felmelegedésre gyakorolt hatasa 1, de példaul a metan emissziok globalis
felmelegedéshez (GWP) valo hozzijarulasat [kg COjz-egyenérték]-ben kifejezett érték adja
meg (21, 25 az alkalmazott modszertdl fliggden) (Bodnarné Sandor — Molnarné Sipos 2010).
Simon (2012) nyoméan megallapitottuk, hogy a CML 2001 modszer GWP 100 years értéket
meghatarozo fobb emissziokhoz tartozo karakterizacios faktora jol illeszkedik az IPCC 2007
tanulméanyhoz. Hasonl6é a megfelelés az Eco-indicator 99 modszert illetden is. A mddszerek
alkalmasak a szénlabnyom (CF) szamitasara.
Szamos hatasértékelési modszer all rendelkezésre, az elemzést a fenti okobol:

e aCML 2001 (2010. novemberi) hatasorientéalt (midpoint) mddszerrel €s

e az Eco-indicator 99 (EI 99) karorientalt (endpoint) modszerrel végeztiik el.
Az aldbbi kornyezeti hataskategoridkkal jellemeztiik a vizsgalt technologiakat Polgar —
Wachter (2014) munkéja nyoman.
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A jellemzési folyamat soran az Eco-indicator 99 (EI 99) mddszertanban harom kiilonbz6
értékelési megkozelitést hasznalnak: hierarchista (HA), individualista (IA) and egalitaridnus
(EA),

Az EI 99 moddszertan Oko-indikator pontokat haszndl (mPt), melyek alapjan hirom {6

1. tablazat. Kornyezeti hataskategdoriak, CML2001 - Nov. 2010 (Guinée et al. 2002)

CML2001 - Nov. 2010 hataskategoriak Egyenérték
Abiotikus kimeriilé forrasok (ADP) [kg Sh-ekv.]
Abiotikus kimeriil6 fosszilis forrasok (ADP foss.) [MJ]

Savasodasi potencial (AP)

Eutrofizasios potencial (EP)

Edesvizi okotoxicitasi potencial (FAETP inf.)

Globalis felmelegedési potencial (GWP 100 years)
Globalis felmelegedési potencial, kizarélag biogén eredetii szén
(GWP 100 years)

Human toxicitasi potencial (HTP inf.)

Tengervizi dkotoxicitasi potencial (MAETP inf.)
Ozonréteg elvékonyodasi potencial (ODP, steady state)
Fotokémiai 6zonképzddési potencial (POCP)

Foldi okotoxicitasi potencial (TETP inf.)

[kg SO»-ekv.]
[kg foszfat-ekv.]
[kg DCB-ekv.]
[kg CO,-ekv.]
[kg CO,-ekv.]

[kg DCB-ekv.]
[kg DCB-ekv.]
[kg R11-ekv.]

[kg etilén-ekv.]
[kg DCB-ekv.]

hataskategoriaban hivatott kifejezni a kornyezeti hatasok altal okozott karokat:

Emberi egészség karosoddsa: kifejezve az elvesztett és fogyatékkal élt életévekkel.
Ezen értékeket kombinalja a ,,Disability Adjusted Life Years” (DALY) mutatoban,
amelyet a Vilagbank (World Bank) és az Egészségiigyi Vilagszervezet (World Health

Organization) is hasznal.

Okoszisztéma minéségének karosodasa, kifejezve a fajok adott teriiletrdl, adott idé

alatti eltinésével.

Erdforrasok kéarosodasa: kifejezve az asvanyok és fosszilis energiahordozok jovobeli

kitermelésének tobblet energiajaval. (Eco-indicator 99 2000).

2. tablazat. Kornyezeti hataskategoriak, EI 99 (Eco-indicator 99 2000)

Eco-indicator 99 hataskategoriak Egyenérték
Okoszisztéma minésége, savasodas [PDF*m**a]
Okoszisztéma minésége, dkotoxicitas [PDF*m?*a]
Okoszisztéma mindsége, foldhasznalat [PDF*m?*a]
Emberi egészség, karcinogén hatasok [DALY]

Emberi egészség, klimavaltozas [DALY]

Emberi egészség, 6zonréteg csokkenés [DALY]

Emberi egészség, sugarzas [DALY]

Emberi egészség, 1éguti megbetegedés (szervetlen anyagok)  [DALY]

Emberi egészség, 1éguti megbetegedés (szerves anyagok) [DALY]
Eréforrasok, fosszilis energiahordozok [MJ tobblet tenergial]
Er6forrasok, asvanyok [M1J tobblet energia]

4. Ertelmezés, interpretacio:

Az LCA utols6 fazisdban a leltar- ¢és hataselemzési eredmények ellendrzése tortént meg.

Elvégeztiik az 6sszehasonlitd elemzést, kovetkeztetéseket fogalmaztunk meg.
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Az aktudlis technoldgia, mint stresszor, a klimavaltozasra meghatarozott kockazati értékkel
bir. A megfigyelt valtozé a kdrnyezeti kockazat szempontjabdl lehet az adott technologia is,
hiszen a felhasznalt gépek, anyagok, vegyszerek stb. veszélyként is értelmezhetdek,
karosodast okozhatnak az egyes kornyezeti elemekben, receptorokban.

Az LCA eredményei kozil a vizsgalt technologidk CML 2001 — Globalis felmelegedési
potencial (GWP 100 years) [kg COz-ekv.] és EI 99 — Emberi egészség, klimavaltozas
[DALY] értékeit hasznaltuk fel a tovabbiakhoz. Az értékek alapjan technologiai rangsort
allitottunk fel. Ezaltal megadtuk a technologidk egyfajta kornyezeti Osszehasonlitd
hatasmindsitését.

A GWP 100 years hataskategoria indikator eredménye [kg CO,-ekv.] értékben kifejezve a
technologia szénldbnyoménak (carbon footprint, CF) tekinthetd, mely dsszhangban van az
IPCC 2007 tanulmannyal.

Végso 1épésben a technologidk hatdsainak mindsitett rangsorat klimaszcenariokkal (Galos et
al. 2014) hoztuk 0sszefiiggésbe.

A globdlis felmelegedési potencial értékek (GWP 100 years) alapjan rangsorolt
technologidkat, a klimavaltozasi forgatokonyvek atlaghomérséklet valtozasaval (dT [°C])
Osszefliggésben, szakértdi matrixban helyeztiik el. A kdrnyezeti kockdzatok meghatdrozasa
szoveges formaban tortént.

EREDMENYEK

A leltarelemzés soran a technoldgia folyamatara jellemzé input-output adatokat, elemi
aramokat hatdroztuk meg. Bementi és kimeneti oldalon egyarant elvégeztiik az adatok
Osszesitését.

3. tablazat. Osszesitett bemeneti és kimeneti kornyezeti leltaradatok a vizsgalt szant6foldi ndvénytermesztési
technologiakban, 1 ha-ra vetitve (Magyarorszag, GYMS megye) (Polgar — Wachter 2014)

Haszonnévény
Tényez6 Egység - p =
Kukorica Oszi biza 1. Oszi biza 2.

Vonatkoztatasi idoszak év 2012-2013 2012-2013 2012-2013
Referencia aram (szem) t 8 5,6 5,6
Input
Dizel kg 134 128 128
Kendolaj kg 4,42 4,83 4.7
fommmos AR g o
Karbamid miitragya kg 200 0 0
Komplex miitragya (NPK) kg 0 300 300
](\,/\[/el’:zzs-;lmmon-salétrom mitragya kg 0 450 450
Gyomirtdszer | 200 200 200
Output
Szén-dioxid (fosszilis) kg 423 404 402
Faradtolaj (reciklalt) kg 4,42 4,83 4.7

Bementi oldalon foként a gépek lizemanyag igénye és kendolaj felhasznélasa jelent meg.
Felhasznalasuk fosszilis eredeti CO, kibocsatast eredményezett.
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Szantofoldi ndvénytermesztés esetén a mitragyazas (pl. mono-ammonium-foszfat, karbamid,
NPK) és gyomirtas vegyszereivel is szamolni kellett.

A munkagépek lizemeltetése soran a kendolaj faradt olajként hasznositasra keriilt.

A szantofoldi novénytermesztés gépei az egyes haszonndvények esetén tobbnyire azonosak
voltak, eltérés a hasznalatuk intenzitdsdban volt néhol megfigyelhetd (pl. eltérés a talaj
elokészitésben, ahol eldveteményként szi buzaval, vagy kukoricéval kellett szamolni). Jelen
munkiaban nem szdmoltunk a teriileten maradt szar/szalma baldzasaval kapcsolatos
folyamatokkal.

A vizsgalataink soran a munkarendszerek ¢és technoldgidk primér energia-igényét is
megjelenitettiilk, melyet az aldbbi tablazatban mutatunk be. Az adatok jol tlikrozik
technologianként pl. a felhasznalt anyagokbol, gépigénybdl és fogyasztasbol adodo
kiilonbségeket.

4. tablazat. Primér energia igények kiilonbz6 forrasokbol (Polgar — Wachter 2014)
Energiaigény Haszonnévény
Kukorica Oszibiiza1.  Oszi biiza 2.
Primér energia nem megujuld forrasokbdl (br. cal. érték) [MJ] 7023,557943 6738,915673  6707,078325
Primér energia nem megtjuld forrasokbdl (net. cal. érték) [MJ] 6546,103077 6280,790488  6251,121375
Primér energia megujuld nyersanyagokbol (br. cal. érték) [MJ] 375,5609199 358,7477535  357,3603443
Primér energia megujuld nyersanyagokbol (net. cal. érték) [MJ] 375,5609199 358,7477535  357,3603443

A munkarendszerek CML 2001 (2010. novemberi) kdrnyezeti €letciklus-hatasértékelése soran
a kovetkez6 eredményeket kaptuk.

5. tablazat. Vizsgalt technologiak kornyezeti hatasai CML 2001 (2010. novemberi) értékelési modszer alapjan
(Polgar — Wachter 2014)

Kornyezeti hataskategériak, CML2001 - Nov. L Haszonnévény

Egyenérték - O PO
2010 Kukorica  Oszi bliza 1. Oszi buza 2.
Abiotikus kimeriilé forrasok (ADP) [kg Sb-ekv.]  2,18E-05 2,09E-05 2,08E-05
Abiotikus kimeriild fosszilis forrasok (ADP foss.) [MJ] 6546,086641  6280,774697 6251,105662
Savasodasi potencial (AP) [kg SO,-ekv.] 0443553655  0,425779948 0,423729383
Eutrofizasios potencial (EP) gi% gOSZfat' 006994391  0,066897078  0,066621994
: L . . [kg DCB-
Edesvizi 6kotoxicitasi potencial (FAETP inf.) ekv] 1,481099598  1,416316312 1,410543661

Globalis felmelegedési potencial (GWP 100 years) [kg CO,-ekv.] 461,1663339  440,8882628 439,1164061
Globalis felmelegedési potencial, kizardlag biogén

- .| 491,5926241 469,9362901 468,0552221
eredetii szén (GWP 100 years) [kg COz-ekv ]

Human toxicitasi potencial (HTP inf.) E;% Ii)CB_ 11,27740992 10,79399099 10,74808803
C . . [kg DCB-
Tengervizi 6kotoxicitasi potencial (MAETP inf.) ekv.] 4763,867695  4578,725278 4555,56446
S;toer)lreteg elvékonyodasi potencial (ODP, steady [kg R11-ekv.] 9.96E-09 9.56E-00 9.51E-09
e, NPT . [kg etilén-
Fotokémiai 6zonképzddési potencial (POCP) ekv.] 0,043900713  0,042184044 0,041972689
T, o . . [kg DCB-
Foldi dkotoxicitasi potencial (TETP inf.) ekv.] 4,996996125  4,771130755 4,753097645

A szant6foldi novénytermesztési technologidk esetén a legnagyobb hatds az abiotikus
kimertiil6 fosszilis er6forrasok (ADP foss.) esetén jelentkezett, majd a tengervizi 6kotoxicitas
(MAETP) kategoriaban. A technolégiak a globalis felmelegedésre (GWP 100) ezutan voltak
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csak hatassal. A technolédgidk életciklus részesedése kozel azonosnak tekinthetd. A kukorica
esetén 34% koriili, az 6szi buza 1. esetén 33%, mig az szi buza 2 esetén alig 33% volt.

A technolédgiak rangsorolasa, ha kis eltéréssel is, azonban mindegyik esetben az ,, dszi buiza 2.-
oszi buza 1.-kukorica” novekvd sorrendet adta.

Abban az esetben, ha egy grafikonon akarjuk megjeleniteni az dsszes kdrnyezeti hatést, akkor
alkalmaznunk kell a normalizacid és sulyozés eszkozét. Ez a modszer alkalmas arra, hogy
egymas mellett lassuk az 6sszes hataskategoria eredményeit.

Az alabbi abra alapjan elmondhaté volt, hogy a vizsgalt szant6foldi haszonndvényeknél
alkalmazott termesztési technologidk teljes kornyezeti hatasa (K6zép-Europara normalizalva)
esetén is felallithato az ,, dszi buza 2.- 6szi buza 1.-kKukorica” névekvé sorrend.

4650

4600 -

4550

4500

W corn
4450 |

mwheat_1
4400 -

wheat_2
4350 -

4300

CML2001,Experts IKP (Central Europe)

4250 -
Field plant production technologies

Megj.: *corn’ — kukorica; wheat 1’ — 6szi buza 1.; "'wheat 2’ — 3szi btiza 2.
1. abra. A szantofoldi ndvénytermesztési technologiak teljes életciklusanak kornyezeti hatasai (K6zép-Europara
normalizalt, salyozott értékekkel) (Polgar — Wachter 2014)

A leltaradatokat az Eco-indicator 99 modszer szerint is értékeltiik. Az eredményeket
egyenértékben az alabbi tdblazat mutatja be egalitdrianus, hierarchista és individualista
megkozelitésben.

6. tablazat. Vizsgalt technologiak kornyezeti hatasai Eco-Indicator 99 (EA-Egalitarianus, HA-Hierarhista, 1 A-
Individualista; Emberi egészség, klimavaltozas) értékelési modszer alapjan (részlet) (Polgar — Wachter 2014)

. L. L, Haszonnévény
Hataskategoria Egyenérték — ikorica  Oszi biza 1. Oszi buza 2.
EA — Emberi egészség, klimavaltozas ~ [DALY] 9,66E-05 9,23E-05 9,19E-05
HA — Emberi egészség, klimavaltozas  [DALY] 9,66E-05 9,23E-05 9,19E-05
IA - Emberi egészség, klimavaltozas [DALY] 9,21E-05 8,80E-05 8,77E-05

Kiemelve az EI99, Emberi egészség, klimavaltozas [DALY] értékeket, a munkarendszerek
teljes kornyezeti hatasa esetén mindharom megkozelitésben: az “dszi buza 2.- 6szi buza .-
kukorica” novekvo sorrendet kaptuk.

A felhasznalt kornyezeti hatasértékelési modszerek alapjan megerdsitett, azonos eredményre
jutottunk.
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KOVETKEZTETESEK

A globalis felmelegedési potencial értékek (GWP 100 years) alapjan rangsorolt
technologidkat a klimavaltozasi forgatokonyvek (Galos et al. 2014) atlaghOmérséklet
valtozasaval (dT [°C]) dsszefliggésben szakértdi matrixban helyeztiik el.
Jelen (1980-2010), 2025 (2010-2040), 2055 (2040-2070), 2085 (2070-2100) idészakokban
ezaltal megadhatova valt a technologidk kornyezeti kockazata. A kornyezeti kockazatok
meghatarozasa szoveges formaban tortént:

- L osztaly: magas

- IL osztaly: kozepes

- III. osztély: alacsony.

7. tablazat. Szakért6i matrix. A szant6foldi ndvénytermesztési technologiak kornyezeti kockazati osztalyai a
klimaszcenaridkkal 6sszefiiggésben (sajat szerkesztés)

Jelen 2025 2055 2085
. e (1980- (2010- (2040- (2070-
Klima Valtozo 2010) 2040 2070) 2100)
o melegebb,
mérsékelt meleg melegebb szérazabb
, i B . gyenge . erls
Hémérséklet AﬂagIOS.;flrltOZEiS (dC°) mérsékelt 0 elkedes  CMOIKCdES o elkedés
(tenyészidoészaki) 0 1.0 21 33
Technolégia Jellemzd
Oszi biiza 2. EechI’lologla liorr}}l/'ezetl
(elévetemény: kukorica) ockdzata a globalis GWP . I11. osztaly 1II. osztaly II. osztaly
’ 100 years [kg CO,- osztaly ’ ) )
egyenérték] alapjan
Oszi biiza 1. Eech{lologla korr}y.ezetl
(elévetemény: ockdzata a globalis GWP . II. osztaly II. osztaly & L. osztaly
KAnosztare ce.) 100 years [kg CO,- osztaly : ‘ :
P P egyenérték] alapjan
Kukorica EGCEI,IOIOgIa liog}}llgzetl
(elévetemény: ockazata a globalis GWP L II. osztaly | I. osztaly 1. osztaly
. 1, ’ 100 years [kg CO,- osztaly ) ) )
Oszi bliza)

egyenérték] alapjan

A létrehozott kockédzati matrix alkalmazasa fontos kiegészitést jelent a klimavaltozassal
kapcsolatos dontéshozatalban a technologidk megvélasztasat illetden. Iranymutatasként
szolgal a gazdalkodoknak és a dontéshozdoknak egyarant. A megkozelités alkalmazhatdé mas
technologidkra is, a kdzel azonos technoldgidk kozott is lehetdséget teremt a rangsorolasra és
Osszehasonlitasra.

OSSZEGZES

Munkank soran kifejlesztettiik az eldrevetitett klimavaltozas okozta foldhasznalat-valtozasok
kornyezetvédelmi elemzésére alkalmas modszert technologiai megkozelitésben. Allaspontunk
szerint a foldhasznalat technoldgiai aspektusanak vizsgalata fontos kiegészitést jelenthet az
eddigi klimakutatasokhoz.

A kornyezetvédelmi elemzés soran a szant6foldi novénytermesztési technologiak koziil az
,kukorica (elévetemény: 0szi buza)”, ,,0szi buza 1. (eldvetemény: kaposztarepce)” és ,,0szi
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buza 2. (elévetemény: kukorica)” haszonndvények miiveleti sorara koncentraltunk. Szakérték
bevonasaval eléallitottuk a vizsgalt munkarendszerek kdrnyezeti leltarat.

Eletciklus-elemzés segitségével elvégeztik a munkarendszerek kornyezeti hatdsainak
szénlabnyom alapu rangsorolasat, mely az ,,6szi buza 2. (elévetemény: kukorica)” — ,,0szi
buza 1. (elévetemény: kaposztarepce)” - ,kukorica (eldvetemény: 6szi buza)” novekvod
sorrendet adta.

A globalis felmelegedési potencial értékek (GWP 100 years) alapjan rangsorolt
technologidkat a klimavaltozasi forgatokonyvek atlaghémérséklet valtozasaval (dT [°C],
tenyésziddszaki) 6sszefliggésben szakértdi matrixban helyeztiik el.

A technologidk kornyezeti kockézatat osztalyokba soroltuk (I. osztaly: magas, II. osztaly:
kozepes, III. osztaly: alacsony). A besorolds figyelembe vétele iranymutatasként szolgalhat a
gazdalkodoknak és a dontéshozdoknak egyarant a technoldgidk megvalasztasakor.

Koszonetnyilvanitas: Koszonetliinket fejezzilk ki ,,Az eldrevetitett klimavz:lltozés
hataselemzése és az alkalmazkodas lehetdségei az erdészeti és agrarszektorban” (TAMOP
4.2.2.A-11/1/KONV-2012-0013) projekt tamogatasaért.
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Harom lampatipussal végzett fénycsapdazas két
mintateriileten

Pintérné Nagy Edit

Erdémiivelési és Erdovédelmi Intézet, Erdomérndki Kar, Nyugat-magyarorszagi Egyetem, Sopron,

Bajcsy-Zsilinszky ut 4.
Levelezd szerzd: epinter@emk.nyme.hu

Kivonat

A fénycsapdazas célja a mesterséges fényforrasok rovarokra gyakorolt hatdsainak vizsgalata.
A tanulmany 2012 ¢és 2013 nyaran Jermy-tipusi fénycsapdaval harom kiilonb6zo
fényforrassal (Na lampa, kevert HMLI lampa, kompakt fénycsd) végzett fénycsapdazas
eredményeit mutatja be megvilagitottsag szempontjabol két kiilonb6zé mintateriileten. A
természetes helyszin fényszennyezéstdl gyakorlatilag mentes, a mesterséges helyszin jelentds
hattérmegvilagitassal rendelkezik. A fénycsapdaval befogott rovarok értékelése rend szerinti
besorolassal és dominancia vizsgalattal tortént. Természetes teriileten a Na lampa a lepkék
(Lepidoptera), a kétszarnytiak (Diptera) és a kabocak (Hemiptera) rendjébe tartozo egyedeket
vonzotta legnagyobb szamban. Mesterséges teriileten csak a kétszarnyuak (Diptera) repiiltek a
Na lampaval iizemeltetett fénycsapdara. A kompakt fénycsé felé a természetes teriileten a
lepkék (Lepidoptera), kétszarnyuak (Diptera), kabocak (Hemiptera) és bogarak (Coleoptera)
rendjébe tartozd egyedek repliltek. A mesterséges mintateriileten a kompakt fénycsé a
kétszarnyuakat (Diptera) vonzotta nagymértékben. A kevert HMLI lampa a természetes
teriileten a kabocak (Hemipetra) rendjébe tartozd egydeket fogta be nagy szamban, a
mesterséges teriileten pedig a kétszarnytak (Diptera) rendjébe tartozokat. A dominancia
értekelés relativ abundancia vizsgalattal tortént a fénycsapdaval befogott egyedszamok
alapjan.

Kulcsszavak: fénycsapda / fényszennyezés / rovarok

BEVEZETES

A Fold népességének szama egyre gyorsabb iitemben nd ¢és ennek kovetkeztében a
telepiilések szdma is gyarapodik. A nagyvarosokban ¢él0k szdmara nagy biztonsagot
jelentenek az ¢éjjel kivilagitott utcak, terek, amelyek pozitiv hatasuk mellett negativ
kovetkezményekkel is jarnak. A mesterséges fényforrasok tulzott mértékii hasznalata egy uj
kornyezeti problémat okoz, a fényszennyezést, amelyre az {irhajosok hivtak fel eldszor a
figyelmet. Fényszennyezés soran megvaltozik az éjszakai égbolt természetes fényessége és az
ember tevékenysége kovetkeztében az égbolt hattérfényessége megndvekszik (Nowinszky
2007). A kutatok az éjjel repiild rovarok fényhez valdé vonzodéasat fénycsapdazassal
vizsgaljak. A fénycsapda alkalmazhat6 faunisztikai, taxonomiai, allatfoldrajzi vizsgalatokra,
tovabba rovarpopulaciok hosszii tdvii monitorozasara, kartevok eldrejelzésére. Az elsd
kezdetleges fénycsapdakat a XIX. szdzad masodik felétdl a rovargylijtok alkalmaztak.
Magyarorszagon Jermy Tibor kezdeményezésére 1952-t61 megkezdddott a vilagviszonylatban
1s egyediilallo fénycsapda halézat kiépitése.1961-ben Talloés és Szontagh irdnyitasaval az
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erdészeti fénycsapdak telepitése kezd6dott meg, majd az erdészeti fénycsapda halozat
Kialakitasa (Szontagh 1962), amely napjainkban mar 25 fénycsapdaval miikodik (Hirka 2006).

ANYAG ES MODSZER

Vizsgalataimat Sopronban és kornyékén végeztem 2012 és 2013 nyaran. A mintateriileteket a
megvilagitottsag mértéke szerint valasztottam ki. A térképen ,,A” jelli mintateriilet a
fényszennyezettségtdl 1ényegében mentes, a ,B” jeli jelentds hattér megvilagitassal
rendelkezik (1. abra). Az ,,A” mintateriilet a Soproni hegyvidék teriiletén 1évé Agfalva 1
erdotag M erdorészletében talalhato ( Hidegviz-volgy) . A ,, B” mintateriilet a varos kdzponti
részén , a meteoroldgiai allomads teriiletén helyezkedik el (Kuruc-domb) . Az ,,A” mintateriilet
a Soproni hegyvidék fokozottan védett természeti teriiletén 1évo erdd egy részlete, amely egy
gyertyanos-tdlgyes klimajt, hidrologiai viszonyat tekintve szivargd vizii és 400 m tengerszint
feletti magassagu. F6 alloméanyalkotd fafaja a mézgas éger, de szértan eléfordul a lombos
fafajok koziil a hegyi juhar, kislevelti hars és a torékeny fliz. A ,,B” mintateriilet egy
mesterségesen létrehozott dombon helyezkedik el, telepitett fafajokkal ¢és cserjékkel. A két
mintateriileten a rovarok befogasahoz Jermy-tipusu fénycsapdéakat hasznaltam, amelyek nagy
teljesitményti  fényforrasok miikodtetésére is alkalmasak. Héarom tipusu fényforrast
hasznaltam, amelyek Sopron kozteriiletein (utcakon, tereken) gyakoriak. Ennek megfelelen
Na lampat (150 W), HMLI kevert lampat (160 W) és kompakt fénycsdvet (36 W) hasznaltam.
A fénycsapdazas idopontjait a holdfazisokhoz igazitva harom napos ciklusokban vélasztottam
Ki, junius, julius és augusztus honapban, melyre a Na lampa esetében lathato példa (1.
tablazat). A fényforrdsokat minden nap és mintateriileten cseréltem, hogy minél nagyobb
szamu mintavételem legyen.

Kuruc domb.;_

\ﬂ

1. dbra: A vizsgalt mintateriiletek
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1.tablazat: A fénycsapdazas idépontjai Na lampa esetében

Honap/év | 2012, | 2013. 2012. |2013.
Természetes Mesterseges
tertilet tertilet

junius 12. 7. 12. 9.
20. 15. 20. 17.
28. 22. 28. 24,

julius 4. 7. 4,

12. 15. 12. .
19. 28. 19. 17.

augusztus | 9. 5. 9. 7.
18. 13. 18. 15.
25. 21. 25. 23.

EREDMENYEK

A vizsgalt idészak alatt a két mintateriileten az értékelést azonos szamu napok kivéalasztasa
alapjan végeztem. Ennek megfeleléen minden évben 55 db csapdazési napot hasonlitottam
Ossze. Jelen tanulmanyban nem vettem figyelembe az eltérd iddjarasi koriilményeket, csak a
fényforras tipusokat és a mintateriiletek eltéré megvilagitottsagat. Az alabbi abran (2. abra)
lévé grafikon azt mutatja, hogy természetes teriileten a lepkék (Lepidoptera) (2309 db),a
kétszarnyuak (Diptera) (1888 db) és a kabocak (Hemiptera) (2714 db) rendjébe tartozod
rovaregyedeket vonzotta legnagyobb szamban a Na lampa, a mesterséges teriileten pedig csak
a kétszarnyuakat (Diptera) (7336 db). A kevert lampa a természetes teriileten kiemelkedden
nagy szamban vonzotta a kabocak (Hemiptera) (104087db) rendjébe tartozo egyedeket, a
tobbi rendbe tartozo befogott egyed szama kozott nincs kiugrd eltérés (3. abra). A kompakt
fénycsé a természetes teriileten a lepkéket (Lepidoptera) (1582 db), a kétszarnyuakat
(Diptera) (780 db) a kabocakat (Hemiptera) (1810 db) és a bogarakat (Coleoptera) (1377 db)
vonzotta a legnagyobb mértékben, a mesterséges teriileten kiemelkedd mértékben csak a
kétszarnytakat (Diptera) (1618 db) (4. abra).
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2. abra: A Na lampa altal befogott rovarok egyedszdma a két mintateriileten
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3. abra: A kevert HMLI lampa 4ltal befogott rovarok egyedszama a két mintateriileten
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4. 4dbra: A kompakt lampa altal befogott rovarok egyedszdma a két mintateriileten

A kovetkezd két abran (5. abra és a 6. abra) lathato a két év alatt befogott egyedek szama
rendenként a harom fényforrds tipus mellett. A mesterséges teriileten mind a harom
lampatipus a kétszarnyuakat (Diptera) vonzotta legnagyobb mértékben, a természetes
teriileten pedig a kabocakat (Hemiptera).

H Na

Kevert

1000 + I B Kompakt
0 — — —
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5. abra: A harom fényforras tipus altal befogott egyedek szdma rendenként a mesterséges teriileten
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6. abra: A harom fényforras tipus altal befogott egyedek szama rendenként a természetes teriileten

A dominancia vizsgalatot relativ abundancia vizsgélattal végeztem, amely kifejezi, hogy az
adott rend egyedszdma hany szdzalékat teszi ki a vizsgalt rend Osszes egyedszamanak
(Kovacs 2008). Az alabbi képletet hasznaltam:

D = (n/N) 100, ahol

n = a vizsgalt rend egyedszama

N = az Osszes rend egyedszama

A besorolas az alabbi modon tortént:

kategéria D(%)
eudominans | 10%felett

dominans 5-10%
szubdominans | 2-5%
recens 1-2%

szubrecens 1%alatt

A természetes teriileten a lepkék (Lepidoptera), a kétszarnytak (Diptera) a kabocak
(Hemiptera) bizonyultak eudominans rendeknek (2. tablazat). A harom lampa fogasi
eredményeit a Na és a kompakt lampa altal begytijtott rovarok esetében 5 dominancia
csoportba, a kevert lampanal 3 dominancia csoportba lehetett besorolni. A mesterséges
teriileten a csotanyok (Blattodea) és a kérészek (Ephemeroptera) rendjébe tartozé egyedek
kisszamu befogasi aranyuk miatt kimaradtak a dominancia vizsgalatbol.
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2. tablazat: Dominancia értékek rovarrendek szerint a harom fényforras tipusnal a természetes teriileten

Kategéria D(%) | Kategoria D(%) | Kategoria D(%)
Rend Na Kevert Kompakt
Lepidoptera eudominans 25,8 | szubdominans 2,1 | eudominans 23,8
Hymenoptera | dominans 7,1 | szubrecens 0,6 | dominans 7,2
Diptera eudominans 21,1 | szubdominans 2,4 | endominans 11,7
Planipennia szubrecens 0,5 | szubrecens 0 | szubrecens 0,4
Hemiptera eudominans 30,3 | eudominans 90,1 | eudominans 27,3
Heteroptera szubdominans 1,68 | szubrecens 0,1 | szubdominans 2,6
Coleoptera dominans 9,9 | szubrecens 0,4 | eudominans 20,7
Blattodea szubdominans 1,2 | szubrecens 0 | recens 18
Ephemeroptera | szubrecens 0,2 | szubrecens 0,1 | szubrecens 0,5
Trichoptera recens 1,7 | szubrecens 0,3 | szubdominans 3,4

A mesterséges teriileten a Na altal vonzott rovarokat 8 rendbe és 5 dominancia kategoridba
lehetett sorolni hasonléan a természetes teriilethez (3. tablazat). A kétszarnytak (Diptera)
kiemelkedd aranyban bizonyultak eudominans rendnek. A kevert lampa esetében 9 rendbe ¢€s
szintén 5 dominancia kategoriaba lehetett a befogott rovaregyedeket osztdlyozni, melynél
szintén a kétszarnytiak (Diptera) voltak eudominansak. A kompakt lampa altal befogott
rovaregyedeket 8 rendbe és 4 dominancia kategdridba soroltam, ahol szintén a kétszarnyuak
(Diptera) rendje az eudominans.

3. tablazat: Dominancia értékek rovarrendek szerint a harom fényforras tipusnal a mesterséges teriileten

Kategoria D(%) | Kategoéria D(%) | Kategéria D(%)
Rend Na Kevert Kompakt
Lepidoptera dominans 5,1 | eudominans 11 | dominans 7,9
Hymenoptera szubdominans 2,9 | szubdominans 2,5 | dominans 6,6
Diptera eudominans 82,9 | eudominans 73,6 | eudominans 70,2
Planipennia szubrecens 0,3 | szubrecens 0,4 | szubrecens 0,6
Hemiptera szubdominans 4,4 | dominans 7,0 | szubdominans 3,4
Heteroptera szubdominans 2,2 | recens 1,1 | szubdominans 2,7
Coleoptera recens 1,6 | szubdominans 3,1 | dominans 7,8
Trichoptera szubrecens 0,2 | szubrecens 0,7 | szubrecens 0,4
Odonata szubrecens 0,1
KOVETKEZTETESEK

Az eredmények alapjan megallapithatdo, hogy mind a természetes, mind a mesterséges
mintateriileten a harom kiilonb6z6 lampatipus a négy rovarrendbe (lepkék (Lepidoptera),
kétszarnytak (Diptera), kabocak (Hemiptera), bogarak (Coleoptera)) tartozo egyedeket fogta
be legnagyobb szdmban. Az egyes lampatipusok és teriiletek kozott voltak eltérések , amely a
dominancia értékelésnél keriilt kimutatdsra.
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