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Editorial: Smart Geography: 100 Years
Bulgarian Geographical Society

Stoyan Nedkov, Boian Koulov, Mariyana Nikolova, Nadezhda Ilieva,
Georgi Zhelezov and Kliment Naydenov

Abstract Geography of the twenty-first century is expected to contribute to the
development of human capital and the knowledge society, to offer place-specific
solutions for sustainable regional development and use of the planet’s natural and
human capital. With this idea, we prepared this book which presents selected contri-
butions from the International Conference “Smart Geography: 100 years Bulgarian
Geographical Society”. They are focused on various themes related to smart spatial
solution in different geographical disciplines as well as interdisciplinary studies with
pronounced spatial aspect. The book illustrates the great variety of themes the con-
temporary geography is dealing with. Most of them have real potential to contribute
by smart spatial solution to the human well-being. The examples presented in the
book cover case studies from Bulgaria and many other countries worldwide.

Keywords Physical geography · Human geography · Landscape ecology ·
Ecosystem services · Smart spatial solutions

The celebration of the 100th anniversary of the Bulgarian Geographical Society is
undoubtedly the time to pay tribute and extend gratitude, first of all, to the founder
of the Society, Academician Anastas Ishirkov, as well as to all geographers who
gave their best for its development in the past century. This anniversary is as much
an occasion for retrospection, analysis, and assessment of the past development and
current state of the geographical science inBulgaria, as it is a chance for a glimpse into
the future and an attempt to outline the prospects of geography, geographic education,
and practice. Last, but not the least, this is an opportunity to widen the space for
creation and dissemination of new research in different geographic disciplines and
discuss the changes that would adequately address the natural and societal challenges
of the twenty-first century.
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Global change comprises all transformations in the geo-systems, human society,
and its environment that have begun at the end of the twentieth century and continue
at presentwith increasing dynamism. Scientific and technological developments, par-
ticularly the information technology revolution, including the geo-information, are
radically changing the ways in which economic, social, and public systems function.
Conceptualizations of basic geographic notions, such as “place”, “geo-space”, “envi-
ronment”, “sustainability”, “identity” are also constantly been amended. Information
security threats and greater access to the exponentially increasing geo-information
flows have become the key features that allow for new means of describing location,
situation, boundaries, andother geographic characteristics.Biggeo-spatial databases,
generated by the new technologies, play a progressively important role in the choice
of policies for governing states, regions, and localities, including adaptation of the
geo-space to the impacts and consequences of global change. It is geographers who
play a key role in the utilization of the “flood” of geo-spatial information, uncover
and analyze the ever-changing processes and interconnections in the geo-systems,
evaluate and predict their sustainability and future dynamics. Research on ecosys-
tems and their services has already proven its value to environmental protection and
sustainable use of natural resources. In view of the intensive migration and urban-
ization processes in today’s world, cities are trying to offer “smart” solutions, in
order to deal effectively with global demographic and environmental pressures. The
complex interrelations and interdependences among these processes raise a number
of geographic problems that require innovative approaches and solutions, which sig-
nificantly contribute to the implementation and further development of the OECD
and EU Smart Specialization Strategies.

The geography of the twenty-first century is projected to directly contribute to
the development of natural and human capital and the knowledge society, to offer
evidence-based andplace-specific solutions for sustainable regional development and
improvement of the human well-being. The multitude of challenges that humanity is
currently facing require nothing less than really “smart decisions”. Such ideas that
include ways of “letting the gene out of the bottle” provoke a discussion on what is
and should “smart” geography be that motivated the organization of the International
Conference “Smart Geography: 100 years Bulgarian Geographical Society”.

This bookpresents a careful selection of someof the best conference contributions,
which focus on smart spatial solutions in different geographical disciplines, as well
as interdisciplinary studies with pronounced spatial aspect. The volume is organized
in five parts, corresponding to the main conference themes. The first part includes
contributions from the plenary session dealing with various aspects of the geograph-
ical science and the perspectives for its development. The first chapter (Nikolova
et al. 2019) presents an overview of the history and development of the geographical
science and higher education in Bulgaria over the years and the important role of the
Bulgarian Geographical Society in this process. The history and current priorities in
the work of the leading Bulgarian geographical institutions are described in brief.
Their contributions to the geographical science and higher education in geography,
as well as to the future of “smart geography”, are also discussed. The chapter points
to the most successful periods of the Bulgarian Geographical Society and the forces
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and influences that impact the Society’s members throughout the first 100 years of
its history. The conclusion stresses some of the challenges to “smart” geography and
geographical education at the end of the twentieth century.

Pickles (2019) discusses the local consequences and responses to the changing
geographies of economic governance. The author states that the structure and practice
of these geographies have become more influential in response to the financial crisis
of 2008, which led to the development of “smart specialization strategies aimed at
revitalizing core economies and flexibilizing regional development pathways”. The
study illustrates the emerging discourses by presenting examples of specific regional
problems from Central and Eastern Europe.

In his study on climate change implications, Gonencgil (2019) applies cluster
analysis for classification of general climate characteristics and reveals different
patterns of temperature and precipitation distribution in Turkey. The work of Rizou
and Klonari (2019) concludes that modern education reform demonstrates a shift
from the classic teacher-centered model to one where interdisciplinary and holistic
approaches play a central role in the curricula. They advocate an active and positive
approach built around the use ofweb tools aided by teacher interventions, particularly
for integrating geo-spatial statistics through open-source web-based platforms and
sound a warning about the embedded assumptions and regional consequences of
smart specialization programs and their “high-tech fantasies.”

The second part of the book contains contributions to physical geography, which
deals with the interaction between smart technologies and studies on climatol-
ogy, hydrology, geomorphology, and geology. Monitoring of geomorphological pro-
cesses, air and water quality, and climate and hydrological data collection depends
on a wide range of smart equipment, including sensors, displays, and computing
devices. They are self-organized, possess the capabilities to network with each other
and beyond, provide diverse services, and manipulate and publish complex data sets
through the internet. Smart technology supplies users with information for better
understanding and governance of human environment. The use of geo-information
technology for processing and analyzing the increasing data flows provides new
knowledge about nature’s geo-spatial and temporal features and their dynamics.
Various web-based applications increase significantly the access to scientific infor-
mation and enhance public awareness to current environmental issues, like climate
change, natural hazards and risks, ecosystem services, quality of the natural envi-
ronment, and the need to adapt to its changes. At present, some of the challenges
include the conceptualization of how the use of smart technology changes human
understanding about some of the basic concepts in geography, as well as the methods
andmeans to control andmanage natural processes through smart technology. A total
of six chapters are devoted to these contemporary problems.

In the first chapter Dobrev et al. (2019) present the initial results of the 3D mon-
itoring of West Pirin fault in the Brezhani village area of southwest Bulgaria. The
analysis of the data, obtained with the use of extensometer TM71 during the period
from August 2013 to August 2018, prompts the authors to suppose recent activity
along the West Pirin fault.
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Mateeva (2019) studies the impact of climate change and other natural and man-
made stressors on human health and the quality of the living environment. The
chapter discusses the climatic factors of highest effect and gives “an idea about the
general vulnerability of the human health sector in Bulgaria” to the climate changes.
Seymenov (2019) presents a different aspect of climate change influences. He studies
the hydrological response to the long-term climate change by estimating the climate
elasticity of streamflow in seven catchments in northwest Bulgaria. Judging by the
obtained results, he concludes that “the assessment of climate elasticity of streamflow
is an informative approach for estimation of climate change impacts on hydrological
systems and provides an opportunity for effective water resources management”.

The work of Lim et al. (2019) deals with the use of microclimate data in students
learning. The experiment was conducted in two cities, Singapore and Hanoi, and
the results can be considered “a proof-of-concept of an experiment and curriculum
in which local, real-time data are collected and used by learners as they seek to
go beyond canonical knowledge from textbooks”. The chapter of Peshich and Joksi-
movic (2019) focuses on flood hazard as one of the most common natural disasters in
Serbia. It uses probability theory and mathematical statistics analyses of time series
of maximum discharges for 50 years of observations at four hydrological gauges to
analyze the most severe flood since the beginning of the twenty-first century (May
2014 in the Kolubara River Basin) and estimates the flood magnitude for a given
recurrence interval T (T-year flood). Radeva and Seymenov (2019) deal with the
problem of water quality in the Lom river on the basis of data from three water
sampling points, which include information about 14 parameters, measured from
2012 until 2016, using CCMEWater Quality Index and OregonWater Quality Index
(OWQI). The calculated overall water quality index turned below the “marginal”
water class and shows worsening of the physico-chemical properties of the water
moving to the downstream river sections.

The third part of the book covers the human geography field. A profound demo-
graphic transformation has taken place in Europe since the Industrial Revolution,
evidenced by the changes in the reproductive attitudes and values and human migra-
tory behavior. Only in the course of a century-and-a-half, the total fertility rate in
Europe decreases significantly and the one-child family model is gradually estab-
lished, together with higher level of education, increased requirements toward child-
raising, and rapid urbanization processes.At the same time, as a result of the increased
standard of living, improved quality of life, and greater access to medical care, the
average life expectancy has grown more than 2.5 times, reaching about 80 years
or more in most European countries. Some of the consequences, however, include
unprecedented aging of the population and notable reduction of the fertile contin-
gent. Along with that, the demographic explosion and the uncertain political and
economic environment in South Asia, the Middle East, and Africa have resulted
in increasing migratory pressure on Europe in recent years. The dynamics of these
processes affects both the number and geo-spatial distribution of the population, as
well as transformation of ethnic and national identities. In the twenty-first century,
Europe is facing serious challenges, even risks, but also real opportunities for the
overall development of the continent. Each region needs to implement “smart” poli-
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cies, geared to the geographic specifics of the particular territory, both to adapt and
address the problems outlined.

One challenge which requires smart decisions is urban shrinkage. While this pro-
cess is typical for many developed states, the dramatic political, economic, and social
transformations in the post-socialist countries, since the beginning of the 1990s, have
led to changes in the settlement patterns, caused by large-scale external and internal
migrations to metropolitan and the largest regional urban centers at the expense of
the remote, mountainous, and peripheral regions. Bulgaria is no exception to these
processes where urban areas have been subjected to shrinkage, resulting in further
demographic and economic decline.

Simeonova and Milkova’s (2019) chapter proposes grouping of the Bulgarian
cities, according to the causes and the dynamics of their shrinkage throughout the
last century and up until 2017, with a focus on the changes after 1989. The process
of urban shrinkage in Bulgaria has been analyzed, as well as its causes, in view of
urban areas’ functional changes under the market economy conditions and the social
and demographic crises, expressed in the loss of population and urban decline.

The work of Mitrica et al. (2019) focuses on regional geo-spatial and statisti-
cal analyses of the urban–rural relationships in Romania (case-study: the Romanian
plain). Generally, a high social and economic dependency on the closest urban areas
characterizes these relationships, thus leading to a series of geo-spatial and functional
interactions. The authors perform regional scale analysis and assessment of the geo-
spatial and functional linkages between 34 cities and 318 rural settlements located in
their impact area. At the local administrative level (LAU), they use statistical regres-
sion models, where the key driving factors, such as demographic size, functional
profile, and connectivity, are independent variables and population growth, size of
living area, age dependency, economic dependency, built-up areas’ expansion, water
supply, migratory balance, unemployment rate, which reflect the degree of rural
development, are accepted as dependent variables. The study results help identify
areas with different rural development potential and allow for better understanding
of the urban–rural interactions in the last several decades.

One of the main regional policy objectives refers to improvement of the pop-
ulation’s quality of life. To this end, Simeonov et al. (2019) propose a model for
assessing the quality of life of the population, which aims to quantify the concept
and, at the same time, eliminate the use of subjective criteria. The research team tests
the suggested model to assess the quality of life of the population in north-central
Bulgaria.

Ilieva et al. (2019) consider Roma integration and the intensifying geo-spatial seg-
regation processes affecting that ethnic group as another issue which requires appli-
cation of smart decisions. Post-socialist societies are facing numerous challenges
leading to complex structural changes. New models of socio-spatial polarization of
the cities have emerged. In recent decades, Bulgaria has seen a clear trend of growing
number of Roma people residing in cities. In the majority of cases, the Roma settle
either in already existing Roma quarters or form completely new ones. The swift
expansion of the Roma quarters in both horizontal (spatially) and vertical (height)
aspect makes it difficult to trace the changes. Considering that most buildings are
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illegal, they are not present on cadastral maps and urban geo-spatial plans. The seri-
ous difficulties which Bulgaria has been encountering regarding the integration of
its Roma population, together with the increased ghettoization of the Roma living in
cities and the eventual threats of social cataclysms, are among the reasons why the
chapter pays attention to the issue of the expansion of the so-called ghettoized urban
structures which hinder the development of smart cities. Based on the case study of
the Roma-inhabited Harman Mahala quarter in the city of Plovdiv, this investiga-
tion analyzes geo-spatial development trends and the internal structure of the Roma
quarters aided by remote sensing and field research methods.

In the following chapter,Burdarov andTsvetkov (2019) identify the reasons for the
difficulties that Europeans face in their attempts to integrate the Roma into their cul-
tural system. The authors review and analyze successful integration policies toward
the above ethnic group in Europe and points to those that can be adapted and imple-
mented successfully in Bulgaria. One of the crucial problems, specifically related to
the integration of the Romaminority, is education. The smart decisions in that respect
should target disbandment of segregated schools and creation of mixed school estab-
lishments. School segregation represents a serious social and educational problem in
a number of countries across Europe, including Bulgaria. While in some countries
this problem arises on the basis of social stratification and concerns both local ethnic
minority and immigrant communities, in Bulgaria—as in other Eastern and Central
European countries—school segregation is mainly associated with the Roma ethnic
group. Education of Roma children is still almost entirely provided in segregated
schools, located in or near the Roma quarters, regardless of the government efforts
to implement measures for overcoming the problem. Those issues are addressed in
a separate chapter, which analyzes the specifics and the trends of the Roma school
segregation in Bulgaria, based on a case study of the Roma children from Harman
Mahala in the city of Plovdiv (Ravnachka et al. 2019).

The human geography part of the book concludes with another contemporary
example of self-segregation, very informative for Europe, despite the many and sub-
stantial dissimilarities, due, mainly, to its geographic setting in a different part of
world. Kotze et al. (2019) describe and analyze the socio-economic and political
development and the current potential of the rural town of Orania in the Repub-
lic of South Africa. Established in the early 1960s to accommodate construction
workers, the town has been subsequently abandoned by the government and passes
through a “ghost” town phase. Bought by AVSTIG (Afrikaner Freedom Foundation)
in 1991, this settlement has been envisaged as the first homeland for the Afrikaans-
speaking white population. It has entered an agricultural economic phase, which
brought about steady growth in the town’s population: the 2011 census has shown a
growth of approximately 49%, with a significant increase in the age group younger
than 20 years. Twenty-four years after the apartheid, on account of the authority
wielded by the village council to act as gatekeeper, Orania still has a whites-only
population.

The fourth part of the book includes the contributions in the field of landscape
ecology. Asenov and Grigorov (2019) examine the presence of tree cover on agri-
cultural land in Mala Planina, located in the Western Balkan Range, and study its
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role in carbon collection. The trees provide a number of ecosystem services, such as
wood, erosion protection, carbon collection, and so on. The authors of the research
recommend planting of specific species (Quercus, Fagus, Carpinus, and Fraxinus)
as best agricultural practice and conclude that the study can be used as model in other
agriculture regions.

The second chapter (Nikolova 2019) focuses onmonitoring heavymetals (Cu, Zn,
Pb, Cd, Mn) in the sediments of Blagoevgradska Bistritsa River Catchment, south-
western Bulgaria. The research reveals different periods of pollution with heavy
metals. The first two periods are characterized with high concentration of heavy
metals (zinc, lead, and copper), while in the third period, the concentration of heavy
metals has decreased. The author concludes that the transformation in the indus-
trial production of the region and the construction of wastewater purification plants
are the main reasons for reduction of the heavy metals pollution. The third chapter
(Tamburadzhiev and Cholakova 2019) focuses on the structure and peculiarities of
the karst landscapes in the Besaparski ridges, central-south Bulgaria. It investigates
the morphometric, landscape-geophysical, and landscape-geochemical characteris-
tics of the karst formations and presents a map of the contemporary karst landscapes.
Zhelezov’s chapter (2019) relates to the development of geo-spatial reconstruction
models of the landscapes in the Aydemirska wetland system, in northeastern Bul-
garia, based on oldmaps from different periods. Thismethod provides an opportunity
for reconstruction of the state of the landscapes and wetland system before the active
anthropogenic impact in the region. Its results can be used in the planning of future
economic activities and restoration of the wetlands. Prodanova (2019) presents an
empirical study of the geo-ecological state of selected landscapes in north-central
Bulgaria (Stara Planina Mountain, Predbalkan, and Danubian Plain). Its main objec-
tive is to reveal the contemporary geo-ecological problems, based on semi-stationary
and field investigations. The results reveal nine categories of geo-ecological prob-
lems, grouped in three main groups. For the most part, the landscape transformations
relate to the changes in vegetation and relief, as a result of the anthropogenic impact.

The application of the ecosystem services (ES) concept, as a tool for smart geo-
spatial solutions of human-environmental problems features in the fifth part of this
volume. The ES concept rests on the facts that ecosystems provide a range of services
of fundamental importance to human well-being and their sustainable use could
balance environmental conservation and economic activities and interests. The geo-
spatial aspects of ecosystem services attracted significant attention in the last years
through development of various mapping andmodelingmethods and tools, as well as
major EU-funded initiatives and projects, such as MAES (Mapping and Assessment
of Ecosystems and their Services), ESMERALDA (Enhancing ecoSysteM sERvices
mApping for poLicy and Decision mAking), and MAIA (Mapping and Assessment
for Integrated ecosystem Accounting). On the other hand, there is an ever-growing
need for robust geo-spatial data and models describing the supply, demand, and
flow of ecosystem services in order to meet the urgent needs of policymakers. The
contributions in this part bring together researchers from different disciplines, who
are members of the Working Group of Landscape Ecology and Ecosystem Services
at the Bulgarian Geographical Society, as well as the Bulgarian, Greek, and Turkish
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NationalNetworks, participants in the south-east EuropeanChapter of the Ecosystem
Services Partnership (ESP).

The chapters in this part deal with various aspects of mapping and assessment
of ecosystem services based on field observations, remote sensing data, geo-spatial
proxy methods, modeling approaches for generation of geo-spatial data and produc-
tion of ESmaps. Bratanova-Doncheva and Gocheva (2019) state that climate change,
together with other stressors, decreases the capacity of ecosystems to buffer impacts
from extreme events, like fires, floods, and storms. The author’s case studies illus-
trate the advantages and challenges of both the deterministic and holistic approaches
to cost–benefit analysis for climate change adaptation. Thus, the wetlands in the
transboundary Nestos/Mesta river basin are mapped and assessed as important land-
scape features that can contribute to the ecological coherence of the Natura 2000
network (Fitoka and Hatziiordanou 2019). The results provide baseline knowledge
on connected areas of high value for biodiversity and seek to support management
and conservation interventions.

Yaneva and Munoz (2019) study the societal demand for ES, due to the con-
struction of an open-pit mining project in the semi-arid southern Arizona, USA. It
produces supply/demand maps which reveal a geo-spatial understanding of the ES,
in the hypothetical judgments of the involved stakeholders. The maps can be used to
analyze the geo-spatial aspects of the impact of the mining industry on the provision
of ES, thus supporting the stakeholders with an appropriate tool for decision making.

Zhiyansky (2019) investigates the role of mountain forest in the provision of a
wide range of ES. The study uses a LPJ-GUESS ecosystem model to analyze car-
bon sequestration in mountain forests in different vegetation zones of Bulgaria under
realistic and pessimistic scenarios of climate change. The author also defines tenden-
cies in the vulnerability and adaptive potential of the mountain forests. Vatandaslar
et al. (2019) also focus on forests ecosystems in their ability to supply erosion control
services. The investigators use field observations, direct measurements and data of
growing stock, basal area, and soil erodibility to assess the statistical relationships
of soil properties and forest inventory data. The results show that the higher number
of trees per unit area reduces the erosion rates.

The book illustrates the great variety of themes the contemporary geography is
dealing with. Most of them have real potential to contribute by smart spatial solution
to the human well-being. The examples presented in the book cover case studies
from Bulgaria and many other countries worldwide. The geographical scope of the
studies ranges from USA to Singapore and from Romania to South Africa.
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evgrad. The geographical units in each one of them have its specificity, achievements
and research priorities, but all of them actually build the fundament of geography
in Bulgaria. That is why we discuss in this paper their history, their contribution
to the geography of Bulgaria and their current way to the future of smart geogra-
phy. The Bulgarian Geographical Society (BGS) plays an important role in the last
100 years to keep all Bulgarian geographers in line with the most actual problems of
the geographical science and education. In this paper we also show which historical
periods of the Society were the most successful, and why and how it has changed
and influenced Bulgarian geographers during the last few years.

Keywords Bulgaria · History of geography · Science and education

Introduction

Startingwith an overviewof the first Bulgarian geographical studies and publications,
the paper presents the development of the process of collection and interpretation of
geographical knowledge for Bulgaria from different Bulgarian sources for centuries
in the past to nowadays. As a classical discipline, geography goes through the time
adding new discoveries, methods and applications. Becoming more and more open
to other scientific disciplines, geography shows its incredible ability to gain and pro-
vide new knowledge and to answer some of the most important scientific challenges.
In Bulgaria, there are several leading scientific institutions which work persistently
from the beginning of the twentieth century to develop the geographical science
and higher education: Sofia University „St. Kliment Ohridski”, Institute of Geogra-
phy at Bulgarian Academy of Science (BAS), now Department of „Geography” at
the National Institute of Geophysics, Geodesy and Geography—BAS, „Konstantin
Preslavski” University of Shumen, University of Veliko Tarnovo „St. Cyril and St.
Methodius” and South-West University „Neofit Rilski” of Blagoevgrad. The geo-
graphical units in each one of them have its specificity, achievements and research
priorities, but all of them actually build the fundament of geography in Bulgaria.
That is why we discuss in this paper their history, their contribution to the geography
of Bulgaria and their current way to the future of smart geography. The Bulgarian
Geographical Society plays an important role in the last 100 years to keep all Bul-
garian geographers in line with the most actual problems of the geographical science
and education. In this paper we also show which historical periods of the Society
were the most successful, and why and how it has changed and influenced Bulgarian
geographers during the last few years.

Bulgarian sources with geographical descriptions for our lands have been known
since the time of the Bulgarian Emperor Simeon the Great, as well as from the books
and texts written during the Renaissance. In 1843, Alexander Hadji Ruset issued the
first Bulgarian map titled, „Map of Contemporary Bulgaria, Thrace and Macedonia
and Adjacent Lands”. Later, the famous Bulgarian poet Petko Rachov Slaveykov
wrote „Geographical dictionary of Bulgaria” (Slaveykov 2008a, b).
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The development of geography as a science in Bulgaria marks its beginning in
1898 with the creation of the Department of Geography and Geographic Institute in
Sofia University as a result of the efforts of Prof. Anastas Ishirkov. He is a member of
the Bulgarian Academy of Sciences (BAS), academician from 1904 and is the author
of the first scientific monograph „A Brief Geography of Bulgaria” and of more than
300 scientific publications. Anastas Ishirkov was appointed as the first associate pro-
fessor in Sofia University on 19 March 1898 when he gave an introductory lecture
titled, “Objective and content of the contemporary geographical science” in which
he discusses the objectives and scope of geography, division and fields of study,
and main task and challenges in front of Bulgarian geographical science. In 1918,
Anastas Ishirkov founded the Bulgarian Geographical Society, and in 1933 issued
the first journal of geography in Bulgaria. Along with Ishirkov, there are enormous
contributions to the development of the Bulgarian geography by Akademician Anas-
tas Beshkov and Prof. Jordan Zahariev, Corr.-member of BAS, Prof. Zheko Radev,
Prof. Ivan Batakliev, Prof. Dimitar Yaranov, Prof. Lubomir Dinev and many others.
In 1950, Prof. DSc. Zhivko Galabov, Corr.-member of BAS, became the founder
and the first Director of the Geographical Institute of the Bulgarian Academy of Sci-
ences. During the next decade geographical courses and majors appear in Shumen
University (1964), University of Veliko Tarnovo (1984) and South-West University
(1993).

Bulgarian Geographical Society: A Retrospective Review

The Bulgarian Geographical Society was established on 9 November 1918. Its
development can be divided into four periods: (1) 1918–1945; (2) 1945–1989; (3)
1989–2014; and (4) after 2014.

The first period is the time of foundation and consolidation of the Society under
the leadership of two remarkable persons, Prof. Anastas Ishirkov and Prof. Ivan
Batakliev. Prof. Ishirkov initiates the establishments of the Society and leads it as a
Chair until 1934. Prof. Batakliev is the secondChair from 1934 to 1945. According to
the first statutes of the Society, its governing body is the Board of Trustees consisting
of 13 members elected by the General Assembly. The Society was very active in
the first few years in organizing various lectures, edition of geographical issues
and attracting new members. A collection of books called „Geographical Library”
started in 1920 with the renowned work of Anastas Ishirkov „West Thrace and the
peace treaty in Neuilly” (Ishirkov 1920). The number of society members gradually
increased, reaching 170 in 1925. After this year, its activity declined mainly due to
financial reasons and the General Assembly does not convene in the next 7 years.
After 1932, the Society restarted its activity by establishing new statutes and election
of new board of trustees which manage to restore the society member during the
next 2 years. The first Bulgarian scientific issue, Journal of Bulgarian Geographical
Society (Izvestia na Balgarskoto Geographsko Drujestvo) was established in 1933.
The journalwas issued annually until 1943, publishing papers in various geographical
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fields by Bulgarian and foreign researchers. Among the famous authors of the journal
during this time are Albrecht Penck, Albrecht Burkard, Herbert Louis and Arthur
Gavatsi. The most remarkable event during this time is the organization of the Fourth
Congress of Slavic Geographers and Ethnographers in 1936. It was attended by 325
scientists from 12 European countries.

The start of the second period is marked by the political changes in the country
after the World War II, which led to significant changes in the scientific community
also. Leading geographers, such as Ivan Batakliev and Dimitar Jaranov, were forced
to leave the academia, and the autonomy of the institution was reduced. The activity
of the Bulgarian Geographical Society declined again until the mid-1950s when
it was taken under the full control of the State. The government support during
the 1960 and 1970 enabled to restore and extend the membership, publication and
organization activities. The Society became popular, especially for the secondary
school teachers and reachedmore than 1300members inmid-1980s. Regional offices
were established in many cities. The organization activities include conferences,
bilateral symposia, jubilee sessions, secondary school teaching seminars, and so
on. The main events during this period are the National Geographical Congresses
held every four years between 1966 and 1989. Their programme includes scientific
sessions, discussions on the results of research activities and debates on the state
and perspective of the geography in the country. The publication activities were
restored in 1953 with a new issue of the Journal of BGS which had new format and
editorial board. During this period the journal published 28 issues with 580 papers.
BGS published also the journal „Problems of Geography” in collaboration with the
Institute of Geography and Sofia University from 1964 to 1978. Several popular
issues such as „Geographical review”, „Countries and People” and „Geography”
were published.

The third period is marked by the transition in the country to democracy and
marked economy. These changes led to the withdrawal of the State frommany activ-
ities, including the support of the organizations such as BGS (Petrov and Nedkov
2014). Without the regular funding from the State, the activities of the Society grad-
ually declined in the 1990s. The Journal of BGS was not published after 1992, no
more Congresses were organized and the membership was significantly reduced.
The new regulation under the Law of NGSs in 2001 required re-establishment of
all organizations but the BGS did not manage to register its legal status and was
cancelled.

The fourthperiodbegan in2014with the re-establishment of the legal status of the
Society. The preparation started in 2012 by fewmembers of Geology and Geography
Faculty of SofiaUniversity „St. KlimentOhridski” and theDepartment ofGeography
at NIGGG BAS. For this purpose, new statutes were developed, which was based on
the provisions of the first statutes of the Society from1918. The registration of the new
statute and the executive committee was established on 29 May 2014 by a decision
of Sofia City Court. The first General Assembly of the restored Society was held
on 11 August 2014 in Sofia University which elected regular executive committee
and Chair Stoyan Nedkov. The fifth General Assembly of the Society was held on
11 April 2018 in Sofia University which elected the current executive committee
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chaired by Kliment Nydenov. During this period most of its former activities such as
organization of regular events (conferences, seminars, workshops), publication of the
Journal of BGS and support of student through various initiatives (grants, mobilities,
seminars) have been restored. The Society has now well-functioning website and
regular newsletter. In 2018, the Society celebrated its 100th anniversary and the
150th anniversary of its founder Anastas Ishirkov by a series of events in several
places of the country, such as seminars, exhibitions, issue of jubilee postage stamp,
campaign in Wikipedia, and so on. The most important event was the international
conference “Smart Geography” which took part in Sofia University in November
with more than 150 participants all over the world.

Leading Bulgarian Research and Education Institutions
in Geography

Faculty of Geology and Geography at Sofia University “St.
Kliment Ohridski”

On 19 March 2018, the Faculty of Geology and Geography (GGF) of the Sofia Uni-
versity “St. Kliment Ohridski” notes 55 years since it was found. The first department
of “Geography and Ethnography” was established at the Faculty of History and Lit-
erature in SofiaUniversity in February 1898 and its deanwasAcad. Anastas Ishirkov.
In 1908, he founded the Institute of Geography at the same school. In this institute
later two departments were created—“Anthropogeography” and “Physical Geogra-
phy”. Lectures on geography had been read to the students with major pedagogy
and philosophy by 1909. In 1910, specialty “History and Geography”, and in 1924,
specialty „Geography” were established. In 1949, specialty „Geology” was created,
and in 1967—specialty „Tourism”. In 2005, training of students in „Regional devel-
opment and policy” began. The faculty members give lectures also to the students
from the specialties „History and Geography” and „Geography and Biology” from
1999. The latest geographical specialties are „Geography and English” and „Geo-
information systems and technologies”, which run, respectively, in 2018 and 2019.
Nowadays, GGF is a national centre for training in the field of geography, regional
development and policy, tourism and geology. Over the past 55 years, the structure of
the faculty is constantly updated and optimized, developing new research directions
and specialties.

The faculty has a good base for training and research. There are three specialized
libraries: geology, geography and tourism, as well as GIS laboratory, Centers of
Regional Development and of Multimedia training, two field stations—in towns of
Elena and Zemen—and two museums of national importance. The faculty maintains
a regular edition of book 2—„Geography”—of the Yearbook of the Sofia University
„St. Kliment Ohridski” (SU).
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Despite the relatively small number of scientists in GGF (52 professors and asso-
ciate professors and 37 lecturers), the actual presence of the faculty in the structure
and evolution of the university and of higher education in the country is significant.
Many notable scientists and geographers have held executive positions at SU. Acad.
A. Ishirkov in 1915 was elected Rector of Sofia University „St. Kliment Ohridski”.
Prof. Zhivko Galabov was the first Dean of Biology-Geologic-Geographical Fac-
ulty of SU. Vice Rectors of the SU were, at different times, the geographers Prof.
M. Michev, Prof. D. Kanev, Assoc. Prof. H. Konstantinov, Prof. DSc. Todor Hris-
tov, Corr.-member of BAS, and Prof. D. Toplijski. Faculty was guided successively
by several Deans: Prof. M. Michev, Prof. P. Penchev, Prof. D. Kanev, Assoc. Prof.
M. Glovnia, Assoc. Prof. Demerdjiev, Prof. P. Petrov, Prof. D. Topliiski, Prof. M.
Vodenska and Prof. P. Slaveykov.

An attempt to unite the scientific knowledge of geography was made in 1972
with the creation of the Centre of Earth Sciences by BAS and SU. Its governing
body includes President (Academician or Corr.-member of BAS), Deputy Research
Director from BAS and Deputy Director of Education (Dean of GGF). Despite the
good attempt for integration of the scientific potential of the BAS and GGF, this
structure did not exist long due to unresolved administrative problems.

GGF, specialty “Geography”, is represented by the departments of „Physical geog-
raphy”, „Physical geography ofBulgaria and the continents”, „Economic geography”
and „EconomicGeographyofBulgaria andother countries” in the beginning. In 1967,
the specialty includes „Geography” and „Geography of tourism”,which later evolved
into a separate specialty. During the period 1972–1973, the specialty includes the fol-
lowing geographical departments: „Geomorphology and Cartography”, „Geography
of Population and Settlements”, „Hydrology and Climatology”, „Economic Geog-
raphy”, „Physical Geography” and „Geography of Tourism”. These departments,
with minor modifications, still exist in the structure of GGF. The specialty „Regional
and political geography” was established in 2000, and in 2002—„Cartography and
GIS” and „Hydrology, Climatology and Geomorphology”. After the establishment
of the specialty „Regional Development and Policy” in 2005, the latest department
in GGF—„Regional Development” in 2011 was formed.

There are over 8000 students graduated in GGF in the following scientific areas:
geographic information systems and cartography, geomorphology, climate change
and water management, landscape ecology and natural capital, regional and political
geography, regional development andmanagement, regional resources and strategies,
cultural and political geography, geographical education, development and manage-
ment of rural areas, tourism, planning andmanagement of territorial regional security
systems, and human resources management. The faculty has rich history and worthy
representatives, both in science and in all areas of public life. Today, the faculty is
a national centre for the training of specialists in geography, regional development
and politics, tourism and geology.
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Institute of Geography at Bulgarian Academy of Sciences

The Institute of Geography (IG) at the Bulgarian Academy of Sciences (BAS) was
founded in 1950. Since then the institute passes through four periods of development
in accordance with the social and economic conditions and changes in Bulgaria.

In the first period, from 1950 to 1970, fundamental studies in the field of phys-
ical, economic and social geography of Bulgaria are carried out. There is extensive
fieldwork, gaining and processingmassive amounts of empiricalmaterial. The results
from these fundamental studies are published in a number of scientific works, among
which the most significant is the monograph „Geography of Bulgaria”, published in
two volumes (vol. I, 1966 and t. II, 1961), and the „National Geographic Atlas of
Bulgaria” (1973). During this period, Prof. Zhivko Galabov was the director of the
Institute of Geography.

In the second period, the institute operates in the framework of the Center for
Earth Sciences at the Bulgarian Academy of Sciences (1972–1988) under the lead-
ership of the geographer Prof. DSc. Kiril Mishev, Corr.-member of BAS. With the
increase in the number of scientists and the development of scientific staff, the sec-
tions: „Geomorphology and Cartography”, „Climatology and Hydrology”, „Land-
scape andProtection of theNatural Environment”, „Socio-economicGeography” and
“Geography of Population and Settlements” were established. During this period,
regional studies and studies related to different geographical aspects of environ-
mental protection and ecology are dominated. In the early 1980s, the Institute of
Geography was the coordinator of a complex study of mountains in Bulgaria. The
results are published in the monograph „Natural and Socio-economic Potential of
the Mountains in Bulgaria” in two volumes (1989). During the same period the
geographical regionalization of the country was carried out, published in the third
volume of monograph „Geography of Bulgaria” (1981, 1982, 1989), which is the
first work in the field of regional geography in the country. In 1974, the institute
start to publish the scientific journal „Problems of Geography”, which up to now is
the most authoritative specialized academic geographical journal in Bulgaria. It is
the successor of the journal „Annals of the Geographical Institute of the Bulgarian
Academy of Sciences”.

The third period began with the start of political and economic reforms in the
country in 1989. During this period, number of structural changes was carried out
and the institute was guided successively by several directors: Prof. Donch Donchev,
Prof. Petar Popov, Prof. IvanVaptsarov,Assoc. Prof. StefanVelev,Assoc. Prof.Gesho
Geshev, Assoc. Prof. Marina Jordanova, Prof. Georgi Alexiev and Prof. Mariyana
Nikolova. During the transitional period, the number of sections were reduced from
five to two, “Physical Geography” and “Social and Economic Geography”, and the
number of scientists and specialists in the institute declined by approximately 50%
over the next two decades of the country’s transition to a market economy. However,
in the 1990s of the twentieth century, the geographers from the institute adopted the
difficulties of the transitional period as a unique scientific challenge and together
with their counterparts from the United States were among the first scholars who
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place the focus of their research interest on the geographical aspects of the transition.
The results of this joint research were published in the book „Bulgaria in Transition”
(Paskaleva et al. 1998), and later themonograph of Prof. DScMargarita Ilieva „Socio-
economic transformation in Bulgaria—characteristics and territorial differences”
was published in 2012. With the political changes after 1989 the need of up-to-
date geographical information for Bulgaria is growing strongly. Publication of the
monograph „Geography of Bulgaria” in 1997 was followed 5 years later by the
new edition of the monograph „Geography of Bulgaria” (2002). Also „Atlas of
Eastern and South-eastern Europe” (2004) and „Bulgaria. Current Development
and Problems” (Ermann and Ilieva 2006) were published.

In 2007, after entering the country in the EU, stages of institutional stabilization,
growth in research capacity, improvement of scientific infrastructure and signifi-
cant expansion of the international cooperation started. In 2008, a centre of geo-
informatics at the Institute of Geography is created, which aims to broaden and
deepen the application of geo-information technology in geographical research and
in the training of doctoral students. In 2010, scientists from the Institute ofGeography
issued the first bilingual Atlas of the country, „Bulgaria. Geographical Atlas” (2010)
and a year later—„Geographical Glossary” (2011) and many other publications,
reflected in the reference book „Scientific publications of researchers by the Institute
of Geography, BAS for the period 1990–2009” (Metodieva and Ilieva 2010). The
opportunities for realization of the scientific potential of the Institute of Geography
in the European research area were found to be growing during this period. Institute’s
personnel increase is represented by 42 people. Traditionally, good partnership with
the colleagues from the countries in Southeast Europe and United States expanded
and in 2010 almost all European countries, Japan and China were included. The
department participated in various forms of bilateral cooperation or in international
research projects and networks (6 FP, 7FP, NATO/CCMS, INTERREG, CEEPUS,
COST, etc.). This cooperation contributes to the application of new methods and
approaches in research and to disseminate the results amongst the international geo-
graphical community through publications such as: „Use of Landscape Sciences
for the Assessment of Environmental Security” (Petrosillo et al. 2007), „Cities of the
World ” (Brunn et al. 2008), „The Moving Frontier: The Changing Geography of Pro-
duction in Labour Intensive Industries” (Labrianidis et al. 2008), and „Sustainable
Development in Mountain Regions: South Eastern Europe” (Georgiev 2011).

The fourth period of the development of geographical science in BAS coincides
largely with the structural changes in the Bulgarian Academy of Sciences in 2010,
which led to the merger of the Institute of Geography with three other research units
of theAcademy and the creation of theNational Institute ofGeophysics, Geodesy and
Geography (NIGGG) at the Bulgarian Academy of Sciences on 7 January 2010. In
this new institute, the Institute ofGeographyoperates asDepartment ofGeography. In
2018, there are 27 scientists of 34 personnel and 7 Ph.D. students. At the department
there are one library, two labs and two research stations. Currently, in the Department
of Geography sections of„Physical Geography”, „Economic and Social Geography”
and „GIS” operate. During this period the unit integration deepens in the European
research area through the participation of geographers in projects financed by the
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EU’s framework programmes for research and development (FP7 andHorizon 2020),
cross-border cooperation projects, as well as such projects under theOperational Pro-
gramme for Development and Smart Growth. This significantly improved the quality
of geographical studies, opened new opportunities for doctoral students in the field
of application of geo-information technologies and paved the way for geographical
research to the „Smart Geography”. Proof of this is the contribution of scientists
of the unit in books such as „Sustainable Mountain Regions: Challenges and Per-
spectives in Southeastern Europe” (Koulov and Zhelezov 2016), „Climate Change
Adaptation, Resilience and Hazards” (Leal et al. 2016), „Sustainable Development
in Mountain Regions. South Eastern Europe” (Zhelezov 2016), „Water Bankruptcy
in the Land of Plenty” (Poupeau et al. 2016), „Articulations of Capital: Global Pro-
duction Networks and Regional Transformations” (Pickles et al. 2016), „Traditions
and Innovations in Contemporary Tourism” (Vodenska et al. 2018) and so on.

This brief analysis shows that, while in the period up to 1989, geographical
research in the institute has been focused primarily on the study of the territory
of Bulgaria. Over the past three decades, the geographical science in BAS success-
fully integrates into the European research area and transferees new knowledge for
Bulgaria.

“Konstantin Preslavski” University of Shumen

The establishment of a faculty, affiliated to the Sofia University “St. Kliment Ohrid-
ski” in 1964 in the town of Shumen, marked the beginning of the training of students
in geography in north-eastern Bulgaria. This process is connected with attraction
of the teaching staff of the country’s leading lectures on subjects in the specialty
“Geography and Turkish language”. The professor in geography Ignat Penkov was
appointed as the Dean of the Faculty. At the same time, the Department of Geog-
raphy was created, headed by the senior lecturer Tsanko Murgin and later by Prof.
Martin Glovnija. In 1973, as a result of structural changes in the Pedagogical Insti-
tute, specialty „Geography and Turkish language” was closed. The higher education
in geography in Shumen is renewed in 1991. Then starts new specialty—„Biology
and Geography”, thanks to the efforts of Prof. Veliko Velikov and the Rector of the
higher school, the biologist Prof. Delcho Kamenov. Number of prominent scientists-
geographers such as Prof. Nikolay Michev, Prof. Dimitar Toplijski, Prof. Stephan
Karastoyanov, Prof. Doncho Donchev, Prof. Todor Krastev, Prof. Slavcho Slavev,
Prof. Tsanko Tsankov and others are attracted for lecturers. In 2002, with the active
support of Prof. DSc. Todor Krastev, at the Department of Geography in Shumen
University „BishopKonstantin Preslavski” began the training of students in specialty
“Tourism” (Vladev 2011c, 2016).

The development and updating of lecture courses on geographical disciplines in
the department goes in parallel with the regional studies in north-eastern Bulgaria
and in other regions in the country. Successful are the results of field research with
application of the regional morfostruktural and morfoskulptural analysis. The scien-
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tists of the department contribute to the application plate-tectonics model to clarify
the development of landscape in the eastern part of the Balkan Peninsula. They con-
ducted extensive research on the socio-economic development of northeast Bulgaria
with a focus on demographic processes and town planning. Geographers from Shu-
men University work in collaboration with colleagues from other geographical units
in the country, and this leads to the continuous enrichment of the thematic and the
theoretical base of teaching.

In the Department of Geographical Sciences at the Shumen University there
are nine professors and associate professors, three assistant professors and Ph.D.
students. At present, Department of „Geography, Regional Development and
Tourism” carried out training of students in four undergraduate majors: „Geogra-
phy and regional policy”, „Geography and Biology”, „History and Geography” and
„Tourism”, and four masters programs: „Applied Geography and GIS”, „Regional
Development and Tourism”, „Geography and Interactive Education” and „Local area
studies”. In the department graduate students are trained in „Teaching Methodology
of Geography”. The faculty staff trained students from other courses at the Faculty
of „Natural Sciences” and the Faculty of „Humanities”, as well as in undergradu-
ate and graduate programs in “Ecology and Environmental protection”, „Geodesy”,
„Meteorology”, and so on.

Research activity of the geographers fromShumenUniversity ismainly in the field
of physical geography, demography, pedagogy of teaching geography and tourism,
studyingmainly the geological andgeo-morphological development of parts of north-
eastern Bulgaria, the eastern Balkanmountains, eastern Fore Balkan range, the Black
Sea coast, as well as the specifics of climate change in these regions of the country.
They also include analyses of the adverse and risk processes and phenomena in north-
eastern Bulgaria and their reflection on the socio-economic development, land-use
and tourism resources. The results of these studies have been published in dozens
of scientific monographs, among which are “Landscapes and Climate of Bulgaria”
(Velikov and Stoyanova 2007), “The Specifics of the Bulgarian Coastal Area” (Pen-
erliev 2012), “Modern Aspects of the System of Education in Geography” (Vladeva
2016), “Tourism—modern theoretical aspects” (Penerliev 2016), “Electronic Atlas
with maps of the actual gradients in the basins of the rivers Golijama Kamchiya and
Provadiya” (1:25,000M) (Vladev2018), “Morphostructure Map of Rila-Pirin Moun-
tains Range” (Tzankov et al. 2017), “Morphostructural Map of East Fore Balkan”
(Stankova et al. 2018) and other.

Priority issues in the field of geographical education are: the application of
interactive methods in teaching geography, didactic-geographical interpretation of
space, projects-based geographical education and interdisciplinary approach in
teaching natural sciences. Teaching staff of the department supports the learning
process on contemporary level, by issuing and updating of textbooks and teaching-
aid materials. There are 10 textbooks published by the faculty staff: General Geo-
demography (2003), General Climatology and Hydrology (2004), Geography of the
Balkan Countries (2006), Natural Geography of Bulgaria and the Black Sea. Part
I—General Characteristics of the National Geographic Space (2008a), Geography
of Tourism (2011), Natural Geography of Bulgaria and the Black Sea Part II—
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Regional Characteristics—Natural Areas (2011b), Short Terminology Reference in
Geology and Geomorphology, Vol. I, Tourism Resources of the Balkan Countries
(2014), Fundamentals of General Geology and Geomorphology (2017) and so on.

Despite the problems over the years, the geographical science in Shumen Uni-
versity managed to preserve and develop, thanks to the work of the lecturers and the
objective need for training in higher geographical education in the region.

“St. Cyril and St. Methodius” University of Veliko Tarnovo

Beginning of the academic geography in St. Cyril and St. Methodius University of
Veliko Tarnovo was initiated with the creation of the Department of Geography at the
Faculty of History in the fall of 1984. Its first Dean was Prof. Marin Devedzhiev. The
goal in front of the newly created department was to provide geographical knowl-
edge for students from specialty “History and geography”, and later in “Geography
and Geo-ecology” and “Geography”. Violeta Blagoeva, Prof. Ivan Markov, Prof.
DSCc. Atanas Dermendzhiev, Assoc. Prof. Ivan Penkov, Prof. Angel Zvezdarov,
Prof. Rumen Yankov, Prof. Veliko Velikov, Assoc. Prof. Nikolai Monchev, Prof.
Stella Dermendzhieva, Assoc. Prof. Trifon Kadev and Prof. Vasil Doikov initiate
the foundation of the geographical school in VTU (Petrov and Sabeva 2014). In the
course of his 34-year-old development, theDepartment ofGeography has established
itself in the structure of national higher education, following the European standards
in higher education and science. Continuity and adaptation to changing conditions
allow the expansion of the department. The current faculty staff includes 16 aca-
demic teachers, including three professors, one of whom is DSc., seven associate
professors, six young scientists, as well as eight Ph.D. students.

Currently, the teaching process is carried out in three professional areas („Earth
sciences”, “Education” and „Education sociology, anthropology and cultural stud-
ies”) and in five accredited undergraduate programs: „Geography”, „Regional
development and geo-economics”, „Pedagogy of teaching in history and geogra-
phy”, „Pedagogy of teaching in Bulgarian language and geography” and „Cultural
tourism”. The Masters programs offered by the Department are: „Regional devel-
opment”, „Geography and economy”, „Geographical education”, „Civil and inter-
cultural education” and „Cultural tourism”. The University is accredited to train
graduate students in the following doctoral programs: „Human geography”, „Phys-
ical geography and landscape science” and „Methodology of teaching geography”.

Department of Geography at the VTU carried out extensive research work, which
is illustrated by its faculty over 1000 scientific publications. Of these 150 are mono-
graphs, books, textbooks and educational aids materials. Many of the academic text-
books are used by students and teachers from across the country. Research activity is
mainly in the field of the basic geographical topics—regional studies, methodology
of teaching geography, environmental security and tourism.An important place in the
research takes the development and realization of national and international research
projects, participation in international scientific forums, expeditions and field stud-
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ies, and practical training with the students. Bilateral agreements or Erasmus and
Erasmus + at the department are taught for students from Spain, Belgium, Poland,
Lithuania, Kazakhstan, Macedonia, and so on. Scientists from the department are
specialized in Russia, Ukraine, Portugal, Spain, Austria, Poland, Germany, Romania,
France andBelgium.Methodological Centre, and Laboratory of geographic informa-
tion systems, as well as a Centre for Geo-archaeology and Archaeological Modelling
are found in the department.

Department of Geography performs responsibly its mission dedicated to high-
quality training of the students, generating new geographical knowledge. It is an
example of interdisciplinary scientific links with good traditions in Bulgarian edu-
cation and classical research.

South-West University „Neofit Rilski” in Blagoevgrad

The South-West University „Neofit Rilski” (SWU) is one of the largest universities in
the country and has established itself as a leading educational and scientific centre in
the region. For over 40 years, it offers education to students and graduate students by
30 professional branches and carries out active scientific research at an international
level.

Education of students in geography at the university began in 1993, on the ini-
tiative of the geographer Prof. Dimitar Stoilov. The geographic unit is created at
the Department of “Engineering Ecology and Geography” in Faculty of Engineering
and Pedagogy. Prof. Hristo Hristov becomes first lecturer. At this stage the need of
professors for training in geography is filled by attracting guest lecturers, mainly
from the Institute of Geography (BAS) (Ivan Vaptsarov, Gesho Geshev, Marina Yor-
danova, SvetlinKiradzhiev,MilkoMihajlov andEmilDimitrov) and SofiaUniversity
(Neno Dimov, Todor Hristov, Mimoza Konteva, Narcis Gadev). Cartography sub-
ject is taught by Prof. Nicola Bambaldokov, head of section “Cartography” of the
Research Institute of Geodesy and Photogrammetry.

In 2001, the department was renamed „Geography, Ecology and Environmental
Protection” (GEEP) andpassed in the structure ofFaculty ofMathematics andNatural
Sciences of theUniversity. The capacity for research and training of the unit increased
steadily since then, to reach 15 facultymembers ofwhom6 are qualified in geography
and the rest are ecologists, geologists and geodesists. There are 11 Ph.D. students
graduated in the department. Heads of the Department over the years were Prof. DSc
Hristo Hristov and Assoc. Prof. Mihail Mihaylov and from 2012 onwards Assoc.
Prof. Konstantin Tyufekchiev (http://www.swu.bg).

Currently the department is training students in four bachelor programs (Geog-
raphy and Regional Policy, Ecology and Environmental Protection, Pedagogy of
Geography and History Education), four master programs (Natural and Historical
Heritage, Regional Development, Ecology and Environmental Protection, and Geo-
graphic Information Systems) and in three doctoral programs (Economic and Social
Geography, Physical Geography and Cartography and Thematic Mapping).

http://www.swu.bg
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Over the years, the research infrastructurewas significantly enriched and renewed.
There is GIS Lab, Laboratory of Climatology and Hydrology with specialized equip-
ment, Laboratory of Geology and Geomorphology, centre for geo-ecological moni-
toring, data processing and analysis of remote sensing information with specialized
software, a geological collection with valuable mineral, fossil and rock samples,
and so on. Part of this equipment is used in the educational process in the practical
exercises and field work.

The faculty staff and students actively participate in many national and interna-
tional research projects, as well as those funded by the University. Some of them are
with the focus on field studies of the Highland landscape of Durmitor Mountains and
Prokletija, on the territory of Montenegro and Albania. The main scientific direc-
tions, which employ geographers in Blagoevgrad, include the two main branches of
geography—physical geography and economic and social geography. In the field of
physical geography, research and publications in climatology (changes of temper-
ature and precipitation) are leading, followed by those of geo-morphology (moun-
tainous, contemporary and relict glaciation, periglacial and karst geo-morphology
and risk geo-morphological processes) and geo-chemistry of landscapes (landscapes,
pollution of soils, water and bottom sediment with heavy metals and radionuclides,
etc.). In the field of economic and social geography, the leading publications are on
regional development and policy, problems of rural areas, cross-border cooperation
in the Balkans, regional socio-economic geography of Bulgaria, alternative tourism,
migrations, population mobility, urbanization, population and settlements, sustain-
able development and demography. Many of the faculty are authors of publications
in the field of training in geography and geographic education, e-learning, and so on.

Towards Smart Geography

We are living in the time of global changes and they are even more rapid in the
twenty-first century. Technological development, particularly information, includ-
ing geo-information, technologies are radically changing the ways in which eco-
nomic, social and public systems function. Our conceptualizations of basic geo-
graphic notions, such as „place”, „space”, „environment”, „sustainability”, and so
on, are also constantly being amended. Geo-spatial databases, generated by the new
technology, play an increasingly important role in the choice of policies for governing
regions, as well as managing and adapting to the consequences of global change. It
is the geographers, who play a key role in the utilization of the “flood” of geo-spatial
information to uncover processes and interconnections in geo-systems, evaluate and
predict their sustainability and future development. Research on ecosystems and
their services has proven its value to environmental protection and sustainable use
of natural resources. The complex interdependence among these processes raises a
number of geographic problems that require innovative approaches and solutions.

Geography of the twenty-first century is expected to: (i) facilitate the development
of human capital and the knowledge society; (ii) offer place-specific solutions for
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sustainable regional development; (iii) contribute for utilization of the planet’s natural
and human capital to improve socialwellbeing. In order to achieve this,we need smart
spatial solutions that can cope with the complex problems.

The review of the past and a short analysis of prospects of geographical science
show that while researching the changes in the world around us, the geography itself
is changing and evolving. Entering into the other areas of knowledge, geography
attracts the interest of scientists from these areas to the geographical aspects of their
research, and thus provides a platform for the expansion of interdisciplinary research
and opens up new opportunities for their innovative application. At the same time,
more and more studies directly or indirectly address different geographical problems
and this stems from the constantly growing need of geographical knowledge in terms
of ongoing dynamic changes in the modern world, as well as by the rapid develop-
ment of geo-information technologies. A very important role in this process has the
cooperation with national and international geographic community and relationship
with the higher geographic education.
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Smart Geographies and the Political
Economy of Innovation and Inequality

John Pickles

The regional problem is not a problem of the region…. Not a
problem of lack….
The regional problem is a problem of London!.
Doreen Massey (1979).

Abstract This chapter focuses on recent changes in the structure and practices
of geographies of global economic governance that have become more influential
in response to the financial crisis of 2008. At their core is a ‘smart specialization
strategy’ aimed at revitalizing core economies and flexibilizing regional development
pathways through targeted research and innovation investments. While ostensibly
directed at regionally and locality sensitive development strategies, the paper argues
that these smart specialization initiatives intersect in importantwayswith the growing
economic and political dominance of large cities, especially capital cities. Such
primate city concentration of wealth, political influence, and social capital poses
real political risks in shaping future political and economic agendas, and efforts to
manage regional inequalities.

Keywords Regional development · Capital cities · Concentration · Smart
specialization · The regional problem

Introduction

In recent decades I have been trying to understand the ways in which post-socialist
transitions in Central and Eastern Europe have been shaped by a combination of
local and national actors, EU institutions and policies, and the practices and reg-
ulations of the global manufacturing and trading system. Throughout, I have been
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interested in the local consequences of and responses to changing geographies of eco-
nomic governance.Variously, I have thought about this through the political economy
of transitions and transformations (Pickles and Smith 1998; Paskaleva et al. 1998;
Pickles 2008a), the politics of state enterprises (Pickles 2008b), environmental pol-
itics and social movements (Pavlinek and Pickles 2000), and EU enlargement and
post-socialist integration (Pickles and Smith 2016).

In this paper, I focus on these changes in the structure and practices of these
geographies of global economic governance that have become more influential in
response to the financial crisis of 2008. At their core is the EU commitment to a
‘smart specialization strategy’ aimed at revitalizing core economies and flexibilizing
regional development pathways. In this renewal initiative smart specialization is
seen as “a strategic approach to economic development through targeted support to
research and innovation….More generally, smart specialization involves a process of
developing a vision, identifying competitive advantage, setting strategic priorities,
and making use of smart policies to maximize the knowledge-based development
potential of any region, strong or weak, high-tech or low-tech” (EC 2019).

Since the financial crisis of 2008, smart specialization initiatives—what Massey
et al. (1992) referred to much earlier as ‘high-tech fantasies’—have refocused public
policy in the EU and member states around programs of ‘Knowledge for Growth’
(Capello 2014) in order to enhance productivity and innovation in industry (Lopes
et al. 2018). These initiatives have reframedEURegionalDevelopment andCohesion
policies and they are centered on expanded, and well-funded, commitments to tech-
nology, knowledge-based growth, and digital futures. In this paper I am interested
in the ways in which this nexus of programs and commitments is reinforcing long-
term trends in Europe in which large cities, particularly capital cities, have become
relatively more important centers of capital accumulation and political influence in
ways that may run counter to social and spatial inclusion imperatives. We might
think of this re-configuring of capital and political influence around primate cities
as either one response to the financial crisis of neoliberal globalization or a direct
consequence of it.

This paper focuses on the interaction among neoliberal restructuring, smart spe-
cialization programs, and the growing primacy of capital cities in European national
space economies. I outline this change and then illustrate its emerging discourses
through some illustrative evidence from Central and Eastern Europe. I conclude with
a return to Doreen Massey’s challenge to traditional regional development analyses
of ‘the regional problem’.
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Smart Specialization and the Contemporary World
Economy

The Changing Political Economy of Economic Governance

When Brenner (1998) referred to ‘global city-centric capitalism’ or what Ward and
Jonas (2004) called ‘city regionalism’ they were signaling a more general change in
the structure and operation of the global economy. Increasingly the city was becom-
ing—or had come to be seen as—the dominant dynamo of economic innovation,
growth, and accumulation. For Brenner the growing importance of global city-centric
capitalism was not necessarily eroding the institutions of the state, but was instead
rearticulating and reterritorializing space in ways which enhanced the ‘global city’
as a node of post-Fordist accumulation. As Allen Scott (2001: 4) suggested: “city
regions are coming to function as the basic motors of the global economy, a propo-
sition that points as a corollary to the further important notion that globalization and
city-region development are but two facets of a single integrated reality.”

In the face of the global financial meltdown of 2008, long-standing EU commit-
ments to neoliberal trade policies and economic integration morphed easily into the
emerging logics of knowledge economies, financialization, intelligent growth, and
social capital concentration to re-position the city at the heart of regional policy.
In this dynamic, as Ivan Fernandez, Industry Director for Frost & Sullivan Aus-
tralia & New Zealand suggested, “Cities will collaborate with each other to drive
smart city innovation by entering into partnerships with each other. Technology and
ecosystem convergence, collaboration and partnerships between stakeholders from
different industries, such as energy and infrastructure, IT, telecoms and government
will also expedite the delivery of integrated services.” https://www.newswiretoday.
com/news/148711.

In this vision, the city, and especially the capital city, is being re-positioned as the
dominant location for regional innovation and growth. AsMassey (1973, 1978, 1979)
has shown in her studies on the role of London inBritish regional development policy,
the economic and political dominance of the capital city shapes national policies and
investments in regard to everything from taxes, wages, transport, educational, and
social policies. With growing transnational economic networks, the capital city—in
a network of capital cities and large city regions—has come to dominate not only
the economic performance of the national economy but also the political agenda in
that space economy. Access to government combined with historical manufacturing
power and new service-knowledge industries to consolidate a nexus of spatial power.

Neoliberalism and Structural Adjustment

Since the re-orientation of post-war Bretton Woods Institutions in the 1980s, neolib-
eral economic programs gained almost hegemonic status inWestern economic policy.

https://www.newswiretoday.com/news/148711
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As centrally planned economies in Eastern Europe gradually shifted from their rapid
growth phase of the 1960s and early 1970s to increasingly constrained economies of
shortage and insufficient re-investment, Western economies struggled against exter-
nal oil shocks and internal stagflation. The result in theWest was a rapid alignment of
economic governance around the rolling back state regulations and social protections
and the rolling out of policies that privileged finance capital and specific business
sectors (Peck and Theodor 2015). Organized around basic premises of the ‘efficien-
cies’ of private property regimes and the inefficiencies of state-owned enterprises
(whether in state socialist countries or social welfare Britain), capital was swiftly
reorganized around a global—albeit highly regionalized—expansion of manufactur-
ing and trade (see Pickles and Smith 2016), a growing dominance of financial and
rentier capital, and a declining share of profits to wages. Deep losses of employment
and the legitimization of austerity programs followed. These began with the attacks
on strong trade unions, such as the National Union of Mine Workers in the UK and
the air-traffic controllers in the USA, and soon expanded to the bargain basement
sales of state properties such as the mines, railroads, and airways. Social welfare was
re-defined as ‘problem’ instead of ‘solution’ to economic inequalities. In CEE the
transitionwas delayed, but the process—when it came—operatedwith a similar logic
and was implemented much more quickly, and with much sharper consequences for
social and regional equality and well-being (Pickles and Smith 1998).

The complex series of discursive and political shifts that occurred in this process
transformed the nature and meaning of regional policy. In Western economies hi-
tech fantasies and value chain upgrading emerged as the foundations of economic
policy (Massey et al. 1992). Regional policy was re-defined away from earlier logics
of system integration and socio-spatial justice to ones of regional growth poles and
peripheries characterized as lack, absence, and need (Massey 1979). In CEE in the
1980s the fiscal crisis of the state deepened the legitimacy crisis of party control,
nomenklatura and security personnel were able to secure the channels for capital
flow, and large amounts of state funds were shipped out of the country. Under-
investment in large state enterprises increased the environmental problems while the
ability to provide consumption goods declined, and the explanations for the decline
and the responses to it were passed off as the failure of state ownership.

After 1989, in economies, throughout Central and Eastern European countries,
structural adjustment policies—thoroughly consolidated inWestern economies (par-
ticularly in the USA and the UK)—were readily unrolled and embraced. Quickly
articulated with the tunneling of state property and funds, structural adjustment
policies were literally introduced overnight. With its technologies of privatization,
de-regulation, and liberalization underscored by an economics of capital growth,
trickle-down, and the cleansing effects of austerity, what was referred to by some
as ‘wild West’ ‘cowboy’ economy enabled partial enrichment amidst widespread
economic hardship.

There is much to be said about these parallel histories, but for my purposes here it
is sufficient to note that the genuine excitement and entirely reasonable expectations
that accompanied the accession and enlargement of EU member states, particularly
in 2004 and 2007, in turn fueled a very particular understanding in Brussels and
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member state governments of the policies and instruments of economic integration
and regional development.

The old world of trade (pre-1980) in finished goods produced by national indus-
tries, often based on import substitution policies, shifted in the 1980s to a more
global understanding of international and regional comparative advantage. Trade
liberalization and global trade rules guided national policies to open product and
capital markets, and countries saw the expansion of their trade in intermediate goods.
Correspondingly firms had to expand their international profiles to capitalize on the
economic opportunities of the global shift (Dicken 2015), to take advantage of the
deregulation of capital and banking controls (Pickles 2008a), and tomanage the com-
plex global value chains that resulted from export-oriented industrialization (Pickles
and Smith 2016). By 2013, 80% of world trade was occurring through global value
chains of such interlocked companies. Trade in intermediate goods grew from 20%
in 1990 to 40% in 2010, and is predicted to grow to 60% in 2030 (UNCTAD 2013).

Smart Specialization as Economic Governance

In the European Union, smart specialization was institutionalized in response to the
structural and institutional deficiencies that became clear by the 2008 crisis. Several
key programs were introduced. In 2009, the Barca Report to the Commission for
Regional Policies (Barca 2009) pointed to the urgency of making clear distinctions
between ‘efficiency’ objectives in EU economic policy and ‘social inclusion’ goals
to reduce social and regional inequalities (p. viii). According to Barca this required
a thorough-going reform of Cohesion Policy through 10 pillars aimed at creating
much greater clarity and coherence about territorial and place-based development.
Launched in 2010 the EU Cohesion Policy Reform aimed to promote the develop-
ment of lagging regions and reduce disparities across the EU, and it did so, in part,
by recognizing the need to invest in all regions, tailoring development investments
and programs to specific regional needs, and fostering local involvement in them.
The parallel Europe 2020 (EC 2019) was a long-term vision to create smart, sustain-
able, and inclusive growth. The report contained seven flagship initiatives to boost
innovation including proposals and programs on the ‘Innovation Union’, “A digital
agenda for Europe’, ‘An industrial policy for the globalization era’, and ‘An agenda
for new skills and jobs.’ [http://www.efesme.org/europe-2020-a-strategy-for-smart-
sustainable-and-inclusive-growth]. The primary goals of the ‘Innovation Union’ are
to make Europe into a world leader in science and technology, and to foster high-
technology and knowledge-intensive industries.

As an assemblage of these and related programs and policies, smart specialization
emerged as the driver of EU Cohesion Policy and the European Commission ‘Inno-
vation Union’ initiative. As McCann and Ortega-Argiles (2015: 1292) have argued,
“The aim of the InnovationUnion initiative is to foster the dissemination and the real-
ization of EU-wide economies of scale in high-technology and knowledge-intensive

http://www.efesme.org/europe-2020-a-strategy-for-smart-sustainable-and-inclusive-growth
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sectors, while the aim of the EU cohesion policy is to promote the development of
many of Europe’s weaker regions.” (emphasis added).

These two goals—hi-tech innovation regions and the development of lagging
regions may—appear to be at odds with each other, but for McCann and Ortega-
Argiles (2015: 1292; also OECD 2013) “the distinctive feature of the smart spe-
cialization concept is that it builds on these literatures in order to provide a clear
policy-prioritization logic which is well suited to promoting innovation in a wide
variety of regional settings, and in particular in the heterogeneous environment of
European Union (EU) regions.” The result is a set of programs that, in their view,
allow for innovation regions while simultaneously underwriting a variety of regional
development paths. As Ballan et al. (2018: 1) have recently argued, smart specializa-
tion strategies offer “a vision of regional growth possibilities built around existing
place-based capabilities.” Identifying existing regional strengths, identifying hidden
opportunities, and focusing on place-specific capacities, smart specialization pro-
grams seek to support and enable the development of high value-added activities
without the presumption that regional development must follow a particular path or
model. The result is seen to be, as the OECD (2013) suggested, the emergence of
innovation-driven regional growth.

This multiplicity of evolutionary regional paths may well emerge from these
programs, but there are several reasons to be skeptical. First, in their description
of regional futures in the EU, Camagni and Capello (2013) had already pointed
out how the program had created some deep underlying regional disadvantages.
In their characterization of regional capacities across the EU, they distinguished
five types of regional assemblage; science-based areas; applied science area; smart
technological application areas, smart and creative diversification areas, and finally
what they refer to indicatively as imitative innovation areas. These latter were further
disaggregated into specific characterizations of four likely regional economic futures:
(i) regions with low knowledge and innovation intensity; (ii) regions with low levels
of entrepreneurship and creativity; (iii) regions that are highly attractive for FDI; and
(iv) regions that have some innovation potential; the EU itself.

The characterization of regional economic potentials and evolutionary futures
in these terms may well have political power, but they do not adequately take
into account the urban–rural divides that characterized post-socialist landscapes
after 1989 or the processes of city-centric growth that are fueling regional under-
development as skills and capital concentrate in the city at the expense of small
towns and rural areas. In each VISEGRAD country, as well as in Bulgaria, strong
and extended state-owned informatics and computer sectors were abandoned or dis-
assembled and integrated manufacturing enterprises in textiles, clothing, and shoes
were broken up, assets were stripped, and even state policymakers saw no future
in them (Pickles and Smith 1998). In their place, low-cost assembly contracts par-
ticularly from German and other EU manufacturers soaked up free labor pools at
rock-bottom wages. In this way, the rapid growth in FDI that followed 1989 and par-
ticularly after accession to the EU in 2004 and 2007 led to distorted forms of regional
economic development, trapping peripheral areas in export contracting relations that
provided few, if any, learning and upgrading opportunities.
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Inward investment did create employment opportunities, supported skill develop-
ment, and transferred technology (such as the Czech and Slovak automobile industry
(Pavlinek 2019)). But such inward investments were offset by the enormous outflow
of profits and other property incomes. In Hungary, net outflows of profits and other
property incomes were nearly double those of net inflows (Fig. 1). Even more shock-
ing was Czechia, where net EU inflows amounted to just less than 2% of GDP, but net
outflow of profits and other property incomeswas nearly 8%ofGDP. CEE essentially
became tributary to West European companies, particularly after the 2008 financial
crisis (Fig. 2) (see also Smith et al. 2014).

Fig. 1 Inflows versus outflows in Eastern Europe (% GDP, annual average, 2010–2016)

Relative share of GDP and employed of the 
metropolitan regions in selected CEE countries (%)
Years 2000 2008 2013
Indicators GDP Employed GDP Employed GDP Employed

Bulgaria 50 44 61 49 63 50
Czechia 62 58 65 59 65 60
Croatia 46 -- 48 46 49 47
Hungary 60 -- 63 59 63 58
Poland 60 52 61 54 61 55
Romania 49 37 53 40 56 40
Slovakia 38 31 38 31 40 32

Fig. 2 Relative share ofGDPand employment of themetropolitan regions in selectedCEEcountries
(%). Source EUROSTAT
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Re-Thinking the Regional Problem

In her questioning of ‘the regional problem’, Doreen Massey (1973, 1978, 1979,
1987) made clear that the logics of regional ‘lack’ that under-pinned so much post-
War British regional development was not sufficiently contextual, eliding the wider
relations in the space economy. For Massey regional decline was not first and fore-
most a problem of ‘lack’, not a problem of the lagging region itself, but more impor-
tantly a result of policy choices that favored particular fractions of capital, specific
regions (particularly the hyper-growth of London and the Southeast), and assem-
blages of power that had come to dominate decision-making around increasingly
taken-for-granted and ‘normalized’ liberal and financialized models of the economy
and individualizedmodels of social life. The result was the growing dominance of the
global city of London and the dynamic of its over-heated property markets in shap-
ing the national agenda and restructuring the geographies of opportunities across
the country. Increasingly supported by investment, tax, and credit policies aimed
at solving the challenges of growth in London and in the Southeast, other regions
experienced intense disadvantage and under-development.

In response to these dynamics Massey asked how a neoliberal commitment to
London’s financial markets was solidified and normalized by large-scale effort and
investment of resources to produce a new border of neoliberal commitments. That
border consolidated the boundary lines around one set of political beliefs, economic
opportunities, and likely futures. Doreen saw this border—like all borders—as both
political andmaterial. Here, regional development programs organized around ‘high-
tech fantasies’ have a series of interconnected indirect consequences. First, the need
for investment capital in new industries gives a privileged position to financial and
banking sectors. These in turn have gained influence in shaping housing, tax, trans-
port, and trade policy relative to older forms of capital and social organizations.
Second, the commitment to innovation regions and high value-added industries has
also enhanced the role and influence of education in regional development. As Rehak
(2019) has shown for Slovakia, even where the government has invested in higher
education institutions to encourage the economies of peripheral regions, graduating
students neither return to their homes nor remain in the university towns. Instead, they
take positions for which they have been trained, but in Bratislava. Those studying in
Bratislava similarly do not return to their home regions or take positions in peripheral
regions, but take up work in the booming knowledge industries of Bratislava.

As with London, capital cities like Bratislava seem to be differentially advantaged
by this shift to knowledge industries and their commitment to innovation-led growth.
Such smart specialization strategies thus carry within them a series of important spa-
tial implications, perhaps the most important of which is that—despite the claims for
place-based and regionally diverse possibilities and pathways—metropolitan regions
have become ever more significant sites of opportunity and wealth. Across Central
and Eastern Europe metropolitan regions have increased their share of GDP and
employment at the expense of rural areas and smaller towns.
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Fig. 3 The economic power of capital cities: reduction in GDP per capita if the capital city were
removed from national GDP (2015). Data Cologne Institute for Economic Research based on
Statista 2016

The situation is even clearer when looking at the growing economic power of
capital cities within the national space economy. With the exception of Berlin and
to a lesser extent Rome—capital cities with particular governmental roles in their
respective countries—capital cities account for ever larger shares of per capita GDP
(Fig. 3). They literally are becoming the cities of capital, accounting for as much
as 15–20% of per capita GDP. Their effects on regional development are becoming
even clearer as peripheral regions agewith the outflow of younger people and become
relatively poorer as wages and wealth accrue increasingly to residents of the capital
city.

Conclusion

In his 1975 analysis of Athens, Guy Burgel pointed out that its wealth appeared to be
“based much more on consumption than on production, its dynamism supported by
acquired wealth rather than by the advantages of undisputed location.” He continued
“The observer cannot simply understand the budgets of either the conurbation or of
its inhabitants, so disproportionate are the resources to the expenditure…. Its mode
of growth makes Athens representative of a new generation of urban centers.”

Capital city growth as a new generation of urban centers was also highly disturb-
ing for Gottmann 1977: 240) who cautioned that there were very real political risks
of such primate city concentration in shaping regional futures and political agen-
das: “The distrust of the turbulence and power of the organized interests in a large
commercial and industrial metropolis has long been deeply ingrained in the political
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process, especially of democratic systems. Representatives of the people who live
outside the primate city are naturally suspicious of the wealth, greed, ambitions,
adventurous spirit of individuals and organizations normally concentrated in great,
bustling economic centers with far-flung networks of interests.”

At a time when far right political parties and illiberal democracies are seemingly
become more attractive to a larger part of the electorate, especially in smaller towns
and lagging regions, it behooves us to take seriously Gottmann’s caution and think
very carefully about the embedded assumptions and regional consequences of smart
specialization programs and their high-tech fantasies.
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Evaluate Turkey’s Climate Classification
by Clustering Analysis Method

Barbaros Gönençgil

Abstract Climate change,which has become one of themost important issues of our
time, is spoken and evaluated in many environments. It is a fact that this issue, which
is also discussed outside the scientific fields, is not known enough by the society.
Evaluation linking climate change to human impact is one of the most important
evidence of this lack of information. Those who work in climate studies, especially
geographers, know that climate change has anthropogenic causes as well as natural
causes.Another issue here iswhat is changing. So,what is the climate feature and how
can we show that there is a change in these features. In this respect, climate types
and climate classifications are some important issues. General climate characters
can be classified by some methods. Accordingly, climate-related researchers can
make evaluations for a country or region based on these classifications. However,
climate is a dynamic phenomenon. Consequently, classical climate classification
methods now require an update. Although different studies have been carried out on
climate classification, we aim to bring a different perspective to the classical climate
classification by cluster analysis. Turkey, due to its special location, is a country
with many different climate types. The most important reason for having different
climate classes is the mathematical location, the effects of air masses and fronts, and
a special topography. Classification of Turkey’s climate has been under many studies
since the 1900 s. In particular, these studies contributed significantly to the scientific
sense since the 1950 s.

Keywords Climate · Classification · Cluster analysis

Introduction

Climate classifications are done using different methods in order to know the proper-
ties of a region in terms of temperature and precipitation in long timescales. Climate
classification is widely used for planning and forecasting in many disciplines (mete-
orology, climatology, agriculture, irrigation, tourism, etc.). There are many global
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climate classification systems based on empirical and observational data in the past.
Many of these classifications have been adapted to the present day by making some
updates.

Today, there is a need for a number of revisions in climate classification based on
increasing environmental problems. The most commonly used global climate clas-
sification methods are Köppen, De Martonne, Thornthwaite. These methods have
been applied to many local scales by expanding or revising. Nowadays, a number
of revisions are needed in climate classification based on increasing environmental
problems. The chronology of commonly used methods for global climate classifica-
tion is as follows: Köppen (1900), Thornthwaite (1943), Strahler and Strahler (1987),
and so on.

The commonly used parameters within the scope of climate classifications are
precipitation and temperature data. There are many evaluations or classifications
from the past to the present in global to regional scale. Climate classificationmade for
Turkeyvaries from theglobal to the local. For example, precipitation andprecipitation
regime (Darkot 1943a; Tümertekin and Contürk 1960; Erinç 1965; Temuçin 1990;
Çiçek 2001) and temperature and temperature regime (Darkot 1943b; Erinç 1950;
Sezer 1990; Çiçek 2000; Elibüyük and Yılmaz 2012) have been examined in many
studies.

General Characteristics of the Climate of Turkey

As is known, Turkey extends between 36 and 42° north parallel and 26–45° East
longitude. It is located in the mid-latitudes between 30 and 60° (Fig. 1).

Fig. 1 Location map of Turkey
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Fig. 2 Temperature distribution map of Turkey

Therefore, it falls within the temperate climates of the mid-latitudes (Figs. 2
and 3). The mid-latitudes remain within the domain of tropical air masses from the
south and polar air masses from the north. This air mass shows periodically through-
out the year dominance over Turkey. One’s sovereignty will soon be replaced by
another. In this respect, Turkey is a transit area in terms of the dynamic air condi-
tioning. Turkey, under the influence of tropical and polar air masses, is divided into
some subtypes: maritime types and continental types. Indeed, the period and types
of effects of these air masses are undoubtedly not the same.

The effects of various air masses and their frequent displacementmake the climate
characteristics of the country quite complicated. That is because all these features
of Turkey’s macroclimatic conditions defined mainly and thereby shaped the sea-
sonal variation in these different air mass types and frequencies, depending on the
cyclogenesis and frontogenesis conditions that occur in the coinciding section to
mid-latitudes of the general circulation.

Fig. 3 Precipitation distribution map of Turkey
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Factors Related to Physical Geography

Physical geographical characteristics of Turkey have important effects on regional
climate differences. Factors such as elevation, orography, and continentality create
thermic and dynamicmodifications ofmacroclimate characters occurring under plan-
etary conditions. It is possible to evaluate the effects of physical geography factors
affecting macroclimate characteristics as follows:

Altitude: Turkey has an average altitude of over 1000 m, and regional average
altitude is increasing from west to east (Fig. 4).

Themountains of Turkey show awide extension inWest-East direction. Elevation
is influential on meteorological events such as temperature, humidity, wind, precipi-
tation and pressure. But the most important effect is undoubtedly on the temperature.
Basically, it is the increase of the climate that creates the climate differences between
the regions in Turkey. In Turkey, which includes large elevation differences within
short distances, significant climate differences occurwithin short distances in parallel
with this situation.

Orography (extension of mountains and exposure): The mountains of Turkey
show a wide extension in W–E direction. This prevents the N–S directional air mass
movement from entering into the interior. However, air masses exceeding mountains
change their character and effect due to this movement. Thus, there are strong dif-
ferences between the coasts and the inner parts. For example, in Kemalpaşa (Hopa),
which is the most rainfall station of Turkey, the average annual rainfall is over
2600 mm and this figure is around 300 mm in Yusufeli, just a few hours south
of it. Thus, there are strong differences due to the orography and also the conditions
of exposure. Similar situations can be encountered on theMediterranean coast. How-
ever, western regions of Turkey have a different situation in this respect. As a result
of the mountains stretching out to the sea in the Aegean region, the middle latitude
pressure systems coming from the Mediterranean, in particular, can pass through the

Fig. 4 The elevation map of Turkey
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inner Aegean region without any change. However, the same air masses can pass the
Black Sea through the Marmara region and the Straits, which are a relatively low
area.

W–E extension of mountain ranges such as the North Anatolian Mountains and
the Taurus Mountains may also cause an occlusion in the form of an obstacle in front
of middle-latitude depressions. As a result, there are significant rainfall differences
between the surfaces facing the sea and the surfaces facing the interior. Sometimes
this situation causes precipitation above the expected level and brings with it floods.
Orographic conditions create significant differences between the interior regions
and coastal areas such as temperature, humidity, cloudiness wind direction and wind
speed.

Continentalite, Land and Sea Distribution: It shows significant continental con-
ditions due to the fact that the three sides of the Turkey are bounded by the seas and
connected to Asia, which is a large terrestrial mass. However, the distance from the
sea and the elevation are important for the severity of the terrestrial. As mentioned
above, as a result of the extending of the mountains of the Turkey in general parallel
to the sea, real sea conditions are seen in a narrow coastline. For this reason, the
average annual temperature difference in coastal stations in Turkey does not exceed
20 °C, while terrestrial inland reaches 30 °C.

Stability affects the temperature conditions as well as the amount of precipita-
tion and the shape of precipitation. Continentalite is not only effective on climate
characters. It also determines the upper limit of natural vegetation and agricultural
activities. This border, which can reach 2000 m in the west, can exceed 2500 m
in the east. Again in the cold period due to the influence of terrestrial climates we
can see different types of climate, while in summer, the temperature differences
between the terrestrial inland and overheated terrains will decrease; in general, a
single, Mediterranean macroclimate becomes dominant.

However, based on Turkey’s current climate, we made a grouping according to
the topographical features of the country, which can be assessed as follows:

Step climate: The dominant character is the semi-arid conditions. The rainfall
regime is similar to that of the Mediterranean coast, but the annual rainfall is much
less. The thermal character is closer to the continental conditions.

Black sea climate: Marine impact, which is characterized by a regular rainfall
regime, has priority in this type. Also in this type, high rainfall for all months,
relatively warm winters and hot summers are main characteristic futurities.

Mediterranean climate: There is a severe summer drought in this climate. In fact,
annual precipitation is high in terms of quantity. However, a significant portion of
this precipitation falls in winter.

E Anatolia climate: It is a type of continentality with snowy, frost, cold and long
winters. This is the harshest of climates in Turkey. These climatic types can show in
this map (Fig. 5).

There are significant differences between the methods used in climate classifica-
tions due to differences in calculation. According to the general assessment made for
climate classification, humid Black Sea region, arid Central Anatolia and Southeast
Anatolia and Thrace and Igdir, Turkey has a semi-arid or semi-humid climate.



46 B. Gönençgil

Fig. 5 Climatic classification of Turkey (Erinç 1984)

Turkey’s climate classification is as follows according to different methods: De
Martonne climate classification has been used for many years in total rainfall (P),
average air temperature (T) for many years, the most dry month rainfall (p), and
the driest month average temperature (t) data (Fig. 6). With this method, Konya-
Karaman-Aksaray-Niğde, Malatya, Elazığ, Şanlıurfa, Diyarbakır, Batman and Iğdır

Fig. 6 Turkey’s climate classification according to De Martonne method (Turkish State, Meteoro-
logical Service 2016a)



Evaluate Turkey’s Climate Classification by Clustering … 47

have semi-arid climates. Black Sea coastal belt has humid environment outside of
Samsun. Generally, Turkey is located in the steppe and semi-humid climate category.

The annual total rainfall (P) and the annual average maximum temperature (Tm)
data are used in the Erinç climate classification (Fig. 7). Themonthswhen the average
maximum temperature falls below 0°C are not taken into consideration as there is
no evapotranspiration. With this method, six different climate classes are calculated.
It also provides information on the vegetation of the indices.

Thornthwaite’s climate classification is based on the balance between precipita-
tion–evaporation and temperature–evaporation (Fig. 8). In this method, where the
rain is more than evaporation, the soil is saturated with moisture. There is an excess
of water in the soil saturated with moisture. The stations in this category are therefore
humid. In places where precipitation is less than evaporation, soil needs moisture. In
these stations, the soil has water deficiency and the climate of the stations where the
evaporation is greater than the precipitation is arid.

The monthly average temperature and precipitation data produced by Hijmans
et al. (2005) offer a wide range of spatial resolution options to cover the whole world.
In Turkey climate classification produced using these data only shows the general
trend to reverse falling precipitation characteristics in terms of a limited area. In
addition, it is a more compatible classification method for temperature. In addition,
it is a more compatible classification method for temperature. Yilmaz and Çiçek
(2016) studies and Hijmans et al. (2005) utilized data Lambert Cone with conformal
projection monthly average temperature, and precipitation values of 805.000 points

Fig. 7 Turkey’s climate classification according to Erinç method (Turkish State, Meteorological
Service 2016b)
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Fig. 8 Turkey’s climate classification according to Thornthwaite method (Turkish State, Meteoro-
logical Service 2016c)

belonging to Turkey were obtained. In this study, eight different rainfall regimes, six
different temperature regimes, and seven different drought-humidity classes were
determined.

Turkey has made climate classification using different methods for multiple sites.
Besides the climate classifications made by MGM, there are studies on local or
regional scale. Some studies make the climate classification taking into account the
results of temperature and rainfall data (Yılmaz and Çiçek 2016; Temuçin 1990;
Çiçek 1996, 2001).

Climatic classification can be done by the method of interpersonal relationship
analysis. Clustering analysis is one of the multivariate statistical methods. The pur-
pose of this method is to examine the linear connection between the variables of two
data sets or between the elements of two climatological data sets (Cheery 1996).
With this method it is possible to make climate classification using more than one
variable. For example, climate and rainfall data are evaluated together and climate
assessments are made. With this method, areas with significant similarity in temper-
ature and precipitation data present similar climate zones.

On climate classification, relationship clustering analysis for the classification of
climatic regions of Turkey method has not yet been used. It is aimed to produce a
climatic classification which will provide ease of application by using this statistical
method in which the temporal changes of temperature and precipitation data can be
taken into account besides spatial distributions.

A classification inwhich temperature and precipitation data are evaluated together
and the effects of global climate change can be observed will provide valuable infor-
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mation for all kinds of planning (agriculture, animal husbandry and socioeconomic)
in recent years.

In earlier studies, we only determined the spatial distribution of the extreme tem-
perature areas in the temperature data. With this method, stations where the extreme
temperatures are shared are located in the same cluster. In this way, areas with dif-
ferent temperature characteristics are divided into various groups.

For extreme temperatures during summer, Turkey’s temperature assessment was
done using the clustering method.

The number of sets for summer day index is 5. The most significant homogeneity
is observed in stations in the whole coastal Aegean, Mediterranean coastal zone and
in the southeastern Anatolia Region. There is a significant transition area between
the Black Sea coast and the Central Anatolia Region. Iğdır has similar features
with the microclimate in terms of summer day with Mediterranean and Aegean
regions. Similarly, the stations in Thrace show high temperatures in the Aegean and
Mediterranean regions depending on their terrestrial characteristics.

Findings

Cluster analysis is applied to classify the time series and to find out the similarities in
the stations. Theoretically, there are two basic methods for cluster analysis, namely,
hierarchical and nonhierarchical methods. SPSS has three different procedures that
can be used to cluster data: hierarchical cluster analysis, k-means cluster and two-
step cluster. If the data set is a mixture of continuous and categorical variables, the
two-step procedure should be used. If the data set is small and increasing numbers
of clusters are allowed, hierarchical clustering can be used. Lastly, if the number of
clusters is known and the data set is moderately sized then k-means clustering can
be used.

In this analysis, we use hierarchical clustering based on the measure of interval
with squared Euclidean distance, which is the distance of squared distance on dimen-
sion x and y. Squared Euclidean distance is probably the most popular method used
in the literature. The distance increases the importance of large distances while weak-
ening the importance of small distance. Squared Euclidean distance can be shown
as follows (Ozdamar 2002):

(1)

where x is the data matrix, i = 1,2, …, n; j = 1,2, …, n and k = 1, …, p. n is the
sample size, p is the number of variables.

The visual presentation of the distance at which clusters are combined is given by
the dendrograms. The dendrogram is read from left to right. Vertical lines show joined
clusters. In the next section, the dendrograms and their interpretations are given for
each extreme. The interpretation of clusters is given by reading the dendrograms.
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According to canonical correlation analysis, Turkey precipitation can be analyzed
in eight different clusters (Fig. 9a, b). When the total distribution of precipitation and
clusters are evaluated together, there is a homogeneity in the distribution of the
clusters. Only some stations do not have spatial consistency. The most important
reason for this is the temporal variability in station data.

It is also possible to see different groups at close distances from time to time in
the implementation of this method.

According to the analysis performed for the spatial distributionof temperature, five
clusters were determined to be compatible. These are mostly horizontally extending
from south to north (Fig. 10).

Climate classification with temperature and precipitation data can be made by
clustering analysis method (in Fig. 11). With this method, it is possible to classify

Fig. 9 a, b Turkey’s total precipitation classification according to clustering method
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Fig. 10 Turkey’s mean temperature classification according to clustering method

Fig. 11 Turkey’s mean temperature and total precipitation classification according to clustering
method

climate usingmultiple variables. For example, temperature and precipitation data are
evaluated together and climate assessments are performed. With this method, areas
with a significant similarity in temperature and rainfall data offer similar climate
regions.
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Results

Cluster analysis performed using Turkey precipitation and temperature may be cited
as four separate sets of spatial uniformity. Some of these clusters show a very homo-
geneous distribution, such as Black sea region or Aegean region. The most important
reason for the distribution is the effect of long term trends and changes in temperature
and precipitation of the station. In addition, Turkey’s many stations, depending on
the temperature and precipitation differences of topographical features is continuing
in a homogeneous way.

The cluster analysis represented by the most important cluster 3.1, which is com-
mon in temperature and precipitation variability. It has thewidest distribution. The 31
stations used in the study are represented by this cluster with similar feature. It mostly
represents the climate of the Black Sea region. The second cluster is an important
area covering the western part of Turkey. 23 stations exhibit similar temperature and
precipitation patterns. The third important area extends from the southeast Anatolia
region to the interior of theMediterranean region. It reflects similar trends in terms of
temperature and precipitation characteristics in this area. The fourth cluster mostly
represents the Marmara region, precipitation and temperature characteristics. The
clusters formed thereafter are often the transition between climate zones.

According to this assessment, prepared considering the average temperature and
total rainfall in Turkey, Turkey basically has four main climate types. In some areas
the intersection types of these four climate types are available.
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Yay. N: 41
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Using Web 2.0 Tools in Teaching Spatial
Statistics: Secondary Teachers’ Views
from Greece

Ourania Rizou and Aikaterini Klonari

Abstract Modern education reform demonstrates a shift from the classic teacher-
centered model to one where interdisciplinary and holistic approaches play a central
role in the curricula. Additionally, it has been found that the visual (re)presentation
of statistical data, using simple or complex graphs, 3D maps and visual narrative,
significantly develops students’ comprehension of the educational material as well
as enhances their cognitive skills. This study was conducted to identify teachers’
awareness, views and skills regarding the use of Web 2.0 services, as well as their
willingness to adopt in their own classroom teachingmaterial prepared by colleagues,
via a web-based platform created specifically to meet their needs. An online ques-
tionnaire was created and sent to secondary schools teachers’ throughout Greece
and their responses were analyzed. The results show that (i) a high percentage of
teachers in Greece acquire the basic ICT skills, (ii) they can use their PC or other
smart devices to organize courses and search for educational material through Web
2.0 services (cloud etc.), (iii) they believe that familiarity with web-based platform
teaching methods requires considerable time and effort, (iv) they mainly trust cloud
and Web 2.0 services in order to better organize their courses and (v) they are will-
ing to both share and adopt training material through suitable web-based platforms,
under certain conditions. It is our assumption that an active and innovative approach
based on such tools will lead to a higher level of comprehension and integration of
geospatial statistics, for teachers and their students alike.
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Introduction

Umar and Hassan (2015) reported that globalization and rapid technological change
led to the concepts of a borderless world, liberalization of global information and
global learning. Lately, we witness the rise of a new, both on international (Sheaffer
and Jacobbe 2014; Forbes 2014; Guler et al. 2016) and national level (CTCF/CC
2003, Mathematics Curriculum Lower Secondary Education 2011, Official Gazette
162/22-1-2015) where emphasis is given in statistical literacy (Gal 2004; Zwartjes
et al. 2014), statistical reasoning and statistical thinking (Ben-Zvi and Garfield 2004;
Watson 2011). However, statistics require a suitable reference framework for rational
data management, and geography can become this framework. The use of maps and
geospatial information, as well as the integration of ICT in school practice (e.g. GIS,
educational software, hypermedia applications, virtual environments, etc.), supports
the development of students’ spatial thinking and other key competences (Klonari
et al. 2011), while at the same time functions as innovative tools to support the
educational process as a whole (Hermans et al. 2008; Tzimoyannis and Komis 2004;
Goufas 2007). This way, students acquire the necessary visual, spatial and statistical
literacy in order to be able to make rational decisions and achieve a better quality of
life (Klonari et al. 2015).

This study investigates Greek schools secondary teachers’ views on the need
and usefulness of a web-based tool, which combines statistical and geospatial data,
especially for those who implement STEM approaches. In particular, and within this
context, we tried to explore these teachers’ awareness of the existence of web-based
platforms (such as photodentroetc) that could be integrated either in the classroom
per se, or in planning and creating teaching scenarios. Additionally, we would like
to identify the obstacles—and the reasons educators refer—which may not allow the
use of these platforms. Obviously, it is imperative to examine and take into account
the teachers’ views on this issue in order to effectively address them through better
planning in the implementation of future web-based applications.

Research Questions

In this survey, three primary research questions were addressed:

1. What are the secondary school teachers’ views on the need and usefulness of a
web-based tool which combines statistical and geospatial data?

2. How aware and familiarized are teachers regarding the existence and use of
web-based platforms which aid at organizing teaching material?

3. Which issues do teachers consider when it comes to putting those platforms in
use, either in the classroom or when planning out their courses and preparing
teaching material?
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Table 1 Description on the sections of the questionnaire instrument

Section Description Number of items Aim

A Demographic data 7

B Use of PC and Web 2.0
services

16 Familiarity with Web 2.0
services and their use

C Evaluate the use of Web 2.0
services, statistical and
geospatial data

14 Evaluation of knowledge in
cloud services, statistical and
geospatial data; attitude toward
using online platforms and
applications for educational
purpose

D Benefits and obstacles of using
and sharing teaching material

10 Investigation of willingness to
use and share teaching material
via an open source tool

Total 47

Research Methodology

The population for this research was secondary school teachers throughout Greece.
The sample for the study was selected by simple random sampling. A total of 285
secondary education level schools were selected at random, and a total of 331 sec-
ondary school teachers participated in the survey, whichwas conducted from January
till March 2018.

An online questionnaire was created for this purpose (with the aid of Google
Forms) and sent to these schools. It consisted of both open- and closed-type questions,
47 items in total, and it was estimated that 15 min were enough for completing and
submitting it. The responses were organized, coded and analyzed with IBM SPSS
v25.

The questions in the questionnaire were grouped into four sections. The details
of each section are summarized in Table 1.

Results and Discussion

A total of 331 teachers responded by submitting the questionnaire which was e-
mailed to the Head of each school. The composition of the sample is as in Table 2.

Demographic data indicate that 161 respondents (48.60%) are male and 170
respondents (51.40%) are female. One fact worth noting is that majority of them
were between 41 and 50 years old (147 respondents, or 44.40%) and 106 (32.00%)
were more than 50 years old. In other terms, we see that teachers in Greece are
aging. Additionally, 188 (56.80%) of the respondents possessed a single diploma,
14 (4.20%) possessed a second, 119 (35.95%) held a master’s degree and 10 of them
are PhD graduates. Lastly, a total of 251 or 75.80% of the respondents possess basic
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Table 2 Teachers demographics

Gender Male Female

48.60% 51.40%

Age 21–30 31–40 41–50 50+

2.70% 20.80% 44.40% 32.00%

Studies 1st diploma 2nd diploma Master Doctorate

56.80% 4.20% 36.00% 3.00%

Seminar in ICT A’ Level B’ Level No seminar

45.30% 30.50% 24.20%

School Low secondary Upper secondary Vocational

35.60% 32.00% 32.30%

skills in ICT, as those who possess the B’ Level must also have the A’ Level, since
it is a prerequisite.

In terms of digital device ownership, majority of the respondents (81.60%) have
got a laptop at home and 64.40%apersonal computer.Also, a total of 230 respondents
(69.50%) own a smart phone and only 165 or 49.80%out of 331 respondents possess a
tablet. Nearly all of them (except three) claimed that they are connected to the Internet
at home. Meanwhile, from the aspect of computer usage at home, majority of them
(283 respondents or 85.50%) use it every day, while 33 out of 331 respondents use
it three to four times per week. Only 10 respondents use computers just one or two
times per week.

Likewise, a total of 305 out of 331 respondents (92.10%) use digital devices at
home to access the Internet for ‘personal reasons’ and 283 of them (85.50%) also
use them for searching information about school project or work. Among the reasons
for which they use the Internet, the most popular was for reading the news (93.10%)
and searching for educational material (87.90%).

The respondents were also asked whether they own a personal computer in their
schools. Interestingly enough, 215 respondents (65.00%) own one. Concurrently, on
the matter of searching the Internet for educational material using their workplace
computer, one-third of these 215 (i.e. 70 or 21.10%) use it on a daily basis, another
90 of them (28.70%) one to two times per week, while 41 of them use it one to two
times per month. A very small number of them do not use it at all.

They were also asked to declare the purpose for using the computer at school.
Overall, their responses are shown in Table 3.

Based on Table 3, it is obvious that nearly three quarters of the respondents use it
for accessing educational material on the web. The most popular among the offered
digital platforms with educational material is photodentro (91.4%)—a digital plat-
form authorized by the Greek government which contains material for educational
purposes in several subjects.

Moving on to the research questions now, the first step was to determine the
extent towhich secondary school teachers consider aweb-based toolwhich combines
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Table 3 The tasks’ respondents computer use at school (N:215)

Tasks Yes No

n (%) n (%)

Send or/and receive email 160 (74.8) 55 (25.2)

Organizing lessons 156 (72.9) 59 (27.1)

Administrative purposes 133 (62.1) 82 (37.9)

Updating on educational issues 148 (69.2) 67 (30.8)

Searching in the Internet for educational material 157 (73.4) 58 (26.6)

Table 4 Use of open web-based platforms in the teaching process

Gender Age ICT experience level

Male Female (on avg) A-level B-level None

Mean 3,63 3,38 3,66 3,67 3,73 3,55

SD 1,05 0,87 0,96 0,97 0,97 0,91

statistical and geospatial data to be useful and nice to have at hand. We were jolted to
find that just barely half of the respondents (193 or 58.5%) consider open, web-based
tutoring platforms helpful in organizing their courses. This percentage was nearly
equally divided between men and women (94 versus 99, respectively). Overall, the
general consensus across all three measured criteria (gender, age and ICT skills)
was marginally in favor of the use of such platforms, that is, showing a mean value1

greater than 3.00 with a positive standard deviation close to 1.00.
Based on Table 4, we can tell that female respondents feel slightly less positive

about the benefits of the use of such platforms in their teaching process. It comes as
no surprise that teachers who had higher ICT level training agreed more with this
statement, although not really asmuch aswe had hoped again. The cross-tabulation of
age and the question at hand showed that younger respondentswere vastly in favor and
that this feeling grewweaker as the age got higher. For example, people in the ‘21–30’
age group agreed at a percentage of 77.8%, with zero negative (‘disagree/completely
disagree’) responses. On the far end, people in the ‘50+’ group showed a 55.7%
agreement (lowest overall) paired with a 17.0% disagreement (highest percentage
overall).

Teachers were also presented with a similar question, only this time it involved
(other) Web 2.0 services, such as Google Drive, Dropbox and others, and their feel-
ings toward their usefulness in preparation for, or during, the teaching process. Again,
there was a modest agreement across all three measured criteria, featuring the same
trends as above. It is worth mentioning that in both these questions, there is a sig-
nificant percentage (48.8%) of teachers who share the positive feeling despite not
owning any level of ICT certification.

11: Completely disagree—5: Completely agree.
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On the topic of teaching statistics via ICT methods, we observed that the teachers
believe it makes the course more interesting for their students and easier to follow.
Again, this feeling was stronger among the male and younger respondents, as before.
Owing to the subject (i.e. ICT) however, the percentage of the ones in favor among
those who possess a B’ Level certification was higher than in the previous question
[mean (A-Level) = 3.633, mean (B-Level) = 3.97]. At the same time, statistical
data visualization with the aid of geospatial data and digital maps was agreed to be
helpful for students, to motivate them and to engage more during classes. Finally,
there appears to be a positive disposition toward the combined use of ICT methods
and interdisciplinary teaching in the way geospatial data are used and presented in
the classroom, in that they contribute to make the course more appealing.

The next step was aimed at determining the degree of awareness and familiar-
ization of teachers regarding the existence of web-based platforms and their use as
aiding tools in organizing (their) teaching material. For the first part, it was found
that 198 out of the 331 respondents (59.82%) are using one platform or another on a
daily basis. When cross-tabbed against their level of ICT certification, we found that
41.9% of them had completed the A-Level seminar and another 36.9% the B-Level
one. If we take into consideration the fact that, in order to attend the B-Level seminar
one must already have A-Level certified, we see that a cumulative percentage of
78.8% (156 of the 198 respondents) make use of such web-based platforms in their
everyday occupation. It is also worth mentioning that the remaining 21.2% of the
respondents, who have not attended any level of ICT training, also said they knew
and used such platforms for their educational purposes.

When asked if they make use of any Web 2.0 services to create and/or organize
their teaching material, an impressive 93.96% (311 out of the 331) replied that they
do—mainly cloud-based ones, with Google Drive being the most popular (40.6%)
among them. Again, a check was run to see how much their level of ICT train-
ing affected this occupational habit. It turned out that 75.2% had received A-Level
training (cumulative: 30.5% were B-Level certified) and another one-fourth of them
(24.8%) had not received any certified ICT training and still made use of such ser-
vices, similarly to what we observed above.

The third research question was about identifying the main issues secondary
school teachers take into consideration when deciding whether they wish to put
these platforms in use. In particular, we were interested in those factors which affect
their decision in two different but associated aspects: planning out their courses
and preparing teaching material, and putting this material, or scenario, in use in the
classroom itself. We identified time to be the key factor here; both the time it takes, in
their opinion, to learn to use and become fairly fluent in the handling of such teaching
methods and tools, as well as the time they believe it takes to put these scenarios to
work. Responders were found to ‘generally agree’ with both statements: the former
had amean value of 3.435 (SD= 0.943), and the latter amean of 3.469 (SD= 1.031).
Age and ICT education level had a similar effect on both. In particular, responders
in the [21–30] age range felt mostly ‘neutral’ about both statements (88.9% and
55.6%, respectively) while the rest were around 50% in agreement. Similarly, those
who possessed the A-Level training felt neutral to consensual about both statements
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(44.7% and 49.3%, respectively), B-Level owners showed to mostly agree (46.5%
and 44.6%, respectively), while those who had not received any formal ICT training
were found to be clearly in the ‘fully agree’ range (55.0% and 60.0%, respectively).

Our findings on the matter of trust in cloud-based services indicate a diminishing
agreement as the respondents’ age is growing: 77.8% [21–30], 58.0% [31–40], 54.4%
[41–50] and 36.8% [50+]. On the other hand, ‘ICT experience level’ seems to boost
their confidence, as one would expect. However, even those who lacked any formal
ICT training were found to mostly agree (42.5%). On average, teachers of all age
groups and ICT training levels demonstrated a marginal trust toward cloud-based
services (mean = 3.411, SD = 0.997). For the majority of the respondents this
trust depended on a number of specific conditions being met. There was, however,
a notable percentage (25.0–32.7%) of teachers who put their trust in cloud-based
services at face value. What was not surprising was the fact that as the age and the
level of their ICT knowledge grow, the ‘unconditional’ rating is rising too.

The final step was to identify these conditions under which theywould adopt other
colleagues’ material in their classes, as well as whatever reasons would keep them
from doing so. The graphs demonstrate their priorities and concerns (Figs. 1 and 2).

Findings Discussion

Overall, it was found that a high percentage of teachers in Greece have the basic
ICT skills and are able to use their PC or other smart devices to organize their
courses and search for educational material on the Web. Interestingly, 47.7% of the
sample believes that familiarity with web-based platform teaching methods requires
considerable time and effort on their part, but they do consider it worthwhile for
it lending to greater efficiency in the classroom. Furthermore, they mainly trust
cloud and Web 2.0 services and employ them at a satisfying level in order to better



62 O. Rizou and A. Klonari

Fig. 2 Conditions for not
adopting colleagues’
material 4.88%
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organize their courses. Indicatively, 70.1% of them stated that theywere familiar with
searching for tutoring material on the Web (forums and online platforms). As far as
using teaching material prepared by colleagues is concerned, they are in favor of this
idea, provided certain conditions are met—such as secure transactions, copyright
and ease of access, to name but a few.

Conclusions

In a rapidly changing modern world, decision-making is based on information which
becomes available in real time. Owing to this, teachers must be highly educated and
open-minded in the use of Web 2.0 and 3.0 services, such as cloud computing,
web-based platforms, digital educational material etcand so on, in their courses.
From our research we found that they are positive toward adopting teaching material
built around geospatial data from Greece, prepared by experienced colleagues and
accessedvia anopen source, secure andpotentwebplatform.Webelieve that an active
and positive approach on their behalf, built around the use of Web tools during their
interventions will lead to a higher level of comprehending and integrating geospatial
statistics, through (ICT) open-source web-based platforms.
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First Results from the Instrumental 3D
Monitoring of Microdisplacements Along
West Pirin Fault, SW Bulgaria

Nikolai Dobrev, Valentin Nikolov and Plamen Ivanov

Abstract This article presents the initial results of the 3D monitoring of West Pirin
Fault in the area of the village of Brezhani, SW Bulgaria. The monitoring equip-
ment—extensometer TM71 was installed in August 2013. The data obtained from
the observations until August 2018 were processed. The results show four stages
in the dynamics of this part of the fault. One of them is associated as a probable
co-seismic effect (sharp movement) resulted from a local weak seismic event. The
obtained results show that Y-axis movements reflect significant trends, representing
right-lateral strike-slip movements with a rate of 0.76 mm/year for the whole period
of observation. During the last 2 years of the observations the strike-strip velocity
is estimated as ~0.84 mm/year with a high coefficient of determination. The vertical
component of movements shows ~0.14 mm/year reverse movements. These results
give us reason to prove a recent activity along West Pirin Fault.

Keywords West Pirin fault · 3D monitoring · Active faults

Introduction

The territory of Bulgaria is characterized by a high degree of geodynamic activity, the
most active is its southwestern part. About 75% of the recent Bulgarian earthquakes
occur annually there (Botev and Glavcheva 2003). Here is registered the most pow-
erful earthquake in Bulgaria and one of the strongest in Europe—April 4, 1904M7.8
Krupnik-Kresna Earthquake (Shebalin et al. 1974). For this reason, a series of detail
studies on geodynamics in this area started in 1982. In the beginning of the research,
three extensometers for 3D in situ monitoring were installed at selected places to
detect micro-displacements along the most active fault structures. The first one was
monitoring site called K5 on the Struma Fault in the Kresna Gorge, after—monitor-
ing site B6 on theKrupnik fault near Brezhani Village, and site K7 on a large unstable
slope (of gravitational sagging type) located near the village of Krupnik. Results to
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date have been published in: Košťák and Avramova-Tacheva (1988), Dobrev and
Kostak (2000), Dobrev (2011), etc. Monitoring site K7 ceased to operate in 1994. In
2003, a new monitoring point (called K12) was installed in a fault of Struma system
in Kresna Gorge. The last one—called B14 was installed in 2013 onWest Pirin Fault
Zone—which is the subject of the present study (Fig. 1).

Fig. 1 Simplified sketch of the research area and a location of monitoring site B14 (after Dobrev
2011). The map shows the main tectonic structures, faults and observation points. The main faults
are as follows: KF, Krupnik Fault; GF, Gradevo Fault; SF, Struma Fault Zone;WPF,West Pirin Fault
(mostly reverse); PrF, Predela Fault; WBF, West Brezhani Fault. The monitoring points localities
are shown, KKB is the Seismic Station Krupnik. Red-yellow circle shows the location of new
monitoring site B14
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Geomorphology and Geological-Tectonic Structure

According to the last tectonic division of the country, the area of research falls within
the NWperiphery of the Rhodopemassif within the boundaries of the Pirin-Pangaion
unit (Dabovski et al. 2002).West Pirin Fault represents thewestern boundary between
the Pirin horst and two Tertiary grabens, namely Brezhani and Sandanski Graben.

Studies on geomorphology of the area and relationship with tectonic movements
were the subject of research of many scientists (Radev 1933; Jaranoff 1960, 1963;
Galabov et al. 1962; Kanev 1969, 1977; Vrablyanski 1970, 1975; Tzankov 2008;
Baltakov 2003; Nedyalkov 2004, and others). The first geomorphological studies of
research area belong to Radev (1933) with analysis of epigenetic gorges downstream
of the Struma River. Subsequently Galabov et al. (1962) describes Struma River
terraces between the Kresna and Rupel Gorges. Neotectonic levels in the catchment
area of Middle Struma (SW Bulgaria) were investigated by Vrablyanski (1970).
Morphotectonical studies in SW Bulgaria were performed by Kanev (1969, 1977),
Stoyanov and Tzankov (2000), and Tzankov (2008).

Geological andgeomorphological studies suggest that the total amplitude of lifting
of the Pirin horst from Neogene could be estimated as 3500 m, of which 100 m are
during the Quaternary (Jaranoff 1960, 1963; Vrablianski 1975; Zagorchev 1970,
1975, 1992). The calculated lifting velocity during the Quaternary is 0.1 mm/year
(Zagorchev 1992). Kanev (1969) suggests lifting velocity of 2 mm/year. The field
studies carried out in the 1960s showed that the West Pirin Fault has a variable
character (Jaranoff 1960; Zagorchev 1970, 1971, and others), ranging from normal
to reverse movements. In summary, all authors (Jaranoff 1960, 1963; Zagorchev
1970, 1971, 1992, and others) admit that the basic movements were realized during
the Neogene.

The geological structure of Pirin Mts. is composed by metamorphic, magmatic,
and sedimentary rocks.Metamorphic rocks are representedmainly by gneiss, granite,
amphibolite, slate, and marble. The geological structure of NW part of Pirin Mts.
is represented by predominantly marble rocks of Predela Metamorphic Complex
(Milovanov et al. 2009).Within the boundaries of the study area, the Predela complex
is represented bymarbles and slates.Marbles aremainly thicker, ubiquitously cracked
or crushed. The age of the metamorphic complex is assumed to be Neoproterozoic.

Tertiary grabens, limited by the West Pirin fault, are filled with Oligocene-
Miocene deposits. The sediments in the research area are presented by Rakitna
Formation (Vatsev 1984; Gaudant and Vatsev 2003). The formation is composed
mainly of gray to gray-green and beige sandstones, gravels and conglomerates.

Monitoring Technique

Guided by the idea to obtain real data of recent fault movements (Briestenský et al.
2007), we use a high-precision TM-71 extensometer (Kostak 1991).
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The device of the TM-71 type allows a direct (in situ) reading of the displacements
on the three spatial axes X, Y, and Z. Its measuring range is 25mm, and after reaching
the limit it could be adjusted. The set of one TM-71 includes two horizontal and
vertical measuring elements, metallic frames holding two pairs of specially designed
glass sheets, steel consoles 40 mm in diameter connecting the fault/crack walls, and
a protective cover. Movements of the walls of a crack are transferred via consoles
to the device, which consists of two double-glass grid tiles with a specially applied
emulsion lying on two mutually perpendicular planes. The instrument works on
the principle of mechano-optical interference and the associated Moire effect. A
detailed description of the apparatus and its effect is made by Kostak (1991). The
displacements on the three coordinate axes are calculated by trigonometric formulas.
The device allows a periodic adjustment after accumulation of large displacement
values. The registration of the shifts is performed at regular intervals depending on the
dynamics of the observed process. The accuracy of the instrument varies from 0.001
to 0.01 mm depending on the width of the crack (area), the length of the installation
tubes, and the exposure to direct weathering such as sunshine, precipitation, etc.
(Kostak 1991).

The site is located in the area of Brezhani Village. It is a fault structure belonging
to West Pirin Fault Zone, in an area where the fault is marked by clearly expressed
inverse movements (established by slickensides). In this area, the Precambrian mar-
bles of Predela Metamorphic Complex overlay the sediments of the Rakitna For-
mation (Fig. 2). The apparatus is installed in a sub-parallel fracture zone formed in
the Precambrian marbles, very close (about 20 m) to the main fault. The zone is
0.7–0.9 m wide. The local characteristics of the observed fault are as follows: direc-
tion 155–180° and dipping 50–52°NE. According to the accepted numbering of this
type of monitoring points in a country, it has the number B14.

Results

The results of the 5-year lastingmonitoring are shown inTable 1 andFig. 3. In general,
three periods can be separated and one sharp displacement. Preliminary data show
that the most stable is the lateral slip movement along the fault, which reveals a right
character (axis Y). The other two spatial axes show slight thrusting (axis Z) and
alternating extension and compression of the monitored fracture zone (axis X). An
impact of a local earthquake (December 4, 2015, M2.3, depth 1 km according to the
data from the EMSC) could be discussed, and probably it is connected with this fault
zone. The data obtained at this stage of the monitoring revealed significantly higher
rates of movements alongWest Pirin Fault zone than those previously determined by
geomorphological and geological analyzes of this area. The initially obtained results
show that the monitoring is necessary to be continued and expanded along other sites
on the monitored fault zone.
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Fig. 2 Characteristic of the place of monitoring point B14: a A general view of the monitoring
site. b Thrusting of Predela Metamorphic complex (Precambrian marbles) over Rakitna Formation
(Oligocene-Miocene clayey sands) at Brezhani River bank, located near to the monitoring point

Coincidence of locations between the monitoring site B14 and the seismic event
gives reason to assume that a sharpmovement can have a co-seismic origin associated
with this earthquake.

In general, the results can be summarized as follows:
Displacements at axis X have a variable character showing varieties from opening

to shrinking of the fault zone. The calculated trends are shown in Table 1 and their
meanings are referred in the text of Fig. 3. The graph shows significant peak-to-peak
amplitudes due to the seasonal temperature fluctuations in the rock massif.

Themost stable are themovements since the beginning of 2017—a clearlymarked
clear velocity of dextral slip of fault zone (Y-axis) with ~0.84 mm/year with high
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Table 1 Preliminary obtained velocities of fault movements established at point B14

Period and type of
movement

Axis X Axis Y Axis Z

Aug. 2013–Nov.
2015 creep

−0.228 mm/year 0.164 mm/year
right-lateral
strike-slip

0.273 mm/year
reverse movement

Nov. 2015–Feb. 2016
sharp displacement

0.024 mm 1.238 mm
right-lateral
strike-slip

0.736 mm
reverse movement

Feb. 2016–Feb. 2017
creep

−0.191 mm/year 0.067 mm/year
left lateral strike-slip

0.616 mm/year
normal movement

Feb. 2017–Sep. 2018
creep

0.019 mm/year 0.844 mm/year
right-lateral
strike-slip

0.004 mm/year

Whole period,
Aug. 2013–Sep. 2018

0.062 mm/year
opening

0.758 mm/year
right-lateral
strike-slip

0.138 mm/year
reverse movement

Fig. 3 Graph of displacements found at monitoring point B14. Meaning of spatial axes: +X—
opening the fault zone;+Y—right-lateral movement;+Z—positive vertical movement of hanging
block. The arrow shows the time of the local earthquake on 4 December 2015
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coefficient of determination r2 = 0.921 (Table 1). For the whole period the right-
hand strike slip is ~0.76 mm/year. The coefficients of determination are high for all
periods.

The Z-direction, expressing the vertical component of the movement, shows a
variable character of movements with predominant thrusting. The highest velocity
was established during the last period (2016–2017) 0.62 mm/year normal slip. How-
ever, the generalized data for the whole period shows a lower velocity of reverse
movements estimated as ~0.14 mm/year.

Discussion

The data obtained at this stage show that the observed fault zone is currently active
despite the accepted perceptions of most researchers that activity has stopped at
the end of Neogene. The most active movements are outlined on the strike-slip
component (axis Y), where the velocity for the entire observation period is ~0.76mm
per year. For better clarification of the dynamics of the area, it is necessary to continue
observation, extension of the monitoring network and correlation with the data from
the local seismicity.
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Climate Change: Human Health-Related
Risks and Vulnerability—Some Global
and Local (Bulgarian) Pictures

Zoya Mateeva

Abstract Changes in climate and weather extremes affect the environment that
provides us with clean air, food, water, shelter, and security. Climate change (CC),
together with other natural and human-made health stressors, threatens human health
and well-being in numerous ways. The most affecting climatic factors are an increas-
ingly warmer climate, periods with extreme maximum and minimum temperatures,
lasting and intensive precipitations, disastrous weather phenomena (windstorms,
cyclones, floods), droughts, poor air quality, stratospheric ozone depletion, and corre-
sponding changes in ultraviolet (UV) radiation. The present work reviews the health
effects of climate change worldwide, for Europe, and—to a certain extent—for the
territory of Bulgaria, and assesses the population’s sensitivity to these changes as
well as the willingness of the health sector in Bulgaria to cope with the challenges
of climate change, giving thus an idea about the general vulnerability of the human
health sector to the changes of climate.

Keywords Climate change · Human health · Health sector vulnerability · Bulgaria

Introduction

The aim of this chapter is to address the human health sector-related climate change
risks and vulnerabilities, colligating someglobal (worldwide andEuropean) and local
(Bulgarian) foreshortenings. In Bulgaria this issue is still poorly illuminated, which
makes it necessary to review and study international experience and good practices
in order to translate them to the local level of Bulgarian conditions. This can help
to connect our understanding of how climate is changing, with an understanding
of how those changes may affect human health, and can inform about adapting to
current and future climate change, as well as suggest priorities for protecting public
health and help in identifying the corresponding knowledge-base gaps, uncertainties,
challenges, and opportunities.
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Human Health Effects from Climate Change

Human health is a subject of a number of direct and indirect effects of climate change
and can be influenced by a great number ofweathermanifestations expressing climate
changeability during the last decade. The most affecting climatic events are warmer
climate, periods with extreme maximum and minimum temperatures, durable and
intensive precipitation, emergency weather phenomena (windstorms, cyclones, and
floods), droughts, air quality, stratospheric ozone depletion, and change in intensity
of ultraviolet (UV) radiation.

The health effects from climate change concern the following diseases: Heat-
related morbidity and mortality; emergency weather-related morbidity and mortal-
ity; cardiovascular diseases and strokes; asthma, respiratory allergies, and airway
diseases; cancer; vector-borne and zoonotic diseases; food-borne diseases and nutri-
tional deficiencies; water-borne diseases; mental health and stress-related disorders;
neurological diseases and disorders, and others.

Health Consequences from Temperature Changes

Temperature, particularly temperature extremes, is associated with a wide range of
health impacts. The health outcomes of prolonged heat exposure include heat exhaus-
tion, heat cramps, heat stroke, and death (Ellis 1976; Kilbourne et al. 1982). Extreme
heat events cause more deaths annually than all other extreme weather events com-
bined (Luber et al. 2008). Prolonged exposure to heat may also result in additional
illness and death by exacerbating pre-existing chronic conditions, such as various
respiratory, cerebral, and cardiovascular diseases (Kovats et al. 2008), as well as
increasing risk for patients taking psychotropic drug treatment for mental disorders
(Davido et al. 2006), due to the body’s impaired ability to regulate temperature. Fig-
ures for these illnesses and deaths may be dramatically underestimated as disparities
in healthcare make morbidity measurements difficult and heat is rarely identified as
an official cause of death. Public health response organizations should develop early
warning systems for anticipated heat wave events and extended warm periods.

Based on the daily values of the Heat Wave Magnitude Index (HWMId), it is
observed that Europe experienced intense and prolonged heat waves after 1950, most
of which occurred after 2000 (Russo et al. 2015). Indices for extreme temperatures,
including the annual maximum value of daily maximum temperature (Txx), have
shown significant upward trends across Europe since the 1950s (Donat et al. 2013).
The number of unusual warm days (Tx90p) has increased by up to 10 days per decade
since 1960. Bulgaria shows a considerable rate of 7–8 days per decade (Fig. 1). In
the last few decades, after the 1990s, the average decade air temperature anomaly in
the country has steadily increased in the positive direction (Fig. 2). The deviation of
the average annual temperature in 2014 compared to the 1961–1990 climate rate is
shown in Fig. 3. For the territory of Bulgaria, it is within the temperature intervals
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Fig. 1 Observed trends in warm days between 1960 and 2015. Source EEA and UK Met Office,
based on HadEX2 (updated fromDonat et al. 2013).NoteWarm days are defined as being above the
90th percentile of the daily maximum temperature centered on a five-day window for a reference
period. Grid boxes outlined with solid black lines contain at least three stations and thus trends
are more robust. High confidence in the long-term trend (at the 5% level) is shown by a black dot
(which is the case for all grid boxes in this map). The reference period is 1971–2000

Fig. 2 Air temperature anomalies in Bulgaria by decades (SourceEcological Assessment of Opera-
tive Programm “Environment” 2014–2020, MOEW). Red—positive anomaly of the average annual
air temperature compared to the climate norm for the period 1961–1990. Blue—negative anomaly
of the average annual air temperature compared to the climate norm for the period 1961–1990.
Green—Moving average to determine variations in mean annual air temperature abnormalities.
Yellow—linear trend of average annual air temperature abnormalities
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Fig. 3 Deviation of the average annual air temperature in 2014 compared to the climatic norm
1961–1990 in district areas of Bulgaria (Source Executive Agency “Environment”/MOEW)

0.9–1.0 and 1.5–1.6 °C, respectively, for the different regions of the country.
The results of the climate change forecasts for Bulgaria over the next 100 years,

obtained by applying the regional model ALADIN, show that the warming in the
country in 2050 will be within the temperature interval 0.75–1.5 °C according to
the most optimistic scenario (RCP 2.6) and within 2.5–3.5 °C according to the most
pessimistic scenario (RCP 8.5). In 2070, the temperature increase is projected to
be even more significant—by 1.5–2.5 °C according to the optimistic scenario and
3.5–4.5 °C according to the pessimistic scenario. At the end of the twenty-first
century, the expected changes in air temperature are shown in Fig. 4.

An increase in heat extremes will lead to a marked increase in heat-attributable
deaths under futurewarming, unless adaptationmeasures are taken.Highly urbanized
areas are projected to be at an increased risk of heat stress comparedwith surrounding
areas. Projections of future heat effects on human health need to consider that the
European population, including Bulgarians, is projected to age, because elderly pop-
ulations are especially vulnerable (Lung et al. 2013;Watts et al. 2015). Several studies
have estimated future heat-related mortality using similar methods and have arrived
at largely comparable results, namely PESETA (Projection of Economic impacts of
climate change in Sectors of the European Union based on bottom-up Analysis),
Climate Cost, and PESETA II (Ciscar 2011; Kovats et al. 2011; Watkiss and Hunt
2012; Paci 2014). The PESETA study estimates that, without adaptation and phys-
iological acclimatization, heat-related mortality in Europe would increase between
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Fig. 4 Differences of the average annual temperatures (left) and the average annual precipitation
(right) between the period 1961–1990 and the end of the twenty-first century in Bulgaria (Source
Ecological Assessment of Operative Programme “Environment” 2014–2020, MOEW)

60,000 and 165,000 deaths per year by the 2080s compared with the present baseline,
with the highest impacts in southern parts of the continent, damaging Bulgaria too.
The results vary across climate models and emissions scenarios, with high-emissions
scenarios leading to much higher heat-related mortality than low-emissions scenar-
ios. Heat-related mortality would be significantly lower under full acclimatization if,
for example, currently cool regions were able to achieve the temperature–mortality
relationship of currently warm regions. Another study estimates that climate change
will lead to an increase in hospital admissions owing to heat-related respiratory dis-
eases from 11,000 admissions (0.18%) in the period 1981–2010 to 26,000 (0.4%)
in 2021–2050. The total number of hospital admissions and the increase because of
climate change are the largest in southern Europe, with the proportion of heat-related
admissions for respiratory conditions expected to approximately triple in this region
over this time period (Aström et al. 2013). In low resolution, these studies cover also
the territory of Bulgaria but there is a need to extend the investigations to a larger
scale and districts level of the country.

Despite an increase of mean global temperature, not only an increase of extremely
hot weather phenomena has been observed but also of extremely cold ones. Cold-
season deaths are largely associated with increases in respiratory infections such as
influenza (Kinney et al. 2015). In cold weather, the body can lose heat faster than
it is produced, which uses up stored energy and can lead to hypothermia, defined
as a core temperature below 35 °C. Low temperatures cause veins and arteries to
narrow and blood to become more viscous, increasing cardiac workload and leading
to many of the same cardiovascular stresses such as heat. In true hypothermia, this
extra-cardiac workload is coupled with a host of other concerns, including increased
cardiac muscle sensitivity that can lead to dysrhythmias. In addition to straining the
heart and other organs, impaired blood flow and decreased metabolic activity due to
low temperatures can affect the brain, making the victim unable to think clearly or
move well (Seltenrich 2015).

Hypothermia is most likely to occur at extremely low temperatures, but it is also
possible well-above freezing if a person becomes chilled from rain, sweat, or immer-
sion in cool water. Many hypothermia diagnoses occur in tandemwith other illnesses
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and environmental exposures; some patients, for example, have systemic infections
that disrupt thermoregulation and allow sepsis-related hypothermia to occur even in
the summer. For cold-related deaths, the most frequently cited underlying cause of
death was exposure to excessive cold.

People most at risk of illness or death from exposure to high or low temperatures
include those less able to regulate their body temperature due to age, those with
pre-existing conditions or chronic diseases, and (especially heavy) users of alcohol
or drugs (Benmarhnia et al. 2015; Berko et al. 2014). Individual vulnerability to heat
and cold has also been found to vary with sex and race.

Based on numerous studies from all over the world, the general conclusions about
the expected health consequences of projected temperature changes are the following:
A 40–60% increase in the number of deaths from cardiovascular diseases and strokes;
a 10–30% rise in vector-borne morbidity, owing to the vectors’ longer vegetation
cycle; a 50–100% increase in the incidence of Salmonella and Campylobacteriosis
infections due to the longer growing period andmore favorable conditions; a 10–30%
increase and exacerbation of respiratory diseases due to the higher concentration of
carbon dioxide (CO2), dust, and PM in the air, further interacting in conditions of
high temperature and humidity; a 10–30% rise in the number of allergic diseases due
to earlier flowering and increased concentration of pollen, spores, and other allergens
in the air.

Health Consequences from the Expected Changes of Some
Weather Emergencies

European territory, including Bulgaria, is damaged by weather emergencies that are
different by their nature, intensity, and frequency. For a medium emissions scenario
(SRES A1B) and in the absence of adaptation, river flooding is estimated to affect
about 300,000 people per year by the 2050s and 390,000 people by the 2080s; the
latter figure corresponds to more than a doubling with respect to the baseline period
(1961–1990). If no additional adaptation measures are taken, the number of people
affected by coastal flooding at the end of the twenty-first century would range from
775,000 to 5.5 million people annually, depending on the emissions scenario. The
number of deaths due to coastal flooding in the 2080s would increase by 3000,
assuming an 88 cm sea-level rise. Flooding is also associated with mental health
impacts. Coastal flooding could potentially cause 5 million additional cases of mild
depression annually by the end of the twenty-first century under a high sea-level rise
scenario in the absence of adaptation (Watkiss andHunt 2012; Bosello et al. 2011). In
Bulgaria, the changes in expected annual damages for the 2020s, 2050s, and 2080s,
compared to the control period (1961–1990), are shown in Fig. 5.

Based on numerous studies from all over the world, the general conclusions about
the expected health consequences of some other projected weather emergencies are
(Mihaylova 2014).
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Fig. 5 Changes in expected annual damages compared to the control period (1961–1990) for the
a 2000s, b 2020s, c 2050s, and d 2080s. Source Rojas, Feyen, and Watkiss 2013. Note Scenario
with only climate change, with flood protection up to the current 100-year flood event assumed
constant in time. Ensemble-based average estimates based on 12-member climate ensemble for the
A1B scenario. Values are aggregated at administrative level NUTS2 regions

A 10% increase in mortality due to extreme weather events and fires, with that
increase being even higher among vulnerable groups—up to 30%; a 10–30% rise
in water-borne and food-borne morbidity due to damaged infrastructure; and a 10%
increase in cases of PTSD.
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Health Consequences of the Expected Changes
of Precipitations

Global warming is projected to lead to a higher intensity of precipitation and longer
dry periods. Evidence fromhigh-resolution climatemodels suggests that the intensity
of sub-daily extreme rainfall is likely to increase in the future, whereby a theoretically
estimated increase of approximately 7%per 1°C appearsmost likely inmany regions.

Projections show an increase in heavy daily precipitation in large parts of Europe
in winter, by up to 35% during the twenty-first century. Heavy precipitation in winter
is projected to increase over most parts of the Europe, with increases of up to 30%.
This is true for Bulgaria, in its north-western and north-eastern parts (Fig. 3). In
the remaining part of the country territory, heavy precipitations will increase up to
5–15% or 15–25%. In summer, an increase is also projected up to 15% in some
northern and mountain parts of Bulgaria, but decreases are projected for other parts
of Bulgarian territory too (Fig. 6). The pessimistic scenario, however, provided for
this time horizon reduces precipitation by 100–200 mm. According to this scenario,
changes will also occur in rainfall regimes—they will decrease during the growing
season but will increase during the cold season. The expected changes in the amount
of rainfall at the end of the twenty-first century are shown in Fig. 4.

The expected health consequences include (Aström et al. 2013; Kovats et al.
2003):

Fig. 6 Projected changes in heavy precipitation in winter and summer. Source EURO-CORDEX
(Jacob et al. 2014).NoteThismap shows projected changes in heavy daily precipitation (percentage)
inwinter and summer for 2071–2100, comparedwith the baseline period 1971–2000, for theRCP8.5
scenario based on the ensemble mean of different RCMs nested in different GCMs
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About 10%rise in the incidenceof cryptosporidiosis in north-westernBulgaria due
to more frequent and more abundant precipitation; a 10–100% surge in the cases of
Campylobacteriosis in north-western Bulgaria due to a combination ofmore frequent
precipitation and higher annual average temperatures; and increased incidence of
diarrheal infections caused by non-cholera vibrio due to more abundant precipitation
and higher levels of humidity in north-western Bulgaria and the Black Sea region.

Non-climatic Drivers of Health Vulnerability to Climate
Change

Some socioeconomic drivers of humanhealth, such as income, housing, employment,
education, gender, and lifestyle, can lead to uneven distribution of climate change
health effects, becoming additional burdens for certain vulnerable groups (lower
income groups, children, those working outdoors, the elderly, women, the homeless,
people with a pre-existing illness and/or disability, and so on).

At this stage, Bulgarian healthcare services are unable to meet the challenges
of an aging population, the continuous development of medical technology, and the
increasing demands of the population for quality of life, and hence, for quality health-
care. Bulgaria continues to be one of the countries with the highest mortality rates in
the EU and the lowest population growth. As a whole, the demographic processes in
Bulgaria are characterized by a persistent downward trend in population and aging.
An unfavorable trend in the labor force is also reported—the absolute number of
people within working age is declining in a situation of significant increase in the
relative proportion of elderly workers. Data from a representative survey of mental
health among the population showed that 22% had a psychiatric disorder in their
lifetime, and in about 25–30% of the cases, contact with the health system included
mental maladies. The healthcare provided for children does not yet correspond to
the EU average. Despite the positive downward trend, the infant mortality indicator
counting 9.4 promille in 2010 is still above the values of that indicator in other EU
countries (according to the National Statistical Institute’s 2015 paper ‘Zdrave’). This
situation was still the case in 2016 with a figure of 8.5 promille. The health status of
the working population is characterized by higher levels of risk conditions (injuries,
illnesses, low safety at work, and stress) than those in the EU. Although the total
number of accidents and lost calendar days has significantly declined, the increase in
accidents with fatalities is alarming. Significant problems exist in the system, such
as structure of costs spent to finance healthcare. In 2010, public spending on health-
care in the country accounted for only 4.3% of GDP. With respect to this indicator,
Bulgaria still occupies one of the last places among the 27 Member States of the
EU. According to a report by the World Bank, Bulgaria has the highest proportion
of own resources payments as a percentage of total health expenditure. That fact, as
well as the extremely low incomes of the population, poses serious problems for the
citizens’ access to health services. One of the main problems in Bulgaria’s healthcare
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system over the past few years has been linked to illegal payments, which not only
violate fundamental principles and values of contemporary Bulgarian society but
also increase the social burden on the population.

The outlined picture of the unfavorable level of public health is not only due to the
described socioeconomic determinants (low income, poverty, social exclusion), but
also of the fact that the Bulgarian population is ‘burdened’ with multiple health risk
factors. The results of a number of studies provide grounds to consider that, in the
country there are approximately 30% smokers (according to data from the European
Health Interview Survey (EHIS) 2014, conducted by the National Statistical Institute
of Bulgaria); on average about 40% men and women aged 15 and older are over-
weight; about 10% people with daily drinking of alcohol; about 345,000–360,000
Bulgarian citizens from 15 to 60 years have at least one drug use in their life; two-
thirds of the population have low physical activity; and about 30% are hypertensive
patients. A serious problem represents smoking at a young age. A survey conducted
in 2008 among students aged 13–15 years found that smokers were 28.2%. In 21.2%
of the cases children have lit their first cigarette before reaching the age of 10 years.

According to the EU ‘health consumer index’ Bulgaria occupies the last position
among 35 countries (Member States of the EU and candidate countries).

Uncertainties

Assessing health outcomes in relation to climate change is a complex task that must
accommodate the multiple types of uncertainty that compound across the antecedent
environmental and social changes. Many different types of uncertainty relate to the
health effects of climate change. A major source of uncertainty relates to the degree
to which future emissions of greenhouse gases (GHG) will change radiative forcing
over the coming century. GHG emissions are driven by complex factors, such as
population growth, economic growth, and energy policy. Addressing this level of
uncertainty is limited to the emissions scenarios that are available. Table 1 shows
some of the main aspects of uncertainty in assessing the health sector.

Health-Related Climate Change Vulnerability and Risk

The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability as the
degree to which individuals and systems are susceptible to or unable to cope with
the adverse effects of climate change, including climate variability and extremes.
The vulnerability of human health to climate change is a function of exposure (E),
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Table 1 Sources of uncertainty (Source Modification based on Watkiss and Hunt, 2012)

Sources of uncertainty Examples

Problems with data • Missing components or errors in data
• ‘Noise’ in data associated with bias or
incomplete observations

• Random sampling error and biases
(non-representativeness) in a sample

Problems with models (relationships between
climate and health)

• Known process but unknown functional
relationships or errors in structure of model

• Known structure but unknown or erroneous
values of some important parameters

• Known historical data and model structure
but reasons to believe that the parameters or
model or the relationship between climate
and health will change over time

• Uncertainty regarding the predictability of
the system or effect

sensitivity (S), and adaptive capacity (A) components (Kovats et al. 2003). E rep-
resents weather- or climate-related hazard, including the character, magnitude, and
rate of climate variation. S and A represent the social sustainability to environmen-
tal impacts, which determines the differences in vulnerability by region and group
depending on the interaction of these three components in space and time. In this
sense, health vulnerability is materially and socially dependent. The material aspects
include the built-up surroundings, buildings, infrastructure, transport, urbanization,
and so on, while the social ones include the social institutions and existing concepts
of disease and health.

Populations, subgroups, and systems that cannot or will not adapt are more vul-
nerable, as are those that are more susceptible to weather and climate changes.
Understanding a population’s capacity to adapt to new climate conditions is crucial
to realistically assessing the potential health and other effects of climate change.
In general, the vulnerability of a population to a health risk depends on the local
environment, the level of material resources, effectiveness of governance and civil
institutions, quality of the public health infrastructure, and access to relevant local
information on extreme weather threats (Woodward et al. 1998). These factors are
not uniform across a region or country or across time and differ based on geog-
raphy, demography, and socioeconomic factors. Effectively targeting prevention or
adaptation strategies requires understanding of which demographic or geographical
subpopulations may be most at risk and when that risk is likely to increase. Thus,
individual, community, and geographical factors determine vulnerability.
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According to the Notre Dame Global Adaptation Index (ND-GAIN), the health
sector is represented by six indicators that represent the three cross-cutting compo-
nents: the exposure to climate-related or climate-exacerbated hazards; the sensitivity
of the sector to the impacts of the hazard; and the adaptive capacity of the sector to
cope or adapt to these impacts. The six vulnerability indicators of ND-GAIN index
are shown correspondingly in Table 2.

Additionally, ND-GAIN also assesses the health sector readiness to leverage pri-
vate and public sector investment for adaptive actions (Chen et al. 2015). The readi-
ness indicators of the health sector used by ND-GAIN index are shown in Table 3.

The climate change vulnerability score of the health sector in Bulgaria for 2015
is 0.128 (0–1, higher is better), ranking the country at the 51st position among 192
countries. It shows a considerable decrease since 1995 (Fig. 7).

The climate change readiness score of Bulgaria for 2015 is 0.560 (0–1, lower is
better), ranking the country at the 54th position among 185 countries. The readiness
score includes the economic readiness score (0.646), governance readiness score
(0.507), and social readiness score (0.528). It shows a considerable increase since
1995 (Fig. 8).

Table 2 ND-GAINvulnerability indicators for the health sector (SourceBosello et al. 2011;Watkiss
and Hunt 2012)

Exposure indicators Sensitivity indicators Adaptive capacity indicators

Projected change of deaths
from climate change induced
diseases

Slum population Medical staff (physicians,
nurses, and midwives)

Projected change of length of
transmission season of
vector-borne diseases

Dependency on external
resource for health services

Access to improved
sanitation facilities

Table 3 ND-GAIN readiness indicators for the health sector (Source Bosello et al. 2011; Watkiss
and Hunt 2012)

Readiness
component

Indicators

Economic
readiness

Doing business indicators

Governance
readiness

Political stability
and non-violence

Control of
corruption

Rule of law Regulatory
quality

Social readiness Social inequality ICT
infrastructure

Education Innovation

Note ICT= Information and Communication Technology. The Doing Business indicators are com-
posed of 10 sub-indicators
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Fig. 7 Vulnerability score of health sector in Bulgaria

Fig. 8 Readiness score of Bulgaria

Conclusions

Climate change in Bulgaria is manifested by an increase in the average annual air
and water temperatures, an increase in over-warming and over-cold rushes, a change
in the annual rainfall, an increase in heavy rainfall, an increase in dry periods, wind,
thunder, and snow storms, contrast shifts of weather, river floods, as well as droughts,
and UV radiation. These changes affect the bio-status of man and his health in a
complex and individual way, depending on various climatic, socioeconomic, health,
personal, and other factors.

The numerous, health-influencing factors of the changing climate in Bulgaria can
be generally attributed to two broad groups: sudden (such as storms, floods, and
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fires) and gradual, emerging (as changes in heat-humidity, precipitation, and solar
conditions).

The health effects of these climate change phenomena can be extremely varied,
and in general they can be differentiated as primary and secondary. Primary effects
directly affect human health such as, for example, heat waves and cold spells, ultravi-
olet radiation, and floods. Secondary effects indirectly affect human health through
other climatic-influenced factors such as pollen, vector-borne diseases, fires, con-
taminated food, water and air, and compromised crops. The primary and secondary
health effects of climate change can be differentiated into the following groups: heat-
related morbidity and mortality, extreme weather-related morbidity and mortality,
cardiovascular diseases, including strokes, asthma, respiratory allergies and airway
diseases, cancer, vector-borne and zoonotic diseases, food-borne diseases and nutri-
tion factors, water-borne diseases, mental health and stress-related disorders, and
neurological diseases and disorders.

Climate-related health effects mostly affect the more vulnerable groups of the
population—children and adults, people with chronic illnesses, people with a low
socioeconomic status, those living in poverty, or those with harmful personal habits
(use of alcohol, drugs, tobacco). InBulgaria, over the last decades, aging and impover-
ishment trends have been observed, and for most vulnerability indicators, the country
is in a less favorable position than many of the countries in the European Union.

The health vulnerability of the country to climate change is also rising because of
some features of the health sector. It is necessary to optimize the health infrastruc-
ture and structure, increase understanding and competencies of health personnel on
the impact of climate change on human health, and introduce the topic in training
programs of universities and colleges in medical schools in the country.

Furthermore, it is necessary to deepen the knowledge and assessment of the man-
ifestations of climate change in Bulgaria, the mechanisms of their impact on human
health and socioeconomic and demographic parameters of vulnerability, through a
large-scale plan.
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The Use of Microclimatic Data
in Authentic Learning: A Two-Site Case
Study Between Hanoi and Singapore

Kenneth Y. T. Lim, Hieu Nguyen Vu, Jun You Sim, Ming De Yuen
and Joshua Lee

Abstract This chapter introduces a study ofmicroclimate data by two students, con-
ducted in two different cities. In doing so, we attempt to highlight how each learner’s
respective lived environment and experience give rise to different questions and ideas.
The project reported in this paper was conducted by two high-school students as part
of their internship with the lead author. It can be considered a proof-of-concept of
an experiment and curriculum in which local, real-time data are collected and used
by learners as they seek to go beyond canonical knowledge from textbooks. Data, in
the form of environmental readings comprising temperature, relative humidity, air
pressure and air quality, were collected via Arduino-based sensors set up in Hanoi,
Vietnam and Singapore.

Keywords Real-world data · Open-source · Learner intuition · Environmental
science ·Microclimate · Geography education

Introduction

In this chapter, we introduce a case study of a pair of high-school students who
have asked questions about their environment and used computation to answer those
questions and to make sense of the answers. They designed and constructed a system
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of collecting weather data from their respective lived environments and adopted a
variety of strategies and practices for answering questions about their world.

Since 2013, the lead author and his team of researchers from the National Institute
of Education in Singapore have been working on the use of a network of low-cost,
open-source unobtrusive environmental sensors placed throughout any given learn-
ing environment. Through this network, teachers have the wherewithal to design
curriculumwhichwould permit and encourage the interrogation of real-worldmicro-
climatic data from within an environment already familiar to the students, so that
their intuitions about local environmental factors and systemic relationships—which
would otherwise have remained tacit—might be surfaced and dialogued upon in
collaboration with their peers and teachers.

The study reported in this chapter describes one such intervention, enacted by two
high-school interns attached to the lead author’s team. Data were collected through
an Arduino board which had several sensors installed (Fig. 1). The sensors could
collect data about several microclimatic variables, such as sound, light, humidity,
temperature, air pressure and air quality. Once data was collected, it was immediately
streamed via wireless signal to a receiver which was connected to the internet. The
receiver uploaded the data to a Dropbox account in the cloud where it was compiled
into an Excel spreadsheet file. The power timer turned the sensor on for 5 min every 3
h, which means it collected data every 3 h. The conceptual framework underlying the
design of the experiment is that alignment between the assessment of children and

Fig. 1 Open-source environmental sensor mote
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their day-to-day lived experience is critical to developing an enduring understanding
beyond rudimentary textbook recitation. This framework is broadly described by the
present author’s work in disciplinary intuitions, which is elaborated by Lim (2015).

Review of Literature

In education, constructivism is the concept that by letting the learner makes sense of
the world around them on their own, they are empowered to construct their own ideas
and knowledge about the world based on their prior understandings and experiences
(Driver and Leach 1983; Ianello et al. 2011). By providing real-world information
to students, so that they could apply their received wisdom on, can further develop
their own ideas and knowledge about the subject. To encourage students to deepen
their conceptual understanding instead of simply memorising textbooks, real-world
data can be brought in to show students real-world applications of concepts and
ideas taught in textbooks. For example, geography students can be shown empirical
environmental data for them to compare to conventional classroom materials, and to
determine trends and create hypotheses on certain observed data.

There is a growing awareness among science educators of the need to de-
emphasise the memorising of de-contextualised scientific facts and place greater
emphasis on science in the everyday world, developing deep understanding through
inquiry-based learning (Singer et al. 2000). The multi-disciplinary nature of environ-
mental science (together with its values orientation) makes it an ideal candidate for a
science, technology, engineering andmathematics (STEM)-based curriculumdesign.
Designing curriculum around STEM is often predicated upon finding tasks which
are meaningful and authentic to students. Traditionally, however, data presented to
students is often abstract, de-contextualised and presented in forms which presume
relatively high numeracy and graphicacy among students. Thus, for example, con-
ventional weather data is complicated by the microclimate of the built environment,
especially of urban heat island effects. As students typically have no access to a
mesh of data points, nor the means to observe concomitant weather phenomena, the
cause-and-effect reasoning is usually abstract and far removed from the experience
of daily lives.

Wehave recognised that the currentmethodof climatic variation analysis is limited
by the lack of effective means to account for the changes in surrounding environment
conditions. This leads to an inadequate data representation of the climate condition at
studied sites, which potentially cause misinterpretation of real-world data collected
and misunderstanding of concepts taught in classes.

One of the seminal researchers on children’s conceptions about weather phenom-
ena is Henriques (2002). Her review of the literature was initiated on the basis that
relatively few studies had been carried out to understand what children think about
topics in the earth sciences. One of her most salient findings is that while weather is
ostensibly a topicwithin the earth sciences,many of themisconceptions students held
regardingweather originated from the natural sciences; examples included properties
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of water, phase changes and the water cycle. Her often-cited cautionary conclusion
was that “in many cases, students’ misconceptions are not addressed in the curricu-
lum, allowing them to exist unchallenged”.

Some of the studies Henriques unearthed in her review were Sere’s (1985) and
that of Driver et al. (1994). These served to highlight misconceptions which stu-
dents held—for example, that air has weight was challenging even for high-school
students (Sere 1985), and that air exerts pressure only when it is moving down-
wards (Driver et al. 1994). With regards to humidity, Bar (1989) commented on the
difficulty children have in understanding air as a “permanent substance”, and how
this—in turn—led to what Russell and Watt (1990) observed was the difficulty that
fifth-graders had in identifying air as the final location of evaporating water. Lee et al.
(1993) built on their preceding work to suggest that such difficulties of understand-
ing persist in middle-school students. Likewise, when Aron et al. (1994) conducted
a study on participants ranging from pre-service teachers and students of various
ages (from middle-school to college) on topics such as air pressure, humidity and
cloud composition, their conclusion was that across all age levels, people did not
understand weather concepts.

This alarming pattern of results arising from research into children’s understand-
ing of natural weather events has continued beyond Henriques’s study and into the
early twenty-first century. In their 2008 study on middle-school and college stu-
dents’ conceptions about extreme weather events and hazards, Polito, Tanner and
Monteverdi came to the rather damning conclusion that while

conceptual research in science education has advanced during the past fifty years… con-
ceptual research in meteorology is clearly lacking… for example, there are apparently no
research articles about alternative conceptions of weather in the Journal of Geoscience Edu-
cation, the main publication for educational research in the geosciences.

Notwithstanding the preceding, Rappaport (2009) did publish a paper in that
same journal a year later. Echoing Henriques’s original critique, he first remarked
that “little exists in the literature to specifically address how students understand
weather, particularly at the secondary and undergraduate levels”. Insightfully, he
went on to say that

along with formal instruction, young people possess a lifetime of observational experience
with thewater cycle. They have all seen kettles boiling, bathtubs steaming, and the accumula-
tion of clouds in the sky before a rainstorm… to the instructor, this suite of common examples
represents a windfall of opportunity. Any classroom with a window and a thermometer may
become a laboratory for the discussion of weather.

Critically, though, Rappaport ended this rosy promise with the lament that “per-
sonal experience suggests that these connections are not being made in many class-
rooms. Consequently, undergraduates are unable to connect theories with actual
phenomena”.
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Hypotheses and Experimentation Design

Singapore is an islandonedegreenorth of theEquator, at the southern tip ofPeninsular
Malaysia. It is generally low-lying, with the highest point being only 163 m above
the sea level. Hills and valleys of sedimentary rock dominate the northwest, while
the eastern region consists of sandy and flatter land. Singapore has no natural lakes,
but reservoirs and water catchment areas have been constructed to store fresh water
for Singapore’s water supply.

Hanoi is in the northern region of Vietnam, situated in the Vietnam’s Red River
delta, nearly 90 km away from the coastal area. Hanoi contains three basic kinds of
terrain, which are the delta area, the midland area and mountainous zone. In general,
the terrain is gradually lower from the north to the south and from the west to the
east, with the average height ranging from 5 to 20 m above the sea level. The hills
and mountainous zones are in the northern and western part of the city.

In a report published in 2018 by the Green Innovation and Development Centre,
air pollution in preceding year in the Vietnamese capital of Hanoi was four times
higher than the standards deemed acceptable by the World Health Organisation.
Exposure to high levels of air pollution may affect respiratory systems over the long
run, alongside other health risks.

The students came up with some questions about the weather in Singapore and
Vietnam, Hanoi. Some of these questions are:

• What’s the weather like in Singapore and Hanoi?
• Are there any patterns to the changes in the weather from day to day?
• What are the patterns in temperature and precipitation?
• How does the change differ from Singapore and Hanoi?
• Does change in one area predict changes in another area?
• Can we predict what the weather will be like ahead of time?

Based on these questions and their understanding of the sensors equipment, they
designed a study of the various environmental factors to be conducted at two sites in
Singapore and Hanoi, Vietnam.

The students hypothesised that therewould be environmental patterns based on the
geographical landscape and elevation of the respective locations as well as seasonal
patterns based on themonths that the experimentwas carried out. The experimentwas
conducted inOctober 2016, and they hypothesised that sinceVietnamexperiences the
northwest monsoon while Singapore experiences the northeast monsoon during the
fourth quarter of the calendar year, the two locations will have distinctively different
weather during this period. Therefore, they expect the data collected to be distinct as
well, backing up their current understanding of the geographical features of the two
studied sites.

The data was collected through an Arduino board which has several sensors
installed. The sensors collected data about sound, light, humidity, temperature, air
pressure and air quality. Once data was collected, it was immediately streamed via
wireless signal to a receiver which is connected to the internet. The receiver uploaded
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the data to a Dropbox account in the cloud where it is compiled into a spreadsheet
file.

There was a question of how much data points to collect that will accurately
reflect data for any given time. Generally speaking, the sensors are constrained by
their power supply and the more they are “on” and collecting data, the more power
they will consume.

The students finally decided that they could program the power timer to turn the
sensor on for 5 min every 3 h, which means it collected data every 3 h. Since the
sensor took multiple readings during the 5 min (e.g. 1500 to 1505 h), the readings
during those 5 min were averaged into a single set of readings for that hour.

The aim was to observe the trends over time in each location, as well as the
differences between the two sites. From there, they could determine whether the
trends from the empirical data that we have collected disputes received wisdom of
microclimatic differences in the two geographical locations.

In Singapore, the sensor was placed at Jurong West Street 41 in a public housing
apartment. Its latitude is 1.348973; longitude 103.720062; 20 m above the street
level. The location of the site in Singapore was on the western side of the island, near
a man-made lake which is part of a park known as the Chinese Garden.

In Vietnam, the sensor was placed at 260 Cau Giay Street, Hanoi. Its latitude is
21.0346711; longitude 105.7953941; 17 m above the sea level. The location of the
site in Hanoi is on the floodplain of the Red River, near a distributary known as the
Tô Li.ch.

The sensor in Singapore was placed next to a window facing an open area with
a road. The window faced east, so high light levels were expected in the morning to
early afternoon. In the late afternoon, the sensor was in the shade. The sensor was
placed here to provide the sensor with good airflow and exposure to the sun while
being sheltered from the rain, ensuring a high accuracy of environmental readings
by the sensor (Fig. 2).

The sensor in Vietnam was placed outside on the balcony of the third floor over-
looking an open area of an alley. The location chosen ensured that the sensor mote
had the opportunity to receive ample exposure to sunlight from the morning to the
afternoon, which served to provide reliable and accurate microclimatic data from the
surrounding environment. Furthermore, as the sensor mote was placed in the shelter,
it would not be directly exposed to rainfall or other harmful weather conditions,
prolonging the lifespan of the equipment used (Fig. 3).

Testing and Analysis

Data was collated into a spreadsheet csv file in a Dropbox folder by the receiver,
with one file each for the two sensors in Singapore and Vietnam. On 28 December
2016, the files were downloaded for analysis.

The files contained the following variables:



The Use of Microclimatic Data in Authentic Learning … 97

Fig. 2 Sensor mote in Singapore

moteID, referring to the identity of the sensor. moteID 0 is the sensor in Singapore,
while moteID 1 is the sensor in Vietnam.
timestamp, referring to the time of the reading.
lightAnalog, referring to the reading of the light sensor. This variable is not discussed
in this paper. This is in part due to the low sensitivity of the light sensor: during the
night it generally registers as 0.
temperature, referring to the temperature at the time of the reading in Celsius.
humidityAnalog, referring to the relative humidity at the time of the reading.
airQuality, referring to the air quality at the time of the reading. This is an analogue
reading as well.
pressure, referring to the air pressure.

The students then graphically expressed the data by taking readings from each
day for each site. A graph was created for each reading (temperature, humidity, etc.).
The graphs depicted in Figs. 4, 5, 6, and 7.

These are the analysis and reporting by the students from the data.
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Fig. 3 Sensor mote in Vietnam, Hanoi

Fig. 4 Graph of temperature at 3 p.m. from October to December in Singapore and Vietnam
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Fig. 5 Graph of relative humidity at 3 p.m. from October to December in Singapore and Vietnam

Fig. 6 Graph of air quality at 3 p.m. from October to December in Singapore and Vietnam

Temperature

The temperature at both sides trended lower from towards the onset of the north-
ern hemisphere winter. From the data available, the mean temperatures recorded in
Singapore were 32.3, 31.8 and 29.8 °C for the months of October, November and
December, respectively. The mean temperatures recorded at the site in Hanoi were
31.9, 29.7 and 27.8 °C for the 3 months over the same period, respectively.
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Fig. 7 Graph of air pressure at 3 p.m. from October to December in Singapore and Vietnam

Relative Humidity

The trends in relative humidity for the two sites in this study differed from October
2016 to December 2016. Relative humidity at the site in Singapore increased as the
calendar year drew to a close, while relative humidity at the site in Hanoi remained
largely stable. From the data available, the mean relative humidity recorded in Sin-
gapore was 67.9%, 73.9% and 92.4% for the months of October, November and
December, respectively. The mean relatively humidity recorded at the site in Hanoi
was 89.1%, 88.8% and 95.0% for the 3 months over the same period, respectively.

Air quality

The trends in air quality for the two sites in this study differed from October 2016 to
December 2016. Formuchof the timeover these 3months, the air quality inSingapore
was worse than at the site in Hanoi. However, the site in Hanoi experienced a spike
in the deterioration of air quality towards the end of the calendar year.

Air pressure

The trends in air pressure for the two sites in this study differed from October 2016
to December 2016. Air pressure remained largely stable at the site in Singapore,
while air pressure at the site in Hanoi decreased as the calendar year drew to a close.
From the data available, the mean air pressure recorded in Singapore was 100,756,
100,571 and 100,717 Pa for themonths ofOctober, November andDecember, respec-
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Table 1 Changes in readings
in Singapore and Vietnam
from October to December

Singapore Vietnam Singapore
versus Vietnam

Average
temperature

Decreased Unchanged Singapore is
higher

Average
relative
humidity

Increased Unchanged No great
difference

Average air
quality

Decreased Increased No great
difference

Average
pressure

Unchanged Decreased Vietnam is
higher

tively. The mean air pressure recorded at the site in Hanoi was 100,453, 101,037 and
100,984 Pa for the 3 months over the same time period, respectively.

The graphs in Figs. 4, 5, 6 and 7 express the comparison over time periods (October
to December) within each site as well as the comparison between the sites from
October to December. From the average temperature graph, it can be determined
that there is a fall in average temperature in Singapore from October to December.

By applying this reasoning to the other readings, the students summarised their
observations in Table 1.

Abstracting and Modularising: Exploring Patterns
and Connections

Based on the data that they collected, the students attempted to explain and identify
factors that might have contributed to the data; in doing so, relate them to their own
understanding of the environment and weather. Their edited analysis of each data set
is as follows:

Temperature

As the study is performed from October to December, it was winter season in Viet-
nam. Vietnam’s climate is classified as humid subtropical climate. As such, Vietnam
experiences a milder winter as compared to Singapore whose climate is tropical
rainforest climate where there is no summer or winter and experiences high temper-
ature year-round. Thus, the average temperature of Singapore is higher than Hanoi,
Vietnam from October to December.

We noticed a slight decrease in Singapore and Hanoi’s temperature during the
month of November andDecember. This was congruent with expectations associated
with the onset of the northern hemisphere winter. The average temperature of the
whole day would, in turn, decrease.
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However, the decrease in Hanoi’s temperature during November was more
marked. This was due to the northern part of Vietnam experiencing a cold wave
(Pham Huong 2016) which caused a drop in the temperature of Hanoi as seen from
the graph.

Relative humidity

Relative humidity in both Singapore and Hanoi fluctuated during the months of
October to December. However, it was observed that the relative humidity of both
Singapore and Hanoi remained high as compared to each other with no great dif-
ference in general. This corroborates with the nature of both the tropical rainforest
climate and humid subtropical climate, respectively.

Singapore has high relative humidity as it is surrounded by sea and with the high
temperature experienced by the country, the rate of water evaporation would be high.
The studied site is at Jurong West, which is on the west side of the island. This can
explain why the humidity recorded is high as the west side of the island experiences
rain shadowing,which is caused by high landmarks such as the so-calledBukit Timah
Hill.

Vietnam experiences humid subtropical climate, which has high average relative
humidity due to the dominance of the warm and moist maritime tropical air. Hanoi,
Vietnam, however, experiences higher relative humidity because it lies on the eastern
side of the Hoang Lien Son mountain range, which causes winds from the East Sea
to be blocked, and unable to pass through the high mountain range. This would cause
Hanoi to experience high relative humidity as the warm air is trapped on the eastern
slope of the mountain range, forming rain and raising the relative humidity level.

Air quality

As seen from the graph, the air quality of Singapore was relatively poorer thanHanoi,
Vietnam. This may be because the site chosen for studied at Jurong West had higher
traffic density as compared to the studied site from Hanoi, which experiences less
traffic as it was located at a closed residential area.

In addition, Singapore experiences stronger maritime winds as it is surrounded
by seas in all directions. During the months of October to December, the northeast
monsoon is prevalent in Singapore, causing the pollutants in the air to be dispersed to
a larger area over Singapore, in turn can reduce the air quality of the studied location.

As forHanoi, Vietnam, the air quality is relatively better than Singapore. However,
in December, we observed a large spike in the air quality level of Vietnam where the
amount of pollutants in the atmosphere increased sharply. This was because when
Hanoi, Vietnamexperiences a coldwave from the north, togetherwithHanoi being 20
m above the sea level, can cause temperature inversion, which causes any pollutants
emitted from the surface to be trapped and build up in the colder layer below. This
can cause the amount of pollutants in the air to increase during the winter of Hanoi.
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Air Pressure

Air pressure in Singapore is generally lower than in Vietnam. This is because the
sensor mote in Singapore was placed higher above the sea level than its counterpart
in Vietnam, which meant that there was less air to exert forces to the surface, causing
the pressure to be lower.

Singapore is also closer to the Equator, making the air pressure in Singapore to
be lower as it experiences warm air and moisture, while Vietnam experiences colder
and dry air during its winter.

Conclusion

Every day we ask questions with geographical and spatial components. Students
may already have a lot of tacit information and data of their immediate day-to-day
environment, but often have difficulty describing it with precision and clarity. A local
data collecting network can help themmake accurate observation of data patterns and
see subtle variations in those patterns. The present system can help the forming and
investigation of hypotheses on the environment. Specifically, it helps the students to
develop the ability to conduct and monitor investigations of the local environment
and verify the data against hypotheses. Students can use the data as evidence for an
argument and move from observing a pattern to developing a geographical claim.

While the Vietnamese government launched a national action plan in 2016 to
monitor emissions and improve air quality, the study reported in this chapter sug-
gests that students can carry out investigative experiment and collect data over time to
answer questions about the external world. In doing so, they break down their ques-
tions into problems, and then breaks down that problem into a series of small, more
manageable problems. Each of these smaller problems can then be looked at individ-
ually, considering how similar problems have been solved previously and, based on
their personal experiences, take simple steps to solve each of the smaller problems.
The data collected can be analysed and irrelevant information can be ignored, while
relevant information can be used to identify patterns and generalisation that in turn
generate new questions to be answered, and new problems to be investigated.
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Climate Elasticity of Annual Streamflow
in Northwest Bulgaria

Kalin Seymenov

Abstract The study of hydrological response to long-term climate changes is a
particularly significant problem and an important task for the applied hydrology.
This topic is also a challenge for geography. There are many different methods
and criteria for the determination of this hydro-climatic relationship. The aim of
present work is to explore one of these approaches: climate elasticity of streamflow
(εp). As a case region, the territory of seven catchment areas situated in Northwest
Bulgaria was selected. Results obtained show relatively large variations of εp—it
ranges from 0.526 to 1.404, thus a ten percent change in mean annual precipitation
would be reflectedwithin 5.26–14.04% change inmean annual flow. The calculations
in this paper establish strong inverse correlations between εp, runoff coefficient and
mean annual streamflow (a coefficient of determination: R2 > 0.80), explained by
the nonlinear “rainfall–runoff” relationships. There are also spatial variations of the
εp value—it is lower in the upper streams and increases toward the mouths of the
rivers. The assessment of climate elasticity of streamflow is an informative approach
for an estimate of climate change impacts to hydrological systems and provides an
opportunity for effective water resources management.

Keywords Climate elasticity · Climate changes · Hydrological response ·
Streamflow · Precipitation

Introduction

Climate changes represent one of the most important challenges for the functioning
of environmental processes. The hydrological cycle is no exception because it is
closely related to the climate system. Any change in climatic parameters has direct
or indirect hydrological effects (Zaharia et al. 2018). Estimates of the sensitivity
of streamflow to long-term climate changes are required for different water plan-
ning and water management activities. This study is prompted by the need to extend
these assessments in the context of already established global and regional rainfall
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changes and increasing air temperature trends. Furthermore, numerous research of
the hydrological response to long-term climate changes, including those describing
the hydro-climatic relationships, are theoretical (model-based): Schaake and Němec
(1992) used the Sacramento model; Yates et al. (1998), (1999) worked by the lin-
ear regression coefficients; Chiew and McMahon (2002), Chiew (2006) used the
SIMHYD and AWBM models, Gelfan et al. (2015) worked by the ECOMAG and
SWAP models; Guo et al. (2016)—SWAT model, etc. Excluding the hydrological
models, sometimes showing uncertain results, an alternative approach to estimate
the runoff sensitivity is directly from the hydro-climatic data set. A similar empirical
(data-based)method is a climate (precipitation) elasticity of streamflow (Sankarasub-
ramanian and Vogel 2001; Chiew 2006; Chiew et al. 2006; Fu et al. 2007, 2011; Sun
et al. 2013; Allaire et al. 2015; Tsai 2017; Andréassian et al. 2017; Xing et al. 2018;
Hristova et al. 2018). The primary goal of present study is to explore this approach
for seven catchments in Northwest Bulgaria, using a nonparametric estimator which
calculates the elasticity values directly from the rainfall and runoff time series data.

Study Area

Study area includes the drainage basins of seven right tributaries of the Danube River,
situated in Northwest Bulgaria. This region is located between 43° 24′–44° 04′ N
latitude and 22° 21′–23° 32′ E longitude, it covers an area of 3790.5 km2 (3.4% of
the country’s territory) (Fig. 1, Table 1).

The catchment areas drain in three geomorphological units: the Balkan Moun-
tains, the Fore-Balkans, and the Danube Plain. Study area belongs to the temperate-
continental climate type (DFA according to Köppen classification). Mean annual
air temperature, measured during the 1961–2015 period, varies from 4.2 °C (in the
Chuprene Reserve area) to 11.6 °C (in the town of Lom). Average precipitation
sums for the 1960–2017 period, vary from 538 mm (Lom) to 773 mm (Stakevtsi)
and reach up to 1200 mm in the Balkan Mountains. Study area is an important
agricultural region (cereal and technical crops: wheat, barley, corn, and sunflower
production; perennial vineyards cultivation). There are over 50 small reservoirs and
a hydropower cascade, located in the upstream of the Lom River. Listed activities
reflect the favorable soil-climatic conditions and the environmental transformations
due to human impact in this area.

Data and Methods

Annual discharge data provided by theNational Institute ofMeteorology andHydrol-
ogy are used. There are seven hydrometric stations, covering areas from 53 to
1087 km2, at the mean elevation 193–1411 m above sea level (Hydrological Refer-
ence…, 1981; Hristova et al. 2017). Precipitation output data from seven meteoro-
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Fig. 1 Relief, hydrographic, and hydrometric features in study area (Hristova et al. 2017)

logical stations within the same catchments or up to 10 km near them for correlations
with streamflow are used (Table 3). The length of time series used critically influ-
ences the estimation of the climate elasticity. It is recommended to use as long a
record as possible to estimate elasticity in order to capture the full range of observed
variability. Hydro-climatic output data for 58 years, recorded during the 1960–2017
period are selected.

Climate elasticity of streamflow, also called “precipitation elasticity” or “stream-
flow sensitivity factor”, is an indicator for the sensitivity of hydrological systems to
the long-term climate fluctuations. It is based on a conceptual catchment model and
represents a proportional change of annual streamflow (Q) to precipitation variabil-
ity (P) (Sankarasubramanian and Vogel 2001; Chiew 2006; Chiew et al. 2006; Fu
et al. 2007, 2011; Allaire et al. 2015; Gao et al. 2016; Andréassian et al. 2017). This
relation is calculated by the formula

εp(P, Q) = dQ/Q

dP/P
= dQ

dP

P

Q
,

transformed into the nonparametric estimator (Sankarasubramanian andVogel 2001):

εp = median

(
Qi − Q̄

Pi − P̄

P̄

Q̄

)
,
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where εp is a climate elasticity, P̄ and Q̄ aremean annual precipitation and streamflow
for the whole period, Pi and Qi are annual precipitation and streamflow for the ith
year.

To compute climate elasticity estimates, the output hydro-climatic data was cal-
culated for each pair of annual time series (Pi,Qi). As the nonparametric estimate of
εp, the median value of annual data set obtained was defined. The statistical results
established were mapped in the software program ArcGIS 10.4, using the KRIGING
interpolation technique (already applied and recommended as a reliable approach
in similar studies) (Khanal et al. 2014; Gao et al. 2016). They are grouped in equal
classes by a color legend, according to their values.

Results and Discussions

To achieve more objective researches on the hydrological response to rainfall
changes, the streamflow and precipitation time series were computed for every pos-
sible 12-month annual periods. Table 2 presents the coefficient of determination (R2)
of the “Qi (mm) − Pi” relationship (for each pair of annual data), it also shows the
corresponding εp values. To define the most reliable εp for three catchments in the
United States, China, and Australia this coefficient was used, because of “the time-
series having the strongest precipitation-streamflow relationship, i.e., the highest
coefficient of determination, is inferred as producing a more appropriate elasticity
value” (Fu et al. 2011). The results surprisingly show: the highest R2 value coin-
cides with the calendar year. Exceptions are the catchments of the Salashka River,
Stakevska River, and Lom River (at Gorni Lom), where it approximates the water
year accepted inBulgaria andmany countries across theworld, respectively (Table 2).
These fragments contradict the diverse results obtained from Fu et al. (2011), but
listed numbers confirm their statement that the εp values are higher in annual cycles,
starting from the dry season. This fact allows implement of a seasonal approach in
the climate elasticity of streamflow studies and needs more research. Henceforth,
only the annual time series having the largest coefficient of determination will be
shown here.

Results obtained show significant variations of εp value—it ranges within
0.526–1.404, therefore indicating that an eventually ten percent change in mean
annual precipitation would be reflected as increase/decrease from 5.26 to 14.04% in
mean annual streamflow (Table 3). Some of the abovementioned values are slightly
higher than the climate elasticity results established from Hristova et al. (2018) for
the entire Bulgarian territory and are partly similar or slightly higher/lower to the
calculated numbers for 1337 drainage basins in the United States, for above 200
catchments in the middle and high latitudes of the Northern Hemisphere (chiefly in
the territories of Europe and Northern America), for 519 drainage basins in France
and for 79 catchments in the Poyang Lake basin in China (Sankarasubramanian
and Vogel 2001; Chiew et al. 2006; Sun et al. 2013, Andréassian et al. 2017). Fur-
thermore, the long-term climate forecasts, the optimistic (RCP 4.5) and the pes-



110 K. Seymenov

Ta
bl
e
2

T
he

co
ef
fic
ie
nt

of
de
te
rm

in
at
io
n
(R

2
)
an
d
th
e
cl
im

at
e
el
as
tic

ity
va
lu
es

(ε
p
),
co
m
pu
te
d
fo
r
di
ff
er
en
t1

2-
m
on
th

an
nu
al
pe
ri
od
s
fo
r
m
or
e
re
lia
bl
e
re
su
lts

A
nn
ua
lp

er
io
ds

(M
on
th
s)

C
at
ch
m
en
ta
re
as

To
po

lo
ve
ts
at

A
ka
ts
ie
vo

V
oy
ni
sh
ka

at
Ta
rn
ya
ne

Sa
la
sh
ka

at
V
es
ht
its
a

St
ak
ev
sk
a
at

Fa
lk
ov
et
s

L
om

at
G
or
ni

L
om

L
om

at
V
as
ilo

vt
si

T
si
br
its
a

at
Ig
na
to
vo

R
2

ε
p

R
2

ε
p

R
2

ε
p

R
2

ε
p

R
2

ε
p

R
2

ε
p

R
2

ε
p

Ja
n–
D
ec

0.
34

1.
18
3

0.
34

1.
39
4

0.
35

0.
92
1

0.
44

0.
76
5

0.
41

0.
52
1

0.
47

1.
40
4

0.
39

1.
13
7

Fe
b–
Ja
n

0.
29

1.
14
8

0.
30

1.
42
0

0.
32

0.
89
4

0.
41

0.
74
3

0.
42

0.
53
3

0.
42

1.
38
1

0.
34

1.
18
9

M
ar
–F

eb
0.
24

1.
10
8

0.
31

1.
38
6

0.
33

0.
85
8

0.
38

0.
75
1

0.
37

0.
54
6

0.
39

1.
34
3

0.
30

1.
20
2

A
pr
–M

ar
0.
25

1.
12
6

0.
31

1.
35
1

0.
30

0.
83
1

0.
38

0.
72
8

0.
38

0.
51
8

0.
34

1.
35
2

0.
32

1.
11
9

M
ay
–A

pr
0.
25

1.
11
3

0.
29

1.
23
2

0.
30

0.
83
6

0.
42

0.
69
2

0.
33

0.
53
1

0.
37

1.
39
7

0.
26

1.
10
5

Ju
n–
M
ay

0.
28

1.
13
2

0.
32

1.
24
8

0.
28

0.
88
5

0.
35

0.
71
7

0.
31

0.
61
6

0.
35

1.
42
8

0.
23

1.
19
6

Ju
l–
Ju
n

0.
21

1.
27
5

0.
28

1.
43
2

0.
25

0.
95
9

0.
36

0.
80
2

0.
32

0.
62
8

0.
34

1.
51
1

0.
21

1.
28
5

A
ug
–J
ul

0.
24

1.
30
6

0.
26

1.
44
6

0.
24

0.
98
2

0.
33

0.
81
1

0.
31

0.
60
4

0.
32

1.
48
6

0.
26

1.
25
9

Se
p–
A
ug

0.
29

1.
29
4

0.
30

1.
38
2

0.
31

0.
98
5

0.
42

0.
80
6

0.
35

0.
55
7

0.
30

1.
43
5

0.
28

1.
20
7

O
ct
–S

ep
0.
31

1.
20
8

0.
28

1.
33
1

0.
32

0.
96
8

0.
49

0.
79
0

0.
44

0.
52
6

0.
37

1.
39
2

0.
31

1.
17
4

N
ov
–O

ct
0.
30

1.
19
5

0.
33

1.
37
1

0.
38

0.
98
2

0.
40

0.
78
3

0.
41

0.
53
1

0.
40

1.
40
1

0.
32

1.
18
1

D
ec
–N

ov
0.
32

1.
17
8

0.
31

1.
38
8

0.
35

0.
96
3

0.
42

0.
77
4

0.
39

0.
54
8

0.
38

1.
38
4

0.
37

1.
14
5



Climate Elasticity of Annual Streamflow in Northwest Bulgaria 111

Ta
bl
e
3

L
in
ke
d
ga
ug

in
g
st
at
io
ns

an
d
hy
dr
o-
cl
im

at
ic
st
at
is
tic

s
fo
r
th
e
ca
tc
hm

en
ts
in

N
or
th
w
es
tB

ul
ga
ri
a

G
au
gi
ng

st
at
io
ns
:

hy
dr
ol
og

ic
al
/m

et
eo
ro
lo
gi
ca
l

M
ea
n
an
nu
al
Q

(m
3
/s
)

M
ea
n
an
nu
al
Q

(m
m
)

C
v
of

Q
M
ea
n
an
nu
al
P

(m
m
)

C
v
of

P
R
un
of
f
co
ef
f.

Q
/P

C
lim

at
e

el
as
tic

ity
ε
p

To
po

lo
ve
ts
at
A
ka
ts
ie
vo
/K
ul
a

1.
01

10
4.
36

0.
53

61
8

0.
21

0.
16

1.
18
3

V
oy
ni
sh
ka

at
Ta
rn
ya
ne
/G
ra
m
ad
a

0.
80

93
.7
3

0.
56

61
4

0.
22

0.
15

1.
39
4

Sa
la
sh
ka

at
V
es
ht
its
a/
B
el
og

ra
dc
hi
k

0.
59

22
4.
65

0.
45

70
2

0.
19

0.
32

0.
98
2

St
ak
ev
sk
a
at
Fa
lk
ov
et
s/
St
ak
ev
ts
i

3.
29

31
3.
25

0.
28

77
3

0.
21

0.
41

0.
79
0

L
om

at
G
or
ni

L
om

/D
ol
ni

L
om

0.
68

40
4.
97

0.
25

71
4

0.
24

0.
57

0.
52
6

L
om

at
V
as
ilo

vt
si
/L
om

6.
07

15
5.
42

0.
38

53
8

0.
23

0.
28

1.
40
4

T
si
br
its
a
at
Ig
na
to
vo
/V
al
ch
ed
ra
m

1.
84

68
.7
9

0.
43

54
4

0.
22

0.
13

1.
13
7



112 K. Seymenov

simistic (RCP 8.5) scenarios predict a change of annual streamflow from −8.0 to
9.0% in study area for 2071–2100, compared to the 1976–2005 period, according
to the “National Plan for river basins… (2016–2021)” at the Danube River basin
Directorate. The computed εp values nearly approximated these numbers.

The results in this paper confirm the following characteristics: relatively strong
inverse correlations: “εp—runoff coefficient” and “εp—mean annual streamflow
(mm)” (Fig. 2).

This specificity is explained by the fact that “rainfall–runoff” processes are non-
linear, suggesting: “the absolute streamflow change for a given absolute change in
rainfall would be reflected as a higher εp in catchments with a lower runoff coef-
ficient” (Chiew 2006). Results obtained contradict the especially clear inverse rela-
tionship “εp—mean annual precipitation” (R2 = 0.6711; the graphic is not shown
here), even proven as a stronger than the correlation between εp and mean annual
streamflow (mm) for 219 catchments in Australia (Chiew 2006). There is a limited
number of available rainfall stations—it could be a possible reason explaining the
weaker correlation. Despite the abovementioned contradictions, considering all ana-
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Fig. 2 Inverse correlations between the climate elasticity of streamflow (εp) values and key hydro-
logical indicators (runoff coefficient and mean annual Q, mm)
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lyzed “precipitation–streamflow” relationships, it could be summarized that they are
so powerful because of the direct response of runoff to rainfall. Some multivari-
ate regression relationships, arising from the hydro-climatic correlations, e.g., “εp

vs. mean annual temperature, rainfall, and streamflow (mm)”, show the following:
“the climate elasticity value increases with the temperature and streamflow if the
precipitation decreases, but it decreases with the temperature and streamflow if the
precipitation increases” (Fu et al. 2007). Although there are not used annual temper-
ature data, the hydro-climatic conditions in the investigated area indirectly confirm
this statement.

The calculations in present work establish spatial variations of the climate elastic-
ity between the mountainous and flat part of studied catchments (an inverse relation-
ship “εp vs. the altitude of catchments”; R2 = 0.7754). The geographical analysis
shows the elasticity is lower in the upper streams and increases toward the mouths
of the rivers (Fig. 3). Similar peculiarities were described for drainage basins in
the United States and Australia, where the sources of the rivers belong to humid
climate type with long snow cover duration, while the downstream sections flows
through semiarid desert landscapes (Sankarasubramanian and Vogel 2001; Chiew
et al. 2006). Although the hydrological processes in Northwest Bulgaria occur at dif-
ferent climate, geological, geomorphological, and biogeographical conditions, the

Fig. 3 Spatial variations of climate elasticity of streamflow (εp) values in Northwest Bulgaria
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results establish analogous spatial characteristics. Further researches explaining this
phenomenon are needed.

Conclusion

The main findings of present work are the following: (1) the climate elasticity (εp)
values are related to the coefficient of determination (R2) of the “rainfall–runoff”
annual time series. The nonparametric estimator is computed for calendar or water
years, according to the highest R2 value; (2) a ten percent change in mean annual pre-
cipitation would be reflected within 5–14% change in mean annual flow; (3) there are
strong inverse correlations between the εp, runoff coefficient and annual streamflow,
due to the nonlinear hydro-climatic processes; (4) there are spatial differences of the
εp value—it is lower in the upper streams and increasing toward the mouths of the
rivers. This paper presents the climate elasticity of streamflow (εp) as an informative
and easy to use approach for an estimate of hydrological response to long-term rain-
fall changes. In future, this research could be extendedwith other climatic parameters
for more in-depth results, e.g., mean annual air temperature, potential evapotranspi-
ration (PET), humidity index, etc., and their impacts on runoff.
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Hydrological Aspects of the Floods
in the Kolubara River Basin
(Serbia)—Analyses and Flood Mitigation
Measures

Ana Milanović Pešić

Abstract Flood events, as one of the most common natural disasters in Serbia are
the subject of research from different aspects. In this chapter, the estimation of flood
peaks in the Kolubara river basin are analysed based on the data collected at four
hydrological gauges (Valjevo, Slovac, Beli Brod, and Bogovadja) in 1961–2015
period. Using probability theory and mathematical statistics, analyses of time series
of maximum discharges were made. Then theoretical functions of the maximum
discharges occurrence were obtained and estimation of flood magnitude for a given
recurrence interval T (T-year flood) was calculated based on these data. The results
have shown that floods mostly occur in late spring or early summer, in the periods of
frequent cyclones. After 1980, the greatest floods in the Kolubara river basin were
recorded in 2014, 2010, 2001, and 1981. In this chapter, special focus is on flood in
May 2014, which is considered to be the greatest flood recorded in Serbia and in this
basin since the beginning of the twenty-first century.

Keywords Extreme flood events · The maximum discharge · Flood magnitude ·
Kolubara river

Introduction

According to the Emergency Events Database (EM-DAT 2018) and International
Federation of Red Cross and Red Crescent Societies (IFRC 2006, 2017) data on
disasters caused by natural hazards in the 2001–2017 period, flooding is one of the
most common (45% of all events), most affected (45% of all affected people), and
most damaging (22% of all economic losses) natural hazards worldwide. With the
frequency and magnitude of flood disasters projected to increase due to both climate
change and growing population exposure (Kundzewicz et al. 2014; Winsemius et al.
2015), flooding is oneof thekey societal challenges for this century (Trigg et al. 2016).
Therefore, special attention is paid to the disaster risk reduction, which requires
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knowledge of the expected flood hazard for a given probability. For planning the risk
prevention strategy, it is necessary to examine the hydrometeorological variability
in an entire area (Arnaud et al. 2016). This analysis can include mapping flood-
prone areas, defining the frequency of extreme flood events, planning, and designing
hydraulic structures, etc.

Flood is the most common natural disaster in Serbia, with 53% of all events (EM-
DAT 2018). In Serbia, the floods having 100-year recurrence interval potentially
threaten 16,000 km2 of area (about 18% of the territory), and the largest flood-prone
areas are in north part (Vojvodina) and central part (Posavina-area along the Sava
river course, Pomoravlje-area along the Velika Morava river course) of territory.
The largest flood-prone areas are located in the river valleys of the greatest rivers
Tisza (2,800 km2), Sava (2,243 km2), Velika Morava (2,240 km2), and the Danube
(2,070 km2) (Gavrilović and Dukić 2002). Due to very high concentrations of the
population and industrial facilities, the dense infrastructure network and the fertile
soil in the valleys of these rivers, flood damage is always great. Therefore, hydrolog-
ical analyses of floods in Serbia have been the subject of numerous studies. From the
geographical approach, it is significant monograph on floods causes and damage in
Serbia during twentieth century (Gavrilović 1981), as well as articles on hydrological
analyses of the greatest floods in the second half of the twentieth century and the first
decade of the twenty-first century (Milanović et al. 2010; Gavrilović et al. 2012).

Kolubara river, located in western part of Serbia (Fig. 1), is one of the most vul-
nerable area to floods in Serbia. It has one of the highest coefficients of deviation
of month discharge in comparison with other larger river basins in Serbia, and very
disbalanced ratio between high and lowwaters (Petrović et al. 2015). This territory is
extremely vulnerable to the torrential floods, which were analysed in several studies
(Petrović et al. 2015; Kostadinov et al. 2017). According to the analysis of natural
conditions in the Kolubara river basin this area is predisposed to a greater number
of torrential floods due to its geomorphological and hydrological features, and land
use properties. Torrential floods are closely related to the intensity and spatial dis-
tribution of erosive processes in the upper part of the Kolubara basin (Dragićević
et al. 2016). Floods in the Kolubara river basin cause great damage in Valjevo town
and its surroundings (Basarić and Bezbradica 2016), as well as Obrenovac munici-
pality (Dragićević et al. 2007). As flood in May 2014, which is considered to be the
greatest flood recorded in Serbia caused enormous damage in Kolubara river basin,
this study will be mostly focused on the analyses of maximum discharges in great
rivers—Kolubara and its largest tributary Ljig.

Study Area

The Kolubara river is 86 km long and its basin covers the area of 3,628 km2 which is
4.1% of total area of Serbia (Urošev et al. 2017). It is located in the western part of
Serbia (Fig. 1). The rivers Obnica and Jablanica join together 1 km upstream from
Valjevo town forming the Kolubara river, which is the right tributary of the Sava
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Fig. 1 Kolubara river basin

river with the confluence nearby Obrenovac. Larger left tributaries of Kolubara river
are Tamnava river and Ub river, and right tributaries are Gradac river, Ljig river and
Peštan river. The total length of watercourses in this basin amounts 1,182 km, and
river network density 325 m/km2 (Urošev et al. 2017). Average altitude of Kolubara
river basin is 275 m (Urošev et al. 2017).

According to the database by Geographical Institute “Jovan Cvijić” SASA in
1961–2010 period, it is calculated that Kolubara river flows into Sava river about
16 m3/s or about 0.5 × 109 m3 of water annually. Its biggest tributary is Ljig river
(4.3 m3/s) (Urošev et al. 2017). The water balance in this basin indicates the dom-
inance of evaporation. Average annual precipitation amounts 777 mm, runoff is
139 mm (17.8%), and evaporation is 638 mm (82.2%) (Urošev et al. 2017). Using
the Mann–Kendall test and Sen’s method, trends of annual discharges in Kolubara
river basin were analysed. Based on results, it can be concluded that there is not sta-
tistical significant trend in Kolubara river and its tributaries, except in Jablanica river,
where was recorded a significant decrease (−0.01 m3/s per year) (Kovačević-Majkić
and Urošev 2014). According to analysis of observed data of Republic Hydromete-
orological Service of Serbia between 1961 and 2015, it can be concluded that the
maximum discharges at all hydrological gauges occur in March, except in its tribu-
tary Peštan, where it occurs in February. The minimum discharges are related to the



120 A. Milanović Pešić

end of the summer and the beginning of autumn (August–September) (Milanović
Pešić 2015).

Methodology and Data Collection

Flood frequency analysis (FFA) is one of the main techniques used for the at-site
estimation of flood recurrence magnitude. It defines the relationship between the
magnitude of an event and the frequency with which that event is exceeded. In
general, FFA involves the fitting of a probability model to the sample of annual flood
peaks recorded over a period of observation, for a river basin of a given region (Bhagat
2017). Estimation of flood magnitude for a given recurrence interval T (T-year flood)
at a specific location is need for design of hydraulic and civil infrastructure facilities
(Chen and Singh 2017) and it is used by engineers and hydrologist worldwide.

Reliable flood frequency estimates are very important for floodplain management
such as to public protection, mitigations of flood damages, for designing and locat-
ing hydraulic structures, flood risk assessment, etc. Therefore, the main problem in
FFA is the selection of a suitable distribution for flood magnitudes and the choice
of parameter estimation. Although several probability distributions and parameter
estimation methods have been proposed, none had gained worldwide acceptance.
Different probability distributions are adopted and used depending on the climatic
and the geographical features of the study region (Shenglian et al. 2018) or availabil-
ity of observation data and the specific hydrometeorological features (Arnaud et al.
2016).

The question of best fit has always been of concern and many studies of this
issue have been reported (Kidson and Richards 2005; Stedinger and Griffis 2008).
Commonly used statistical distribution for FFA include: the Normal, log-Normal,
Gumbel, Generalized extreme value, Pearson type III, log-Pearson type III. Some of
these distributions have been adopted in different countries. For example, the gen-
eralized extreme value distribution has been used in Europe, log-Pearson type III in
the United States (Chen and Singh 2017), the Pearson type III distribution in China
and Australia (Chen et al. 2012). The second step in FFA is to estimate associated
parameters of the selected distribution. There are several standard parameter esti-
mation methods, such as moments, maximum likelihood, L-moments, probability
weighted moments, and least square (Chen and Singh 2017). Among these methods,
maximum likelihood and L-moment are the most commonly used.

Flood frequency analyses can be divided by the issue there are dealing with: non-
stationarity of data, regional flood frequency analyses, seasonal frequency analyses,
and uncertainty in flood frequency analyses (Gavrilović et al. 2012). Many studies
have analysed the nonstationarity in single hydrological variables due to chang-
ing environments (Cunderlik and Burn 2003; Gilroy and McCuen 2012). Regional
flood frequency analyses are developed and used in hydrological studies worldwide
(Sarhadi andModarres 2011; Aydog˘an et al. 2016). They are used for the estimation
of floods for ungauged sites or gauged sites in which the hydrological information is



Hydrological Aspects of the Floods in the Kolubara River … 121

insufficient for the reliable estimation of extreme events. It involves the identification
of groups (or regions) of hydrological homogeneous river basins and the application
of a regional estimation method in the identified homogeneous region. A seasonal
flood frequency analysis is discussed in Karmaker and Dutta (2010). Flood risk anal-
yses are based on assumptions and decisions about models, parameters, and data. In
many cases it can be argued for different options.

In order to estimate flood frequency and the probability of the maximum dis-
charges occurence in this study, it has performed a statistical analysis for the data
collected at four hydrological gauges (Valjevo, Slovac, Beli Brod, and Bogovadja).
It was used maximum annual discharges recorded between 1961 and 2015. The
obtained data were taken from the Yearbook I of the Republic Hydrometeorologi-
cal Service of Serbia. Among 15 hydrological gauges, four are selected on which
thirty-year or longer time series of the maximum annual discharges were established.

At the beginning, it is examined the randomness of the maximum annual dis-
charges series using the consecutive differences test (Neyman’s test) and the first-
order serial correlation test (Anderson’s test). This was followed by a stationarity
examination of the statistical parameters for particular sequences of the established
time series, i.e., by determining the time series homogeneity. For these analyses
were used Student’s test (for testing the homogeneity of average values), Fischer’s
F-test (for testing the homogeneity of dispersion) and the Wilcoxon inversion test
(for the distribution function). After these examinations, the empirical distribution
and the probability distribution function parameter were calculated. The maximum
discharges for theoretical functions of the probability distribution commonly used in
hydrologywere also calculated: the Normal, log—Normal, Gumbel, three-parameter
gamma distributions—Pearson type III and log-Pearson type III. Evaluation of most
commonly used distribution methods for flood magnitudes is reported in many stud-
ies, such as study for at-site flood frequency analysis in Australia (Rahman et al.
2013) and at Swat river in Pakistan (Farooq et al. 2018). In the next step, three
goodness-of-fit tests were applied to the fitted distributions: Kolmogorov–Smirnov,
Cramér-von-Mises, and Chi-squared at 5% significance level. Based on the data
obtained by these tests, the final selection of the applicable theoretical distribution
function was made and the corresponding confidence intervals were calculated.

Results and Discussion

The results of the analyses from this study have given detailed information of like-
lihood discharges to be expected in the Kolubara river and its tributary Ljig at the
various return periods based on the observed data. Based on statistical analyses,
it has been found that a single distribution cannot be specified as the best-fit dis-
tribution for all hydrological gauges in Kolubara river basin. The results indicate
that log-Normal, Pearson type III and log-Pearson type III distribution have been
identified as the best-fit distributions in Kolubara river and log-Pearson type III in
Ljig river (Table 1).
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Table 1 Exceedance probabilities (P) and recurrence interval (T) of the greatest floods on the
Kolubara river basin

Year Gauge Probability
distribution

Q max (m3/s) P (%) T (year) Date

Kolubara river

2014 Valjevo Pearson type III 396 0.49 203 15.05

Slovac Log-Pearson
type III

1100 0.29 335 15.05

Beli Brod Log-Normal 1360 0.34 299 15.05

2010 Beli Brod Log-Normal 767 3.45 29 23.06

2001 1981 2001 Valjevo Pearson type III 182 9.43 11 20.03

1981 Beli Brod Log-Normal 672 5.34 19 26.03

Ljig river

2014 Bogovadja Log-Pearson
type III

651 0.28 354 15.05

2001 Bogovadja Log-Pearson
type III

269 5.2 19 27.09

According to Table 1, Data Fund by Republic Hydrometeorological Service of
Serbia and disaster damages reports the greatest floods in Kolubara river basin were
recorded in:May 2014 at all sites, and then in June 2010,March and September 2001,
and March 1981.

Flood in May 2014

In the central part of Serbia, including the Kolubara river basin the largest floods of
the twenty-first century were recorded in the middle of May 2014. During this flood,
absolute maximumwater levels and discharges have been reached at all hydrological
gauges in observation period.As themain cause of these extremely devastating floods
can be marked the three significant rainy periods that occurred in the second half
of April, early May, and middle May. Severe precipitation in middle May occurred
due to the slow movement of the spacious cyclone from the Mediterranean region
toward the Balkan Peninsula. Cold air penetration across the western Europe and the
Alps, on May 13 led to the deepening of the altitude valley, within which the frontal
system connected with the cyclone in the Adriatic area moved.

Based on the data from Table 2, it can be concluded that the total precipitation
for two days at some meteorological gauges in Serbia exceeded two or three times
the average amount for the 50-year period. A particular problem in more detailed
flood analysis is the lack of gauges and observation in the mountainous regions of
Serbia, especially in the zones of torrents. One of examples are mountains nearby
Valjevo town in Kolubara river basin. Based on the synoptic condition, it can be



Hydrological Aspects of the Floods in the Kolubara River … 123

Table 2 Precipitation at some meteorological gauges in Serbia in May 2014 in comparison with
average amount for the 50-year period

Gauge 14–15.05 15–16.05 Total (mm)a Average amount (mm) for
May (1961–2015)b

Loznica 160.6 52.6 213.2 79.2

Valjevo 108 87 195 59.9

Belgrade 108 45 153 64.1

Smederevska Palanka 96 30 126 62.2

aData fund by Republic Hydrometeorological Service of Serbia
bData fund by Geographical Institute “Jovan Cvijić” SASA

concluded that large amounts of precipitation have fallen in this area, however there
is no precise data.

Anthropogenic factor can also be mentioned as one of the important causes of
extreme flood. During the 1970s of twentieth century, the Kolubara riverbad was
relocated in order to expand the coal mine. More precisely, Kolubara riverbad was
removed 800 m upstream from the place where its tributary Peštan flows into it
(Dragićević 2007). Thus, Kolubara water course flows into Peštan, which led to
the fossilization of the old riverbed. As a result of this process, erosion and sedi-
ment transport have increased in river basin. Also, Kolubara riverbed is filled with
sediments, which reduced its permeability.

It is important to highlight that during the middle of May 2014, maximum dis-
charges are also recorded along the Sava river in Croatia, Bosnia and Herzegovina,
and Serbia, which reduced its capacity to receive flood flow formed in the Kol-
ubara river basin (Milanović Pešić 2015). Thus, at all hydrological gauges along
the Kolubara river and most of its tributaries absolute maximum discharges were
recorded. According to the results from Table 1, recorded discharge at Beli Brod
was 1,360 m3/s (299-year return period), at Valjevo was 396 m3/s (203-year return
period), at Slovac 1,100 m3/s (335-year return period) and at Bogovadja 651 m3/s
(354-year return period). Based on HEC–HMS model made by the Jaroslav Černi
Institute for the Development of Water Resources, in the lower part of Kolubara at
Draževac site, upstream from Obrenovac, the maximum calculated discharge was
2,767 m3/s (precondition: there was no flooding into Kolubara lignite mine), which
corresponds to 650-year return period. According to the volume of the flood flow
528.2 × 106 m3, the return period at this site was 360 year (Jaroslav Černi Institute
for the Development of Water Resources, 2016). These results indicate a signifi-
cantly lower return period at upstream sites (Slovac, Beli Brod) in comparison with
the downstream sites (Draževac). Based on that, it can be concluded that tributaries
Tamnava and partly Peštan had significant influence on formation of devastating
flood flow near Obrenovac (Milanović Pešić 2015).

Based on the available data of the movement of flood peak between Valjevo
and Beli Brod sites, calculation showed that its velocity was 10.5 km/h (Urošev
et al. 2017). After this site, Kolubara floods on larger areas and the flood flow prop-
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agation (transformation) occured. Near Draževac site, upstream from Obrenovac,
Kolubara broke through a dike, flooded Obrenovac settlement and 80% of its munic-
ipality. During this flood,Obrenovacwas completely evacuated (over 25,000 people),
and great damage were recorded in other settlements of Kolubara river basin (Ljig,
Lazarevac, Osečina, and Koceljeva). Thermal power plant “Nikola Tesla”, as well as
Kolubara lignite mine were flooded and preliminary economic loss was estimated
at 300,000,000 euro (Government of the Republic of Serbia 2014). There is no pre-
cise data of economic loss (in euros) for the Kolubara river basin. However the total
economic loss in Serbia during the flood in May 2014 was about 1.7 billion euro
(Government of the Republic of Serbia 2014).

Conclusion

The results of the flood frequency analysis from the study gives detailed information
of maximum likelihood discharges to be expected in the Kolubara river basin based
on the observed data. This can be applied to predict the extreme flood events and can
aid future water resources planning and management. The flood prediction can be
utilized in the designing of important hydraulic structures in or near the river, which
directly influences both the economy and the design of the project. Also, in case of
extreme floods emergency evacuation of people can be carried out well in advance.

The plans for flood risk reduction in Kolubara river basin include several tech-
nical and biological measures. The main goal is to prevent further development in
flood-prone areas and to implement adequate flood mitigation measures. The results
obtained from this study can be used as an input for flood hazard models develop-
ment. Also, they can be applied to planning certain technical measures. According
to the Studija unapre -denja zaštite od voda u slivu Kolubare [Study of increased pro-
tection of water in the Kolubara river basin] (2016) the following technical measures
are foreseen: construction of facilities for the acceptance and reduction of flood
flows—frontal retention at Kolubara river and its tributaries (20 facilities); dikes
reconstruction/ construction for better flood protection in the most important areas
(it is done for surface lignite mine area; in plan is reconstruction of 31 km long dike
in the lower part of Kolubara river to protect Obrenovac municipality (from flood
having 500-year recurrence interval) and dike construction for the flood protection
of Termal power plant “Nikola Tesla”. The study also includes biological measures,
such as afforestation in Kolubara river basin in order to decrease erosion process.
The effect of this measure will be visible in 2035.

In addition to traditional, so called “hard engineering” approaches like dikes and
barriers, there are new approaches to floodmanagement in recent decades.Dikes are a
common flood defence system to protect urban environments worldwide. Despite the
fact that they cannot guarantee 100% flood protection, they also create a visual and
geographical barrier between the river and the town. Therefore, special attention has
been paid to new spatial solutions. For example, Netherlands developed the concept
of “room for the rivers” in which more space to the water is given. It allows the
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river to expand when high water is occurring. It is not fighting against water, it is
living with water. Some cities in The Netherlands now use parks and public spaces
as emergency reservoirs for floodwaters caused by heavy rainfall. Other projects that
have been developed for inventing floodmanagement include dike parks with special
regard to integrated flood control in Germany. For example, the green space around
the dike in Deggendorf has been turned into a dike park which is now one of its most
attractive recreational areas. Buildingwith nature is a special challenge in urban areas
and has not been applied in Serbia yet. Some of these solutions could be included
in spatial planning process in the Kolubara river basin and benefits (such as cost-
effective and minimum environmental impact) can be achieved in the development
of new areas or within existing ones.
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Kostadinov S, Dragićević S, Stefanović T et al (2017) Torrential flood prevention in the Kolubara
river basin. J Mt Sci 14(11):2230–2245
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Assessment of Physicochemical
Properties and Water Quality of the Lom
River (NW Bulgaria)

Kalina Radeva and Kalin Seymenov

Abstract This study presents results of physicochemicalmonitoring andwater qual-
ity assessment of a small lowland river, located in an agricultural region. The analysis
is conducted in compliancewith the Bulgarian river water quality standard. It is based
on output data from three water sampling points, which include information about
14 parameters, measured from 2012 until 2016. An assessment of the pollution sta-
tus was carried using CCME Water Quality Index and Oregon Water Quality Index
(OWQI). The overall water quality index was calculated as 58.78 which fell under
the “marginal” water class (index value ranges from 0 to 100). Results showed wors-
ening of the physicochemical properties as moving downstream the river sections.
Downstream is observed a slight deterioration in the values and concentrations of
some physicochemical parameters (BOD5, N-NO3, Total Nitrogen, and Total Phos-
phorous) due to the effects of urban sewerage, urban wastewater and agricultural
wastes. Based on the used indexes, the water quality is categorized as “Good” to
“Poor”. CCME WQI indicates the water in the upstream can maintain healthy river
ecosystems but in the downstream the quality is frequently endangered. OWQI index
showed thewater in the upstream river section is suitable for daily living activities, but
in the downstream quality is in the “Poor” category and it needs “Special treatment”.

Keywords Water quality · Pollution · CCME WQI · OWQI · Lom river

Introduction

Water quality is affected by a wide range of natural and anthropogenic factors, whose
share is variable in a spatial and temporal aspect (UNEP/WHO 1996; Ostrowski
et al. 2005; Kanownik et al. 2013). The river water pollution is directly connected
with agriculture and industrial activities (Carpenter et al. 1998), precipitations and
inadequately treated household sewage (Igbinosa andOkoh 2009).Water Framework
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Directive (WFD) seeks to achieve good ecological status of surface waters across
the European Union by 2027. Despite some improvements recent years, the majority
of Europe’s water bodies still fail to meet the European Union’s minimum target for
“good status” according to the EEA report “European waters—assessment of status
and pressures 2018”. The report identifies that the one of the main threats which
hinders progress in meeting the EU targets is nitrate pollution from agricultural
activities into water bodies. To get a true reflection of what happens within the
catchment of a river basin, either through point or nonpoint sources of pollution,
studies of spatial and temporal changes in water quality are very important (Raburu
and Okeyo-Owuor 1999). Regular water quality monitoring of the water resources
are absolutely necessary to assess the quality of water for ecosystem health and
hygiene, industrial use, agricultural use, and domestic use. However, when a large
number of samples analyzed and parameters are monitored, it becomes too difficult
to evaluate and present the water quality as a single unit (Chapman 1992). Traditional
approaches to assessing water quality are based on a comparison of experimentally
determined parameter values with existing guidelines. This does not readily give
an overall view of the spatial and temporal trends in the overall water quality in a
watershed (Debels et al. 2005). Water Quality Index (WQI) is considered as the most
effective method of measuring water quality. This is an effective method that allows
to compare the quality of various water samples based on a single numerical value,
and not only the parameters values of each sample. It helps to gather whole scenarios
of water quality parameters into useful information that is easily comprehensible,
and thus can be used by the state agencies as well as the general public (Uddin et al.
2017).

This work presents results of physicochemical monitoring and water quality
assessment of the Lom River—a small lowland river, situated in the Danube Plain.
The Lom River is one of the few relatively unpolluted by industry rivers in the
Danube Plain. However, in recent decades due to unsustainable human activities the
river basin has suffered serious deterioration in downstream water quality. The pri-
mary cause of water quality problems are the discharge of domestic and agriculture
wastes, and the excessive use of pesticides and fertilizers. In the present study to eval-
uate the overall water quality status in the river, the Canadian Council of Ministers
of the Environment Water Quality Index 1.0 (CCME WQI) was used, following the
Bulgarian river water quality standard (Regulation 12/2002, 4/2012). CCMEWQI is
a well-accepted and universally applicable computer model for evaluating the water
quality (Canadian Council of Ministers of the Environment). In Bulgaria, it was
recently used to evaluate the water quality status of several river basins (Varbanov
and Gartsiyanova 2017; Gartsiyanova 2017). Besides the applications of CCME
WQI in Canada, this index also has been adopted in several other countries: Alba-
nia (Damo and Icka 2013), Spain (Terrado et al. 2010), Chile (Espejo et al. 2012),
India (Sharma and Kansal 2011; Venkatramanan et al. 2016), Bangladesh (Reza and
Singh 2010), and Iran (Mohebbi et al. 2013; Jafarabadi et al. 2016). In addition, to
assess the water suitability for specific human uses, the Oregon Water Quality Index
(OWQI) was applied, which is used also for a trend analysis in water quality status
in the United States (Cude 2001; Walsh and Wheeler 2012).
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Study Area

The catchment of the LomRiver is situated in thewestern part of theDanube drainage
basin in Bulgaria. It covers an area of 1139.8 km2 (Hristova 2012) (Fig. 1). The
catchment area of the Lom River covers part of the north slopes of the Western Stara
Planina (Chiprovska and Svetinikolka planina), the hill Vederenik of Western Fore-
Balkans and part of the Western Danube Plain. The Lom River flows in length of
92.5 km. It springs from theBalkanMountains andflows into theDanubeRiverwithin
the Danube Plain. Mean annual flow for 1960÷2017 period varies from 0.68 m3/s
(at Gorni Lom) to 6.07 m3/s (at Vasilovtsi). The coefficients of variation, Cv, vary
between 0.25 at Gorni Lom, to 0.38 at Vasilovtsi. The seasonal discharge regime is
characterized by a high flow phase during the spring months (April–May) and a low
flow period in the summer–autumn hydrological season (August–September). The
climate conditions in the catchment are moderate continental. The annual average air
temperatures range from 4.2 °C (in the Chuprene Reserve area) to 11.8 °C (cf. Lom).
The annual amount of precipitation increases from 500–550 mm, on the Danube
coast, to 800–1200 mm, in the Chiprovska Stara Planina, with a maximum in the
months of May–June and minimum in the months of February–March (Climate
Reference Book …, 1990). In the mountainous area, the river basin is covered with
dense pine, spruce, beech and oak forests and in the plain due to the deforestation
events, the natural vegetation is reduced and replaced with a cultural one.

Fig. 1 Relief, hydrographic and hydrometric structure in the LomRiver basin (Hristova et al. 2017)
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The predominant land use type in the Lom River basin is agricultural, covering an
area of 579.1 km2 (50.8%). The high-altitude zone of the Lom River is characterized
by livestock grazing activities and forest coverage (dominating from broad-leaved
forests). The main source of water pollution is from soil runoff sediments, fecal
material, and household wastewater from small urban settlements. The lower area is
a flat landscape cultivation zone with extensive agricultural production (cereal and
technical crops: wheat, barley, corn, sunflower, and perennial vineyards), as well as
cattle-grazing activities. In addition, urban expansion and industrial developments are
also important. The river basin concentrates 42 settlements, including three cities,
with a total population of 47.000, which corresponds to population density of 41
people per km2. Water contamination arises from the agricultural, domestic and
industrial activities.

Output Information and Research Methods

The objects of analysis are the values and concentrations of physicochemical indices
for the Lom River’s water, investigated during the 2012–2016 period. Output data
is provided by the Danube Basin Directorate for three water sampling points, situ-
ated in the upper stream and downstream river sections. The water quality status is
conducted in compliance with the Bulgarian river water quality standard (Regula-
tion 12/2002, 4/2012). Total of 14 water parameters are analyzed: Dissolved Oxy-
gen, Oxygen saturation, pH-value, conductivity EC, Ammonium-Nitrogen (N-NH4),
Nitrate nitrogen (N-NO3), Nitrite nitrogen (N-NO2), Total Nitrogen, Total Phospho-
rous, Orthophosphate (P-PO4), Biochemical Oxygen Demand (BOD5), Suspended
Solids, Chloride, Sulfates. Descriptive statistics are presented, i.e., minimum and
maximum and arithmetic mean, calculated for each individual parameter. An assess-
ment of the water quality is carried using two selected indexes: Canadian Council of
Ministers of the Environment (CCME) and Oregon Water Quality Index (OWQI).
Current study sought to test the listed indexes due to their simplicity, but robust nature
of reporting water quality issues (Cude 2001; CCME 2001; UNEP 2007). CCME
WQI is an overall rating, which relies of three factors: (1) the numbers of variables
whose objectives are not met (scope); (2) the frequency with which the objectives
are not met; (3) the amount by which the objectives are not met (amplitude) (El-Jabi
et al. 2014). These factors are calculated as a ratio between the “failed tests” to total
number of conducted test, only the third (amplitude) factor requires some additional
steps (Saffran 2001; Uddin et al. 2017). The CCME WQI rating is computed by the
formula

CCME WQI = 100−
√
F2
1 F

2
2 F

2
3

1.732
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where the numerators are the factors: scope F2
1 , frequency F2

2 , amplitude F2
3 , the

constant 1.732 is a normalization factor used to render the CCME as a value from 0
to 100.

CCME values are converted into rankings by using the categorization scheme
presented in Table 1.

CCME WQI is based on “desirable stats”. In this paper, they are fixed for each
individual sampling point. The calculations are conducted in compliance with the
reference values for excellent quality status, recommended for the surface water
body types R2 and R8 (Regulation 4/2012) (Table 2). This approach is useful for
describes of water as a biotope of the aquatic flora and fauna, wildlife habitats, etc.,
also for evaluating of water suitability for human uses, i.e., it applies for an integral
assessment (CCME 2001; El-Jabi et al. 2014).

OWQI is awater quality rating, combining data for eight parameters or sub-indices
(DO%, BOD5, T °C, pH, Total P, N-NH3, Susp. Solids andBacteria coliformE.Coli).
Each one of parameters has a differentweight in the final estimate (AppendixA:Cude
2001). Six of the listed sub-indices are used here (those whose data are available).
For this purpose, the numbers of parameters in the original formula was corrected.
The OWQI assessment is computed as follows:

OWQI =
√

n∑n
i=1

1
SI 2i

where n—total numbers of sub-indices (parameters); SIi—sub-index i.
This formula allows the most impaired variable to import the greatest influence on

the water quality index and acknowledges that different water quality variables will
pose differing significance to overall water quality at different times and locations.

Table 1 CCME WQI and
OWQI ratings and values
(CCME 2001; Cude 2001)

WQI Value rating of water quality

Canadian council of ministers of the environment water quality
index (CCME WQI)

95–100 Excellent water quality

80–94 Good water quality

60–79 Fair water quality

45–59 Marginal water quality

0–44 Poor water quality

Oregon water quality index (OWQI)

90–100 Excellent water quality

85–89 Good water quality

80–84 Fair water quality

60–79 Poor water quality

0–59 Very poor water quality
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Table 2 Variables and objectives (Reg. 4/2012)

Variables Objectives for excellent status

R2 type
Mountain rivers
(Krastavichka river/Lom
river—Gorni Lom)

R8 type
Lowland rivers
(Lom River—before the town of Lom)

DO2, mg/l 10.5÷8.00 9.00÷7.00

DO2 Sat., % >90 >80

pH 6.5÷8.5 6.5÷8.5

EC, µS/cm 700 700

N-NH4, mg/l <0.04 <0.10

N-NO3, mg/l <0,1 <0.7

N-NO2, mg/l <0.03 <0.03

Total N, mg/l <0.2 <0,5

Total P, mg/l <0.012 <0.15

P-PO4, mg/l <0.01 <0,07

BOD5, mg/l <1 <2

Cl, mg/l >200 >200

SO4, mg/l >250 >250

(Cude 2001). OWQI values also cover a ranking system, where a result of 100 is the
best achievement and a value of 0 is the worst result (Table 1).

OWQI is a possible tool for assessing of trends (annual, seasonal) in water quality
status because of its final assessment represents an average value of the water quality
ratings, calculated for each individual measurement during the study term (Cude,
2001). Trend ratings are not applied here, because the observation period is relatively
short, but the values obtained give an informative result about the water suitability
for human uses. This is the strength of the index—it is targeted at a specific type of
water use, such as drinking, fishing or irrigation.

Results

Among the 14 investigated quality parameters, 8 meet the requirements for excel-
lent water quality state in each measurement sampling point: Dissolved Oxygen,
Oxygen saturation, pH-value, conductivity (EC), Suspended Solids, Nitrite nitro-
gen, Chloride, Sulfates (Tables 2 and 3). In good ecological status, general physic-
ochemical quality elements should not reach levels outside the range established to
ensure ecosystem functioning (Table 2). According to Bulgarian river water qual-
ity standard, water quality in the upper stream river sections (at the Krastavichka
River and Lom River—Gorni Lom) is in better condition than the downstream river
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section (Lom River—before the town of Lom). Downstream is observed a deteri-
oration in the values of some physicochemical water quality parameters (BOD5,
N-NO3,NH

+
4 −N and Total Phosphorous) (Table 3). Concentrations of ammonium,

BOD and nitrate in water are used as indicators of organic matter pollution and
the impacts of sewage release into rivers (WHO 2006; Bilotta & Brazier, 2008).
BOD5 indicates high concentration of organic pollution and high concentration of
biodegradable organic material in water. Ammonium occurs at high concentration
in sewage, when present in stream water, ammonium utilizes the available oxygen
for oxidation process to nitrate. All settlements in the area do not have wastewa-
ter treatment plants, i.e., the waste water is discharged into the Lom River. Further,
nutrient loads from agricultural areas are prevailing in downstream areas. As a con-
sequence, a chemical analysis of the Lom River quality data indicates that water
pollution increased downstream, as shown by the statistically significant differences
in ammonium, BOD5, nitrate and Total Phosphorous between upstream and down-
stream sampling points (Table 3). The increasing of the nitrate values during the
summer season confirms the statement for water pollution by agricultural activities.
Upstream is observed and increased concentrations of nitrogen. Farming practices
like uses of nitrogen-rich fertilizers and organic manure from pastoral livestock are
the major sources of excess nitrogen in the upstream part of Lom river.

The applied water quality indices generally show a decrease of water quality
from upstream to downstream. In this study, the primary focus was on fourteen (14)
water quality parameters. The total numbers of individual tests are 794. The number
of parameters not meeting Reg. 4/2012 objectives are six (Ammonium-Nitrogen,
Nitrate nitrogen, Total Nitrogen, Total Phosphorous, Orthophosphate, Biochemical
Oxygen Demand (BOD5) and the number of tests not meeting objectives are 189.
The quality ratings at the Krastavichka River are “Fair”(CCME WQI is 65) or the
water can maintain a healthy ecosystems (Table 4). At the sampling points of the
Lom River (Gorni Lom and before town of Lom), exceedances of nutrients resulted
in an overall quality rating of “Marginal” (CCME WQI varies from 53.14 to 58.10)
(Table 5).

OWQI rating in the sampling points at the Krastavichka River and Lom River at
Gorni Lom is “Good” and “Fair” (OWQI rating is 86 and 84, respectively). These
assessments mean the water is suitable for fishing and irrigation purposes and it is
acceptable for drinking after an initially treated. The water sampling point at the
Lom River—before town of Lom, achieves an overall score of “Poor”(OWQI is 73),
which means the river waters are seriously polluted (Table 6).

Table 4 The calculated values of CCME WQI in Lom River

Stations Number of failed variables Number of failed tests Value

Lom River—before town of
Lom

3 56 58.10

Lom River—Gorni Lom 6 86 53.15

Krastavichka River 6 47 65.10
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Table 5 CCME ratings, values and descriptions, as stated in CCME (2005b)

Rating CCME values Interpretive description

Excellent 95–100 Water quality is protected with a virtual absence of threat or
impairment; conditions very close to natural or pristine level

Good 80–94 Water quality is protected with only a minor degree of threat or
impairment; conditions rarely depart from natural or desirable
levels

Fair 60–79 Water quality is usually protected but occasionally threatened or
impaired; conditions sometimes depart from natural or desirable
levels

Marginal 45–59 Water quality is frequently threatened or impaired; conditions
often depart from natural or desirable levels

Poor 0–44 Water quality is almost always threatened or impaired; conditions
usually depart from natural or desirable levels

Table 6 OWQI ratings, values and descriptions, as stated in Cude—OWQI (2001)

Rating OWQI values Interpretive description

Excellent 90–100 Water quality is unaffected. Water is suitable for drinking, fishing,
irrigation and industrial purposes. A construction of treatment
plants is not required

Good 85–89 Water quality is almost unaffected. Water is suitable for fishing,
irrigation and industry. Water use for drinking requires a
construction of treatment plant

Fair 80–84 Water quality is affected. Water is acceptable for irrigation and
industry and unacceptable for drinking. A construction of
treatment plants is advisable

Poor 60–79 Water quality is impaired. Water is acceptable for industrial
purposes. Water uses for irrigation and vital activities obliges a
construction of treatment plant

Very poor 0–59 Water quality is seriously impaired. Water is inappropriate for
human uses and industrial purposes. A construction of treatment
plants is compulsory

Correlation analysis is a preliminary descriptive technique to estimate the degree
of association among the variables involved (Ahmed et al. 2012). CCME WQI is
positively corelated with Conductivity and Dissolve Oxygen parameters, besides
all others parameters negatively impacted the WQI. The results showed that water
quality index decreases with increase in parameter concentration and vice versa for
parameter Dissolve Oxygen (Table 7).
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Conclusion

The results show that CCME WQI and QWQI is an effective and sensitive tool for
evaluating the state of the river water quality depending on the objectives to be met.
Based on CCME WQIs model, the water quality in the Lom River is categorized as
marginal to fair. The Canadian Water Index indicated that the water quality is fre-
quently endangered, conditions very often deviate from natural levels. The quality
of surface water in the upstream of the Lom River is in fair condition. The main
source of water pollution upstream is mountain livestock farming, which results in
the increased concentration of nitrogen. Downstream the water quality gradually
deteriorates, due to wastes from living and agricultural practices. BOD5, N-NO3,
Total Nitrogen, and Total Phosphorus are the most important parameters that deter-
minate the rating of water quality, not meeting the standards (objective) of good
water quality status. In order to achieve a good quality status of the Lom River’s
water, it is necessary to implement an adequate wastewater management through the
construction of modern and efficient waste water treatment plants and to reduce the
diffuse water pollution from agriculture.
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“Shrinking Cities” in Bulgaria:
An Attempt for Defining the Models
of “Urban Shrinkage”

Velislava Simeonova and Kalina Milkova

Abstract The process of urban shrinkage is not new in Europe. In post-socialist
countries, the economic transformations since the beginning of the 1990s have led
to changes in the settlement patterns caused by large-scale internal migrations in
favour of metropolitan and regional urban centres and for the account of the remote
and peripheral regions. Bulgaria is no exception to these processes where urban areas
have been subjected to complex shrinkage, resulting in demographic and economic
decline after the political changes in 1989. The economic and functional restructuring
of the Bulgarian cities according to the market economy conditions have led to the
inability of these areas to provide sufficient jobs and quality of life to other urban
areas, leading to a progressive decline in their populations. This study groups the
Bulgarian cities according to the causes and dynamics of their shrinkage from the
last century to 2017, with a focus on the functional changes in the market economy
after 1989, accompanied by demographic crisis and urban decline.

Keywords Urban shrinkage · Bulgaria · Urban decline · Population

Introduction

The common symptoms of shrinkage are well described in the scientific literature.
These include decline in number of the population, which resulted in a number of
negative effects, for example, a growing gap between supply and demand of services.
This creates difficulties for both, the public and the private sectors and, as a result
of weak local markets, the services become insufficiently “used”, poorly maintained
and often “with no use”. Local conditions and quality of life are getting worse,
unemployment is increasing and the number of skilled workers is being reduced.
These facts further reduce the attractiveness of the region, thus rotating the spiral of
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demographic decline by reducing the percentage of fertility and ageing of the rest of
the population (ESPON 2017).

Urban shrinkage processes are not unfamiliar or new in Europe (Wiechmann
and Wolff 2013). They cover regions, metropolitan areas, cities or parts of cities
and urban zones that are subject to demographic, social and economic changes.
These are the areas which suffered from loss of population, deterioration of the
economy and fall down of employment. As symptoms of the structural crisis, they
are experiencing social problems and conflicts (Martinez-Fernandez et al. 2012). In
Central and Eastern Europe, these are also caused by political changes after the fall
of the communist regimes and the so-called “Shock Therapy” (Bontje 2004). This
led to the rapid and irreversible phenomenon of “shrinkage”, involving migrations
and natural population loss (Wiechmann and Wolff 2013).

In Bulgaria, from the beginning to the 90 years of the last century, the processes of
urban shrinkage are the result of political, social and economic changes and transfor-
mations of the transition to market economy. The economic and functional restruc-
turing of the Bulgarian urban network under the market economy conditions, like
other Eastern European countries, led to the inability of a number of cities to provide
sufficient jobs and quality of life, respectively, and migration of their population. A
large number of reasons for this are not only the consequences of de-industrialization
but the lack of response from the implementation of the territorial instruments for
planning and development.

The purpose of this study is to explore the situation of urban shrinkage inBulgarian
cities and to analyse the causes of shrinkage, in view of their functional changes
under the market economy conditions, the structural, social and demographic crisis,
expressed in the loss of their population and urban decline.

The timeliness of the study is also expressed by the fact that the urban shrinkage
phenomenon is poorly developed in the Bulgarian (geographic) literature.

Urban Shrinkage: Theoretical Focuses

Urban shrinkage is a multi-dimensional and global phenomenon (Fol and
Cunningham-Sabot 2010) covering regions, cities and parts of cities, metropoli-
tan areas or areas that experience a sharp decline in their economic and social bases
(Pallagst and Aber 2009;Martínez-Fernández et al. 2012). The reasons for this urban
decline are many and complex, albeit with a common indication—each “shrinking
city” is influenced by globalization and its dimensions.

There is no clear definition of shrinking cities, but rather a number of different
interpretations of the phenomenon. According to Martínez-Fernández et al. (2012)
shrinking cities share common elements or they have a similar “shrinking identity”.
The term “urban shrinking” is used to focus on the fact that this phenomenon is a
multi-faceted process with multi-dimensional effects. There are economic, demo-
graphic, geographic, social and physical dimensions. The term extends our under-
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standing of the “decline” beyond the ordinary linear process, which is usually under-
stood to follow de-industrialization.

Urban shrinkage processes develop in parallel with those of demographic shrink-
age—population reduction. Although demographic indicators are the key to defining
urban “shrinkage”, some authors (Olsen 2013) are defending and discussing the idea
that the city cannot be defined as a “shrinking city” only because there is a period of
loss of population and economic downturn. With regard to the shrinking of the East-
ern European post-socialist cities, the process is identified with the transformation
of urban areas that are subjected to dramatic de-population and de-industrialization
after 1989 (Martinez-Fernández et al. 2012).

Despite the fact that globalization has a strong influence in creating shrinking
cities, the economic change does not affect all the cities and countries in the same
way. On the contrary, shrinking can show many different characteristics depending
on the national, regional and local context (Anguelov 2016).

Pallagst (2008) proposes zoning of urban shrinkage processes in Europe. Large
parts of the areas with shrinkage processes are concentrated in the post-socialist
countries (Latvia, Bulgaria, Romania, Hungary, Slovakia and the eastern part of
Germany), theNordic countries (in particular, Finland and Sweden) and the countries
of Southern Europe (Italy and Spain). Emphasized is that the causes of shrinkage in
Europe are complex and even partially overlapping. For example, in post-socialist
countries, shrinkage is the result of the economic transformations after 1989, which
led to changes in the settlement patterns, largely caused by migration processes. A
large number of migrations occur as new economic migrations in favour of capital
cities, while remote and peripheral regions are losing their population (e.g. Slovakia,
Romania, Bulgaria).

Martínez-Fernández et al. (2012) identified three models of shrinkage: urban
shrinkage, rural shrinkage and the decline of industrial centres. Urban shrinkage is
characterized by a loss of population and/or a long-lasting economic decline in cities,
parts of them, or in metropolitan areas or zones. This is probably the most widely
studied case of shrinkage. Rural shrinkage, on the other hand, is related to the loss
of population and/or economic decline over a long period, typical of smaller cities
or a group of small cities located in rural areas (rural-type regions). Shrinkage in
rural territories (regions) is a demographic and economic phenomenon, which is part
of the trends of European territorial restructuring. In these regions, agriculture has
become less labour intensive, and economic growth and employment are gradually
“tretized”. Shrinkage of rural areas is indicative of a broader structural crisis in the
economic downturn and the fall in the labourmarket, peripheralization and deepening
the division between urban and rural areas—intensifying the inherent disadvantages
of rural regions (ESPON 2017).

The third case described by Martínez-Fernández et al. (2012) is the shrinkage of
industrial zones. This refers to the loss of population and/or economic decline over an
extended period tomainly small- andmedium-sized cities that have held an important
place in the industrial production. Although the classification has been united based
on other territorial characteristics, given the focus of the ESPON research, this could
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be adapted to national territorial characteristics and based on the empirical data (e.g.
cities with mono-structural economy in the past).

The effects of shrinkage of cities are identifiedwith the increased number of vacant
dwellings, demolition of industrial facilities (physical space), transformed into the so-
called “gloomy places”, a lack of users of the commercial space, physically degraded
and differentiated into problematic environmental and social areas, a large number
of services with no consumers, and so on.

Yovcheva (2012) accentuates four main reasons for the shrinking processes of
cities that should be taken into account in the empirical studies: de-industrialization,
suburbanization, radical change of the political system and demographic ageing.
Sometimes the combination of these factors leads to “urban depression”, which can
lead to shrinking of not only urban areas but also shrinking at a regional scale, or even
at national scale. This “depression” is the result of the uneven spatial development and
lack of adequate spatial policy and is often preceded by long-term unemployment,
de-population and marginalization processes. Urban depression or urban blight is a
transient state of the social and infrastructural entropy (Anguelov 2016).

Particularly significant is the study and defining of shrinkage types in Europe by
Wiechmann and Wolff (2013). The authors studied cities from Eastern and West-
ern Europe in the period 1990–2010 and defined three types of urban shrinkage:
temporary shrinkage, episodic shrinkage and continuous shrinkage. There are 31
Bulgarian cities in this study, most of which are administrative regional centres.
Shrinking processes have been reported for about 28 of them, of which 22 are of
continuous shrinking type or “these cities had lost at least 0.15% of their residents
annually in all four five-year intervals since 1990” (Wiechmann andWolff 2013: 13).

Methodology

One of the main scientific challenges in the field of geography is the measuring of
urban shrinkage in its spatial–temporal specification and the selection of indicators.
Taking into account the scale, the intensity of the urban shrinkage depends largely
on the timeline, from the point of view of the region (typology) and the scale the
observations made on. This way, the measurement indicators can suggest a shrink-
ing process during short periods, while this is not proven for a longer period and
may occur vice versa. The importance of the spatial–temporal specification and the
appropriate indicators is not purely formal but related to the political and economic
transformations concomitant with the urban development in Bulgaria. In this regard,
taken into account for the purposes of the analysis was the period of demographic
shrinkage at the demographic peak (population censuses) of urban settlements to
2017 (NSI 2018).

Unlike other urban shrinkage studies in Europe (Wiechmann and Wolff 2013),
here no additional criteria for a minimum population of cities have been taken into
account, given the specificities of the national urban network and the presence of a
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large number of small cities in the country with a population below 5000 people.
The grouping of the surveyed cities has been done on the following criteria:

• Cities with administrative and regional functions
• Geographic location—cities located near and far from economic development
centres. In this group, taken as a secondary criterion for the purposes of the analysis
is the proximity to a political state border that further defines their isolation and
implies different dynamics of development, unlike cities located inside the country.

• Cities with monostructural economy and loss of military functions.

The calculation of the demographic loss is based on the population data from the
official censuses.

Empirical Study Results

Historical Context of Cities and Villages Development
in Bulgaria Until 1989

Bulgaria, in the period from the Second World War to the mid-1980s of twentieth
century, had been exposed to the Soviet influence in the field of planning, urban
planning and architecture.A new transition had begun,which dominated the ideology
of the planned economy, the unified centralized economy management, the radical
socio-economic reorganizations and the centralized planning of the urban network.
This period coincided with the imposition of the zonal urbanism (expression of the
Athens Charter) and the doctrine of functional planning, war destruction and the need
to resolve the housing problem quickly (the emergence of large residential complexes
in cities), the rapid growth of cities and the search for “satellite vents” (Alexandrov
2006) or creating new ones whose main function would be related to the industrial
upsurge of the country.

The new law on Settlements Planned Construction was adopted in 1949, and it
covered not only the planning of urban areas but also those out of them. The law
was repeatedly amended and supplemented, but for the first time it affected problems
related to construction and terrains out of the planning scheme of the settlements. It
remained in force until the first half of the 1970s (Kovachev 2009). Together with
it began the implementation of the so-called 5-year plans (5-year period) for the
development of the economy, concomitantly parallel with the process of intensive
urbanization. In that period, industrial and agricultural enterprises became much
stronger factors of the regional development than the local communities with their
resources did. Moreover, they became the stimulus for the growth of the urban pop-
ulation in Bulgaria and intensified the internal migrations in favour of those urban
territories that had consolidated important centres for the country’s economic and
industrial progress. The localization of these enterprises served to solve various ter-
ritorial problems.
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Urbanization during the communist regime was the result of the economic policy
of forced industrialization, when the population massively migrated from villages to
cities. Bulgaria is among the countries that have gone through a very fast urbanization
process. In 1950, the urban population was only 25% of the total population of the
country, and today this relative share is 73.5% (2017). From 1985 to 2017, the
settlements in Bulgaria dropped off by 81, but on the other hand, the number of cities
increased by 20.

A special feature of this period in the development of the national urban system
is the practice of declaring new cities (Anguelov 2016). The number of cities was
increasing rapidly from the beginning of the 1960s to the mid-1970s of the last
century, as only for that period 102 new cities were declared. The swarming of cities
was for subjective reasons, and most of the newly declared cities had an agrarian
nature, and did not adopt the urban way of life. Predominating in Bulgaria are the
very small (according to the Spatial Planning Act) (under 10,000 people) and the
small (10,000–30,000 people) cities. There are five citieswith population below 1000
thousand people in the country. These facts are an indicator of the quantitative and
qualitative characteristics of urbanization in the country.

Urban Shrinkage in Bulgaria

It would be logical to associate the phenomenon of urban shrinkage with a number of
the Bulgarian cities. According to Yovcheva (2012), the most severely affected cities
and regional centres are: Smolyan, Kyustendil, Razgrad and Gabrovo. The idea of
the decline (demographic and economic) of the area is not applicable only for some
regions in Bulgaria, as only in specific regions there is no expressed concentration
of the settlements concerned. Urban shrinkage is even throughout the country. It is
important to note that, in this context, the birth rate and mortality dynamics define
the existence of a sustained trend of shrinking the natural reproduction of the popu-
lation. Demographic statistics show that for more than 25 years, Bulgaria has been
experiencing significant demographic losses, resulting from the negative natural and
mechanical growth, projected in serious territorial imbalances. As of 2016, the pro-
portion of areas with irretrievable de-population was 22%, and in the medium term
(2030), this proportion shall be expected to cover more than half of the national
territory (Burdarov and Ilieva 2018).

Yovcheva (2012) accepts the idea of the quantitative frames of the shrinking city as
an area (village, city) whose minimum number of inhabitants is 10,000 people, with
a drop off the population over a period longer than 2 years and a flowing economic
transformation, with signs of a structural crisis. According to her, this specification
is very well applicable for most Bulgarian settlements, from the smallest settlement
units to the “large cities”, under the Bulgarian legal classification.

In view of the prevalence of the small cities in Bulgaria, in this paper we shall
make a broader interpretation of the narrowing of the cities and we shall not limit
ourselves to the minimum quantitative threshold of 10,000 people and high density.
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We accept the decline of the population for an extended period of time as one of the
main signs for “dying cities” and our retrospective analysis covers the statistical array
from 1946 to 2017, by measuring the population decline from the demographic peak
(from the official censuses) of the settlements to 2017, thus the period for individual
cities shall be different.

Shrinking of Cities with Administrative and Regional Functions

The reduction of the population in the cities covers not only the small- and middle-
sized cities in Bulgaria but also the administrative regional centres. This process
is registered in the regional cities with varying intensity, except for Sofia, Plovdiv,
Varna and Bourgas, which have ascending demographic trend. Differentiated are
several groups of regional cities according to the relative share of population decline
compared to their demographic peak (1975, 1985, 1992) (Mashke 2018).

The first group covers regional cities, where shrinkage is from 30 to 45%, in the
period from their demographic peak to 2017—Silistra, Razgrad, Gabrovo, Lovech,
Vidin; the second group—from 20 to 30%—Vratsa, Kyustendil, Shumen, Yambol,
Pleven, Montana, Targovishte, Dobrich, Ruse, Pernik, Kardzhali; the third group—
from 10 to 20%—Haskovo, Sliven, Smolyan, Pazardzhik; the fourth group—less
than 10%—Stara Zagora, Blagoevgrad, Veliko Tarnovo. The last group of regional
cities shall not be classified as shrinking cities, as the city of Veliko Turnovo stands
out with a population reduction of only 1.2% and Blagoevgrad with 3%. We shall
accept the third group with some conditionality, because most literary sources deter-
mine shrinking cities as those with a decrease of the population of over 25% (Shetty
2009). What makes an impression is that the demographic peak for 56% of the
regional cities was in the 1980s and for about 40%—the 1990s. Silistra had a demo-
graphic peak in the 1970s, which can be considered an indicator for the earliest
process of loss of human resources among the regional cities. The demographic
shrinkage of cities is the result of the post-socialist political and economic processes
in Bulgaria related to de-industrialization, expressed mainly in the inefficient privati-
zation with the subsequent closure of the key industries enterprises (Shumen, Vratsa,
Vidin, etc.), liquidation of companies, established in the wrong socio-economic envi-
ronment (Silistra, Targovishte, Yambol, etc.). The first group of cities with the most
intensive population reduction, with the exception of Gabrovo, includes cities that
are centres of areas with low index of the localization of the industry and a higher
index of localization of agriculture, as well as with some of the lowest levels of for-
eign investment in the last 15 years. De-industrialization, the weak flow of foreign
direct investment and the small number of newly emerged economic operators are
undoubtedly the determinants of urban shrinkage and the manifestation of destruc-
tive processes of spatial disintegration and disorganization of the settlement area. A
large part of the regional cities of the first and second groups form the areas of the
former industrial zones that had lost not only their functions but also violating the
urban cultural landscape, and transformed into “zones of risk”—ecological, social.
These areas lower the aesthetic and economic value of whole regions. The utilization



150 V. Simeonova and K. Milkova

of the former industrial sites shall lead to the utilization of the architectural potential,
the urban environment and its full development.

Shrinking in Cities with Monostructural Economy and Loss of Military
Functions

Thedemographic collapse has a particularly strongmanifestation in someof the small
cities, some of which have been threatened to disappear. Many of these cities have
a monostructural economy (inherited from the Communist period), which became
one of the main reasons for their shrinkage due to the lack of diversification of the
industry. Madzharovo stands out (584 people, 2017) in this group, with a drop off the
population of about 70% from 1985 to 2017, which gives a reason to be defined as
“dying”, or a ghost city. For long years its economy had been supported by mining
and flotation of lead–zinc ore enterprises, which later closed. This fate was shared by
the ore-mining Rhodope cities (Rhodope mining cities) Madan (50.9% population
reduction from 1965 to 2017) and Rudozem (49.9%, 1975–2017). At the other pole,
for example, are the coal centres Galabovo and Radnevo, which have significantly
lower values of population reduction due to the functioning of companies, such as
Maritsa Iztok Energy Complex, which attract daily work trips from the neighbouring
municipalities.On the other hand, the two cities have facilitated transport access to the
administrative regional centre and to the national infrastructure facilities, as opposed
to the ore-mining settlements in the Rhodope Mountains, being distant from highly
developed centres and investment nuclei.

A group of “shrinking cities” has been formed, with declining population due to
the loss of its military garrisoning functions, as a result of the reforms in the Bul-
garian Army after 1989 and/or the closing of the military industrial complex units—
Malko Tarnovo (56.4% reduction of population, 1992–2017), Bolyarovo (42.8%,
1992–2017), Topolovgrad (33.8%, 1992–2017), Elhovo (31.7%, 1992–2017), Cher-
venBryag, Pordim, Sopot, and so on. The abandoned barracks and non-settled former
military units create a prerequisite for the settlement of Roma and marginalized pop-
ulations, concomitant with an increase in crime and a manifestation of a number of
socio-economic problems. The change in ethno-confessional and social structure of
the population in some places has created social unrest and is a secondary factor
for the continuing shrinkage of cities. The availability of arable land and alternative
employment programmes are not a sufficient compensatory factor for the keeping
human resources in these settlements.

Cities Distant from Better Developed Centres

The results of the changes in demographic shrinkage show that another group of
shrinking cities can be set apart in rural areas, distant from large, developed eco-
nomic and cultural centres. They have no operating enterprises and no elements of
social infrastructure needed for the modern life. Urban lifestyle in these settlements
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is being adapted to the agricultural specifics, which draws them closer to the rural
type of settlement. Typical representatives of this group, for example, is Gramada
with a population decrease of 69% from its demographic peak in 1965 to 2017, with
an unemployment rate of 39.8% (2016); Valchedram—59.8% demographic shrink-
age and 47.9% unemployment; Boichinovtsi—59.7% reduction in population and
unemployment rates 40.3%; Byala Slatina—37.8% demographic loss and 34.8% of
unemployment, Tran—31.8 and 36.9%, respectively, and so on. Given the correla-
tions between the population decline and the unemployment rate and the analysis of
statistical ranks of the population by cities, it is evident that the Northwest statistical
region is moving quickly along the axis of a shrinking city.

This group of cities includes most small urban cities with agrarian nature, mainly
in northern Bulgaria, for example, Pleven region (Iskar, Gulyantsi, etc.), Targov-
ishte (Antonovo, Opaka), Veliko Turnovo (Strazhitsa, etc.) and other areas. It is
notable that small and very small cities with a higher share of the Roma popula-
tion have lower values of population reduction (Varbitsa, Kotel, Dalgopol, Ihtiman,
Tvarditsa, Shivachevo, etc.). For example, the city of Kostenets, close to the city of
Ihtiman, with similar demographic potential in the past, with common features in
its economic development, but with a negligible number of Roma population unlike
the city of Ihtiman, has high rates of reduction of population (44.8%, 1985–2017).
Less-pronounced urban shrinkage is reported in settlements with a concentration
of Turkish and Bulgarian-Muslim populations at the Mesta River valley (Yakoruda,
Belitsa, etc.) although they have high unemployment rates (2016). These conclusions
give reason to suggest the ethno-cultural models of spatial behaviour that directly
affect the urban development.

Discussion

Most coastal cities show no pronounced decreasing trend of the population, some
of which conduct a targeted local policy for stimulating the birth rate and keeping
of the young population (Primorsko, etc.). Relatively low shrinkage of cities (less
than 10%) can be found in the frontier zone with Greece and its close proximity in
south-western Bulgaria-Bansko (9.6% reduction from 1975), Gotse Delchev (9.9%,
from 1992), Petrich (9.5%, from 2005) and Sandanski (7.8% from 2010). The last
two cities increase their population in the first years after the political and economic
changes in the country, unlike most of the Bulgarian cities. The opening of the border
with the southern neighbour has changed the geopolitical and economic position
of the settlements and has made them attractive places for foreign investment and
living. The peripheral frontier position in this case plays a stimulating role, unlike the
southern Rhodope and Sakar-Strandzha cities, which are unable to derive positives
from the cross-border potential of their areas. This is why the latter has formed an
intensive zone of “shrinking cities”.

Undoubtedly, the three groups of shrinkages, as described byMartínez-Fernández
et al. (2012), can be found in Bulgaria. In parallel, there is a number of issues that
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still have to be explored: what forms the urban context of “shrinking cities”; how
to integrate the former production areas into the spatial “composing” of the urban
environment on an environmental principle; how to stop the process of creating new
types of peripherality in the spatial and urban planning and new types of territorial
marginality; to what extent re-industrialization related to the modernization of the
industrial system and to the formation of new economic activities and segments can
stop the shrinking of urban formations, and so on. Urban development with its four
key systems—economy, areas, infrastructure and governance requires an interdisci-
plinary and integrated approach to problem-solving; inclusion of local communities
and elites on the principle of territorial empathy and topophilia; stimulating the terri-
torial identity and the identity of the territory; improving the territorial image of the
city, not only as an investment and a tourist destination but also as a place for living;
creation of an effective industrial urban policy and conversion strategies as a tool for
development of the territory and capitalization of competitive advantages; effective
use of the mechanisms of city governance—regulation, control, coordination and
communication concept.

Conclusion

As of 2017, the process of urban and demographic shrinkage seemed irreversible,
given the demographic trends and the deepening regional disparities in the develop-
ment of the territory. The de-industrialization and loss of industrial identity in many
regions are undoubtedly among the main reasons for the loss of human capital and
the deepening effects of migratory processes that define the current state of the urban
network.

The territorial and targeted policies, as well as the long-standing lack of spa-
tial planning instruments, fail to formulate a long-term solution to the problem of
demographic shrinkage and social inequalities, especially in those regions that the
National Concept of Spatial Development (2013–2025) defines as shrinking area
due to the rapid loss of population (National Spatial Development Concept 2012).
The lack of economic diversification and the conditions for attracting investment
has turned many small and medium-sized Bulgarian cities into vulnerable declining
and degrading urban areas. Bulgaria is among the Eastern European countries that
shows the extreme cases of de-population. In this context, one of the important issues
the Bulgarian planning has to solve is how urban areas with complex shrinkage can
revive their economic and social base.
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Regional Spatial and Statistical Analyses
of the Urban-Rural Relationships
in Romania. Case Study: Romanian Plain
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Abstract In Romania, the majority of settlements are rural. Generally, they are
characterised by a high social and economic dependency on the closest urban areas,
thus leading to a series of spatial and functional interactions. The paper is aiming to
perform a regional scale (Romanian Plain) analysis of the spatial and functional link-
ages between 34 cities and 318 rural settlements located in their influence area. For
the assessment of the urban-rural relationships, spatial analysis and statistical regres-
sion models at Local Administrative Level (LAU) were performed. The authors used
three independent variables (demographic size, functional profile and connectivity)
considered as driving factors for the selected cities, and eight socio-economic depen-
dent variables (population growth, living floor, age dependency, economic depen-
dency, built-up areas expansion, water supply, migratory balance, unemployment
rate) reflecting the degree of rural development. The study results help identify areas
with different rural development potential and better understand urban-rural interac-
tions of the last decades.
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Introduction

Urban and rural areas are the engines behind the urban-rural interactions, each fac-
ing different processes conditioning the type and dimension of their relationships.
In extended parts of Europe, the settlement pattern cannot longer be understood as
either urban or rural (Wandl et al. 2014). Hence, urban and rural areas should be
analysed in an integrated manner as the distinction between the two has increasingly
blurred, and the interdependency has amplified (Davoudi and Stead 2002; Piacentini
and Trapasso 2010). The vitality of rural regions is under threat in large parts of
Europe, as they are undergoing a dynamic transition. In many cases, this is the result
of a combination between depopulation and agricultural decline (Zonneveld and
Stead 2007) or urbanisation, changes in agriculture, new patterns of production and
consumption and new societal demands (Horlings andMarsden 2014). In metropoli-
tan landscapes, under the growing interlinking between urban and rural activities,
rural areas are no longer lying outside the city, often being placed ‘in between’ the
urbanised spots (Horlings et al. 2009) giving birth to a new spatial development
typology ‘territories-in-between’ (Wandl et al. 2014).

Rural–urban relationships are tightly connected to the evolution and development
of the processes that are taking place in urban areas. Moreover, processes related to
urbanisation continue to broaden affecting even the remotest small village (Antrop
2004). Hence, the influence of cities on their surrounding territory is also associ-
ated with the urban development stages of van den Berg et al. (1982): urbanisation,
suburbanisation, desurbanisation and reurbanisation, which rely on the population
(growth and decline) and spatial changes between the core and ring. Suburbanisa-
tion, however, holds the most extensive processes of population change and migra-
tion from cities to the adjacent hinterland involving the decentralisation of the city
(Šimon 2014). It is regularly associated with the rapid growth of population in the
commuting suburbs, triggering changes in transport and growth of residential areas
driven by lower land prices, high-quality environment and more pleasant surround-
ings (Stanilov and Sýkora 2014). In post-socialist countries (i.e. Romania), suburban-
isation is themost important urban process contributing to reshaping themorphology,
land use patterns and socio-economic structure of metropolitan regions (Sýkora and
Ouředníček 2007). Overall, urban development (in all its phases), involves a variety
of spatial and functional changes between urban and rural areas, mainly involving
population shifts from the urban core to suburban areas, as well as the conversion of
agricultural land to urban built-up land in the peripheral areas (Frenkel andAshkenazi
2008).

The concept of urban-rural relationships emerged as a way to promote an inte-
grated model of cities and the surrounding regions based on their spatial and func-
tional interdependencies (Davoudi and Stead 2002). Urban and rural areas have
become even more interdependent and connected economically, politically, socially
and physically through housing, employment, education, commuting, resource use,
etc. (Stead 2002; Zonneveld and Stead 2007). The Study Programme on European
Spatial Planning distinguishes eight kinds of relationships: homework (commuting);



Regional Spatial and Statistical Analyses of the Urban-Rural … 157

central place; metropolitan areas and urban centres in rural and intermediate areas;
between rural and urban enterprises; rural areas as consumption areas for urban
dwellers; rural areas as open spaces for urban areas; rural areas as carriers for urban
infrastructure; rural areas as suppliers of natural resources for urban areas (Strubelt
et al. 2001). Tacoli (2003) identifies different types of flows (e.g. agricultural, peo-
ple, information, financial) which when defining the rural–urban linkages. Bengs and
Schmidt-Thomé (2006) sums up a concise classification of the rural–urban linkages
referring to the structural and functional relationships they develop.

From a policy viewpoint, the European Spatial Development Perspective (ESDP)
was the first document to draw attention to ‘urban-rural partnerships’ at European,
national, regional and local levels as a way to re-evaluate the relationships between
city and countryside (Davoudi and Stead 2002; Kawka 2013; Lucatelli and De Mat-
teris 2013). Urban-rural partnerships include a large variety of issues from peripheral
rural areas with dispersed small settlements to sprawling spaces inmetropolitan areas
(Zonneveld and Stead 2007). Later on, build upon the aim of the ESDP, the Territorial
Agenda of the European Union 2020 also stressed the importance of developing a
balanced and polycentric urban system and new urban-rural partnerships (Jacuniak-
Suda et al. 2014). Within the EU Regional Policy on territorial cohesion, urban-rural
linkages are seen as partnerships for sustainable urban-rural development (RUR-
BAN), through analysing territorial towns/cities–rural areas partnerships practices;
attaining better cooperation between different actors in developing and implementing
urban-rural initiatives; promoting territorial multilevel governance; assessing possi-
ble economic and social gains from enhanced rural–urban cooperation and identify
the potential role of urban-rural partnerships for improving regional competitive-
ness and governance.1 In line with this, urban-rural cooperation is documented as
an essential driver of social and economic success, especially in metropolitan areas
(Bański 2014) in view of addressing EU cohesion policy goals or achieving the EU
2020 targets.

Within this broad context, twomain objectives have been set for the current paper:
(1) to provide quantitative and qualitative investigation of the relationships between
cities/town and their surrounding rural areas using several socio-economic indicators
in order to (2) understand their role in local and regional development over the last
decades.

Overview of the Rural–Urban Relationships in Romania

In 2017, the system of settlements in Romania included 3,181 LAU (Local Adminis-
trativeUnits), most ofwhich rural (2,861 communes/12,957 villages). In contrast, the
urban system appears to be underdeveloped in terms of number of cities (320) relative
to the overall population of Romania.2 After 2000, the urban population has grown

1http://ec.europa.eu/regional_policy/ro/policy/what/territorial-cohesion/urban-rural-linkages/.
2http://statistici.insse.ro/shop/index.jsp?page=tempo3&lang=en&ind=LOC103B.

http://ec.europa.eu/regional_policy/ro/policy/what/territorial-cohesion/urban-rural-linkages/
http://statistici.insse.ro/shop/index.jsp?page=tempo3&amp;lang=en&amp;ind=LOC103B
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following the declaration of new cities, rather than the positive demographic dynam-
ics. As a result, the urbanisation rate reached 56.4% (2016), the maximum value
ever recorded in Romania mainly based on the rural–urban inflows, the urban status
granted to some communes and the inclusion of some villages within the adminis-
trative perimeter of towns (Mitrică et al. 2016). Rural–urban migration exceeded 2.2
million inhabitants between 1990 and 2014, while urban-rural migration (especially
rural areas surrounding the big cities) reached 1.8 million inhabitants. Therefore,
the villages are still exposed to the depopulation started during the industrialisation
communist period, which has been recently replaced by the external migration of the
rural labour force (Nancu 2016).

Before 1990, the urban-rural relationships have been largely driven by the socialist
industrialisation, collectivisation of agriculture and the centralised plan-based sys-
tem which mainly conditioned the workforce flows from rural to urban areas. After
1990, the dynamics and dimension of the urban/suburban/rural landscapes have been
dictated by the general socio-economic transformations which have marked central
and south-eastern European cities (Soós and Ignits 2003; Degórska 2004; Popovici
et al. 2013; Stanilov and Sýkora 2014). Thus, subsequent to the fall of communism,
profound socio-economic transformations conditioned by the transition from a cen-
tralised to a market-based society occurred. The relationships between towns and the
villages located in their influence area developed within a new economic and legisla-
tive context. After the collapse of industry, when the job opportunities in the major
cities were no longer available, commuting dropped sharply (Mitrică et al. 2016).
Moreover, the main post-communist agrarian reform, which reconstituted the prop-
erty right over agricultural and forest land to its former owners (Law no. 18/1991)
had led to an important return of town dwellers to their places of origin. Steaming
from the various differences between the two environments in terms of size, func-
tions or patterns, new types of flows between the surrounding rural territories and
urban areas emerged. From a legislative perspective, the increasing transformation
of communes, viewed as local polarisation cores, into towns has also influenced the
evolution trend in the urban-rural progress.

In the recent years, urban development, in all its stages, has become the main
and most visible spatial processes taking place in the rural–urban interface. Thus,
its dynamics has been mainly conditioned by urbanisation (Benedek 2006; Furdui
et al. 2011; Dumitrache et al. 2016; Guran-Nica et al. 2016) suburbanisation (Nico-
lae 2002; Benedek and Bagoly 2005; Suditu 2012; Cocheci 2015; Grigorescu et al.
2015; Dumitrache et al. 2016; Guran-Nica et al. 2016; Grigorescu and Kucsicsa
2017), counter-urbanisation (Guran-Nica and Sofer 2012; Guran-Nica et al. 2016)
and metropolisation (Ianoş et al. 2012; Guran-Nica et al. 2016; Mitrică et al. 2016).
These urban development processes have triggered significant structural and func-
tional transformations at the urban-rural interface. Hence, the urban-rural fringe is
progressively shifted even further to the surrounding rural–agricultural space, the
first to be consumed as a land resource in the urban sprawl process.

The complexity of urban-rural relationships in Romania steam from the variety
of interactions evidencing the territorial transformations, disparities and patterns at
different spatial scales (Pavel 2004; Istrate 2008; Stoica et al. 2010; Furdui et al.
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2011). Local scales, however, (e.g. Bucharest, Craiova, Cluj-Napoca), have better
identified and described the range of urban-rural interactions (Ianoş et al. 2010;
Guran-Nica et al. 2011; Stoica et al. 2011; Vânău 2011; Pocol and Jitea 2013; Şoşea
2013). Moreover, the diversity of spatial transformations is dictated by the evolution
of the socio-economic characteristics of the urban and rural areas determining the
type of linkages thatmight develop: spatial or functional. The spatial relationships are
reflected by the urban development and sprawl-related processes, regularly quantified
by the land use/cover changes in general, and built-up areas dynamics, in particular.
Among these, land use/cover changes, mainly in relation to urban sprawl and sub-
urbanisation processes are more active in the urban-rural interface (e.g. Gavrilidis
et al. 2015; Iojă et al. 2011; Grigorescu and Kucsicsa 2017; Kucsicsa and Grig-
orescu 2018). On the other hand, functional relationships are largely dictated by the
social and economic changes that involve different types of flows (e.g. commut-
ing, economic, demographic, provisioning) (Tălângă et al., 2010; Guran-Nica and
Sofer 2012) maintaining strong relations between urban areas and the surrounding
suburban villages.

Methodology

General Concepts

Spatial and statistical analyses are important for understanding the relationships
between rural and urban settlements, but there is limited research on investigating
their interactions using such methods. Spatial analysis has been used to explore the
processes taking place in rural areas (Cho and Newman 2005; Van Eupen et al. 2012;
Caschili et al. 2015; Bański and Mazur, 2016) or to explain the causes and effects of
urban growth-related process and patterns (Sudhira et al. 2004; Rahman et al. 2011;
Shahraki et al. 2011). However, through the spatial dimension and the functional and
structural changes of the urban growth-related process, urban-rural interactions were
indirectly addressed through the ties developed between the urban centres and the
rural surrounding territories.

Some studies have focused on particular aspects of urban-rural relations such as
migration determinants (Helbich and Leitner 2009), employment (Wójcik 2014) or
the different spatial and functional processes taking place at the urban-rural interface
(Carrion-Flores and Irwin 2004; Liu et al. 2013). Therewith, spatial-based regional
typologies (urban, peri-urban or rural) aimed at providing analysis and modelling of
the urban-rural regionswere developedwithin some research projects such asESPON
1.1.2 (Bengs and Schmidt-Thome 2006) or PLUREL (Zasada et al. 2013) and other
approaches (OECD 2007; Dijkstra and Poelman 2008; OECD 2009; Dijkstra and
Ruiz 2010; Brezzi et al. 2011; van Eupen et al. 2012; Wandl et al. 2014; Gonçalves
et al. 2017).
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Spatial and Statistical Analysis of the Urban-Rural
Relationships in the Romanian Plain

The main scope of the current paper is to perform a regional-scale analysis of the
spatial and functional linkages between cities/towns and their surrounding rural LAU
in one of the most dynamic areas in Romania, Romanian Plain. The region has been
the most affected by the structural and functional transformations of the last century,
generally driven by the continuous population growth which required the expansion
of agricultural areas for extensive and intensive farming, followed by the intensi-
fication of the urbanisation and forced industrialisation processes. After 1990, the
gradual transition from the traditional rural–agrarian society to the urban–indus-
trial society (Mitrică 2016) has been followed by the spatial and structural changes
brought in by the fundamental political and socio-economic transformations of the
post-communist period. Hence, urban-rural relationships have changed significantly
in the last decades due to the increasing pressures of the cities on the surrounding
agricultural land which occupies nearly 80% of its territory.

The Romanian Plain is located in the southern and south-eastern part of the coun-
try. It includes about 650 LAU which are totally overlapping its territory and more
than 100 LAU located at the border with the neighbouring relief units. For the current
analysis, out of the border localities, the authors took into the consideration the LAU
with more than 50% built-up area included within the Romanian plain limits, that is
762 LAU (67 urban LAU and nearly 695 rural LAU) (Fig. 1).

Establishing the cities of influence. For the urban-rural relationships analysis,
several areas were selected, evenly distributed throughout the Romanian Plain, so as
to better reflect the spatial influence of the cities in the development of rural localities

Fig. 1 The local administrative units (LAU level) included in the Romanian plain
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in their surrounding territory. Thus, out of a total of 71 cities located in the Romanian
Plain, 34 were considered to be cities of influence, territorially significant in terms
of demographic size and functional profile (Table 1).

Establishing the areas of influence. In order to identify and assess the influence
of the urban areas on the neighbouring rural territory, the authors delineated the area
of influence (rural LAU) for the selected cities. Given that, in geographical terms,
the spatial extent of urban-rural relationships refers to commuting and time-travel
distances and socio-economic interactions, they require either spatial adjacency or
accessibility provided through the transport infrastructure (Zasada et al. 2013). The
analysis of the location of the rural territorial units and their transport-wise accessi-
bility to urban centres within the differentiated administrative settlement hierarchy is
an important component in delineating rural areas under the urban influence (Bański
and Mazur 2016). As a result, the areas of influence were set based on the degree of
accessibility, calculated as the distance between the city of influence and each rural
locality in the surrounding area. Thus, based on this criterion, the inclusion of rural
LAU in the area of influence was made as follows: ≤15 km distance from the influ-
ence cities with less than 100,000 inhabitants, ≤30 km distance from the influence
cities with a population of 100,000–400,000 inhabitants and ≤45 km distance from
the influence cities with over 400,000 inhabitants. The rural LAU included in the

Table 1 Ranking the selected cities according to their demographic size and functional profile.
Number of localities included in the influence area

Name Demographic size Functional profile No. of rural LAU2 included in the influence area
BUCHAREST >400,000 industrial and services 72
GALAȚI 200,000-400,000 industrial and services 13
CRAIOVA 200,000-400,000 industrial and services 11
PLOIEȘTI 200,000-400,000 industrial and services 29
BRĂILA 200,000-400,000 industrial and services 11
BUZĂU 100,000-200,000 industrial and services 18
PITEȘTI 100,000-200,000 industrial and services 7
FOCȘANI 50,000-100,000 industrial and services 13
TÂRGOVIȘTE 50,000-100,000 industrial and services 6
SLATINA 50,000-100,000 industrial and services 2
CALARAȘI 50,000-100,000 industrial and services 5
ALEXANDRIA 50,000-100,000 industrial and services 9
SLOBOZIA 50,000-100,000 mixed 7
BAILEȘTI <50,000 mixed 7
CALAFAT <50,000 industrial and services 3
CARACAL <50,000 industrial and services 7
FETEȘTI <50,000 services and industrial 3
GIURGIU <50,000 industrial and services 5
OLTENIȚA <50,000 industrial and services 5
RÂMNICU SĂRAT <50,000 industrial and services 7
ROȘIORI DE VEDE <50,000 industrial and services 8
TECUCI <50,000 mixed 7
TURNU MĂGURELE <50,000 industrial and services 7
URZICENI <50,000 industrial and services 12
BECHET <50,000 agricultural mixed 4
GAEȘTI <50,000 industrial and services 5
ÎNSURAȚEI <50,000 agricultural mixed 3
ISACCEA <50,000 mixed 1
LEHLIU GARĂ <50,000 mixed 6
POGOANELE <50,000 mixed 3
TITU <50,000 industrial and services 9
VÂNJU MARE <50,000 mixed 4
VIDELE <50,000 mixed 6
ZIMNICEA <50,000 mixed 3
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influence area of each city based on this criterion is shown in Table 1. Thus, of the
318 rural LAU (Fig. 2), the majority are located in the influence area of Bucharest
(72), Ploies, ti (29), Buzău (18), Galaţi (13), Focşani (13) and Urziceni (12).

Statistical analysis. Based on data availability, several indicators (dependent and
independent variables) resulting from statistical and spatial data processing have
been considered (Table 2).

Fig. 2 The cities and their influence area established based on the connectivity criterion

Table 2 Dependent and independent variables included in regression models to assess urban-rural
relationships in the Romanian Plain

Dependent variable Explanation Processed based on

Y1 Built-up areas dynamics (1990–2015) LANDSAT satellite images

Y2 Living floor space dynamics (1992–2011) NIS

Y3 Population growth dynamics (1992–2011) NIS

Y4 Age dependency ratio dynamics
(1992–2011)

NIS

Y5 Migratory balance dynamics (1992–2011) NIS

Y6 Unemployment rate trend (1992–2011) NIS

Y7 Economic dependency index trend
(1992–2011)

NIS

Y8 Water supply network trend (1992–2011) NIS

Independent variable

X1 Functional profile hierarchization (1992) NIS

X2 Demographic hierarchization (1992) NIS

X3 Connectivity (by roads) Google maps
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The dependent variables were used to assess the level of socio-economic devel-
opment in the area of influence of each town.

Built-up areas dynamics. The existing built-up space is more likely to trigger
further development with similar or different land use functions (e.g. residential,
commercial). For the current research, the thematic layers containing built-up areas
extracted using visual interpretation of Landsat 4/5 TM and Landsat 8 OLI_TIRS
images were quantified and analysed.

Living floor space. This variable refers to the total amount of living rooms surface
measured by the interior dimensions at floor level.3 This indicator is associated with
built-up areas dynamics, mainly triggering suburban residential areas (residential
suburbanisation) which, in time, is more likely to attract better-educated population
with high incomes (Sýkora and Ourednicek 2007), but also residential segregation
and exclusion (Soós and Ignits 2003).

Population growth dynamics, considered as the average annual rate of popula-
tion change during a specified period, is generated by the positive birth rates and
migration. In relation to the influence of the urban centre over the neighbouring rural
territory, it is mainly caused by urban-rural migration or vice versa. During the early
stages of suburbanisation, the outward moving of population brings in infrastruc-
ture and new functions, generally influencing higher land consumption (Frenkel and
Ashkenazi 2008). Hence, higher population growth rates trigger increased spatial
changes, especially built-up areas expansion, resulting in the spatial redistribution of
the population inside metropolitan areas under residential deconcentration (Sýkora
and Ourednicek 2007).

Age dependency ratio (% of the working-age population) is the ratio between
the elderly population (65 + years) and the working age (15–64 years) population.4

Regularly, this indicator has a negative meaning with respect to the socio-economic
progress of rural areas (Bański and Mazur 2016) which, in time, reflects itself in the
economic dependency of population.

Migratory balance. Rural–urban migration lessens population pressure in rural
areas, helping improve economic conditions and reduce poverty.However, disparities
between urban and rural areas in terms of income, employment and the availability of
basic infrastructure and services still remain (Sheng 2002). Also, under urban-rural
migration, new suburban areas are experiencing an influx of well-educated, affluent
and demanding urban residents which claim services, commerce and infrastructure
(Bański 2014).

Unemployment rate in suburban areas is an important indicator which expresses
the labour functional relationships with urban areas. Thus, higher unemployment
rates in urban areas lead to the shift of population in the suburbs where land
resources are more accessible (‘suburbanisation of poverty’) (Hochstenbach and
Musterd 2017). In addition, the relocation of businesses in the suburbs attracts the
available workforce from the city––‘job suburbanisation’ or ‘job sprawl’ (Raphael
and Stoll 2010).

3http://statistici.insse.ro/shop/index.jsp?page=tempo3&lang=en&ind=LOC103B.
4https://data.oecd.org/pop/elderly-population.htm.

http://statistici.insse.ro/shop/index.jsp?page=tempo3&amp;lang=en&amp;ind=LOC103B
https://data.oecd.org/pop/elderly-population.htm
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Economic dependency index, defined as employee’s upkeep of another person
who does not carry out a remunerative activity, is calculated as the number of non-
occupied persons (inactive and unemployed)/100 occupied persons (Simion 2000).
This indicator influences the socio-economic development of the rural areas, gener-
ally leading to migration flows to more developed regions.

Water supply network (the length of water supply network at LAU level) mainly
relates to the built-up areas dynamics and the migratory balance in terms of the
increased demand for the development of technical infrastructure (Bański andMazur
2016) under the expanding urban influence over the rural surroundings.

The independent variables have been set to categorise each selected town accord-
ing to the functional profile, demographic size and accessibility.

The functional profile and demographic size of the influence cities are impor-
tant in explaining their effects on the surrounding rural LAU, thus determining the
degree of urban influence and the types of relationships that might be developed.
Furthermore, the accessibility was considered assuming that better connectivity to
the influence cities can increase the development degree of the nearby rural LAU.
This was calculated as road distance between each rural locality included in the area
of influence and its influence city. The connectivity (accessibility degree) was essen-
tial for the initial selection of influence cities/towns given that the physical distance
has a significant impact on the urban-rural relationships: the closer the rural areas
are to the cities, the stronger their interaction is. In this way, the role of the city is
essential in reducing the ‘rurality’ degree (Pascariu and Czischke 2015), as well as
in quantifying the driving time necessary for the population of a region to reach a
populated centre (Dijkstra and Ruiz 2010).

Regression models. Urban-rural relationships were carried out using regression
models in order to identify and evaluate the interactions between the (influence)
determinants and the degree of development of the rural LAU in the area of influence,
as reflected into a series of socio-economic and demographic indicators. Multiple
linear regression (MLR) and binary logistic regression (BLR) estimated for eight sets
of variable combination were applied (Fig. 3). Thus, based on the resulted regression

Fig. 3 The sets of variables combination included in regression models
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Table 3 The classification
(coding) of the dependent
variables to apply BLR

Dependent variables Classes

Built-up areas dynamics <50 ha ≥50 ha

Living floor space dynamics <50 m2 ≥50 m2

Water supply network dynamics <1,000 m ≥1,000 m

Population growth dynamics Negative Positive

Age dependency ratio dynamics Negative Positive

Migratory balance dynamics Negative Positive

Unemployment rate dynamics Negative Positive

Economic dependency index Negative Positive

Code 0 1

coefficients, the factors that contributed to the development of the rural areas near
the selected towns were identified, compared and ranked.

Using MLR, the influence of each explanatory factor was investigated. For this,
the categorical independent variables, i.e. functional profile, was classified as con-
tinuous data from 1 to 4 considering their importance in the development of the
region: agricultural mixed (1), industrial and services (2), mixed (3), services and
industrial (4). Before developing the MLR models, all variables were normalised
into the range 0–1 byMin–Max linear transformation, to achieve similar data range.
Furthermore, in order to assess the influence of each explanatory factor’s classes on
the independent variables against the established reference category, the BLR was
used. Thus, each dependent variable was divided into two classes (Table 3) in order to
show the magnitude of the process (low–high, negative–positive). Additionally, each
considering continuous explanatory factor was classified and prepared as categorical
(Table 4).

Results and Discussions

The relative contribution of the explanatory variables was evaluated using the cor-
responding coefficients in the regression models. In the case of MLR, the relative
contribution of the explanatory factors was assessed using the standardised estimated
coefficients β (Table 5). Significant differences have resulted between values, sug-
gesting that the explanatory factors have different effects on the considering depen-
dent variables. The highest positive values indicate that the demographic size is the
best predictormainly for theY1–Y3. Thismeans that the probability of built-up areas,
living floor space and population growth to increase occurs if the demographic size in
the influence cities increases. Furthermore, the negative β values resulted for Y4–Y6

indicates a significant influence of the demographic size and connectivity in the neg-
ative dynamics of age dependency ratio, migratory balance and unemployment rate
dynamics. The influence of connectivity on the degree of development of the rural
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Table 5 Standardized estimated coefficients (β) for the multiple linear regression models

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Functional profile 0.034 0.061 0.016 −0.058 −0.027 −0.159 0.015 0.029

Demographic size 0.870 0.707 0.704 −0.123 −0.195 −0.142 0.045 0.142

Connectivity 0.473 0.471 0.480 −0.053 −0.169 −0.074 −0.121 0.114

LAU included in the area of influence is also evident, the regression coefficients
showing important contribution mainly to Y3, Y1 and Y2. It means that better roads
connectivity (decrease in distance) will trigger population growth, built-up areas and
living floor space expansion due to better accessibility to the influence cities. Also,
the β coefficients for Y5 (−0.169) and Y6 (−0.074) indicate that migratory balance
and unemployment rate decrease when the connectivity to influence cities is very
good.

The regression models pinpoint that the functional profile has low significance
in the socio-economic indicators dynamics after 1990 compared to demographic
size and connectivity. However, the β coefficients show that unemployment rate has
negative dynamics and built-up areas and living floor space positive dynamics when
the functional profile of the influence cities grows in importance. Furthermore, the
water supply network ismore developedwhen the functional profile of the influenced
cities increases in importance.

In case of the BLR, ranking the classes of each explanatory factor compared to the
established reference category was evaluated using the corresponding β coefficients
(Table 6). First, for the functional profile, the positive β values show that industrial
services and mixed profile have the most important contribution mainly to built-up
areas expansion and population growth, compared to the agricultural mixed pro-
file (reference category). On the other hand, the negative β values indicate that the
industrial and services, mixed and services and industrial profiles contribute more
to the negative dynamics of age dependency ratio, unemployment rate and economic
dependency index than the agricultural mixed profile. In case of the demographic
size, the influence to the built-up areas expansion, living floor space dynamics, pop-
ulation growth and water supply network extension is more evident in the rural LAU
situated near the largest cities than in the rural LAU near the smallest cities. Further-
more, the negative dynamics of age dependency ratio and migratory balance is also
more evident in the rural LAU situated close to the cities with more than 100,000
inh. In terms of connectivity, it is also obvious the contribution of the very good
connectivity between rural LAU and influence cities mainly to population growth,
built-up areas and living floor positive dynamics comparing to the influence of the
very low connectivity. Hence, the negative dynamics of the age dependency ratio
and unemployment rate are better explained for the rural LAU located closer to the
influence cities.

In addition, the Nagelkerke R Square indicator (Table 6) shows how socio-
economic development of the rural LAU is differently explained by the analysed
explanatory factors together. Thus, the highest values (0.437 for Y1 and 0.40 for Y3)
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indicate that functional profile, demographic size and connectivity explain 44% of
the built-up areas expansion and 40% of the increase in population in the influence
area.

On the other hand, the lowest values for Y8, Y5 and Y7 indicate that the water
supply network extension, negative dynamics of migratory balance and economic
dependency index could be better explained by other explanatory factors of the
influence city, as well as by local drivers (e.g. investments, entrepreneurial initiatives,
development projects, external migration) which were not included in the present
study.

Conclusions

Assessing the relationships between urban areas and the surrounding rural terri-
tory is essential in understanding the dimension of the spatial and functional link-
ages between the two types of settings. Spatial and statistical analyses, in particular
can provide quantitative upshots on the types and variety of connections developed
between cities/towns and their rural surrounding territory.

In Romania, urban-rural relationships have been addressed at different spatial
scales and focused on a variety of linkages (e.g. spatial, functional). The dimension
and the complexity of the urban-rural relationships is highly influenced by the size
and functions of the urban area, thus county seats, large and medium-sized towns
trigger a wider diversity of linkages than the small towns. Thus, the complex rela-
tionships between these two types of settings (urban and rural) are better understood
using a combination of statistical and spatial analysis methods, providing two- or
three-dimensional image of the spatial phenomena taking place in the surrounding of
cities. As a result, in order to reflect the degree of rural development, the urban-rural
relationships assessment were performed as the interaction between three indepen-
dent variables (demographic size, functional profile and connectivity) of the selected
urban LAU and eight socio-economic dependent variables (population growth, liv-
ing floor, age dependency, economic dependency, built-up areas expansion, water
supply, migratory balance, unemployment rate) of the rural LAU. The estimated
coefficients of the regression models indicate that after the 1990 the socio-economic
development in the Romanian Plain’s rural LAU has been mainly triggered by the
demographic size and connectivity to the influence cities. Their effect is more vis-
ible on the population increase, built-up areas and living floor space expansion in
the surroundings of Bucharest, Pites, ti, Galat,i, Craiova, Ploies, ti, Brăila, as well as
in the decline of the migratory phenomena and unemployment in the surroundings
of Bucharest, Pites, ti, Buzău, Călaras, i. Moreover, the spatial and statistical analysis
shows a reduced influence of the functional profile in the socio-economic develop-
ment degree. Thus, it can be assumed that the future socio-economic development of
the rural LAU in the study area is more likely to occur near larger cities, with good
connectivity, as well as characterised by mixed and industrial and services functional
profiles (e.g. Bucharest, Ploies, ti, Galat,i, Brăila, Craiova). Conversely, a low devel-
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opment degree of the rural LAU is mainly expected in the influence area of the small
towns characterised by a dominant rural–agricultural profile and industrial decline
(e.g. Însurăt,ei, Bechet, Fetes, ti, Vânju Mare, Titu, Zimnicea, Videle). Overall, the
current results help in identifying areas with different rural development potential
and better understand the urban-rural interactions.

Acknowledgements The current research was performed in the framework of the project ‘Geo-
graphical study of the man–environment relationships in the Romanian Metropolitan Areas’, under
the research plan of the Institute of Geography, Romanian Academy.
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Bański J, Mazur M (2016) Classification of rural areas in Poland as an instrument of territorial
policy. Land Policy 54:1–17

Benedek J, Bagoly P (2005) Procesul de suburbanizare din România. Studiu de caz, zona suburbană
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of Harman Mahala Quarter—Plovdiv,
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Abstract Post-communist societies are facing numerous challenges leading to com-
plex structural changes. New models of socio-spatial polarization of the cities have
emerged. In recent decades, Bulgaria has seen a clear trend of growing number of
Roma people residing in cities. In the majority of cases, the Roma settle either in
already existing Roma quarters, or the new settlers form completely new Roma quar-
ters. The swift explanation of the Roma quarters in both horizontal (spatially) and
vertical (height) aspect, makes it difficult to trace the changes. Considering that most
buildings are illegal, they are not present on cadastral maps and urban spatial plans.
The serious difficulties which Bulgaria has been encountering regarding the integra-
tion of its Roma population, together with the increased ghettoization of the Roma
living in cities and the eventual threats of social cataclysms, determine the necessity
of carrying out this study. Its main objective is to analyze the spatial development
trends and the internal structure of the Roma quarters, based on the case study of
the Roma-inhabited Harman Mahala quarter in the city of Plovdiv, applying remote
sensing and field research methods.
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Introduction

Spatial segregation has attracted the attention of geographers and sociologists for
more than a century. Their research focuses on the analysis of spatial segregation
patterns, the causes of their occurrence, their development and of course—the con-
sequences. The proximity of ethnic groups determines patterns of social interaction
and spatial access to social services: ethnic groups living apart from one another
are unlikely to interact with each other and use the same social institutions (health-
care, educational institutions, parks, social centers, etc.). As the spatial proximity
increases, the probability and degree of social interaction increases too.

In the United States, the concept of segregation is mainly perceived through indi-
cators related to ethnic or racial affinities of the individuals, whereas in Europe—
mostly to socioeconomic status, education level, housing quality—as Van Kempen
and Özuekren (1998), Musterd and Ostendorf (1998), Friedrichs (1998), Johnston
et al. (2002), Maloutas (2007), Van Kempen (2007) and other authors reveal. The
above-mentioned researchers emphasize the growth of spatial segregation in the
cities of most countries, pointing out as main factors the immigration flows, the
“withdrawal” of the “social state”, the housing market, the unequal distribution of
council housing, the ethno-cultural specifics of the minority groups, etc. Overall,
the level of spatial segregation in Southern European cities has been deemed lower
compared to that of the Western European ones. Malheiros (2002) highlights that
the nature of the existing spatial segregation in Southern European cities is deter-
mined by four features: (1) poorer housing conditions; (2) high levels of informality;
(3) more complex housing distribution patterns; and (4) a higher degree of subur-
banization. At present, scientists point out that the above-mentioned processes have
become one of the main features of cities across post-communist countries of Europe
as well. Although there are significant differences between the former communist
countries themselves, it can be argued that their cities are characterized by a lower
degree of segregation compared to the rest of Europe. Eastern European authors such
as Szelenyi (1983), Marcińczak (2007), Toušek (2009) explain the lower degree of
spatial segregation with the political agenda during the communist period, aimed at
social equality. The post-communist socioeconomic transformation, as well as the
introduction of the neoliberal model of state development, however, triggered a pro-
cess of sociospatial polarization, with the explicit clarification that the segregation
processes are valid for all social groups of people, especially for those who identify
themselves as Roma. The above-mentioned authors state that the different forms of
spatial segregation are related to the spatial concentration of representatives of the
Roma ethnic group. Despite the great interest in that ethnic community, especially
during the so-called “Decade of Roma inclusion”, the empirical studies of the Roma
neighborhoods and the place they hold in the urban area are relatively scarce in
Bulgaria.
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Categories and Methodology of the Research

The structural analysis of the changes occurring in urban neighborhoods, housing
differentiation and the concomitant processes of spatial segregation and concentra-
tion, originated in the Chicago School of Sociology (see, for example, Burgess 1925;
McKenzie 1925).Various spatial patterns of the cities exist, usually involving concen-
tric zones—Burgess (1925), specific sectors (Hoyt 1939) or multiple nuclei (Harris
and Ullman 1945). The spatial aspects of the social processes are theorized in the
pioneering works of Harvey (1973, 1982) and Castells (1972). Each object or subject
demands space. Since no object/entity can occupy the same space simultaneously
with another one, space becomes divided, which is its basic physical characteristic
(Harvey 2006; Simmel 1997). The same authors claim that space is never purely
physical (absolute) or mathematical (geometric), but it is always also social. Space
is defined by Bourdieu (1989) as a “system of relations”, and Massey (2005) defines
space as a “product of relationships”.

It is hard to find a clear and common definition of spatial segregation in scien-
tific literature. There are different ways to perceive and address the problem. The
definition of the term segregation in the Dictionary of Human Geography is brief,
describing spatial segregation as a division of a particular community into subgroups
throughout the area of residence (Johnston et al. 1986). Despite the seemingly simple
definition of spatial segregation, the term remains relatively unclear. Van Kempen
and Özüekren (1998) believe that the essence of spatial segregation is expressed in
the concentration of a particular group in some areas, compared to others where
the same group is represented to a lesser extent. Closely related to spatial segrega-
tion is the theory of spatial assimilation (Massey and Denton 1988; Massey 2005),
according to which the levels of acclimatization and integration determine the con-
centration of certain groups in a given territory. Spatial assimilation is the result of
two opposing spatial forces: (1) concentration—that leads to ethnic segregation and
(2) dispersion—where ethnic assimilation of given ethnic groups occurs. According
to Van Kempen and Özüekren (1998), the opposite process of spatial segregation is
the formation of the so-called mixed residential areas, defined as a situation where
representatives of all ethnic groups live together.

In most definitions, spatial segregation is regarded as residential segregation, but
it may also refer to the formation of separate groups in schools, at work, during
leisure activities, etc. Research has shown that almost every criterion (social status,
material status, ethnicity, mother tongue, race, religious beliefs, etc.) differentiating
individuals and groups of individuals can become the basis for physical separation.
A special feature of the Roma ethnic group is that spatial segregation, in that case, is
not just ethnic and social, but also economic, cultural, and so forth. Depending on the
spatial scale, different forms of segregation are observed: for example—segregation
between the cities and their suburban belts; between individual neighborhoodswithin
the city itself; between blocks of flats in a given neighborhood and even on a vertical
scale (between the floors in a residential building).
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The study of spatial segregation by urban geography in recent decades has been
strongly influenced by the metaphor of the “dual city,” which in its essence describes
the trends of polarization of urban societies. The relationships between individ-
uals, the way they interact, the differences that exist between them, are at the
basis of the concept of the dual city—a concept formulated byMarcuse (1989, 1993),
Mollenkopf and Castells (1991) and Sassen (1991), or the divided city of Fainstein
et al. (1992). Van Kempen (2007) on the other hand makes the connection between
the divided society and the divided city: if a society is divided, the city space will
also be divided. Closely related to the theory of the divided city is the formation
of various spatial urban structures such as ghettos, ethnic enclaves, etc., that are the
product of the processes of spatial segregation. Marcuse (1995, 1997, 2005) suggests
that the term ghetto, therefore, should be replaced by the term ethnic enclave. Mar-
cuse distinguishes the enclave from the ghetto in the way those two form: according
to that author, the formation of the ghetto is the result of the application of force,
whereas in the case of the enclave that element is missing. Another major difference,
according to Marcuse, is that in the case of the enclave it is the inhabitants who set
the boundaries of the enclave, that is—it is generated “from the inside”, while in
the case of the ghetto, the dividing line is imposed “from the outside”. Wirth (1998)
refer to such areas (enclaves) as to voluntary ghettos—quarters which are formed in
order to strengthen a shared (ethnic) identity.

Closely related to the study of the various urban spatial structures is the term
quarter. There is no commonly accepted definition in the literature: Van Kempen
(2007) distinguishes three approaches to defining the quarter. The first approach,
adopted by Megbolugbe et al. (1996), considers the neighborhood as a homoge-
neous area with common demographic and residential characteristics. In this case,
however, some areas are unlikely to be included in any quarters, given that many
urban areas are characterized exactly by their heterogeneity. According to the sec-
ond approach, adopted by Galster (2001), the boundaries of the quarter are outlined
by the inhabitants themselves—on the basis of the shared identity or the way they
perceive the quarter, i.e., based on the formed sense of place. Van Kempen (2007)
points out that this approach, just like the first one, also excludes some areas, espe-
cially at a timewhen individualism is in its heyday. VanKempen (2007) perceives the
so-called functional approach, according to which urban space is divided into statis-
tically defined areas whose boundaries are administratively imposed. This approach,
the author points out, eliminates the possibility of some parts of the city not being
included in the urban space. In the present study, the boundaries of Harman Mahala
quarter of the city of Plovdiv, Bulgaria, are outlined on the basis of the ethnic homo-
geneity, the morphological structure and the urban planning characteristics of the
neighborhood. In this study, the term ghettoized urban structure (GUS) is used. In
defining that term, along with ethnicity, social and economic criteria are also used,
such as unemployment rates, poverty level, infant mortality rate, the share of gray
economy employment rate, vocational and educational level, etc. Another distinctive
feature of the studied quarter is the long-term accumulation of interrelated problems
of various natures: economic, social, urban, ecological, etc. The spatial range of a
GUS can vary greatly: it can cover a whole neighborhood, part of it or just a group of
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adjacent residential buildings. In infrastructural terms, theGUSs are characterized by
deteriorated housing, poor technical and social infrastructure, poor public transport
access, chaotic planning of the housing units and so forth.

Urban geography is open to various research methodologies. In the tracing of
in the transformation trends of Plovdiv’s urban space, orthophoto images (1952,
1965, 1975, 1982, 1989, 2005), cadastral plans (2010), the Integrated Plan for
Urban Regeneration andDevelopment of the city (2013) and its Spatial Development
Concept (2015) were used, as well as unmanned aerial vehicle images (2018). Those
imageswere georeferenced and digitized inGIS environment. GIS technologieswere
used to trace, visualize and analyze changes in the urban space’s structure and to cal-
culate building intensity ratios, the height of buildings, etc. data, which were later
attached as attribute information to the corresponding ArcGIS layer. The studied
area has been photographed by an unmanned aerial vehicle (UAV) from a low alti-
tude—90–120 m, with precision instruments for capturing and recording data in the
visible spectrum. Detailed maps of the actual state of the buildings—their outline,
height, construction density, surface area, etc., have been elaborated on the basis
of subsequent processing of the data obtained from aerial photo shooting, as well
as the application of appropriate methods and algorithms. The values of some basic
urban planning indicators—such as the construction density index and the percentage
of landscaping—have also been established. Spatial data have been combined with
field studies data, through quantitative and qualitative methods of gathering infor-
mation, which all complement the characteristics of the living environment of the
residents of Harman Mahala quarter. According to Bryman (2006), the choice of a
research strategy of this kind provides authors with “data richness,” considering that
quality methods of collecting information are used to understand the relationships
previously identified through quantitative research. The quantitative survey involved
500 inhabitants of Harman Mahala: through the developed questionnaire, empirical
information has been collected about some ethno-demographic indicators, economic
and housing conditions, degree of satisfaction with the quarter the respondents live
in, social networks, etc. The purpose of the interviews was to collect quality data
about the preferences and desires of the inhabitants, and to find out about the reasons
behind the results of the survey. By applying the above-mentioned methods of data
collecting, it was intended to give a complete picture of the situation of the Roma
ethnic group, whose study normally is seriously hampered by the lack of data.

Tracing the Trends, the Origin and the Development
of the GUS of Harman Mahala

Historically, four Roma quarters have emerged in the city of Plovdiv. Among those,
it is only Hadji Hasan Mahala quarter (9 ha), which is located in the central part
of the city—at the foot of the “Ancient Plovdiv” architectural reserve. All other
Roma quarters are located on the outskirts of the city, as in the case of Stolipinovo
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(formally “Izgrev”)—situated in the eastern administrative region of the city over
an area of 54 ha. The historical data show that the neighborhood was formed in
the beginning of the last century, around 1910–1915. “Sheker Mahala” or “Todor
Kableshkov”(10 ha), on the other hand, is situated in the northern administrative
region of the city. After the great flooding of Harman Mahala quarter in the 1950s,
people were massively relocated to what is now Sheker Mahala quarter, for which
purpose the government built massive, single-storey houses for the newly settled
residents. Harman Mahala quarter (5 ha, formally known as “Hadzhi Dimitar”) is
also located in the northern administrative region of the city, next to the northern
industrial zone of Plovdiv, and is the most densely populated GUS in the city. Since
the beginning of the so-called transitional period, as a result of the intra-migratory
movements and the concentration of Roma in urban settlements, the micro-quarters
of Shumen and Kanala Kar emerged in the immediate vicinity of Stolipinovo quarter,
becoming part of that ethnic megastructure. The total area of all Roma quarters in
Plovdiv combined is 80 hectares, which constitute 2.3% of the total residential area
of the city (Fig. 1).

Sheker Mahala

Shumen

Haji Hasan Mahala
Stolipinovo

Kanala Kar 

Harman Mahala

PLOVDIV

Fig. 1 Location of the ghettoized urban structures (Roma quarters) in the city of Plovdiv
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Harman Mahala is located in the Karshiyaka suburb of Plovdiv—until the begin-
ning of the twentieth century—beyond the urbanized part of the city, which facili-
tated the adaptation of most of the migrants arriving from villages around Plovdiv.
Asenov (2018) states that “although we have no reliable information about this, we
can assume that at the end of the nineteenth and in the early twentieth century, there
is a “Roma” neighborhood in the Harmanite locality outside the city. Asenov justifies
his assumption with conversations he had in the early 1990s with elderly inhabitants
of the quarter, when those residents were already 75–80 years old and, when asked
about their place of birth, declared HarmanMahala as their birthplace. This suggests
that by 1910–1915, the neighborhood already existed. Asenov further states that on
the basis of the information gathered from archives, it is safe to say that in the second
half of the nineteenth century, an ethnically distinct neighborhood was formed in
the block formed between “Eledzhik”, “Nikola Belovezhdov”, “Velyu voyvoda” and
“Belozem” streets. For the formation of the quarter some natural phenomena also
played a role: after the great earthquake of 1928, a large part of Plovdiv was affected,
as many buildings were destroyed, especially in the densely built city center. Fam-
ilies who became homeless—mainly Roma and Turks residing by that time in the
city center—moved to Harman Mahala, where there were available lots. The Roma
residents were forced to leave the central, nicer areas of the city, and were driven to
the outskirts—to more disadvantaged areas, in the obedience of a local authorities’
resolution. Initially, those areas were beyond the administrative limits of the city, but
due to its territorial expansion, the two neighborhoods were gradually “swallowed”
by the city. Another natural disaster which played an important role in the formation
of the studied neighborhood was the great flooding of 1957, which destroyed most
of the houses located in the eastern part of the quarter. The government and the local
authorities, together with voluntary work on behalf of the victims of the flooding,
built 140 one-family, one-storey houses in Todor Kableshkov (Sheker Mahala) dis-
trict of Plovdiv, which lead to the formation of that new Roma quarter. Based on the
information provided by the respondents, it turns out that the majority of the flooding
victims were not locals residing in Harman Mahala, but were migrant Roma who
came to the neighborhood in the 1940s and the 1950s. By relocating some of the
residents of HarmanMahala to the newly emerged Sheker Mahala, the vacated space
was quickly “captured” by their relatives, who until the flooding lived outside the
neighborhood. In fact, that natural disaster lead to the formation of the final ethnic
profile of the population of Harman Mahala, apart from the Bulgarian families who
were gradually moving out of the quarter until the beginning of the twenty-first cen-
tury. The spatial development of Harman Mahala in the following decades was a
consequence of several components: migration into the neighborhood, demographic
growth and availability of vacant municipal lots. During the period between the two
mappings—the one of 1965 and that of 1987 (Figs. 2 and 3) the following changes
are worth mentioning: (1) the construction of the Textile Technical School, which
limited the spatial expansion of the quarter to the south; (2) the construction of the
block of flats known as “The Small Giant”, just outside the southwestern corner of
the quarter, where part of the Roma families were later accommodated. However,
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Fig. 2 Dynamics of the built-up area of Harman Mahala in the 1952–2018 period

some of the owners (of Roma origin) sold out their apartments and rebuilt their either
rickety or more solid homes on the expropriated municipal (council) lots.

After the second half of the 1990s there has been a trend which remains hidden
for numerous institutions, researchers and the macro-society, namely—the trend of
mass construction and reconstruction of new residential buildings, both within the
neighborhood itself and on newly acquired municipal lots. What is the current state
of Harman Mahala in terms of space: significant expansion in vertical direction and
continuing construction of homes on any space available even through acquiring
parts from the street network and the pavement areas. The desire to maximize every
space available often creates severe conflicts between neighbors, although the vast
majority of the homes existing homes, as well as the ones about to be built are
on municipal lots—i.e., not even owned by their inhabitants. The allowed legal
construction requirements make no sense in the neighborhood and, therefore, those
are completely overlooked by the residents. The result is both sad and comical: a 60-
cm-wide street; a balcony almost entering the neighbors’ bedroom; windows of two
neighboring buildings standing at 50 cm from each other; a 4 m2-room etc., etc. The
main current spatial trend of the structural development of the neighborhood involves
vertical growth of the existing building stock. Despite the intensified control over
the last few years, aimed at prevention of illegal construction, the ongoing trends for
horizontal expansion of the neighborhood in almost all directions (north, east, and
southeast) continue as well (Fig. 3).

As it is seen from Figs. 2 and 3, the major part (76%) of the housing stock in the
studied quarter was built after the socio-political changes following 1989: the first
decade of the twenty-first century marked the highest peak in construction as 34% of
the buildings in the quarter were built in that period. Compared to the city of Plovdiv
as a whole, exactly the opposite situation is observed—74% of the building stock
was erected before 1989, 12% in the 1990s and 14% after 2000.

The spatial data enables the visualization of the continuous horizontal, and, due to
the existing limitations, vertical expansion of HarmanMahala quarter in recent years.
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Fig. 3 Spatial expansion of Harman Mahala in the 1952–2018 period—a 1952, b 1965, c 1975,
d 1982, e 1985, f 2005, g 2013, h 2018

Space has become the most valuable asset in the neighborhood. As it is seen from
Fig. 3 the building density rose from 13% in 1952, to 63% in 1982, and over 95%
in 2018. The street network is inadequate and in an extremely poor condition—the
streets are narrow, sometimes to a point where two people can barely pass through. In
many places, the area represents a construction site. No urban planning regulations
apply here: who is going to build and where—are all matters solved by internal
arrangements within the community. The degree of proximity between the individual
families is crucial, as each family negotiates and decides whether a certain family is
“ours” or not so much. The only laws applicable are the internal community laws.
The recent removal of an electric pole by the municipal authorities, for example,
caused serious problems and provoked protests among the local population, since
any action to eradicate even illegal life-threatening constructions, is perceived by the
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residents as a personal encroachment on their identity. No green spaces exist in the
quarter. The service infrastructure is only represented by primitive shops for essential
everyday products.

Even though Harman Mahala is relatively small and it has been in existence for
more than a century, governments and local authorities have failed in dealing with
its dissolution and spatial assimilation. An accumulation of incoherent and mediocre
policies has been observed, which unfortunately have been unable to cope with the
expansion (both horizontally and vertically) of the Roma quarter. The only attempt
to eliminate the unwanted spatial concentration of the Roma population dates back
from the 1960s and the 1970s when a decision was made by the local authorities to
expel the Roma from their neighborhoods and settle them in other districts of the city,
mainly in the then newly built residential complex of “Trakia”. That attempt however
failed and the reason for that failure was the fact that when it comes to cohabitation in
ethnically mixed neighborhoods, the Roma feel insecure and eventually they return
to the Roma neighborhoods, thus expanding the range of segregated spaces. That
process has been intensified since the early 1990s, i.e., after the fall of the communist
regime in Bulgaria.

In recent years, local authorities have been obliged to develop anti-segregation
plans andurbandevelopment projects,which, however, often remainmerely onpaper,
since there are no sanctionswhenever those plans and projects are not applied. Spatial
inequalities, therefore, have deepened and, combined with other forms of social and
ethnic exclusion, have created a seemingly indestructible “vicious circle”, leading
to an increase of the existing social gap. The impossibility of solving the problems
eventually has brought actions to a halt. The partial demolition of Harman Mahala
quarter caused serious local residents’ discontent, which they expressed throughmas-
sive public protests. Apart from the apparent result of the partial demolition of the
quarter in 2018, there has also been an increase in the sense of fear and uncertainty
about the future of the inhabitants’ dwellings. The above-mentioned local authori-
ties’ actions were actually taken due to investing interests in the area. The Spatial
Development Concept of Plovdiv Municipality states that “incorrectly implemented
integration programs—starting from displacement to construction of alien to their (of
the Roma) ethnic culture housing units—have not improved their (of the residents)
condition. It has become clear that neither displacement nor housing construction can
solve the problems, but rather the implementation of micromanagement measures
so as to achieve a certain community standard, consistent with the local residents’
cultural identity. In case of possible future actions such as the construction of housing
for the Roma communities, apart from all parameters such as social status, building
requirements, income levels, etc., it is necessary to carefully consider the so-called
family factor, the family relations and the inter-family relations. The effect of the
numerous projects aimed at solving the GUS’s problems has been insufficient, and
unless the government intervenes (at the national level) and initiates the elaboration
of a strategic action plan for solving the problems of ethnic minorities, the socioe-
conomic disparities in the Bulgarian society will increase and the consequences in
the near future can lead to serious political and social shocks and upheavals.
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Demographic Characteristics, Habitation Conditions,
and Structure of the Housing Stock

The total number of Roma people in the city of Plovdiv according to the official statis-
tics is 9,438 (as of February 2011), or just 3.1% of the city’s population. According
to unofficial data, however, around 45–50,000 Roma reside in Stolipinovo quar-
ter alone, another 5000–6000 in Sheker Mahala, some 3000–4000 in Hadji Hasan
Mahala quarter, and in Harman Mahala—1800 residents. The Roma in the city of
Plovdiv thus accounts for approximately 20% of the city’s population and about
10% of the total (unofficial) number of Roma in Bulgaria (750,000 according to the
so-called expert assessment).

The quantitative surveys show that 75.8% of the population in Harman Mahala
identifies themselves as Turks, 19.8% as Roma from the burgudzhi subgroup, who
inhabit the western zone of the neighborhood, and 4.5% identify themselves as Bul-
garian. There is a clear distinction between the three ethnic communities.

Since the accession of Bulgaria to the EU (2007) there has been a gradual increase
of emigration abroad of Roma people. As a result of the quantitative surveys and
according to the data from the local administration, it has been estimated that about
one-third of the permanent residents of Harman Mahala have indicated a foreign
country address as their current place of residence. Resettlement to other parts of
the city is normally not observed, apart from a trend where wealthier representatives
of the Roma ethnic group from other quarters, buy houses and lots in Hadji Hasan
Mahala quarter because of the higher social status of its residents, together with its
better geographic location within the city center.

Along with the population number and the age structure of Harman Mahala quar-
ter’s population, the structure of the households is yet another important feature.
The average size of a household in the neighborhood is 5,4 members. According
to the survey, extended families constitute 68% of all households, given the fact
that in many cases two or three generations share the same home. Nuclear families,
on the other hand, account for 32% of all households. Over 90% of the married
children stay with their parents—sharing one home, one yard, or in the immediate
proximity. Thus, younger families wish to have more autonomy, but the parents stay
nearby or even in the same house. The elderly (the grandparents) do not wish to be
an obstacle to the young, but they still prefer being nearby or living in something
like a semi-detached house. In order to solve the housing problems, outbuildings are
made mostly, or new houses are built in place of the old houses. If possible—if the
housing conditions permit this—married sons normally remain with their parents
(and if the parents can afford it, they provide shelter for their married daughters as
well). In cases where housing conditions do not allow that, outbuildings are built
in the yard, reconstructions of old buildings are made, or collecting of funds comes
into practice: all members of the household are involved, and the old buildings are
torn down, while new houses are built and in their place. The new house of course
is higher, larger, taking areas away from the yard, the street or the neighboring lot.
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Housing conditions are mainly the result of the interconnection between house-
hold resources, household preferences and how affordable the dwellings are in terms
of prices. This interaction does not take place in a vacuum—it occurs in the context
of demographic, economic, political, and ethno-cultural characteristics. An impor-
tant determinant of the housing situation in one household is the situation of the
working-age members on the labor market—whether they are employed, and, the
size and structure of the income in particular. The residents of any GUS are forced
to live in such areas mainly due to lack of sufficient or any income, low educational
level (or no education at all) and lack of professional qualifications so as to meet the
labor market’s demand. It is these deficiencies which actually restrict the access to
other urban residential areas.

Prior to the socioeconomic transformations in the early 1990s, one of the most
important positive features was the nearly full employment of the working-age Roma
population. Most of the residents of Harman Mahala for example used to work
in the textile factory nearby. After the restructuring of the economy in the early
1990s, however, there has been a huge decrease of jobs for low-skilled workers
such as the vast majority of the Roma. Thus, in the first years of the so-called
transitional period, many households became dependent on social welfare. Since
the beginning of the twenty-first century, however, there has been a clear trend of
decreasing number of families dependent social welfare, which is evidenced by the
results of the quantitative survey—only 7.3% of the families actually rely on social
welfare. After the “withdrawal” of the state, the Roma started looking for a solution
to their daily domestic problems on their own, leading to increasing numbers of
those involved in the so-called gray (or informal) economy. The Roma started taking
advantage of newly emerged opportunities which the gray economy provides, such as
the so-called “suitcase trade” (retailing of products bought at a cheaper price across
the border with a neighboring country), production of illegal alcohol, etc. Along
with all that, entirely legal activities, such as establishing companies that provide
jobs in the field of construction, for example, were also initiated. The “opening of
the borders” after Bulgaria’s accession to the EU in 2007 provided opportunity for
the Roma to legally work abroad: according to the survey 44.8% rely on income
generated by relatives who work abroad, 56.3% declare that a member of the family
has worked at some point, or is currently working abroad. With the income increase
which has been observed, apart from the vertical expansion of the neighborhood,
there has also been an increase of the purchasing of apartments in the block of flats
next to the quarter—a building known by the nickname “The Small Giant”. It is
interesting to mention that the prices of the apartments located on the side of that
building facing the quarter itself, and of the apartments on the lower floors, are by
some 100–150 euros per square meter cheaper than those apartments located in the
opposite side of that same building.

The ethnic grouping into a certain city area (quarter) reduces the solitude of the
members by supporting those who are of the same ethnic origin, through developed
internal social networks, which provides safe living space and helps solving everyday
problems. The “hostility” of the majority has generated individualism and isolation
among the ethnicminority representatives, who fear contact with others. On the other
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hand, the acute need for solidarity and social support at the collective level, also
serves as a shield against discrimination by the majority and even provides certain
advantages of economic (creation of specific livelihood strategies and alternative
economic structures), cultural (the ability to maintain and unite common cultural
patterns), social (linking to social support networks), and political nature (creation
of alternative political institutions) (Boal 1981;Marcuse 1997). TheRoma inHarman
Mahala, therefore, most often (75.5%) refuse to live outside that neighborhood.

When talking about a sustainable urban environment, it is necessary to take into
account not only the objective indicators characterizing the neighborhood, but also
other factors, such as the sense of security which Roma people have about the neigh-
borhood they inhabit. Many of the Roma live in constant fear (15.5%) that they will
be evicted, but on the other hand, the authorities themselves are afraid to evict them,
because there is nowhere to move those people. Residents strongly refuse to leave
their homes and move to social housing (86.2%), despite the fact that most of their
homes are overcrowded, because they would feel even more insecure if they moved
to live in council houses. The feeling of insecurity appears not so much from the
fact that they would have to pay a rent, but that they would not live in their current
environment, where they feel relaxed and more secure. These processes lead to the
ever-greater isolation and to growth of the invisible wall that exists between the quar-
ter and the surrounding urban environment. Thus, a self-contained structure emerges,
becoming increasingly remote and less reliant on the state, while at the same time
the role of the internal social networks, the loyalty to the place, the long-standing
coexistence—for more than a century now, the internal rules and “laws”, become
increasingly stronger. According to the survey, the residents define their neighborly
relations as good (97.4%), while only 22.3% of the respondents declare that they
would like to live in another residential area (67% of the respondents, however,
mean the adjacent area of their current quarter, the city center, and in particular—
Haji Hasan Mahala—29%), being aware that these parts of the city are inaccessible
considering their current economic (income) situation. The fact is that most of the
residents of the studied quarter know each other (77.5%declare that they know every-
body, 5.3% know at least 50% of the residents, etc.) and actually live together with
their neighbors (73.8% hang out together on a daily basis) for several reasons, such
as sharing food, heating, talk and entertainment, strengthening social networks, etc.
The most important topics the respondents discuss with their neighbors and friends
are the topic of finding work (47%) and money (42.4%), but also in cases of illness
or death (49%) and house repairing (31.1%).

In terms of availability of basic housing infrastructure, however, things are much
better—90% of the dwellings have an internal water supply and 94% of the build-
ings are connected to public sewerage. The housing itself is diverse, represented by
different construction approaches which basically reflect the different construction
periods, while solid buildings are the predominant type. Nearly 90% of all dwellings
are built of bricks and were erected in the period following the political changes in
1989. Only 4% of the houses are built of adobe and represent the housing stock from
the earliest construction period of the quarter—the early 1900s.
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Given the specific situation which Harman Mahala is in, traditional urban plan-
ning tools are in most cases not applicable. The interference of local authorities is
hampered by the fact that four to five consecutive generations of Roma have been
residing in the neighborhood, which has lead to a strong sense of belonging to the
place. This is a factor that appears to be yet another additional obstacle to the imple-
mentation of new urban measures. Regardless of the worsened urban development
characteristics, Harman Mahala stands out with better overall conditions compared
to most other Roma quarters, given its relatively good household provision as it is
evident from the Fig. 4.

The housing situation of the ethnic communities can serve as an indicator of the
level of integration and as an assessment of the integration processes. As it was
mentioned earlier, the housing in the GUS normally does not meet any urban plan-
ning standards and regulations. Only three of the houses have a legal ownership
document, while 97% of the buildings were built on municipal (council) lots. The
above-mentioned increase of emigration flows and the improvement of the economic
capacity of the population imply an increase of population dispersion processes, but
such processes are not observed in the studied neighborhood. The massive recon-
struction of old houses and the construction of new multi-storey houses in the scanty
space of the ghettoized structure is a new trend among those who work in West-
ern Europe (mainly in Germany). As a result, the building density has reached over
95%. Dwellings with three (39%) and four (28%) rooms make up two-third of all
dwellings in the neighborhood. Sixty-three percent of the houses are three-storey
buildings, 30% are two-storey buildings and just 7% are one-storey or ground floor
houses, being at the same time the oldest. The increase of the population number
is the reason for the extremely high values of the gross habitation density, which
in 2018 reached about 370 people/ha. The prevailing dwelling size in the studied
neighborhood (51% of all homes) is 60–89 m2, while for the city of Plovdiv as a
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whole, the prevailing dwelling size is 30–60 m2 (62% of all dwellings). However,
considering the number of household members and the structure of the households,
a significant imbalance is observed: a dwelling in Harman Mahala is inhabited by
5,2 people on the average, as opposed to 2,4 people for the city of Plovdiv. In the
case of Harman Mahala there are 12 m2 of built-up area per inhabitant, while for the
city as a whole that area is 24 m2 or twice higher. Almost half of the population of
the studied quarter (47%) gets between 10 and 20 m2 of built-up area, and if we add
the population with less than 10 m2 of living area, the percentage rises to 77%.

Conclusion

GUSs in Bulgaria usually exhibit existence and development over a long period of
time. The degradation of certain urban structure elements, therefore, should not be
seen as a static phenomenon, but as a cycle. By defining and analyzing the different
steps and stages of the evolution of a GUS such as Harman Mahala, the emergence
of new GUSs can be avoided in the future.

Over the last two decades, there has been a significant expansion of the exist-
ing GUSs, accompanied by the emergence of new ones. In most cases, the urban
problems faced by the GUSs’ population in Bulgaria and not just, are absolutely
identical to those outlined in the description of other “ghettos” located in various
cities throughout the country. A specific social model of the GUSs is observed,
which can be conceptualized according to their spatial and social dimensions.

The methodology developed for the purposes of this study can be applied in
the study of other ghettoized urban structures, which would not only help reveal
the current internal changes in the construction and the infrastructure of the Roma
quarters but will also help follow the trends and eventually avoid the emergence of
future problems.
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Policies and Measures for Roma
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Abstract The Roma ethnic group has been present for centuries on the European
continent. Although there are many unclear moments about their origin, the most
common version suggests that they came from the Indian subcontinent, settled in
Europe during the Middle Ages, through the Ottoman Empire, Egypt, and Spain.
Quickly, due to its nomadic character and easy adaptability, the Roma people man-
aged to disperse almost all over the continent. The distinctive character of this com-
munity, its specifics, and definitely Indian ethno-psychology, along with the nomadic
way of life, have always created difficulties for them to integrate into European soci-
eties and value system. The Roma people have been subjected to serious persecution
throughout the continent and even to genocide, as in the time of the Holy Inquisition
in Catholic Europe, and the Nazi regime in Germany in the twentieth century. How-
ever, there are many positive examples of integration policies undertaken across the
continent toward the Gypsies, as one of the most successful in the eighteenth century
in Bohemia is held by Queen Maria Theresa. Since the beginning of the twenty-first
century, in Bulgaria, the question about the difficult integration of the Roma ethnic
group has been raised more often despite the considerable amount of money devoted
to it. Considering that because of the demographic crisis and trends in Bulgaria, by
themiddle of the century, the Roma people are expected to account for about 22–23%
of the Bulgarian population.Wemust inevitably seek adequate measures and policies
for their integration into the Bulgarian society. Moreover, with the current shortage
on the Bulgarian labor market, the Roma people with their young age structure can
be an excellent labor reserve, of course, only with a sharp increase in their educa-
tional level. In this report, we have reviewed and analyzed the successful integration
policies toward the Roma ethnic group in Europe and we have determined on this
basis which of them can be adapted and implemented successfully in Bulgaria.
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Introduction

The distinctive character of the Roma community, their specific Indian-based ethno-
psychology, and the nomadic way of living have always created difficulties in the
integration into European societies. The Roma people have been subjected to serious
persecution throughout the continent, and even genocide, as in the time of the Holy
Inquisition in Catholic Europe, and the Nazi regime in Germany during the twentieth
century (CERD General Recommendation XXVII 2000).

However, there are many positive examples of integration policies conducted in
the continent over the Roma people in the past, as one of the most successful is held
by Queen Maria Theresa in the eighteenth century in Bohemia.

Since the beginning of the twenty-first century, the problem of difficult integra-
tion of the Roma ethnic group is increasingly being raised in Bulgaria despite the
considerable amount of money devoted to it. Considering that as a result of the demo-
graphic crisis and trends in the country, by the middle of the twenty-first century, the
Roma ethnic group is expected to account for about 22–23% of Bulgaria’s popula-
tion (Ilieva 2013), appropriate measures and policies for their normal integration in
the Bulgarian society must be inevitably sought. Moreover, with the current acute
labor shortage on the Bulgarian labor market, the Roma people with their young age
structure can be an excellent labor reserve, of course only with a sharp increase in
their educational level.

Two issues stand out when it comes to the difficult integration of the Roma. The
first is that they are usually referred to by heart, in theory, without knowing the
characteristics of this group. In fact, they are very complexly stratified, by origin,
clans, crafts, by the territory from which they come, social status, and so on. Often
within a village there are several Roma neighborhoods; the people in them are from
different groups, sometimes they do not even understand their language and have
difficulties to communicate (Van Kempen and Özüekren 1998).

We should immediately make it clear that Romani language has no writing,
at the same time it has many dialects and many borrowings (words and phrases)
from the language of the ethnic group on whose territory they live. Some of the
Roma are strictly endogamous, meaning they only carry marriages inside their own
group (Wirth 1998).

Categories and Methodology of the Research

The Roma ethnic group, which is the subject of this study, has been present for
centuries on European territory. Although there are many unclear moments about
their origin, the most common version comes from the Indian subcontinent (Belton
2013). They settled in Europe during theMiddle Ages, through the Ottoman Empire,
Egypt, and Spain. Quickly, due to their nomadic nature and easy adaptability, Roma
people managed to disperse almost all over the continent (Fig. 1).
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Fig. 1 The settlement of Roma people (twelfth–sixteenth century)

The aim of this study is to clarify the reasons for the difficulties faced by Euro-
peans in their attempts to integrate the Roma into their cultural and value system.
Another important research problem of the paper is to present and analyze success-
ful integration policies for Roma from different parts of Europe that can be applied
elsewhere (Sasse 2008).

The difficulties in researching this community are mostly related to their self-
identification and their extremely complex stratification. Roma people have the
so-called “preferential ethnic consciousness” and very often they identify them-
selves through the ethnicity and the religious affiliation of the territory they live in.
The methodology used in the study includes critical analysis, scientific synthesis,
chronological and chorological method, mathematical, statistical, and descriptive
method (Bardarov and Ilieva 2018).

In the most common, generalized plan Gypsy people in Bulgaria are divided
into “Yerlii” (from Turkish Yerlii-settled) which are divided into Bulgarian gypsies
(Gypsy Christians or “Dasikane Roma”) and Turkish gypsies (Roma Horohane) who
are Muslims, “Kalderash” (romanes Calderar-coppersmith), former nomads, called
Vlach Gypsies who are strictly endogamous, Orthodox Christians and the richest
Roma stratum, “Rudari” or “Ludari” who identify themselves as Vlachs, Romani-
ans or Bulgarians who distinguished themselves from the Roma, and according to
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their craft they are divided into: “Ursari” (bear-trainer and monkeys-trainers) and
“Lingurari” (copanari—wooden spoons). There are, of course, many more groups,
subgroups, and clusters.

When studying Roma people, we always face a number of myths, stereotypes,
and prejudices related to them and their way of life. In general, stereotypes about the
Roma can be divided into two groups: positive (musical, liberal, skillful, resourceful,
loyal to their people) and negative (thieving, lazy, dirty, wild, aggressive, vengeful,
malicious). One of the most important myths about them in Bulgaria is the so-called
“learned helplessness” by which they burden the state, the society, the institutions
to take care of them as if they are obliged to, but it is also the fault of the state
itself, which abdicated from the solution of the Roma issue, allowing the creation
and maintenance of ghettos, which are literally “state in the state” (Pamporov 2014).

As we have already mentioned, one of the most difficult questions about the
Roma is to determine their number, because of the so-called “Preferential ethnic
consciousness”. In Bulgaria, for example, there are 324,377 people or 4.5% of the
country’s population, but according to experts (Ilieva, Tomova, Pamporov), it ranges
from 700,000 to 800,000, or over 10% of the total population. A similar problem
exists in Europe and the rest of the world, with the total number of Roma being
between 10 and 20 million, but they are certainly more. In Europe, the highest
number is in Turkey—over 2.5 million, in Romania around 1.8 million, in Russia
and Spain at around 800,000, in Hungary 750,000, in Serbia 600,000, in Slovakia
500,000 people, and others (Merlino 2006). They have different ethnonyms; themost
commonly used are Roma people and Gypsy people—“gypsies” are associated with
the hypothesis of their Egyptian origin (Johnston 1986).

European Successful Integration Politics for Roma Ethnic
Group

The successful integration policies that we examined and analyzed in the survey are
from Bulgaria, Hungary, and Finland.

Hungary is a countrywith a significantRomaminority,which, according to official
data, is more than 300,000, but the actual number is over 700,000. There is an
interesting experiment at the Gandhi School in the town of Pécs. The training is done
in bush language (a variety of Romanes language), which leads to a sharp increase
in the success rate of Roma students, but this is done through compulsory study
and very good command of Hungarian. The school library is one of the best-kept
with books in the country; at the same time, it records a record number of visits and
book-taking in recent years. The experience from Pécs shows that multilingualism
is the key to success. Apart from that, the children are also engaged in a multitude of
extracurricular activities tailored to their culture, which also enhances their interest
in the school. These activities are a dance club, gardening, cooking, which also give
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them practical skills that will help them in life. Every Thursday a doctor conducts
lectures to students on their health, sexual, and hygienic culture (Fig. 2).

Other successful projects for the integration of Roma in Hungary are the Zsámbék
project for preparation of Roma teachers, the Roma dormitory system for children
who are studying in other settlements in order to feel protected, and the Centennial
School Literacy Project for adults, wherein extracurricular activities for children and
parents are taught together.

Very important for the success of integration is also the Roma National Academy
“Kaliy Yag”, where parents and children together study mathematics, history, lan-
guages, and computer literacy.

There is another very successful practice fromHungarywhich could be condition-
ally named: “When the state is in place”. It is related with Laszlo Bogdan, the mayor
of Cherdi village, southwest Hungary (2006–present). The village has almost 100%
Roma population, and Bogdan himself is of such ethnic origin. When he took over as
mayor, the village had 430 Roma residents, with very high levels of unemployment,
illiteracy, and crime, with other hallmarks of this kind of places such as dirt and dis-
ease. After two mandates of governing, we can see a village with well-kept houses
and yards, working population, and accelerated decrease in the levels of crime.

What is Lasko Bogdan doing? The steps are several and consecutive. In the first
place is the drastic cut in social benefits and the elimination of the effect of “learned
helplessness”. Bogdan also believes that the good and bad examples are very impor-
tant, as he takes parents and children first into prisons, where there are many Roma,
in order to see the conditions there and what awaits them if they go on the crime road,

Fig. 2 Gandhi School in Pécs
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and then leads them to a university, to see what other future they may have. Under
national programs, he provided over 100 new jobs in agriculture. The municipality
encourages and supports the building of bathrooms in Roma houses with financial
resources and labor force. He also provides parents with a job when there is an
active participation of their children in the educational process. He also establishes a
municipal police force, including Roma leaders who guard agricultural production.
And it achieves amazing results for just two managerial mandates.

Finland is a country with less high percentage of gypsy minority, but with similar
problems as other European countries. To solve these problems in Finland people rely
on desegregated schools and scholarships for Roma university students. According to
the Finns, it is very important to teach Romanes for teachers, because in this way an
educated and integrated Roma person becomes a rolemodel for the young people and
their interest in the learning process is increased significantly. The state also provides
tax benefits for employers who hire Roma people for permanent employment. Social
enterprises are also being developed and social entrepreneurship is stimulated when
it is oriented toward the employment and realization of Roma and the improvement
of their social living conditions (Sobotka and Vermeersch 2012).

The latter example is from Bulgaria and is very indicative. The example is from
the city of Straldzha, Yambol district, where the Bulgarian/Roma ratio is already
almost 50–50%. During the 2017–2018 academic year in “St. Cyril and Methodius”
school, where 100% of the students are Roma, the “Icelandic Model” was applied to
cope with the aggression and the dropout from the learning process.

What is the “Icelandic model” and how can it be applied precisely in the Roma
neighborhoods, provided that there is no Roma minority in Iceland? In the early
1990s, in Iceland it is found that there is a big problem with the use of alcohol
and drugs among schoolchildren as well as a problem with school aggression. The
government invited the American professor psychologist Milkman to formulate and
implement the “Youth in Iceland” model. A sociological survey is conducted among
all pupils about what kind of sport or art they are interested in. The state then encom-
passes 100% of the students in such extracurricular activities, and the only condition
for them is that the activity should be team-based rather than individual. The state is
committed to build infrastructure needed to pay the salaries of coaches and instruc-
tors and to assist financially distressed families in order to have their children attend
these classes. At the end of each school year, monitoring is carried out, and again
through a sociological inquiry it is established whether the child is in the right place
or it should be redirected to another type of occupation. For over 15 years, alcohol
and drug use among Icelandic youths has fallen over 20%. Mass sport leads to great
sports successes of the small nation, like the successful participation of Iceland at
the European and World Cups in 2016 and 2018.

In the 2017–2018 school year, the mayor’s office in Straldzha decided to apply
this model to the St. Cyril and Methodius school, with 100% of the students covered
in extracurricular activities (like football and boxing for boys, volleyball and cheer-
leaders for girls/playing guitar and percussion instruments for boys and folk dances
for girls). The only condition for children to be allowed to attend these community-
funded activities is to have attended classes from the first to the last period. If they
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have escaped or have not come to school they are not allowed in. In addition, the
municipality appoints and pays salaries to six Roma mediators who monitor and
support the learning process. All this costs the municipality about 10,000 BGN for
one year!

And the result is striking: the attendance of Roma children in school for only
one year has increased with 40%, as the school director Nedka Parusheva notes with
delight. What does the Straldzha experience show us? It shows that there are no
impossible things, as long as we think and work in the right direction, with heart
and desire and the state is in place. In the village of Cherdi people say that a miracle
has happened for the two mandates of Mayor Laszlo Bogdan, but Bogdan himself
answers: “What is the miracle in Roma people working and living normally in a
developed, modern European country?”

Really, where is the miracle here? We need a serious change in the way we
think; otherwise successful results for the integration of Roma in Europe are fully
achievable!

Conclusion

The issue of Roma integration in Europe and Bulgaria has many different points of
view.We believe that, in the context of the global population shifts in the twenty-first
century, the unification of cultures and the aging population in the continent, the
problem with Roma integration is extremely important. If Roma have their appropri-
ate high level of education, they could be an excellent reserve on the labor market.
There is no way in the developed world uneducated population to be realized on the
labor market, even for low-skilled positions.

In this regard, we believe that the successful integration of Gypsies necessarily
passes through raising the level of education and reduction of ghettos, because ghettos
reproduce negative patterns and isolate the community from social, economic, and
political processes.

The examples that we have given in this report from three different countries—
northern European Finland, central European Hungary, and Eastern Europe show
that the problems are similar everywhere and the same mechanisms lead to positive
results everywhere. So, it is important that specialists who work with Roma be well
known with the specifics of this community, and it is imperative that these experts
work in Roma neighborhoods and ghettos.

The successful experiment with the “Icelandic Model” in Straldzha, Bulgaria is
a real proof of this. We are absolutely convinced that the clichés and stereotypes
of the twentieth century are no longer working, and in an open, globalizing, and
technological world, the change in thinking and focus can lead to very successful
models and policies. The issue with Roma integration is a major challenge, but at
the same time, it is a possible solution for some of the worst demographic problems,
especially in countries, such as Bulgaria and Hungary.
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School Segregation of the Roma Ethnic
Group: A Case Study of Harman Mahala
Roma Quarter, Plovdiv

Aleksandra Ravnachka, Boris Kazakov, Nadezhda Ilieva
and Krasimir Asenov

Abstract School segregation among minority groups represents a serious social
and educational problem in a number of countries across Europe, including Bul-
garia. While in some countries this problem arises on the basis of social stratification
or concerns both local minority communities and immigrant communities, in Bul-
garia—as in other Eastern and Central European countries—school segregation is
mainly associated with the Roma ethnic group. Education of Roma children is almost
entirely provided in segregated schools located in or near the Roma quarters, regard-
less of the efforts by the governments to implement measures for overcoming the
problem. The paper analyzes the specifics and the trends of the Roma school segre-
gation in Bulgaria, based on the example of the Roma children fromHarmanMahala
quarter in the city of Plovdiv.

Keywords Segregation · Educational integration · Roma ethnic group · Harman
Mahala

Introduction

The Roma are one of the most stigmatized, marginalized, and discriminated eth-
nic groups in Bulgaria, the Balkans, and across Europe (Makaveeva et al. 2013). In
recent decades, the issues related to segregation and integration of ethnic minorities
have been of growing importance for a number of countries across Europe, including
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Bulgaria. The legislation of the Republic of Bulgaria sets the institutional framework
of the policies for ethnic issues and integration processes and defines the responsi-
bilities and tasks of ministries, non-governmental organizations, the business, and
all bodies dealing with ethnic and integration issues. The overall state policy in
that aspect is administered by the National Council for Cooperation on Ethnic and
Integration Issues at the Council of Ministers, established in 2004. Regardless of
the established legal framework, the measures and programs developed and imple-
mented by both the state and non-governmental organizations, the desegregation and
the integration of minorities at this stage have not achieved the expected results—the
Roma in Bulgaria still have the lowest educational level compared to all other ethnic
groups in the country. According to the last population census in Bulgaria (February,
2011), the combined share of Roma people with high school and university level of
education is just 7.2%, while the level of illiteracy among the same ethnic group is
considerably higher than the national average and has actually increased by 50.0%
in the period between the last two censuses (2001–2011). All that eventually hinders
the overall integration of Roma people, since some 17% of the Roma aged 16–25
(young working age) are unable to read or write, unlike Roma people in older age
groups, where the illiteracy share is lower.

Data and Methodology

In order to achieve the objectives of the study, scientific analysis of literary and web-
based sources, reports, and documents has been applied, combined with field studies
and survey conduct. The target groups of the survey were students, teachers, and
school principals in two typical segregated schools in the city of Plovdiv—“Panayot
Volov” and “YordanYovkov”primary schools. The analysiswas basedon the answers
of a total of 118 respondents—106 students aged 12–17, 10 teachers, and 2 school
principals. Three separate questionnaires were designed and disseminated among
students, teachers, and school principals. The student questionnaire contained 51
questions, the one designed for teachers—27 and the one for school principals—41
questions. All questionnaires consisted of both open and closed questions in order to
facilitate the obtaining of substantial data on the attitudes, opinions, and facts. The
questionnaires were aiming to establish the following:

• the level of social (including educational) integration/segregation of the Roma;
• the main factors for school segregation;
• the attitude of the Roma children towards the need for education;
• the attitude of the Roma children towards their future personality development and
social realization;

• the problems accompanying the Roma integration and the reasons for the lack of
desired effect of school integration policies so far;

• the main reasons for Roma children school dropout.
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The survey encountered a number of constraints related to the inaccuracy of the
information filled in by the Roma students, the voluntary nature of answering each
question (leading to numerous unanswered questions), the limited information that
school principals and teachers shared with regard to the implemented integration
policy and its results.

What Is School Segregation and Why Is It a Problem
to the Society?

Segregation, in general, is a phenomenonwhich can occur in various if not all spheres
of social life. The definition of the term segregation in the “Dictionary of Human
Geography” is brief, describing spatial segregation as a division of a particular com-
munity into subgroups throughout the area of residence (Derek et al. 1986). Shortly,
it represents a process of physical separation of certain individuals from the rest of
the population in terms of residence (spatial segregation), school attending (edu-
cational or school segregation), healthcare, labor market, etc. Most often segrega-
tion affects members of marginalized groups (ethnic, religious, etc.) from members
of non-marginalized groups (the so-called macro-society, or the ethnic or religious
majority). Ultimately, segregation results in unequal access to mainstream, inclusive,
and high-quality services. In other words—facilities in segregated settings provide
lower quality services, despite the qualities of the education (school) infrastructure
itself.

Various definitions of school segregation exist, however, they all define segre-
gation as a process of concentrating pupils from a particular group (ethnic, racial,
or other) in a particular school or classes in educational establishments. According
to Grekova (2012), a process of secondary segregation is also present in Bulgaria,
which is defined as a process of newly emerging segregated “Roma schools” outside
the Roma neighborhoods as a result of the withdrawal of Bulgarian students from
them, which in turn is caused on the one hand by poorly implemented policy of
desegregation of Roma schools in Roma neighborhoods, and on the other—by the
traditional refusal of Bulgarians to mix with the Roma at any level if possible. There
is a direct connection between spatial (residential) and school segregation: while
residential segregation is not the only factor causing school segregation, but also has
an undeniable impact on the concentration of children from vulnerable groups in
specific schools. If school districts coincide with neighborhoods with a high con-
centration of persons from disadvantaged groups, it is very likely that schooling will
reproduce the high levels of residential segregation.

Since Bulgaria is not a country of any immigrant minority worth mentioning,
school segregation mostly applies for the Roma children. According to a survey con-
ducted in 2016 (EU Fundamental Rights Agency, “Second European Union Minori-
ties and Discrimination Survey (EU-MIDIS II) Roma—Selected findings” 2017),
one-third of the Roma children in the countries included in the survey attend pre-
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dominantly Roma schools, while 13% of the Roma children attend entirely “Roma
schools”. In 2015, the European Commission once again called for an end to school
segregation, noted that Hungary had a higher percentage of marginalized Romani
children in segregated classes (45%) thanBulgaria (29%), theCzechRepublic (33%),
and Romania (26%) (Rorke 2017).

Studies indicate that school segregation has negative implications not only for
minority or vulnerable students themselves but also jeopardizes the overall perfor-
mance of education. Tackling school segregation is therefore not only necessary
to safeguard the right to education and equality in the education systems—which
directly concerns the affected by segregation, but is also key to improving the effec-
tiveness and performance of the education system as a whole (Fighting school seg-
regation in Europe through inclusive education: a position paper 2017), which in
terms concerns the whole society and is not just an issue of human rights, as in the
first case. Educational segregation leads to a number of socioeconomic problems not
only among the Roma population but also for the whole population of the country—
deepening inequality between people, increasing the number of people below the
poverty line, difficulties in finding work and rising unemployment rates.

As of 2011, nearly 40% of the Roma in Bulgaria were under 20 years old, as
opposed to 22.4% of the Turkish ethnic group and 15.5% of the Bulgarians. By 2050,
the Romawill account for about 10–11% of the population aged 15–64 in the country
(according to the official data), and 20–24%according to the expert assessment. Thus,
given that the negative educational trends among Roma children remain, Bulgaria
is about to end up with a significant share of working-aged citizens with too low an
educational level, which would compromise the overall socioeconomic performance
of the country as a whole.

School Segregation in Bulgaria

Over the last couple of decades, segregation, social and economic integration of the
Roma in Bulgaria have been research topics for a number of experts in the field
of sociology, human geography, anthropology, etc., such as Tomova (2005, 1995,
2009a, b, 2010), Tomova and Nikolova (2011), Ilieva (2011, 2012, 2013), Ilieva
M (2012), Popova (2012a, b), Simeonova and Tsenov (2003), Kyuchukov (2006),
Metodieva et al. (2008), Marushiakova and Popov (1993), Pamporov and Topalova
(2007), Grekova (2007, 2012), Nunev (2002, 2006), Asenov (2017, 2018). The Roma
issue has been also addressed in a large number of non-governmental organizations’
reports. Authors such as Pamporov (2008, 2009, 2010),Marushiakova (1991), Popov
(1991) and Hyuseinov (2014, 2016) also explore wider Roma-related topics, such
as the origin and identity of Roma, their peculiarities, etc., as well the implemented
social integration policies, housing conditions, employment, etc.

School segregation in Bulgaria is a relatively new phenomenon, since during
the so-called Communist era, compulsory enrolment in integrated school catchment
areas was practiced in the country (Farkas 2017). Prior to the socioeconomic trans-
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formations of the early 1990s, one of the most important positive features of the
then system was the nearly full employment of the working-age Roma population of
Bulgaria.

Considering the growing number, andmore importantly—share of Roma children
in schools all over the country, the issues of education of the Roma are becoming
increasingly important. Given that in numerous settlements across the country the
Roma children are the vast majority of the students, the issue of education of the
Roma in Bulgaria is a prime issue of the education system in the country in general.
The reasons for school segregation in Bulgaria are of various nature. In our opinion,
the main groups of factors leading to the emergence of school segregation are cul-
tural, political, economic and psychological. According to a European Commission
report on school segregation (Fighting school segregation in Europe through inclu-
sive education: a position paper 2017) the following processes play a crucial role in
fuelling school segregation:

• Strong vested interests (decision-makers, schools, parents) and inappropriate
financial arrangements;

• Inadequate regulation of school admission; wide margin of discretion by schools
to select children, including based on discriminatory grounds;

• Prejudices and rejection towards certain groups of children;
• Reduced funding for education (in the case of Bulgaria—especially in the years
following the sociopolitical and economic changes of the early 1990s);

• Along with the above, we consider that in the case of Bulgaria, the following
factors also play a significant role in segregation of Roma children in particular;

• The process of Roma ghettoization—residential segregation is a major, in many
cases—the most important school segregation factor;

• The right of personal choice—parents have the right to enlist their children in a
school of their own choice;

• Lack of access and or parents’ desire of pre-school education for their children;
• “Secondary segregation”—the process of turning originally mixed schools into
entirely segregated schools as a result of “white flight” processes (Bulgarian par-
ents replacing their children into schools with no or just few Roma children.
Avoiding “Roma schools” by Bulgarian parents is sometimes a factor for emigra-
tion—in cases of smaller settlements, where the only school available is a “Roma”
school, parents prefer to move to another settlement (usually a large city), rather
than having their children go to a “Roma school”.

Depending on the share of Bulgarian and Roma children, various combinations
of schools are formed in the country. According to Popova (2012b), the Roma chil-
dren in Bulgaria actually go to five different types of schools regarding the ethnic
composition of the students:

• “Bulgarian schools”—the share of Roma pupils is insignificant, somewhere
between 5 and 10% of all;

• “Mixed schools”—the share of Roma pupils varies between one-third and one-
fourth of all students—the educational process in such schools is relatively good;
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such schools exhibit exposure to the macro-society, easier integration of the Roma
children, the problem with Bulgarian language conduct is not so sharp (p. 23);

• “Roma schools”—the Roma represent the vast majority (often 100%) of the stu-
dents. Such schools account for more than one-fifth of all schools in Bulgaria.
What is more important, some 40% of all schools in the country have a share of
Roma students over one-third—such schools easily “turn” into “Roma schools”
because of the subsequent process of “white flight”—the Bulgarian parents’ with-
drawal of their children from such schools, considering them not good enough for
their children.

• “Rural schools”—found in villages and small towns; the ethnic composition of
the students’ body varies. In many cases, rural schools only exist because of the
Roma children, for they are the majority of children in the area. Having said that,
it should be noted that the Roma children actually play a positive role by keeping
the school in existence, and thus providing jobs for teachers in rural areas. On the
other hand, however, it is such schools which are usually avoided by Bulgarian
parents through emigration to a larger settlement.

• Schools for mentally disabled children—some 50% of the pupils in such schools
are Roma, which is considered as overrepresentation of that ethnic group in such
schools misleading.

The training of Roma children in segregated schools leads to a number of negative
consequences linked, on the one hand, to a lower quality of the education received
compared to schools where children of Bulgarian origin predominate. On the other
hand, going to a segregated school strengthens the relations between Roma children
and deepens their social and economic exclusion from the Bulgarian macro-society.

Roma Population of Plovdiv: Survey Results on School
Segregation of the Roma Children from Harman Mahala
Quarter

A Brief Overview of the Number of Roma in Bulgaria
and the Issue of Estimating the Actual Number of Roma

According to the latest population census of 2011, the Roma ethnic community in
Bulgaria accounts for 3.7% of the population in the country (Demographic and social
characteristics 2012), showing that their total number had decreased compared to the
previous (of 2001) census data. According to the so-called expert assessment of the
number of Roma in Bulgaria, however, the official census data is misleading and not
presenting the actual situation. As an important reason for the recorded decrease of
Roma by the official census data, Ilieva (2013) highlights the increased emigration
of Roma to other EU Member States, following Bulgaria’s accession to the EU in
2007. Another important factor is the widespread phenomenon of “preferred ethnic
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Fig. 1 Official and
estimated number of Roma
in selected countries in
Southeast and Central
Europe (*All census data for
2011, except for North
Macedonia-2002). Source
Author’s adaptation from:
https://www.economist.com/
europe/2015/06/04/left-
behind

identity” (the public declaration of another, non-Roma ethnicity (Marushiakova and
Popov 1993) by a certain share of the Roma (not just in Bulgaria)—a voluntary act
of declaring ethnic affiliation to the ethnic majority (Bulgarians), or to another ethnic
minority group on the basis of sharing common language and/or religion (Turks).
Another possible reason for the preferred identity phenomenon among Roma is the
sense of growing ill-treatment by the macro-society, which makes them “afraid to
openly declare their Roma identity” (Equal access of Roma … 2007, p. 12). What-
ever the reason, the declaration of any preferred ethnicity by leads to distorting the
actual picture and to a much lesser official number of Roma than the actual one—a
common problem in all countries with a significant Roma population. As much as
the right of ethnic self-identification is politically correct, it seriously hampers the
scientific analysis of the Roma communities. Estimates from research and interna-
tional organizations put the number of Roma as high as 800,000 in Bulgaria, 300,000
in the Czech Republic, 600,000 in Hungary, 2,500,000 in Romania and 550,000 in
Slovakia (Ten Years After: A History of Roma School Desegregation in Central and
Eastern Europe 2012) (Fig. 1).

The Roma Population of Plovdiv and Harman Mahala Quarter
as a Sample Study Area

The official number of Roma in the city of Plovdiv as of February 2011 was 9438
or just 3.1% of the city’s total population (National Statistical Institute 2011). At the
same time,Asenov (2017) points out that according to the so-called expert assessment
the number of Roma in the four Roma quarters of Plovdiv is much higher and
there is a “significant discrepancy between the official number and the estimated
number” of some 50,000 (p. 114). The number of the population residing in Harman
Mahala quarter as of 2016 was 1790 people, of which only 10% actually identify
themselves as Roma, some 0.5%—as Bulgarians, and the rest 89.5%—as Turks or

https://www.economist.com/europe/2015/06/04/left-behind
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millet (Asenov2017). TheRomaquarter ofHarmanMahala emerged in the beginning
of the twentieth century, when the city’s authorities forced the Roma population
residing at that time in the central parts of the city tomove to the outskirts. As a result,
twoRomaquarterswere formed—HarmanMahala andStolipinovo (the largestRoma
quarter in Bulgaria, the Balkans and presumably in Europe, with population of some
45–50,000 people. Harman Mahala quarter has been selected as a study area for
practical reasons, since it is the smallest Roma quarter in Plovdiv and as such, more
representative samples could be achieved during the survey. Access to the quarter
and dissemination of questionnaires among school children was facilitated by the
Municipality of Plovdiv (the Northern Administrative Region administration).

Results from the Survey

Main Findings from the Analysis of the Teachers’ and School Principals’
Questionnaire

The results of the survey indicate that the Roma respondents residing in Harman
Mahala have been attending typical segregated schools, which is due tomany reasons
of various natures. Among the most significant ones are: the geographical location of
the schools in close proximity to the selected study area of compact Roma population;
the Roma’s psychological attitudes; the delineation of the schools’ catchment areas
for enlisting first-graders, etc. A major factor in choosing a school for any Roma
children is the geographic proximity of the school and the family preference, rather
than the type of school itself—in terms of professional profile, quality of teaching,
etc., as is generally the case of the Bulgarian ethnic majority when it comes to a
school choice.

According to the teachers, many Roma children do not speak Bulgarian well (or
at all) at the time of their enrolment in first grade, given that at home they speak
their mother tongue (Turkish in that particular case) and do not feel the need to learn
Bulgarian language. Along with the lack of motivation for learning and appropriate
parents’ attitude towards education, insufficient knowledge of Bulgarian language
is the most important and serious problem in teaching Roma children. Communi-
cation with parents is also difficult, but in that case not because the language barrier:
teachers often need to visit the children’s home so that can establish any communi-
cation with the parents. Very few of the latter are actually interested in the school
matters of their children or try to support the teachers and the school management.
We believe that in order to achieve good results in the educational integration of
the Roma it is necessary to take measures to improve the communication between
parents, students and teachers. The Roma parents need to be constantly educated
themselves (by the school mediators) about the need for education and their support
in the educational process. The teachers’ opinion on the question exactly how well
the Roma children speak and write in Bulgarian is exactly the opposite of that of the
students.
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On thematter of school attendance, teachers declare that some students do attend
classes regularly, while others are barely seen in class or don’t show up at all. The
younger the pupils themore they attend class and are interested in the school subjects.
That trend is valid until 5–6th grade at the most. Around 7th grade (12–13 years of
age), students start losing interest in what is taught and the number of students who
skip classes grows significantly. At the stage when children do attend classes and
show interest in what they are taught in class, teaching is seriously hampered by
insufficient Bulgarian language conduct.

The surveyed teachers point out the following as themain reasons for low learning
performance of their students:

• lack of sufficient knowledge in Bulgarian language (spoken only in school);
• lack of sufficient parents’ interest;
• to some teachers—insufficient class attendance (regardless of the certain number
of students who do not skip classes);

• lack of concentration for too long/difficulties in staying in the classroom from the
first to the last study hour.

As main dropout reasons, the teachers and principals’ point out the following:

• parents’ lack of interest and cooperation/family environment;
• lack of motivation;
• early marriages;
• learning difficulties;
• involvement in raising younger siblings;
• parents’ unemployment/low income;
• giving birth;
• insufficient coordination between institutions.

On the question of how to improve learning performance, the teachers suggest
the following measures:

• Effective and harsh penalties for the parents whose children skip classes;
• Better coordination between the institutions;
• Police station in the neighborhood;
• Employment opportunities for the parents;
• Equal obedience to law;
• Early marriages prevention;
• Mandatory pre-schooling;
• Opening of a healthcare center in the neighborhood;
• Free textbooks.

As a result of the implementation of different regulations and the policy of linking
social benefits with school attendance (including at pre-school stage), the number
of Roma children enrolled in the educational system has been increasing, while the
dropout rate has been decreasing. In both schools subjected to the survey, the share of
Roma children enrolled in elementary and primary school classes is high—between
95 and 100%. The low social status of the family, the parental disinterest, the negative
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impact of the home environment, the difficulties in learning, the need of looking
after younger siblings, the early marriages and the insufficient coordination between
different institutions at the local level, are among the main reasons for dropout cases
among Roma children. Regardless of the observed trend of dropout reduction and
decrease of the share of those who have never attended school, the process is still
exhibited widely across the country. In 2016/2017 academic year, the dropout rate
at primary level in both schools under survey was between 0.9 and 2.7%. Pre-school
education is regarded as a crucial factor for reducing the number of students who do
not attend school or leave the educational system at some point. Pre-schooling leads
to the acquisition of cultural, social, including educational habits and skills and, on
the other hand, to increasing the children’s motivation to acquire new knowledge for
the future. The analysis of the survey results reveals that half of the surveyed students
had attended nursery and/or kindergarten, which could be considered as a positive
element in the educational integration of the Roma population, especially compared
to previous years: in 1997 for example, only 5% of Roma children aged 3–6 attended
kindergarten, while by 2001 that share had grown up (to the still “humble”) 16%.

Main Findings from the Analysis of the Students’ Questionnaire

The survey among children shows that only a relatively small part of the students
wants to get a higher education—some 26% (Fig. 2). The reasons for that rela-
tively low percentage are of various nature, including lack of clear comprehension
of the need to acquire a higher education, the low educational level of the parents
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themselves, the accumulated years of labor market isolation and parental disinter-
est (Fig. 3).

Unlike the teachers’ opinion regarding the level of overall conduct of Bulgarian
language, 83% of the students-respondents indicate that they speak Bulgarian and
have no problems with their speaking and writing abilities. Approximately 45%
of the children find writing in Bulgarian easy, 34%—very easy, while 17% find it
difficult, and only 4% say they have great writing difficulties. Nonetheless, Bulgarian
language as a school subject is listed among Mathematics and English as a subject
they encounter the greatest difficulties with, which, especially taking in consideration
the teachers’ opinion, makes us believe that the children’s opinionmay be considered
subjective and not presenting the reality to a hundred percent.

On the matter of their future development as adults and parents, it is interesting
to note that 54.3% of the surveyed students believe that the most suitable age for
marriage is between 20 and 24 years, but still, a relatively high share—22% of
them—say they would like to marry aged between 17 and 19. Some one-fourth of
all students included in the survey indicate that they only go to school because it
is mandatory. To the question of why they actually go to school, one-third of the
children answered that they did that in order to be able to get a job later. Naturally,
especially among younger students, the reason “to learn new things” is pointed out
as a main reason to go to school by 36% of all, while some 6% do declare that they
attend school mainly to meet friends.

It comes as a nice surprise (although it is something which cannot be taken at face
value) that only 22% of the surveyed students declare they never do homework, while
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37% state they do homework for over an hour a day. This result should be related
in future surveys to the learning performance of the students so as to establish the
actual situation on the one hand, and on the other—whether students who actually
do homework show better results in the classroom.

Not surprisingly, students rarely visit the school library, while 57% of the respon-
dents declare they never visit it.

As far as the survey results are concerned, the surveyed children point out various
things they like about the schools they go to, starting from “everything” (two-third of
the respondents) to “the teachers” (18%), “the subjects” (11%) and “the classmates”
(7%), the latter coming as a surprise, considering the cultural features of the Roma
ethnic community. Generally, the Roma students do like, however, the interior design
and the furniture in their school, as well as the teachers’ attitude towards them and
the discipline.

As for the question of what they would like to have as a job, a large number of
the children declare their will to do jobs requiring a lower level of education: 70%
of the children state they want to work in the service sector (hairdressers, barbers,
beauticians, chefs, restaurateurs, tailors, and drivers), while the rest state they want
to become fitters, car mechanics, builders and musicians. The share of students
preferring to do in the future jobs such as lawyers, doctors, policemen, or firefighters
is relatively low—some 14%. The vast majority, if not all, of the parents of the
surveyed students, who are actually employed, are employed in low-qualification or
no qualification jobs such as vendors, drivers, janitors, cooks, agricultural workers,
etc., which certainly has effect on the children’s cultural and values system, but
also—on the children’s material status. Being asked how they see themselves in
10 years, most of the students say they see themselves married, with two children,
lots of money and an expensive (nice) car.

The following main conclusion can be drawn by the students’ responses:

• insufficient awareness of the need for higher education is observed, “inherited” by
the parents in most cases;

• the majority of students claim they speak Bulgarian which contradicts the staff’s
observations—a problem which can easily be solved by a simple Bulgarian lan-
guage test during additional surveys in the future;

• students point out different things they do not like in school such as short breaks,
lack of textbooks, noise during classes, etc., but are generally satisfied with the
teachers and the overall school environment, which proves that learning difficulties
arise from other factors, outside the school itself;

• the majority of students consider the age between 20 and 24 most appropriate
for marriage, which can be considered as a sign of cultural shift among the Roma
under survey, but needs further comparative analysis with previous similar surveys
in order such shift to be actually proven.
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Conclusion

The education of Roma children in segregated schools has led to a number of nega-
tive consequences related one the one hand to lower education quality compared to
“Bulgarian schools”, or ones with a small share of Roma students. On the other hand,
going to segregated schools strengthens the bond between Roma children and deep-
ens their marginalization, social and economic exclusion in the future. The results
of the research can help the development of differentiated policies and measures
for solving the problems of the individual Roma groups according to their specific
features, which problems are not really problems of that ethnic group alone, but
problems of the Bulgarian society as a whole. Although the idea of desegregation
of Roma education in Eastern Europe supposedly originated in Bulgaria (Ten Years
After: A History of Roma School Desegregation in Central and Eastern Europe
2012), overcoming the problem is hampered by various factors. The Bulgarian par-
ents, on the one hand, oppose integration because they are concerned that it will have
a negative impact on the quality of education their children receive. Because of this
opposition, integrationist efforts may result in cascading white flight (a phenomenon
observed in Bulgaria) whereby a classroom with a few Roma students soon becomes
an exclusively Roma classroom. On the other hand, Roma parents in some cases
are concerned about their children going to a predominantly Bulgarian school where
they may have problems being a minority. In other words, it appears both groups of
parents prefer segregation to the alternative, despite the negative consequences of
segregation for the society as a whole. In addition, teachers sometimes also oppose
integration because they believe that Roma children pose a discipline problem, dis-
rupting their teaching in the classroom. They argue that this compromises the overall
quality of education for all students. Last, but not least, segregation has a political
side to it—politicians frequently either oppose integration or lack the political will
to effectively promote it, considering that the Roma, in general, are considered key
electorate and a complete disregard of their opinion and attitudes is not something
politicians at a local and national level can “afford”. Along with the above, entirely
racist arguments are commonly heard by those seeking justification for continued
segregation: (a) Roma do not want to integrate (a widely held view in Greece); and
(b) Roma are incapable of integrating (Education on the Edge: Roma Segregation in
the Schools of Five EU Member States 2012).

In our opinion, reduction, if not eradication, of school segregation in Bulgaria
will require, among other measures, long-term efforts related to “education” of both
groups of parents—Bulgarian parents need to becomemore aware of the threat which
school segregation represents to the society as a whole, while Roma parents need to
realize the importance of education in general.

The low territorial level at which the survey was conducted (a city quarter) con-
tributes, on the one hand, to a clearer and deeper insight into the school segregation
phenomenon. On the other hand, by analyzing the results from the survey among
a specific minority group, will help the development of differentiated policies and
measures for solving the problems of the individual Roma groups according to their
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specific features,which are also problems of theBulgarian society as awhole.Despite
the still serious and ongoing negative processes related to school segregation in Bul-
garia, the Roma students exhibit positive trends related to adaptivity, openness to
changes, changes of attitude towards their values and moral orientation.
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Orania—24 Years After Apartheid: The
Sociopolitical Reanimation of a Small
Rural Town in South Africa

Nico Kotze, Ruan Schoeman, Sanet Carow and Peter Schmitz

Abstract The small rural town of Orania was established in 1963 as a result of
the Orange River Water Scheme. Its purpose was to accommodate the workers of
this large water project during the canal construction phase. It underwent further
development to provide for the services and needs of the construction workers.
However, subsequent to the completion of the project in 1989, when the Depart-
ment of Water Affairs abandoned it, it became a ghost town. The town was put up
for sale by tender and was bought by the Afrikanervryheidstigting (AVSTIG) (the
Afrikaner Freedom Foundation) in 1991, and was envisaged as the first homeland
for the Afrikaans-speaking white population. A mixed-methods methodology was
used to obtain information about the development and the current developmental
potential of the town. At this stage, it was clear that the Apartheid ideology was
reaching its demise in South Africa. The town went through three economic phases.
The first was as an economic phase during construction in the early 1960s, when
large water projects were initiated by the South African government. Subsequently,
during the early 1990s, it served as a political-economic base; and finally, in 1994,
when the farm adjacent to the town was bought and subdivided into smallholdings,
it entered an agricultural economic phase. This development brought about steady
growth in the town’s population from 1997 to 2011, with the 2011 census showing a
growth of approximately 49%, with a significant increase in the age group younger
than 20 years. Twenty-four (24) years after Apartheid, on account of the authority
wielded by the village council to act as gatekeeper, Orania still has a whites-only
population.
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Introduction

Internationally, small rural towns are undergoing rapid economic change (Halseth
andMeiklejohn 2009) and most of these towns and their rural communities are being
‘threatened by a number of unique challenges owing to globalisation and economic
reorganisation, and community destruction as a result of service withdrawals’ (Gibb
and Nel 2007: 71). Owing to these challenges, the local economies of these towns are
declining and local businesses are failing; employment in the agricultural sector is
decreasing; and populations are dwindling on account of the emigration of the rural
population to larger urban centres in search of employment (Gibb and Nel 2007;
Halseth and Meiklejohn 2009).

However, there is proof from countries of the Global North such as those in the
United States of America (see Aldrich and Kusmin 1997), Canada (see Biggs et al.
1993), United Kingdom and Australia, that some rural communities are showing that
they are able to prevent this urban decline by focusing their economies on the service
sector: that is as long as they are, by and large, located close to larger urban areas or
major transport networks, their populations are generally well educated, and they are
located in a favourable environment (Gibb and Nel 2007; Nel et al. 2011). Addition-
ally, it is also evident that in Australia, for instance, some of the small towns have
remarkably stable populations or are even experiencing an increase in the number of
residents, and that they also have sustainable economies, that could be attributed only
to economic development initiatives by the local government, as well as favourable
local conditions that are specific to the area. Urban push factors and small-scale flex-
ible industries also contribute to the prosperity of these stable populations (Toerien
2018). Even in 1964, it was claimed that if small towns want to remain relevant
and vibrant, they will have to provide more employment opportunities, with wages
matching those of the bigger cities (Watts 1964).

Growth in small towns has more recently been associated with what Mayer and
Knox (2010) describe as the ‘second modernity’ in small towns, which refers to a
range of variables that are associated with tourism and the provision of retirement
facilities in the post-industrial era, with the focus also being on leisure time activities
(Nel et al. 2011). Phrases such as ‘transition towns’ and ‘slow cities’, telecommut-
ing, counter-urbanisation (in reaction to urban congestion in the large cities), and
lifestyle choices are some of the axioms used as the main driving forces behind
small-town development (Powe and Hart 2008; Cromartie and Nelson 2009; Nel
et al. 2011). Furthermore, according to Morén-Alegret et al. (2018), even the EU has
placed emphasis on the importance of people-centred rural development to maintain
sustainable food production.

In many cases, such small towns have had to reinvent themselves as significant
components in the new era because it is recognised that their future potential most
probably does not rest totally in the provision of services for their rural surround-
ings, and that they have to market themselves for new types of investment, as well
as introduce settlement characteristics suitable for the post-industrial era. In these
towns, the quality of life has become a much more important factor in individuals’
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lives (Courtney and Erirington 2003; Johnson 2006; Nel et al. 2011), and creative
leadership plays an important role in attracting creative facilities and enterprises to
these towns (see Sorenson and Epps 1996; Knox and Mayer 2009).

Contrary to these phenomena, it has also been found that some development
towns in Israel have never reached their full growth potential and also not reached
the phase of rapid and sustainable growth (the take-off point). Furthermore, the
population growth remains slow, with employment and welfare lagging behind other
towns in the country (Portnov 2004; Toerien 2018). These new rural towns were
primarily developed for geopolitical and ideological reasons tomitigate security risks
in the sparsely populated areas. Initially, these towns were sustainable on account
of government investment, but their fortunes changed in tandem with the change in
governmental policy in the early 70s (Portnov 2004; also see Weiner 1981).

In South Africa, as is the case internationally, the largest proportion of urban
studies has focused on larger urban areas with very little attention being given to
smaller centres that are facing more significant challenges (Van Niekerk and Marais
2008). In the late 1990s, studies on small towns in South Africa, to name but a
few, focused on the changing demographic trends (Krige 1995; Nel and Hill 1998)
and the challenges of service delivery when the primary activities were terminated
(Marais et al. 2005). However, in their study conducted on smaller rural towns in the
arid Karoo region of South Africa, Nel and Hill (2008) found that these small-town
service centres are losing their service facilities and are only surviving economically
on account of the welfare systems that were introduced in the country after 1994.

This chapter is divided into five sections. The first is the introduction and looks
at the impact of economic activities and urban development on small rural towns;
the second section looks at the location and development of Orania in the central
arid region of South Africa, as well as the methodology used. The third section
covers the population change in this small rural town and the possible political and
economic factors that could have had an impact on these changes. In its turn, the
fourth presents a discussion of the changes in the economic bases or phases that have
had an impact on the economic transformation of this community. The final section
offers recommendations for the continued growth of the population, and concluding
remarks.

Location and Development of Orania

The small rural town of Orania was founded more than half a century ago in 1963
as a consequence of the Orange River Water Scheme. This project envisaged the
development of three dams, only two of which were constructed, namely the Gariep
(the former H F Verwoerd Dam) and the Vanderkloof dams (P K le Roux Dam), as
well as canals and tunnels to redistribute the water in the drought-stricken region
of central South Africa (Du Plessis 1998; Kotze 2003; Steyn 2004; Delvecki and
Greiner 2014). The purpose behind the founding of this town was to provide housing
for the workforce during the phase in which the canals of the project were being
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constructed. Orania was further developed to provide for the services and needs of
the construction cohort (see Fig. 1 for the location of the town).

Subsequent to the completion of the project in 1989, when the Department
of Water Affairs withdrew, Orania became a ghost town, costing the government
R33 000 (approximately e2100) per month for maintenance during the late 1980s
(Du Plessis 1998; Kotze 2003; Steyn 2004; Veracini 2011; Delvecki and Greiner
2014).

Orania was never proclaimed as a town, was put up for sale by tender in 1991, and
was bought by the private company, Orania Bestuursdienste (Pty) Ltd. The owners
of this company envisaged Orania as the first town in a homeland for the Afrikaans-
speaking white population. At this stage, it was clear that the Apartheid ideology
in South Africa was reaching its termination in the country (Boshoff 1998; Hagen
2013). This ideology was adopted by the National Party government that had been in
power since 1948 and that insisted on separation along the lines of racial groups as its
foundation. More than 52 acts were passed, including the Group Areas Act of 1950
(Act 41 of 1950), to enforce the physical separation of the different racial groups
in the country (SA History online 2019). Homelands were created for the different
Black population groups for them to engage in some form of self-determination (SA
History online 2011).

Fig. 1 Location of Orania in South Africa
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Orania is unique and differs from all other urban areas in South Africa since it is
privately owned and unequivocally defines itself as an emerging Afrikaner homeland
in this space and at this time (Kirchick 2008). According to Steyn (2004), the vision
of this ideo-structure was to partially recover Afrikaner freedom in a self-governing
‘republic’ with Christian values. As in the case of South Tirol in Europe, where the
German-nationalist communities are called upon to cultivate their German identity
and wherever possible to isolate themselves from any alien influences, in the same
vein, the population ofOrania is striving tomaintain itsAfrikaans heritage (Weidinger
2014). In the case of Orania, the point of departure of this ideology could be classified
as Christian Nationalist and based on a capitalistic concept (Steyn 2004).

Additionally, owing to the autocratic nature of the Orania Management Services
Company, control over the management and maintenance of the town was and is
still being performed by the holding company, with virtually no assistance from the
National Government (Steyn 2004).

A mixed-methods methodology was followed in this study. The historical devel-
opment of Oraniawas established through a desktop study of the available data and of
publications in the public domain (i.e. census data), while more current information
was obtained through interviews with spokespersons from the Orania Movement,
who are responsible for media communication.

Economic and Business Development of Orania

The town went through three economic phases, namely as a construction economic
base during the early 1960s, when large water projects were initiated by the South
African government, but forfeited this economic base when the project was com-
pleted. Subsequently, during the early 1990s, when the town was sold to Orania
Bestuursdienste and it served as a political-economic base, it was perceived as the
first town to be established in an Afrikaans Homeland. However, this idea was aban-
doned when the newly elected African National Congress (ANC) government in
South Africa scrapped the homeland ideology of separate development.

However, with due consideration of this governmental stance of rejecting sep-
arate development, and of Section 235 of the Constitution of South Africa, 1996,
it became clear, according to De Villiers (2014), that the constitution does, in fact,
allow for cultural self-determination, albeit non-territorial. This means that the con-
stitution promotes cultural autonomy but that this autonomy is not linked to a specific
geographical region. As such, should the cultural autonomy be linked to a specific
region, it must be legislated. In fact, Section 235 allows for the establishment of
cultural councils that have public legal powers (De Villiers 2014).

From the authors’ discussions with the Orania Movement, it seems that that is
the path that Orania followed within the ambit of the South African Constitution
(Senekal and Krige 2018).

A new phase of development was initiated when the farm Vluytjeskraal 272
adjacent to the town was bought in 1994 and subdivided into smallholdings (see
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Fig. 2). ThisAfrikaner settlement then entered an agricultural economic phase (Kotze
2003; Hagen 2013).

The subsequent agricultural projects introduced inOrania proved to be substantial,
with the production of almonds, olives, peaches and alfalfa as local cash crops.
However, the planting of more than 20 000 pecan trees has proved to be the most
important agricultural enterprise in the area, with only white migrant labourers being
employed during the harvesting season (Delvecki and Greiner 2014). It is important
to note, however, that Dalla Via et al. (2013) concluded that such an economic base,

Fig. 2 The area under the jurisdiction of Orania
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although currently successful, can continue to be so only as long as the contributing
agronomists are properly trained and have the knowledge concerning their selected
crop types.

A further contributing factor to the success of the agricultural sector in this area
is that Orania is located on the banks of the Garieb (Orange) River. This river is
one of the larger perennial rivers in South Africa and its water is used for irrigation
purposes (see Fig. 2). This source of water is vital, since Orania is located in an arid
environment, with temperatures ranging from –9 °C in winter to 50 °C in summer.

The main aims of the agricultural development in Orania, according to De Klerk
(2014), are to:

• contribute to economic development and create opportunities for employment in
the town;

• establish a base from which secondary industries and services can develop;
• develop and grow an export base and create foreign currency (meaning South
African currency) for the town;

• ensure food security and self-reliance for the community (De Klerk 2014).

According to Porter (2004) andMarkey et al. (2006), rural and small-town restruc-
turing in the Global North is related to effective adjustments and changes to the pri-
mary sector activities, thus allowing for a wide range of transformation that would
by nature be accompanied by reforms in such areas as ‘transport networks, global
markets, commodity prices, regulatory controls, property rights, and competing land
use types’ (Halseth and Meiklejohn 2009: 294). However, such reforms and oppor-
tunities have not generally been available in the restructuring of Orania.

In 2017, when the Orania Chamber of Commerce conducted a survey of the
commercial activities in the town, it was established that there were 161 registered
businesses at the time. The majority, 45 (27.9%) were in the retail and wholesale sec-
tor. Twenty-one (13%) of the businesses were classified as general services, while 15
(9.3%) were categorised as those servicing the tourism and hospitality sectors (see
Fig. 3). In fact, as many as 600–700 tourists visit the town on an annual basis. Most
of the first-time, tourists visit Orania out of a sense of curiosity and then return to
enjoy the tranquillity of the environment. Following close on the previous category,
14 (8.7%) of the registered businesses were in the construction industry, while enter-
prises constituting the fifth-largest category of businesses included vehicle, as well
as financial services, with eight (8) each. These top six business categories accounted
for 68.9% of all the industries in Orania.

These 161 businesses created 549 permanent and temporary or seasonal employ-
ment opportunities during 2017. It is also worth noting that in 2018 there were eight
chartered accountants living inOrania,most ofwhomwere operating their businesses
via the internet with their clients located outside the town. Furthermore, the variety
of services accounted for 208 (37.9%) of the total number of work opportunities
created within Orania during 2017 (Orania Dorpsraad 2017). From this informa-
tion, it is clear that the economic strategies of the town’s economic visionaries have
moved away from large-scale projects to smaller, practically home-based economic
enterprises.
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Fig. 3 Businesses in Orania. Source Orania Dorpsraad (2017)

Orania has also developed its own currency called the Ora. (see Fig. 4)—the
preferred currency in the town—allowing locals to spend their money here instead of
in the surrounding areas. Labourers are paid in Ora with the opportunity to exchange
their money to ZARs. The Ora is linked to the South African currency with an
exchange rate of ZAR1 equals 1 Ora. However, should a person exchange Ora back
to ZAR, a commission of five percent would be payable. A further novelty is that
the Ora provides for advertising space on the banknote. The income generated from
the commission paid on exchanging the currencies and on the advertising space
is ploughed back into the local economy by contributing to projects such as the
upgrading of roads, the creation of jobs, and the provision of housing to newcomers,
or is further invested to generate an income. Orania also has an e-Ora (similar to the
bitcoin). Finally, if preferred or necessitated, the Orania Bestuursdienste (Pty) Ltd
could also delink the e-Ora from the ZAR and link up to any other stronger currency

Fig. 4 The 10 Ora currency of Orania
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such as the US Dollar. This could put Orania in a potentially stronger economic
position than the rest of South Africa (Krige 2018; Senekal 2018).

Despite all the success stories, Orania still has some challenges regarding services
that need to be delivered. Although a paramedic is available to attend to patients,
the town has no medical doctor. For a medical doctor to run a successful practice, a
minimum of 5 000 residents should live in a town. The town provides basic medical
services and amedical specialist visits the town on a regular basis. There are currently
also no medical emergency services available such as an ambulance (Krige 2018;
Senekal 2018).

The Population of Orania

The Orania development brought about steady growth in the town’s population from
1997 to 2011, with the 2011 census showing a population growth of approximately
49%,which included a significant increase in the agegroupyounger than20years (see
Fig. 5). This population growth is most probably due to the economic meltdown and
the Affirmative Action policies that have been introduced by the ANC government
in South Africa that favour people of colour in securing employment in the country.
This notion is also verbalised by commentators such as Hermann (2006), as well
as Kotze and Senekal (2018), who attribute the population growth in Orania to the
Afrikaans population’s sense of marginalisation in terms of affirmative action and
their lack of access to significant political power, the crime factor, as well as the
incompatible dogmatic views expounded by political leaders, resulting in doubts as
to the viability of the notion of a Rainbow Nation in South Africa.

Something of an anomaly in the context of the larger South African context then
is that 24 years after Apartheid, on account of the authority wielded by the village
council to act as gatekeeper, Orania still has a whites-only population. No property

Fig. 5 Population growth 1992–2017. Source Orania Sakekamer (2017)
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within the area can be sold to a potential buyer without authorisation by the town
council. In their 2014 study, Delvecki and Greiner (2014) describe life in Orania as
seemingly bleak for teenagers and young people in their early twenties in terms of
employment opportunities and entertainment. However, in the same study, Delvecki
and Greiner (2014) also state that the inhabitants of Orania noted the crime factor and
the lack of opportunities in South Africa as the main motivation to move to Orania.
They even went so far as to proclaim that the younger inhabitants are bound to the
town on account of their fears for conditions on the outside.

Related to this, the residents of Orania have implemented a culture of zero tol-
erance towards any criminal activities. Although the entire town is equipped with
cameras, it is regarded as the responsibility of each person to ensure the safety of
the town and report any suspicious activities to the security services. The Orania
Dorpsraad (town council) has the authority to expel a person from town or hand
him/her over to the South African Police Services should they be found guilty of any
misconduct. According to the studies by Krige (2018) and Senekal (2018), this safe
environment attracts many families to raise their young children here. See Fig. 6 for
the portrayal of a safe environment with road signs to warn drivers that children may
be playing in the streets.

Fig. 6 Child-friendly road
signs in Orania
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When the gender composition of Orania is scrutinised, it becomes clear that the
results are not in line with those for the general population of South Africa. Looking
at the 1999 data, as well as the 2011 general census of South Africa, it is evident that
the percentage of male inhabitants in Orania has increased to more than 60%. This
can possibly be attributed to the policy of Affirmative Action, that was introduced in
the country once the ANC government came into power in 1994, and that strongly
promotes the appointment of people of colour and has a negative impact on work
opportunities for white males. This could result in the relocation of white South
African males to Orania in the hope of securing employment and an income in the
town.

From Table 1, it is also clear that the population of Orania is getting younger,
with more than 30% of the inhabitants classified into the 20 years and younger age
category. This is a substantial change from the 1999 dataset that showed only four
percent in this age group. This could be attributed to younger families moving to the
town and the relocation of young white males who were unable to find work in the
rest of South Africa. This should also be regarded against the backdrop of the gender
distribution in the town.

Table 1 Socio-economic profile of inhabitants of Orania

Variables 1999 data (%) 2011 census (%)

Gender: Males 59 60.1

Females 41 39.9

Age: ≤20 years 4 30.2

21–30 years 13 14.2

31–40 years 15 9.4

41–50 years 21 10.4

51–60 years 16 11.2

61–70 years 17 13.0

>70 years 14 11.6

Marital status: Married 75 51.6

Widow/widower 7 4.5

Divorced 4 6.3

Separated 1 0

Never married 13 37.6

Academic qualification: ≤Gr 10 17 40.5

Gr 10 and 12 24 45.6

Tertiary qualification 57 13.9

Tertiary qualification: Diploma and certificates 27 40.5

BA/BSc 6 28.4

BA (Hons) 9 19.9

Masters and doctorates 58 9.5
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When the academic qualifications for the 1999 and 2011 datasets for Orania
are compared, it is clear that there has been a decline in the percentage of people
with tertiary qualifications, from 57% to less than four percent. Furthermore, an
examination of the tertiary qualifications of the residents of the town reveals that
the large number of people with postgraduate qualifications in the 1999 data set had
decreased dramatically by 2011. What should be considered is that the size of the
population was still small in 1999, when Orania was considered to be the first town
in an Afrikaner homeland. If the change in the age composition is considered, with
31% of the population being older than 60 years, it should be expected that these
two variables could have impacted upon each other and that the highly qualified
population could have died out or moved out of Orania.

Concluding Remarks

Orania is not an example typical of the majority of small rural towns in South Africa.
The majority of these towns in the country are on a steady downhill slope of decline
on account of the loss of services and of economic relevancy. However, in the case of
Orania, there are sure signs that this small town has reinvented itself. This is clearly
evident from its having passed through a number of developmental phases in order
to ensure its growth and development.

Orania, a growing town based on an Afrikaner ideology, has created a safe haven
for a population in a country which is renowned for its high incidence of violent
crime. This segment of the population felt themselves to be increasingly ostracised
in South Africa at large, on account of the political change that has taken place over
the past decades.

Furthermore, theOrania economy is now based on smaller home-based industries,
seemingly a successful formula for the town. It also appears that the economy of
Orania has found its niche, especially in the services, tourism and hospitality sectors,
and that it is growing steadily. This is in contrast to other small towns in South Africa
that are mostly declining and accommodating an ageing population. Furthermore,
these small-scale enterprises have created employment opportunities in the town.
The Ora currency of the town may be considered to be a novelty by some observers.
However, to date, it is contributing to economic growth and investment opportunities
in Orania.

What is clear from this study is that the population of this once ghost town is
growing slowly and that the population is becoming younger, while new economic
activities are being added to what was previously available in the town. From the
interviews conducted with spokespersons during this exploratory research project, it
is clear that the planners and managers of Orania are constantly looking at new ways
and methods to make this small town a workable option.

Whether you agree with the underlying Afikaner ideology or not, you have to
agree that Orania may become a ‘small’ success story catering for a disillusioned
minority in the larger Rainbow Nation of South Africa.
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Socio-geographic Assessment
of the Quality of Life in North Central
Bulgaria

Dimitar Simeonov, Desislava Simeonova and Petya Kancheva

Abstract The geographical science has an original approach to studying the con-
cept of “quality of life of the population”. Each geographic study suggests conduct-
ing science-based and planned research over a certain territory. In our case, this is
North Central Bulgaria, which covers the areas of Pleven, Lovech, Veliko Tarnovo,
Gabrovo, and Ruse. The life quality of the population is quantified, which allows the
assessment of a certain territory and its differentiation against individual factors. In
the proposed model for assessing the quality of life of the population the conscious
rejection for using subjective criteria has been accepted; thus, our choice centers
upon current, accurate and comparable indicators publicly available and adopted
from the National Statistical Institute. Obviously, the individual components have
unequal measurability so it is necessary to apply the linear scale method. The final
indices for the quality of life of the population in Northern Central Bulgaria have
been cartographically visualized.

Keywords Quality of life · Systematic approach · Settlements · Sociological
methods · Region · Communities · Indices

Introduction

The current stage of community development is marked by the ongoing discussion
of the appropriateness and legitimacy of changes in the concept of quality of life for
the population and its assessment of the perspective of social development. Quality
of life has become one of the most significant social phenomena of modern times.
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The emergence of quality of life issues in economic and philosophical literature is
an element of the theory of economic well-being. The term “quality of life” appears
for the first time in 1960 in the book by American economist J. Gilbert—”Public
Abundance”. In the political vocabulary, this conceptwas introduced byUSPresident
J. Kennedy in the 1963 Report on the Situation of the Nation. Kennedy develops the
thesis that “the quality of life ofAmericansmust keepupwith the amount ofAmerican
goods produced” (Nagimova 2010). As a result of succession, New President L.
Johnson states that the goal of American society “can not be in measuring our bank
deposits, but in the quality of life of our population” (McCall 1975).

In our country, “quality of life” is defined as the main objective of regional plan-
ning. It is in all planning and strategic documents at state, regional, district and
municipal level.

Different sciences have interest in the different aspects of quality of life, all of
which use elements of the geographic approach to explore and characterize it in
detail. It helps to reveal the regional differences of macro, meso, and microlevel,
their dynamics, determines causal relations, isolates a range of problems and provides
concrete practical solutions for improving the quality of life.

In the context of the global trends in the concept of quality of life, the view is that
human resources are becoming a key source of economic growth with their various
qualitative characteristics.

For us, the quality of life objectively is geographically diverse and even more
geographically determined. The acceptance of geographic determination of quality-
of-life indicators necessitates the use of a spatial-temporal approach to the analysis
of this public phenomenon. Considering the territory of North Central Bulgaria as
an object of analysis, we can assume it as a specific socio-geographic system repro-
ducing the quality of life. The territorial choice of Northern Central Bulgaria covers
five districts (Pleven, Lovech, Gabrovo, Veliko Tarnovo, and Rousse) and 41 munic-
ipalities. For us, this is the most compact and complex geographic subject.

Thegeographical interpretationof the territorial differentiationof processes for the
quality of life of the population builds horizontal and vertical links. Higher scientific
value is the study of vertical relationships formed by the coordination of processes
and mechanisms that shape the quality of life at national, regional, and local levels.
Vertical slice is directed from the higher taxonomic levels to the lower ones (in our
case—to the municipalities).

Theoretical Aspects of the Study

The study of quality of life implies conducting a scientifically based andwell-planned
analysis of heterogeneous statistical information, which is primarily systematized as
socio-geographic indicators.

In the current European version, following the EurLIFE database to the Euro-
pean Foundation for the Improvement of Living and Working Conditions, 12 “life
domains” are: (1) health, (2) education, (3) employment, (4, 5) social participation
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(social relations, communication); (6) transport; (7) housing; (8) family; (9) recre-
ation; (10) the environment; (11) security; (12) life satisfaction.

The European Social Indicators System (ESSI) offers 14 “key indicators” for life
domain: (1) population, (2) socioeconomic status and subjective class identification,
(3) labor market and working conditions, (4) income and distribution of income,
(5) consumption and supply, (6) transport, (7) housing, household and family, (8)
health, (9) education and vocational training, (10) civic activity), (11) environment,
(12) public security, etc., accessibility, (13) leisure and media consumption, (14)
common indicators of development (GDP).

In the definition of the World Bank, “quality of life” is “the overall well-being
of people,” including “the quality of the environment, national security, personal
security and safety, political and economic freedoms.”

According to the approach used, researchers are divided into twodirections: objec-
tive and subjective. The subjective approach to quality of life is based on established
values and experiences. Components in the structure of quality of life are self-esteem,
life satisfaction, happiness (or a combination of them) (Diener 1994).

The objective approach limits its analysis to components such as housing, living
space, nutrition, education, health care, and this is the approach we have chosen
to analyze the territory of Northern Central Bulgaria. Geographical views have the
following manifestations of the properties of the term “quality of life”:

• the quality of life of the population is viewed from the point of the complex and
systemic approach and is defined as an integrated concept taking into account
the territorial differences at individual taxonomic levels (countries and regions,
districts and municipalities, urban and rural) as well as global, regional and local
level;

• quality of life is an evaluation category that characterizes thedegreeof development
of the studied territorial settlement system, located in time and space;

• the quality of life of the population is objective and subjective, reflecting the
objective picture of the conditions and processes of the life activity, as well as the
subjective assessment of the people studying the trends of development for the
quality of life on a given territory;

• objectivity in the quality of life emphasizes the positioning of the territorial factor
as a leader.

The analysis of all the above-mentioned manifestations allows the formulation of
a definition of the quality of life of the population in a given territory as follows: a
socio-geographical category formed as a set of vital values, needs and activities that
are necessary for the human being (people’s satisfaction of life and environment) that
provide an opportunity for individual personality development, taking into account
the impact of processes related to the balanced socioeconomic development of the
particular territory (Simeonov 2010).

It is important to note that one of the first attempts in Bulgaria to use an integrated
assessment at regional and municipal level is through the synthetic Human Devel-
opment Index (HDI) introduced by the UN in 1990 (Human Development Report
2016). This is also the first attempt to realistically assess the quality of life in the



234 D. Simeonov et al.

country. The HDI itself is a combinedmeasure and is based on the use of three impor-
tant dimensions of human development: a prolonged and healthy lifestyle, the level
of education (judged by the literacy rate of adults and the total of student enrollment
ratio I2); and a living standard.

In our view, focusing on just these three indicators of the HDI does not reveal
the overall quality of life. In the case of objective reflection, it is necessary to take
into account further individual elements of the methodologies of: the World Bank,
the International Society for Quality of Life Studies, the World Health Organization,
etc.

Data Processing by Municipalities and Tracing the Trends

Designing the arguments set out above on the territory of North Central Bulgaria,
we tried to assess the quality of life of the population at the level of municipalities
in 2016. We use the methodology developed by the Laboratory of Mathematical
Methods for Political Analysis and Forecasting at the Faculty of Political Science at
the Moscow State University, MV Lomonosov, with Akhremenko and Eutushenko
(2010). The main feature of the proposed model is the deliberate denial of the use
of subjective criteria for quality of life. The selected indicators are conventionally
labeled and are arranged in the following order:

A—Useful living area by municipality (square meters)
B—Residents by municipality (number of persons)
C—Unemployment rate by municipalities (%)
D—Available health establishments by municipality (number)
E—Doctors by municipality (total number)
F—Places for accommodation by municipalities (number)
G—Schools total in school year 2016–2017 (number)
H—Kindergartens by municipalities (number)
I—Crime committed by municipalities (number).

Of course, it is possible to enrich the palette of indicators with others but in general
the content aspects of the applied research methodology will not change.

The annual quality of life index of each municipality is a linear function of the
sum of the 9 indicators divided by 9.

IQL = A+ B+ C+ D+ E+ F+ G+ H+ I

9

Obviously, the individual components have unequal measurability. In order to
form the general municipal index it is necessary to bring the data in a comparable
form that’s why we have to apply the linear scale method
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Xi/a = Xi

Xmax − Xmin

The essence of linear scaling is rooted in the fact that for each indicator first
is found the difference between the highest and the lowest value. Then it remains
averaged basis in proportion with each specific value by municipality and the result
is rounded to three decimal places after the decimal point. If this recalculation is not
done, the data will be dynamically incomparable.

There are various issues in each integrated assessment, one of which is how to
determine the significance of the individual components that impact on the quality
of life. These indicators, which are directly measurable but negatively related to the
quality of life of the population (for example, the higher unemployment rate and
the higher number of committed crimes), are subject to recalculation by the linear
inversion formula

Xi/a = 1− Xi − Xmin

Xmax − Xmin

This has been applied by us in both indicators B and I where the size of the value
is inversely proportional.

The final version of the quality of life index of the municipalities is mapped—
Fig. 1. There may be outlined at least five key areas for the quality of life index in
Northern Central Bulgaria. First, significantly outstripping the others are the munic-
ipalities of Veliko Tarnovo, Ruse, Pleven. The second zone includes two municipal-

Fig. 1 Quality of life of the population
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ities—Gabrovo and Troyan. The third group includes five municipalities: Lovech,
Gorna Oryahovitsa, Sevlievo, Svishtov, and Tryavna, whose quality of life index is
twice lower than the leadingmunicipalities. The fourth group covers the largest num-
ber of municipalities—17. With the lower values are 14 municipalities (fifth zone),
from which the last is a municipality of Ugarchin.

From the study an expected conclusion is drawn that there are district centers with
high quality of life and a vast periphery of municipalities with predominantly lower
values anddegraded conditions. The situational analysis gives us reason to summarize
that the levels of health and educational status are significantly differentiated on the
“village-city-municipality” axis.

Conclusion

The quality of life of the population is an important indicator for all institutions
and people and especially for the new paradigms in the social geography that has
developed in our country in recent years.

The appliedmethodology for assessing the quality of life of the population reveals
the internal differences at the municipal level. It is generally applicable and open to
comments and discussion, both in content and procedural terms. Possible corrections
in the choice of indicators are an integral part of such research. Adding or removing
of indicators would not change the positions of leading municipalities.

The established geographic model for studying the quality of life is adapted to the
opportunities for current, accessible, and relevant (comparable) statistical informa-
tion with specific localization—41 municipalities from Northern Central Bulgaria.
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The Innovative Approaches
for the Development of Smart Cities

Antonina Atanasova and Kliment Naydenov

Abstract The growing problems in the cities, caused by the overpopulation,
increased economic growth, the loss of natural resources, are creating the necessity
of decision-making referring to the different economic, social and environmental
issues. In the twenty-first century, the world faces such challenges, which has made
people and city governances more concerned about ensuring the high quality of life
and sustainable development of the urban systems. There are different definitions
for smart cities, but the universal one is that a smart city is the city which satis-
fies the needs of people and meets different challenges. The ‘smart cities’ is a new
concept and it measures not how smart the city is, but the city’s efforts to make
itself smart—sustainable development, sound economic growth, and when the urban
system adapts itself to the users’ needs. The smart city concept incorporates good
urban planning, use of digital technologies, networks of technologies, networks of
people who work together well, a change in the way of thinking, the transformation
of the city governments for successful smart cities and applying the participatory
approach. That’s why in order for to make a city smart, it is necessary to apply
different innovative approaches and solutions and to use information and commu-
nication technologies. Smart cities utilize IoT (Internet of Things) sensors, actors
and technologies to connect different components across the city from the air to the
streets, to the underground. Cities have similar problems—traffic-stricken streets,
poor public transport, air pollution, etc., but some of them are successfully managed
to solve these problems. In this report, we will discuss good practices and experi-
ences from different cities, which use technologies and communications to become
smart, such as sensors for free parking spots, smart traffic lights, the use of energy-
saving solutions, online platforms for creating solutions, bicycle lanes, smart waste
management. The city will be considered as a living laboratory for experiments,
some of them successful, other necessary and yet other still looking too abstract at
the moment. The reason will be sought how some cities can use new technologies
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to make them look more efficient, competitive, functional and livable for citizens.
This report is presented in 4 sections, including the foregoing introduction. Section
“What is the concept for Smart Cities?” introduces the concepts for smart city inno-
vations. Section “Good practices for Smart Cities” exposes the cases of development
of smart cities in Barcelona and others. Section 3 discovers how some cities can
elaborate and develop innovative approaches for a smart city, but others cannot. This
section will reveal incentives and tools for the development of smart cities. Section 4
is for conclusion and aims to show how policy makers, NGO and citizens to identify
cities which can be developed as smart cities and different solutions and practices
how cities can become smarter through appropriate tools.

Keywords Smart cities · Innovations · Urban planning

Introduction

In the prehistoric period, people were hunters and they travelled a lot, therefore they
never lived only in one place. When people began to lead a sedentary lifestyle and
started to grow crops, small villages emerged.

Historically early cities arose in a number of regions in the ancient world—
Mesopotamia, Eridu, Uruk and Ur. After Mesopotamia, this culture was transferred
to Syria and Asia Minor. Although sometimes it is claimed that there is no Urbanism
in ancient Egypt, several types of urban settlements were discovered in ancient times.
For example, in the ancient world in Harappa, sewage for irrigation was used. In this
period, the residents of the cities were generals and aristocrats. Cities became centres
of commerce. Another reason for the emergence of cities was that they were well
fortified.

In theMiddle Ages, large cities were Rome, Constantinople, Venice, Genoa, Pisa,
Paris. Cities then often grew on the site of defensive fortifications (castles, fortresses,
etc.) and around them. In the nineteenth century, Bagdad and London were with a
population of over 1 million. Urban population during the Industrial Age was only
3%.

The growth of modern industry since the late eighteenth century has led to mass
urbanization and the rise of new big cities, first in Europe and then in other regions,
with new opportunities attracting a huge number of migrants from rural communities
in urban areas.

When the railwayswere invented, large production centres began to emerge. But in
this period, cities were not good places to live in, because of air pollution, distribution
of health diseases and high level of unemployment. During the Industrial Revolution,
many people left their farms and moved to the cities. In this way, cities started to
become more and more crowded.
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Nowadays cities are attractive places because they offer many job opportunities,
they are cultural and educational centres, there is public transport in them and also
many things to do in your free time.

Today, more than half of the world’s population lives in cities and this gives rise
to new social, economic, environmental and political challenges. Today, one out of
five people worldwide lives in a city with more than 1 million residents (www.un.
org).

Cities are producing 80% of the Global Gross Domestic Product (GDP), con-
suming two-thirds of the world’s energy and spewing more than 70% of the global
greenhouse gas emissions (Fig. 1) (www.worldbank.org).

It is foreseen that in 2050, the global population will increase to 9.8 billion. It is
expected that over the same period of time, the population living in cities will reach
6.3 billion or approximately 68% (Bellisent 2010) of the world population (United
Nations). Even though cities are only 2% of the world land area, population in them
consumes more than three quarters of the natural resources (Nam and Pardo 2011),
60–80% of energy. Only in Europe, 75% of the population lives in urban areas and
is expected to reach 80% by 2020.

Overpopulation in the urban areas gives rise to a different social, economic, politi-
cal and environmental problems and challenges, whichmakes cities unhealthy places
to live in. Industries, transportation network, cars andovercrowded cities are polluting
both the air and the water. This leads to the distribution of different health diseases—
cancer, hepatitis, etc. At rush hours, cities become packedwith cars, waste that people
throw away is burned, there are problems with landfills, lack of places for recreation,
criminality. Social problems are the other problem which cities face—unemploy-
ment, especially among young people, drugs, poverty, multiethnic challenges, etc.

Fig. 1 Urban population by
a group of economies 2016
(%). Source UNCTAD
(2017)

http://www.un.org
http://www.worldbank.org
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It is expected that the world population will be growing in the next years and the
urban population will increase more and more. That is precisely why these problems
require a smart decision and smart initiatives in order to be solved.

What Is the Concept for Smart Cities?

In the last few years, the concept of smart city appeared, countless definitions exist
in scientific literature so there is not one specific and unique definition.

The first time the term ‘smart city’ was used was in the 1990s by the California
Institute for Smart Communities. The focus is on how communities could be smart
and how cities could be designed to implement information technologies (Albino
et al. 2015).

A few years later, the Centre on Governance in the University of Ottawa criticized
smart cities for being technologically oriented. In fact, in the scientific literature, we
can find the terms ‘intelligent city’, ‘digital city’, ‘information city’, ‘knowledge
city’, but the focus is putting information and communication technologies in the
centre or to use technology in urban areas.

In the following paragraphs, different definitions about smart cities will be given.
According to Bakıcı (2012) (Almirall and Wareham 2012), a smart city is a high-

tech intensive and advanced city that connects people, information and city elements
using new technologies in order to create a sustainable, greener city, competitive and
innovative commerce and an increased life quality.

Caragliu (2011), says that a city is smart when investments in human and social
capital, and the traditional (transport) and modern (ICT) communication infras-
tructure support sustainable economic growth and the high quality of life, with a
wise management of the natural resources, through participation in the governance
(Caragliu et al. 2011).

Giffinger (2007) a city well performing in a forward-looking way in economy,
people, governance,mobility, environment, and living, built on the smart combination
of endowments and activities of self-decisive, independent and aware citizens. A
smart city generally refers to the search and identification of intelligent solutions
which allowsmodern cities to enhance the quality of the services provided to citizens
(Giffinger et al. 2007).

Hall (2000) A city that monitors and integrates conditions of all of its critical
infrastructures, including roads, bridges, tunnels, rails, subways, airports, seaports,
communications, water, power, even major buildings, one which can optimize its
resources in a better way, plan its preventive maintenance activities, and monitor
security aspects while maximizing services to its citizens (Hall 2000).

Harrison (2010) A city connecting the physical infrastructure, the IT infrastruc-
ture, the social infrastructure and the business infrastructure to leverage the collective
intelligence of the city (Harrison et al. 2010).

But to summarize all definitions for smart cities, we could say that the keywords
for smart cities include data, system, service, urban, network, technology, sensor,
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environment, citizen, public, social, mobility, sustainable, life, open, knowledge,
policy, integration, decision and local (Lim et al. 2017).

According to Lim and Maglio smart cities also involve various application areas:
‘smart device’, ‘smart environment’ ‘smart home’, ‘smart energy’, ‘smart building’,
‘smart transportation’, ‘smart logistics’, ‘smart farming’, ‘smart security’, ‘smart
health’, ‘smart hospitality’ and ‘smart education’.

But why smart cities (Lim et al. 2017)?
Whatmakes a city smart?Everything,which emerges asmeans tomake citiesmore

efficient and sustainable. Cities are smart when they enable us to monitor, analyse
and plan urban infrastructure in real time. We achieve this with the development of
ICT (information and communication technology). In order for cities to be smart, it is
necessary for urban territories to involve and support social cohesion, environmental
sustainability, economic competitiveness and achieve a better quality of life.

This paper focuses not only on definitions for smart cities, but also on innovative
approaches for how cities are becoming smart. These approaches are different just as
the top-down and bottom-up initiatives, IoT (Internet of Things), sensors, measuring
the information, and making infallible decisions that will autonomously optimize
and regulate all the critical resources of the city.

We can learn from technologies in order to plan better and more efficient trans-
portation infrastructure, improve street lighting, establish clean-water supplies, inte-
grate distributed and renewable sources of energy and install sewage networks
(Stimmel 2015).

Technologies are necessary to make cities more liveable. They help us to monitor
each move in the urban environment, to analyse and predict different scenarios,
to ensure safety and security in urban areas, well-functioning infrastructure, green
space, green economy, good health economics, good connectivity in each point in
the city, low-energy consumption, clean environment.

Nowadays, technologies are in our lives in bus stops, smart parking spot systems,
Wi-Fi across the city, collecting and reporting information in real time, smart traffic
lights, smart walkway, etc.

We can think about smart cities as a system of services, the body is the environ-
ment, where we live, work, the nervous system is communication infrastructure, the
digestive system is the data flow that holds the smart system together; and the brain
is the system centre, where the network learns and adapts to produce better outcomes
(Stimmel 2015). But the most important thing is the heart of the city—the people
who bring vibrancy, creativity, innovation, the life of the city. So, the smart city is
not only a concept or definition, it’s a real condition of the urban areas—people, pol-
icy, infrastructure, education, health services, etc., all of these components working
together. The smart city’s concept does not measure how smart the city is, but how
challenges and problems can be faced and managed, and also benefits provided by
adequate services and policies.
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Good Practices for Smart Cities

In the rest of the article, some of the examples for successful smart cities will be
presented.

Barcelona

In the past years, Barcelona has become a city of innovation more and more. In
2011, the city launched a project that aims for Barcelona to be smarter through
listing sustainable use of energy, economic renewal and social renewal. Networks
with different types of sensors have been installed in the city, providing real-time
data for air pollution, noise, free parking spots, etc. And, this is a major reason for
Barcelona to be one of the smartest cities in the world.

But why Barcelona? What is different?
Barcelona offers directly several smart cities services through IoT (Internet of

things).
Air pollution
Through the use of sensors in different places in the city, information for the con-

centration of NO2 and PM10 is provided in real time on the home page of Barcelona’s
official website. There is a map of the air quality across the city, accompanied by
explanations of the sources of pollution, with a big finger pointed at the use of cars.

Another example for smart initiatives is smart street lights. They were
replaced with LED lighting (they are activated when motion is detected and
they also gather environmental information for the humidity, temperature, pol-
lution and noise [https://www.vilaweb.cat/noticia/4175829/20140226/ten-reasons-
why-barcelona-is-smart-city.html)] and sensors which are more energy efficient and
reduce costs for energy in the city.

Barcelona’s smart waste disposal system watches its citizens dispose of their
householdwaste into smart bins,which suck thewaste into underground storage using
vacuum (https://hub.beesmart.city/city-portraits/smart-city-portrait-barcelona).

Smart bus stops are another component of the smart city. Each bus shelter uses
solar panels, which provide information for the time when the next bus will arrive
and there are USB chargers for phones.

One of the sustainable and economic means of transportation which reduces air
pollution, caused by cars is Bicing system. Citizens can pay an annual fee and take
a Bicing card. Most of the stations are located next to other public transport stops
or public parking. A Bicing app is elaborated, which allows a real-time check where
the Bicing stations and locations are.

There are smart parking systems using sensors, which detect if a parking spot
or a loading area is occupied. It provides information for mobility patterns through
sensors.

In the year 2000, Barcelona approved a Solar Thermal ordinance, which reg-
ulates that all buildings such as hotels, hospitals, swimming pools have to pro-
duce their own domestic hot water. The heating uses steam from the inciner-

https://www.vilaweb.cat/noticia/4175829/20140226/ten-reasons-why-barcelona-is-smart-city.html
https://hub.beesmart.city/city-portraits/smart-city-portrait-barcelona
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ation of urban waste and the cooling uses seawater for refrigerating, produc-
ing less fossil energy consumption and carbon emissions (https://www.vilaweb.
cat/noticia/4175829/20140226/ten-reasons-why-barcelona-is-smart-city.html). This
solar installation produces 550,000 kwh annually (a medium-sized household in
Barcelona consumes 3350 kwh annually.

It uses the biomass from Barcelona’s parks and gardens to make heat and
electricity.

There are different apps for public transport and drivers in the city, such as TMB
Virtual, which allows you to turn on your camera, point it in any direction and bus stop
signs, lines and the distance to them in metres appear on the screen, superimposed
on real-world images.

Map Barcelona + Sustainable

An interactive map with initiatives and sites of social and environmental interest
in Barcelona. The map is the product of collaboration between the general public,
companies, organizations and the City Council and profiles initiatives and resources
to improve the urban environment, build a more equal and inclusive social structure
and enrich the community and neighbourhood fabric.

The heart of the cities are people, so people also make a city smarter, not only
the technology, and there are apps, in which citizens report city problems, such as
broken street lights, or make suggestions, recommendations. There are apps which
find out how people move, their interests, or entertainment venues. Then they can
use this data to improve the logistics for future ‘festes’ (https://www.vilaweb.cat/
noticia/4175829/20140226/ten-reasons-why-barcelona-is-smart-city.html).

Lima, Peru

We all know that people living in the urban areas are prone to various diseases such
as cancer, asthma due to the polluted air. In the past years, citizens in Lima have been
concerned about their health and the quality of the city air.

A billboard was built on a UTEC campus construction site in downtown Lima
and is capable of purifying 3.5 million cubic feet of urban air daily, the equiv-
alent of 1200 trees. It absorbs pollutants, filters them out using basic thermody-
namic principles and yields fresh oxygen that extends up to five city blocks. The
billboard is also energy efficient, running on recycled water and 2500 watts per
hour. It is also specifically designed to soak up construction materials, includ-
ing dust and metal particles, to improve air quality for site workers and neigh-
bourhood residents (http://innovatedevelopment.org/2014/05/19/perus-innovative-
air-purifying-billboard). This innovation is created by University of Engineering
and Technology (UTEC).

Other innovations created by UTEC is a water purifying billboard that converted
air moisture into 9450 l of potable water within the first three months.

Lisbon, Portugal—dance traffic light

Dance traffic light is a smart solution for pedestrians who often ignore the ‘red man’
in pedestrian light. The Dancing Traffic Light aims to capture the attention of people

https://www.vilaweb.cat/noticia/4175829/20140226/ten-reasons-why-barcelona-is-smart-city.html
https://www.vilaweb.cat/noticia/4175829/20140226/ten-reasons-why-barcelona-is-smart-city.html
http://innovatedevelopment.org/2014/05/19/perus-innovative-air-purifying-billboard)
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waiting to cross a road in Lisbon, Portugal, by displaying a red figure dancing to
music rather than the standard static figure. The figure is a low-res representation
of people dancing in a nearby booth. Individuals are able to enter the booth and
choose some music. When it is time for the traffic to begin moving the music begins
and the individual is instructed to begin dancing. This leads to an 81% increase
of people stopping and waiting for the green light to appear (https://newatlas.com/
smart-dancing-traffic-light/33849/).

Conclusion

The Smart Citiesmarket was valued at 442.89 billion in 2017 and is expected to reach
a value ofUSD1226.68 billion by 2023 at aCAGRof 18.22%over the forecast period
(2018–2023). So, the concept for a smart city will become more and more popular.
Around the world, there are many projects and initiatives for smart cities and not
everything can be presented. In this article, the development of the cities over the
years was briefly reviewed, as well as a different definitions what a ‘smart’ city is
was given and finally, some projects implemented in different countries that lead
to an improvement in the urban areas and increasing people’s quality of life were
selected.
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Spas as a Potential for the Sustainable
Functional Development—A Case Study
of the East Region in the Republic
of North Macedonia

Biljana Apostolovska Toshevska, Mirjanka Madjevikj and Marija Ljakoska

Abstract The settlements are places of many diverse activities expressed through
the many functions that take place within their area. Its functional development is
based on several factors, including the resources at their disposal. In that regard,
the thermal springs of certain locations can also be emphasized and, depending on
their physical–chemical properties, they can be put into function. According to the
potentials and the role they can have in the sustainable development of the region,
they are set aside as a subject for research in this chapter. In the first part of the chapter
are emphasized the spas as natural resources. In the second part, the authors tried to
make a functional symbiosis between the spas and the sustainable development of the
region. In fact, the main aim of the chapter is to initiate thinking about the function
of the spas and the possibility of being a pulsating point of growth and development
in one region.

Keywords Spas · Functional development · Sustainability · East region

Introduction

The term “spa” is being used in areas where there are one ormore types of natural and
healing factors (thermomineral water, medical gases, healing mud—peloid, climate,
sea, and other natural conditions in the environment). In addition to this basic prereq-
uisite, the spas must have organized health services, facilities, devices, equipment,
and staff in order to be able to use the natural healing factors; suitable accommo-
dation and food facilities; communal and infrastructure facilities. According to the
International Spa Association—(ISPA 2007), the spas (baths) are defined as “places
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dedicated to improving the quality of life through various professional services that
help recover the mind, body and the spirit.” Over time, parallel to the technical and
technological development and the needs of the population, spa tourism is increas-
ingly getting a characteristic of medical wellness and regular wellness tourism, and
there is always the possibility to connect with the medical tourism. Basically, the spa,
the wellness, and medical tourism can be separated or combined, but the differences
between them as different forms of health tourism are according to the health con-
dition of the visitors, the motives, the purpose of the visit, the offer that is provided
in the specific centers, the length of stay and the financing.

The spas have always had a health and tourism function, but are also a prerequi-
site for moving the development of other complementary activities. The functions
cover all the economic and noneconomic activities that take place in the settle-
ments and enable meeting the population’s needs. Their promotion and diversity
contribute to the functional development of the settlements (Daskalovski and Mad-
jevikj 2009). It has a particular, specific characteristic for each settlement, and it is
perceived through the representation of the activities and changes occurring in this
regard. Through the development, the character and scope of the functions inherent
in the settlements are changed, and some of them are growing into an impulse for
the occurrence of new functions.

In this chapter, the term “spa” stands for an area with a registered presence
of thermal waters, that is being treated as a resourceful basis, which determines
the functional differentiation of the settlements where they are located. Through-
out the past, they were researched by several authors, for various purposes, in
an independent study or as part of more complex studies (Cvijić 1906; Leko
1922; Kossmat 1924; Nedkov 1967; Trifunoski 1970; Gjorgjieva 1996; Popovski
and Popovska-Vasilevska 2004; Ljakoska et al. 2015; Popovska-Vasilevska and
Armenski 2016, etc.).

The spas are an invaluable resource because, in addition to meeting certain needs
of the population, at the same time they are the basis for creating a functional clas-
sification of the settlements. In such spa settlements, besides the activities related
to the direct use of hydrothermal resources, the functional structure can be comple-
mented and enriched with a wide variety of activities designed to meet the needs
of the visitors. This way the complex character of the functional structure of these
settlements and their influence in the space stands out.

On the territory of the Republic of North Macedonia there are eight regis-
tered spas (Katlanovska, Kumanovska, Negorska, Strumica, Kezhovica, Kochan-
ska, Kosovrasti, and Debar spa) which, according to their characteristics are specific
(Stojmilov 2011; Stojmilov and Apostolovska Toshevska 2016), each in its ownway.
Along with the increasing interest by some part of the population for the use of spa
services, in some of the spas have been made attempts for their functional improve-
ment. Considering that such efforts are lacking in the analyzed case study area, an
interest in researching this issue has been imposed.

This topic of research imposed because the region faces an emphasized emigra-
tion, adverse demographic structure, and inadequate economic growth while on the
other hand there are a numerous natural resources, including thermomineral springs.
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Considering the worldwide experiences of the use of these waters of the sustainable
development of the whole regions, the main aim of the chapter is to emphasize the
possibility of turning the thermo mineral springs into pulsators of the development
of the settlements near which they are located, as well as the surroundings. This way,
they would enable the movement of the entire demographic, social and economic
development. It is also a motivation for the local communities to sponsor further
research related to the identification of adequate solutions for the development of the
settlements, of the micro, macro, and meso regions with an emphasis on the devel-
opment of particular natural resources that exist in the concrete geographical area.
In doing so, the rational use of resources and ensuring their sustainability should be
taken into account. The world’s scientific society has largely discussed the sustain-
able use of all available resources by human, and as a part of the global development
goals is the sustainable development of human settlements. In the literature world-
wide, can already be found definitions of sustainable development, as a development
that meets the needs of the present, but at the same time does not jeopardize the
possibilities of future generations to meet their needs UN (1987). Basically, when
we speak about sustainability, we refer to three basic concepts: (1) the need to arrest
environmental degradation and ecological imbalance, (2) the need to avoid impover-
ishment of future generations, and (3) the need for equity in the quality of life among
present-day populations (Redclift 1987). The issue of sustainability addresses the
economic, environmental, cultural and social dimension of space-based assumption
that the required development must be based on efficient and responsible use of the
natural and human resources.

The chapter intends to encourage thinking about a different concept of the func-
tional definition of space, where the spa is the carrier of the development. At the
same time, it should encourage the scientific society to think about the correctness of
the existing territorial organization in the analyzed area, the hierarchy and the status
of the settlements, for the interactions between settlements, as well as other essential
issues that would be beneficial for the growth of the region.

Methodology

The research is based on an analysis of the relevant researches done so far and
knowledge related to the geological past and the geothermal waters of the region in
order to see the available reserves. For the purpose of this research, we considered
the East—statistical planning region as one of the eight statistical planning regions
according to the NUTS 3 that the territory of the Republic of North Macedonia has
been divided to. The researched area is a complex territorial system according to its
position, economic, and demographic areal and functional development.

In order to perceive the condition of the spas as objects with a special function
in a number of settlements that have the potential for their development, an analysis
of the current literature has been done, some personal observations were done as
well, followed up with field research, a survey of the current and former visitors of



250 B. Apostolovska Toshevska et al.

the spa Kezhovica and others. In terms of presenting the statistical data of the spa, a
limiting role has the fact that the spa Kezhovica, unlike in the past, it is currently the
only entity of its kind in the region and therefore, a greater caution when displaying
the data has been imposed. The visual on-site analysis of these locations is also
important for understanding the relationship that exists between the object and the
natural landscape elements in the immediate surroundings.

While conducting the interview with the visitors of the spas, imposed the obser-
vations for the need of modernization of the existing facilities and increasing in the
number of services. Despite all the deficiencies, most of the interviewed visitors,
especially those aged above 40, said that they have been visiting the spa for many
years so far and feel its benefits regarding their health.

Subject and Case Study Area

The East Region is located in the east part of the Republic of North Macedonia. It
is mainly a mountainous region and spreads along the Bregalnica River, over the
basins of Shtip, Maleshevo and Pijanec, and the field of Kochani. The region com-
prises 14.2% of the total area of the Republic of North Macedonia. In this region,
there are 217 settlements (8 have a status of a city: Berovo, Delchevo, Pehchevo,
Vinica, Kochani, Probishtip, Makedonska Kamenica, and Shtip), allocated in 11
municipalities: Berovo, Delchevo, Pehchevo, Vinica, Kochani, Probishtip, Shtip,
Zrnovci, Karbinci, Makedonska Kamenica, and Cheshinovo-Obleshevo. According
to the population estimates for 2017, this area was populated by 175,616 inhabi-
tants or 49 inhabitants/km2, which is a density below the national average. In the
period between 2002 and 2017, the population number decreased for 5,290 persons,
mainly due to the low population natural increase (−488 in 2017) and emigration,
mainly abroad but also toward other settlements in the country. In the period from
2005 till 2017, the emigrants from the Eastern region participated with 14.8% in
the total number of immigrated persons in the capital Skopje. Even 43% were from
the municipalities of Shtip and Kochani where the majority of the population of the
region is located, i.e., mainly from the cities. The municipalities Probishtip, Berovo,
and Delchevo due to the massive emigration abroad are facing a lack of a sufficient
population development contingent (Apostolovska Toshevska et al. 2017). During
the period from 1971–1981 to 2002–2013, these municipalities moved from emigra-
tion type 1 and 2 to municipalities of emigration type 4. Actually, the situation in the
whole Eastern region is alarming because “its demographic indicators, net migration
and population natural increase belong to type E41” (Madjevikj et al. 2016) (Fig. 1).

With such a dynamic in the demographic structure, the conditions for economic
revitalization of the case study area are aggravated despite the numerous natural

1Types of general population movements based on population natural increase and net migration
by Friganović, according to a modified Web model E1—Emigration E2—Depopulation E4—Dis-
appearing (Madjevikj et al. 2016).
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Fig. 1 Spas in the East region of North Macedonia (Author of the map: Antonio Trajkov, bachelor
of geography - GIS)

resources that can contribute to overall development. Among the natural resources
are also the thermo mineral springs. More precisely, a larger number of locations
where thermo mineral water appears are registered. All of these springs differ in
the physical–chemical properties of the water, different outflow and water temper-
ature. Some of them are distinguished according to their characteristics and signifi-
cance. Parts of themwere being used in the past and some are used today as well. The
extent of usage is variable throughout history depending on the capacity, the interest
of using, and the ownership relations. The springs of Novo Selo and the one at the
Kochani valley are of primary importance. In the Kochani valley, thermo mineral
springs appear near the village of Banja, Istibanja (Trifunoski 1970), near the village
of Dolni Polog and Trkanje, while under the vicinity of Novo Selo, Shtip is located
the spa called Kezhovica. The springs at Dolni Podlog and Istibanja are used for
heating greenhouses, while the springs of Kezhovica and the village of Banja are
used for health and recreational purposes.

The spring in the village of Banja has a capacity and power of 30 l/s, and a tem-
perature of 54 °C. The other two springs in the Kochani valley are 300 l/s and a
temperature of 70–80 °C. The thermal water is of the sulfur type, with low TDS
and radioactivity. It is used for curative purposes against rheumatic, skin and female
ailments, inflammation of joints, muscles and veins, and stomach, gall bladder, and
urinary conditions (Popovska-Vasilevska and Armenski 2016). Due to such proper-
ties, it has been used for centuries. There was a spa located here in the second and
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third century BC, then in the fifteenth and sixteenth centuries, it was reestablished. In
recent history, the spa has been working since 1980 as a unit of the Department of
Physical Medicine within the Medical Center in Kochani and functioned well with
an annual visit of about 1200 patients and 500 guests until the end of 1985. In 1985
it was completely shut down and at the moment the building is ruined and out of
use, although until now there were several attempts to reactivate the spa but they
were all unsuccessful. So, for example, after three decades behind closed doors and
not working, in 2013, the Ministry of Health is taking measures for reactivating the
facility of the spa in the village of Banja, but nothing has been done to put it into
function.

Kezhovica or Shtipska Banja is located on the right bank of the river Bregalnica,
about 2 km southwest of the center of Shtip, at the exit of Novo Selo, which is
attached to this city. The water capacity level at Kezhovica is only 4.5 l/s, the thermal
water is of the chloride—hydrocarbonate type and the water temperature is 66 °C.
It is used to alleviate rheumatism, joint inflammations, female ailments, some skin
conditions, etc. (Georgieva and Popovski 2000). It is also the most radioactive spa
in the country with 42-over units (Stojmilov 2011).

It should be noted that geothermal waters can also be used as they are, but they can
also undergo some changes in temperature and by heating or cooling to reach a level
suitable for a particular need. It points to the conclusion that the water temperature
is significant, but should not have the role of a limiting factor for its use, and it can
be adjusted to the target, of course, if it is sustainable in the first place.

Several phases can be separated in the development of the Kezhovica spa, and if
we take into account the most recent history, then it is obvious that there are periods
when it was not in good condition to provide quality customer services or it was
improved and intensively used. Until the war, the spa was consisted of a small, low,
and non-hygienic building with one general swimming pool, with two kurns (small
stone basins with cooling water for washing) (Nedkov 1967). It was renovated in
the 60s and the services offered were in cooperation with the health center in Shtip.
A lot of resources were used in the past few years to improve the spa, it was also
invested in the maintenance of the inner part of the spa, and during the direct field
researches, it is concluded that today the users have a well-equipped spa with two
swimming pools, shower cabins, accommodation, etc. Apart from the people who
are accommodated, as users of the spa, there are people who come exclusively for
the use of the water on a daily basis, and they do not accommodate within the spa.
“Kezhovica” has a modest capacity of 40 beds, and not such a large number of nights
spent are registered on an annual basis. Accommodation facilities are available in
hotels in the city and in the private sector. In the period while the research was still
on, only one spa was working, that is Kezhovica, while Kochanska Banja has been
out of order for many decades so far.
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The Spa as a Basis for a Functional Development

The localities where spas appear, thanks to their specific characteristics are suitable
for developing settlements with a special function. Usually, the term spa settle-
ments are used for their description. Although the primary role of the spa centers
is in the field of health care utilization, the tendency is to be used at a higher level,
creating a space for a wide range of developmental sustainable functions in the set-
tlement. The possibilities for achieving this goal lies primarily in the quality of their
waters, as well as in their micro and macro position in the region and beyond.

Thermo mineral waters in these settlements are some kind of liquid minerals on
the ground surface and have an important economic function. They are economi-
cal generators that penetrate into many branches of the economy (Milaku 2012). By
increasing consumption, (initiated by the use of thermal waters in a different form), it
affects a range of economic and noneconomic activities. Thermomineral waters are a
prerequisite for the development of greenhouse production in agriculture, which can
be part of the concept for the development of modern health spa tourism. Today this
potential is exploited on a local level. Recently, there are certain activities for mod-
ernization of the geothermal system called “Geotherma” in Kochani. The system has
been set in 1997, upgraded in 1999/2000 and fully completed in 2011. The waters
are used for heating 20 ha greenhouses in Kochansko field and for heating of several
public buildings (tree public schools, the Court House and the gym hall). Studies
indicate that at a depth of 2000 m, geothermal waters are at a temperature of 114 °C,
which has the ability to create sufficient pressure to activate turbines and to generate
a current of 3.2 MW, which would be approximately the production of two small
hydropower plants.

The potential for using the geothermal energy for heating greenhouses should be
correlated with the development of agriculture and the need for greenhouses. In order
to achieve this goal, in addition to the activities already undertaken, additional actions
are needed by both, the local self-government and the Government (Strategy for the
use of renewable energy sources in the Republic of Macedonia by 2020) (Ministry of
ecnomy 2010). In conditions of intensive investment in health tourism and the need
for cheap energy, investments of this kind would be economically justified.

The locality “Kezhovica—Ldji”—Shtip was granted under the concession of Eko
Oaza—Shtip. The exploited Duplex D-1 has a capacity of 1.3 l/sek and a water
temperature of 58 °C, and is used for the needs of the spa in Shtip as well as for the
Physical Therapy Institute.

In the case study area, as well as at the territory of the whole country, spa is mainly
understood as a place where the intention is to go and get healed. Hence, spa tourism
is closely linked to the medical tourism and is under the influence of the type and
shape of the health insurance. The vision of Lasak (2008) is quite true, according to
which, this type of tourism will be one of the fastest-growing sectors in the tourism
itself. This can be explained by the aging of European societies, the increased public
awareness and the desire to take care of their own health, among young people
and among adults, but also the increased property possession of some people. It is
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a widespread view that medical tourism, among others, in health resorts, will be
one of the most dynamically growing sectors of tourism. Undoubtedly, this can be
explained by the aging of the European societies, increased public awareness, and
the willingness to care about one’s health, both among youths and elderly people, as
well as by the increasing wealth of people (Lasak 2008). The quality development
of the spa areas should be followed up by the parallel dynamics of the development
of the medical and the tourism sector. In a well-organized and well-thought-out spa
place, apart from the health programs (which are usually in the function of healing),
other tourism contents (sports-recreational, wellness) should be complemented as a
single product of tourism, but also as an advantage to a particular tourist destination.

Although in Europe the idea of wellness was common practice in the 80s of the
last century as a form of tourism, in the United States from the 1960s until today
is a way of life. In our conditions, the modest steps are to actualize this type of
tourism with the direct use of geothermal water. Regarding the current trend of
tourism development, in terms of demographic changes and aging of the population
(Vágner 2013) in the part relating to human health, it moves from the classic spa
to the modern health tourism, which besides the medical component (preventive,
curative, and rehabilitation) includes other components (wellness, sports, recreation,
entertainment, healthy food, etc.) which can attract sick people for whom the state
pays for the treatment and rehabilitation through the health care system, but also the
healthy individuals that are aware of their own health and condition, to fund their
own vacation at a spa and in climate places, in other words in destinations suitable
for health tourism. Wellness itself initiates a state of mind and body in a harmonious
balance, but can also be defined as a facility for the realization of procedures aimed at
understanding wellness philosophy (Cathala 2007). In this context, the overall con-
ception of space should be guided by the needs of the tourist according to Corbin’s
well-known conception (2002) (physical activity—to be in shape, to feel good; psy-
chological balance—to be satisfied and optimistic; socialization—to be communica-
tive and to enjoy society; mental state—to feel complete; esthetic experience—to
be satisfied with its appearance; education—to learn something new; contact—to
experience the environment and to enjoy nature). On the other hand, according to
ISPA (2008, 2009), the demand for baths, spa, and wellness services is also being
conceived according to the demand of users (demands by the baby boomers, wellness
as a way of life, spa retreat, searching results, socialization, gender, travel experi-
ences, detox, etc.). The quality of the spa environment and awell-designed integrated
health tourism product at these locations can become the most important motive for
a tourist visit to the spa areas.

This implies the necessity for a more intense connection of the medical health
function of the spa complexes with sports-recreational, cultural, congressional and
tourist-manifestation activities. In fact, as a special attractive destination, they should
develop an original offer based on their advantages, to create and retain their own
recognizable tourism product. But, the alternative development model goes on to a
higher level, to createmore contents and terms for intensive recreational use of the spa
waters. This means a transformation into geothermal centers. It means that besides
the geothermal recreation pools, a whole package of services would be offered as
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a hotel accommodation, restaurants, conference halls, and ski lifts. “The ultimate
stage of the development of these centers consists of all-comprising, multifunctional
recreational centers, referred to as “total resorts”, bringing togethermultiple functions
at one location.” (Jarczewski et al. 2013). The recreational role of these sites can
increase and attract a large number of visitors. But their success highly depends
on the “geothermal resources, tradition and history, cultural trends associated with
the use of hot water for recreation” (Jarczewski et al. 2013). The best form for
achieving the recreational function are the aqua parks and amusement parks too,
like a new type of leisure establishment. They become increasingly multifunctional
by providing pool facilities in combination with entertainment, sports, relaxationm
and other services, (Čuka et al. 2013). The goal is to attract a larger number of
tourists from different age categories for several days. This way, they are becoming
a part of the fast-growing tourism sector.

In addition, as beneficiaries of the services that have developed thanks to the spas,
is not only the local population, or the population from the near surroundings, but
also the population in the region and beyond. In fact, it is normal for them to generate
profits from users outside of these settlements, but for that, a whole set of measures
aimed at their development and affirmation is needed.

Providing multifunctional importance of these locations, in addition to the activ-
ities related to the spa, medical and wellness tourism, other types of economic and
noneconomic activities will be developed, i.e., they will receive a diverse economic
structure that encourages a complex development of the settlements and the region
as a whole. Given the complexity and importance of the spa sites, a lot of work
is needed to be done for their valorization, to increase the degree of their traffic
connection, increase and modernize the accommodation capacities, improving the
supply and orientation toward foreign guests. The effects of all this would be felt
in several segments. The prosperity of the space created by the activities based on
the potential of the thermo mineral sources in the region and other potential activi-
ties, it should inevitably lead to an increase in employment in this, but also in other
complementary activities. The income generated by these activities can be used to
improve the quality of life, better satisfaction of public needs, etc. Taking into account
the needs of modern spatial planning, there is a fundamental need to perceive the
meaning of each settlement in the surroundings, what its functional structure is and
what are the economic potentials for sustainable development. In this context, the
resources that the spa settlements have, are put into the function of the development
of these settlements and also on a wider level development, too.

The dominant importance of the geothermal resources in several areas contributes
in creating the functional specialization of the spa areas and a special functional
classification based on this activity. At the same time, it is possible to identify the
spatial rules and laws that appear in the distribution and the structure of the func-
tions. However, this should further be the basis for formulating the development
hypotheses for the region. Activities based on this potential can serve to improve the
efficiency and increase the attractiveness of these settlements for future investment
cycles (Fig. 2).
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Fig. 2 The spa as a basis for a functional development

Conditions and Guidelines for Improving the Spa to a Role
of a Pulsator of a Functional Development

The location of these spas is very favorable compared to the rest of the spas, which
creates an adequate basis for visiting by the inhabitants of the wider surroundings.
Namely, there are no other spa centers in the region. The large distance of Kat-
lanovska spa, Kumanovska spa and Strumica spa, provides an absolute primacy to
use for the population of the surrounding. At the same time, situated among the
cities of Veles, Shtip, Kochani, Vinica, and Delchevo, these spas represent a great
and nearby destination for recreation and rehabilitation for the inhabitants of these
cities. The modern road infrastructure toward Shtip and Kochani only contributes to
the possibility of more visitors. Regarding the distance of the Kezhovica spa from
the city centers in the country, it can be noted that even 19 cities (of the total 34) are
separated less than 100 km. Among those cities is Skopje where lives one-third of
the total population in the country (Fig. 3).
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Fig. 3 The distance between Kezhovica spa and the city settlements. Data sources http://za.
toponavi.com/101700-20332; www.amsmspi.mk

On the other hand, the location of the spa and the relatively small distance from
the border crossings, especially the closeness to Bulgaria, Serbia, and Greece are
very favorable for an increased attractiveness for the visitors from the neighboring
countries (Table 1).

Also, the spa settlements are located near an extremely rich Bregalnica archeo-
logical site, near winter sports center, significant religious facilities, which creates a
basis for the development of multipolar spa tourism.

The spa Kezhovica and Banja offers great opportunities. In order to use these ther-
mal waters as a significant potential for the development of the region, a reconstruc-
tion is needed and also a complete renovation of the facility, its modern improvement
with medical and other types of equipments too. There is the potential to form amod-
ern spa complex for developing modern health tourism, with a modern spa center
whose benefits can be enjoyed by residents from the region and beyond. If modern
centers for physical medicine and rehabilitation are formed, which will be used for
the geriatric and palliative care, they will create predispositions for the development
of spa tourism. This could positively affect the development of the settlements of

Table 1 The distance
between Kezhovica spa and
the border crossings

75–100 km 101–150 km 151–200 km More than
200 km

Tabanovce Jazhince Stenje

Border
crossing
Delchevo

Dojran Medjitlija Blato

Novo Selo Blace Kjafasan

Pelince Bogorodica Sveti Naum

http://za.toponavi.com/101700-20332
http://www.amsmspi.mk
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the municipality where the spas are located and wider, in the entire Eastern region
and will provide opportunities for creating new jobs in other areas. This potential in
combination with other resources from the immediate surroundings can play the role
of one of the impulses for the functional development of the Eastern Region. This
will contribute to its affirmation and at the same time its sustainable development.
Taking into account the resources available to the region, it is necessary to undertake
more specific measures that will lead to greater appreciation of the spa sites, their
recognition wider in the region and their wider affirmation.

In terms of the thermomineral resources, it is necessary: to start with the inventory
of all sources; providing protection of the springs and the places of use of the thermo
mineral waters; monitoring the quality and quantity of waters due to the possibility
of reduced outflow or quality change due to pollution; continuous monitoring of
the influences of the waters to the healthy and sick people; encouraging various
research for multipurpose use of water in medicine, health, the wellness tourism,
pharmaceutic, and the cosmetic industry.

It is necessary to realize the appropriate line and suprastructure, appropriate pro-
fessional staff and providing conditions for its settling in the area. Providing an
appropriate team for planned management of the use of resources, enriching the
offer. Using the experience of several European countries (e.g., Vishegrád), it is nec-
essary to tend to maximize the economic benefits of the country from this type of
tourism, increasing the volume of domestic tourism, imposing the spas as a brand for
this type of tourism and connectingwith certain other cultural events in the region and
beyond (Matlovičová et al. 2013), as well as a common tourist offer with neighboring
Bulgaria. It is certainly necessary to encourage the local community to support and
develop the spa tourism, sustainable use of resources, and also building their own
identity. Open opportunities for increasing the interest of foreign investors for this
area and related activities.

The ambitions should be directed toward the qualification of the spas as Wellness
spa, Medical spa, and gaining a Green Global Certificate. It means building spas
that will grow into tools of affirmation mainly according to the concept of organiza-
tion, location, facilities, design, staff, rituals, and procedures and product selection
(Jovanović 2013). But, this depends largely on the investment and promotion of
this type of tourism in the region. As a basis, the main question in promoting the
domestic tourism of a country is connected with the purposely intended financial
amount for promotion and the way of promoting. The sponsoring of those interested
in the development of this business sector would surely bring in profit. On the other
hand, it may be a foreign investment with respecting the principles of maintaining
the resources.

In the future, conception of development of these places is the idea of a type of
a “partnership” between companies and spas. Specifically, certain companies would
show greater interest in cooperating with the centers for improvingmotivation, build-
ing relationships, encouraging creativity and working capacity among employees. In
all this strategy, it is important to note another moment, which is the education for
taking care of our own health from the earliest age (Table 2).
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Table 2 SWOT analysis

Strengths Weaknesses

– Relatively favorable resources of
geothermal waters in quality and quantity

– Location links to the surrounding cities
– Location links to the other nearest spas
– Proximity to other tourist motives of nature
– Proximity to other tourist motives of the
cultural heritage

– Relatively clean environment
– Tradition of using the spas during treatment

– Emigration of young population
– Low population density in certain areas
– Weak line infrastructure and suprastructure
– Insufficient accommodation capacity in
quality and quantity

– Weaknesses of the public administration
– Legally unresolved property issues
– Insufficient service provider’s network
– No tradition in using thermal water for
recreation

– A lack of strategy for the development of
spa tourism

Opportunities Threats

– Spatial construction possibilities
– Use of geothermal waters for different
purposes (tourism, heating, electricity)

– State grants for domestic investors
– Attracting foreign investment
– Enriching the tourist offer
– Establishing strength cooperation between
the relevant institutions, municipalities and
the region

– Access to certain funds
– Standardization and gaining certificates
– Possibility for interstate cooperation with
Bulgaria,

– Tourist promotion of the region

– Population aging and low birth rate
– Uneven population distribution
– Low motivation for living in the
countryside’s

– Lack of state aid due to the replacement to
the government and inconsistency in the
implementation of development policies

– Insufficient properly educated labor force
– Unfair competition
– Strong rivalry from the spas in the
surrounding countries (Serbia, Bulgaria,
and Greece)

– Lack of funds and investments
– Degradation of the environment
– Nonrational use of natural resources

Conclusion

The spas in theEast Region have the potential to becomepulsators of the development
in the region. The positive effects of their operations would enable a fully functional,
sustainable development in all segments of the population and economic shaping of
the region.

According to the analysis of the existing condition and despite the qualities of
thermo mineral waters and the good location, the utilization is quite small. The
small number of visitors, the inadequate facilities for accommodation, the realized
nights spent and more are only indicating that this natural resource is not used for
the sustainable functional development of the region. The idea is developing spa
tourism supplemented by health and wellness tourism. It is the basis that should
incite other forms of alternative tourism, connecting spa sites with other settlements
in the region that have the potential to attract visitors. This way, it is possible for
the services in the area to be used by people from different age groups and people
with different motives for staying in the region. On the other hand, we need to
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compare the development with the domino effect. One investment is an inducement
to another, one job is the basis for the inducement of other jobs. The activities based
on this potential can contribute to improving on the efficiency and increasing the
attractiveness of these settlements for the future investment cycles in these and other
activities. In the future development of local spa sites, it must be ensured that they
will be environmentally protected, protected from pollution, protected, and conserve
from unplanned development policies.
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Tree Cover and Biomass Carbon
on Agricultural Land in Mala Planina

Borislav Grigorov and Assen Assenov

Abstract Agroforestry is a neglected link in the carbon storage, and the role of trees
in carbon sequestration in these systems is significantly underestimated. They can be
used as a tool in climate change mitigation. Moreover, they can provide subsistence
farmers with unexpected benefits, such as lower erosion levels, increased habitat
and landscape diversity, cleaner air and many others. The main aims of the current
investigation are to examine the presence of a tree cover on agricultural land in
Mala Planina, which is located in the Western Balkan Range and to study its role
in carbon collection. The maps of tree cover and biomass carbon on agricultural
land in the mountain are derived from the Center for Mountain Ecosystem Studies
(CMES), Kunming Institute of Botany/World Agroforestry Centre for Global Tree
Cover andBiomassCarbononAgricultural Land (http://www.worldagroforestry.org/
global-tree-cover/data-download.html), provided by Zomer et al. (Sci Rep 6:29987,
2016) and processed to uncover the current status. The results of the investigation
show that 3391 ha, equivalent to 33.91 km2, of the agricultural land in Mala Planina
are covered by trees, which are responsible for the storage of 1,344,135 kg C/ha.

Keywords Tree cover · Biomass carbon · Climate change mitigation

Introduction

Nowadays, climate change is one of the most discussed phenomena and scientists
from around the world are racing to investigate the reasons and the consequences,
regarding its occurrence. Researchers provide different measures for adaptation
and/or mitigation to climate change and examine the reasons behind the storing
of carbon in nature systems and the carbon cycle, as a whole. Oceans and soils are
among the most acknowledged carbon sinks in our planet that are participating in
global carbon budgets. At the same time, trees are known to capture carbon dioxide in
the process of photosynthesis, making forests another essential link. However, trees
are not only present in the vast, extensive biomes of boreal forests, temperate decid-
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uous forests and tropical rainforests, but they are becoming a more integral part of
the agroforestry systems. Trees on agricultural land are a neglected link in the carbon
storage and their role is significantly underestimated, as Zomer et al. (2016) argue.
Erudites are well aware of the fact that the increasing population of the world will
need more arable land, which will surely make an impact on the global carbon stor-
age, as it is discussed by Bondeau et al. (2007) and Johnson et al. (2014). According
to the study of Zomer et al. (2016) about the global tree cover and biomass carbon on
agricultural land, 43% of this land had at least 10% tree cover in 2010 and the number
has increased over the years, while at the same time, tree cover and, consequently,
biomass carbon on agricultural land are being higher in humid regions. Agricultural
land on the planet takes account for 45.3 PgC and trees contribute >75%. These num-
bers are providing an insight of the importance of tree-based carbon sequestration on
agricultural land. Woody biomass has the potential to make a great contribution in
the mitigation of the effect of carbon dioxide, as a major greenhouse gas (Albrecht
and Kandji 2003; Nair 2012).

Trees on agricultural land do not only sequester carbon but also play an important
role for farmers, dealing with subsistence agriculture (in the current case in Mala
Planina). Farmers can get multiple additional benefits from tree biomass, coming
from the increased landscape and habitat diversity, less erosion, less dust pollution,
cleansed air, watershed conservation, and so on.

As it was previously discussed, agricultural expansion is a process that is going
to continue intensively in the future decades and there are few places left in the
contemporary world where this type of land use is not occurring due to the impedi-
ments of the physical geography. Agricultural production is growing extensively in
the lowlands of the temperate areas, for example, but the highest rates of conversion
of natural vegetation into arable land is in the tropics where around 80% of this
expansion is due to the replacement of the local forests (Foley et al. 2011). As we
are well aware of the fact that the expansion of agricultural land will move forward,
a set of measures will be needed in order to relieve human pressure and limit the loss
of forests and their ability to store carbon. One of these measures is agroforestry.
In its essence it is the process of growing trees and integrating them in croplands,
pastures, and so on, and ecologists have proved that these landscape systems can be
more productive and healthier. Furthermore, agroforestry, with the above and below
ground biomass carbon that this system stores, is becoming more recognized for its
role and contribution to global carbon budgets (Schramski et al. 2015).

Important contributions on the investigated subject and especially on mapping
have been by Bartholomé and Belward (2005) who present a new approach to global
land cover mapping, DiMiceli et al. (2011) and Hansen et al. (2003) who work on
spatial resolutions andTrabucco andZomer (2009)who studyglobal aridity index and
global potential evapo-transpiration. At the same time, Houghton (2005) investigates
forest biomass and global carbon and Alexandratos and Bruinsma (2012) discuss the
problems of world agriculture that will concern future generations.
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Data and Methods

The current investigation is dealing with the significance of tree cover on agricul-
tural areas in a mountainous territory, located in the Western Balkan Range, called
Mala Planina. The mountain is situated to the south of Ponor and Chepun Mts, to the
west of the Iskar Gorge and to the north of Sofia Valley. This particular territory was
picked out because of its proximity to the capital city of Bulgaria, thus being one
of the “lungs” of Sofia and the presence of agricultural landscapes with integrated
trees in them. Here we use the study of Zomer et al. (2016), where the significance
of woody biomass in agroforestry systems for carbon sequestration is assessed at
a global level, as a basis. In that study, the authors include three agricultural land
use types from the Global Land Cover 2000 database in their “Agricultural Land”
class: cultivated and managed areas (agriculture—intensive); cropland/other natu-
ral vegetation (non-trees: mosaic agriculture/degraded vegetation) and cropland/tree
cover mosaic (agriculture/degraded forest). They estimate the total biomass carbon
in million tons of C on agricultural land, and according to them the total agricultural
area of Bulgaria is 62,433 km2. The total biomass carbon for 2010 in this area of the
country is 43 million t C with an increase by 7.4% since the year of 2000 and the
average biomass carbon on agricultural areas in Bulgaria for the 2010 is 6.9 t C/ha.

Zomer et al. (2016) also provide the following six online datasets in TIFF format in
geographic coordinates (GCS:WGS-84): Global Tree Cover on Agricultural Land—
2000; Global Tree Cover on Agricultural Land—2010; Change in Global Tree Cover
on Agricultural Land—2000–2010; Global Biomass Carbon on Agricultural Land—
2000; Global Biomass Carbon on Agricultural Land—2010 and Change in Global
Biomass Carbon onAgricultural Land—2000–2010. Two of them are an integral part
of the current investigation: Global Tree Cover on Agricultural Land—2010 and
Global Biomass Carbon on Agricultural Land—2010. Their datasets labeled with
the year “2010” represent an average value of the years 2008–2010. All datasets
can be acquired at the web page of the Center for Mountain Ecosystem Studies
(CMES), Kunming Institute of Botany/World Agroforestry Centre for Global Tree
Cover and Biomass Carbon on Agricultural Land (http://www.worldagroforestry.
org/global-tree-cover/data-download.html).

Data values in the Tree Cover dataset display the percentage of tree cover and
range from zero to one hundred. They are actually representing the percent of the
grid cell, covered by trees. If this is to be illustrated with an example—30% tree
cover of the 1 km2 grid cell would represent 30 ha, covered by trees, 10% tree cover
would represent 10 ha, covered by trees within the total number 100 ha (100 ha =
1 km2).

Data values in the Biomass Carbon dataset are accounting for the above and below
ground biomass carbon on agricultural land. Values can be acquired in the units of
kg of carbon per hectare (kg C/ha) or tons of carbon per hectare (t C/ha).

http://www.worldagroforestry.org/global-tree-cover/data-download.html
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Research Findings

The analysis of the results will be separated in two sections, covering data about
tree cover and biomass carbon on agricultural areas in the studied area. Tables 1
and 2 present information, derived from the datasets of Zomer et al. (2016) that
concerns the territory of Mala Planina, completed with the two maps in Figs. 1 and
2. These maps are further processed in order to discover the current status, showing
data 10 years after the cited study.

Tree Cover on Agricultural Land in Mala Planina

Data about tree cover is displayed in Table 1 and Fig. 1. Table 1 shows the total area of
a certain polygon value in the first column. As we can see, there are different ranges
for the tree cover of any polygon. The authors share the opinion that the presented
ranges are the best option for the analysis of the information, giving an exhaustive
and comprehensive information at the same time. Taking in mind that each polygon
represents a grid cell of 1 km2, there are 221 polygons with different range of tree
cover, equaled to 221 km2. The whole territory of Mala Planina is 351.3 km2 so
they make 62.9% of it. If we take polygons, covered with woody biomass within

Table 1 Tree cover on agricultural land in Mala Planina

Tree cover on agricultural land

Total area of each range of
tree cover (km2)

Tree cover for 1 km2 grid cell Total tree cover for each
range within the average
coverage (ha)

34 3.000000001–7 ha 170

65 7.000000001–11 ha 585

42 11.00000001–15 ha 546

28 15.00000001–19 ha 476

15 19.00000001–24 ha 322.5

16 24.00000001–28 ha 416

3 28.00000001–32 ha 90

1 32.00000001–37 ha 34.5

8 37.00000001–41 ha 312

5 41.00000001–45 ha 215

1 50.00000001–54 ha 52

2 54.00000001–58 ha 112

1 58.00000001–62 ha 60

Total tree cover on agricultural land in Mala Planina 3391 ha = 33.91 km2
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Table 2 Biomass carbon on agricultural land in Mala Planina

Biomass carbon on agricultural land

Total area of each category of
biomass carbon (km2)

kg C/ha for 1 km2 grid cell Total biomass carbon for each
range within the average
coverage in kg C/ha

118 4350.000001–6040 613,010

80 6040.000001–7380 536,800

18 7380.000001–8870 146,250

5 8870.000001–10,360 48,075

Total biomass carbon on agricultural land in Mala Planina 1,344,135 kg C/ha

Fig. 1 A map of the tree cover on agricultural land in Mala Planina (following Zomer et al. 2016
http://www.worldagroforestry.org/global-tree-cover/data-download.html)

the lowest range between 3.000000001 and 7 ha, we will find that there are 34 of
them, comprising an area of 34 km2. It is clear that some of the polygons can have
a tree cover near 3 ha and some of them near 7 ha. In order to get impression of the
overall territory that is covered with wood in this agricultural area, we chose to take
the average sum, which in this case is 5 ha. Moreover, a new map layer was created,
using the World Imagery Basemap in ArcMap 10.1. Polygons with the current tree
cover on agricultural land were shaped for all tree cover ranges and their areas were
summed. Calculations show that there is only a slight, neglected difference in the
total areas and in order to keep the scientific correctness, the already mentioned
average sum of 5 ha was selected. So if we multiply this average number with the

http://www.worldagroforestry.org/global-tree-cover/data-download.html
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Fig. 2 Amap of biomass carbon on agricultural land in Mala Planina (following Zomer et al. 2016
http://www.worldagroforestry.org/global-tree-cover/data-download.html)

total area of 34 km2, we will find that there are around 170 ha of tree cover for this
range. The same calculations are done for all other polygons, leading to the total
area, covered by trees—3391 ha or 33.91 km2. Here trees are unequally dispersed
within the territory and present 15.3% of the whole agricultural land. Based on the
potential of arable land, the authors think that this number can be increased, which
will lead to the sequestration of more carbon. However, this should be done in a
manner, preventing the loss of the main agricultural purpose of these lands.

Agricultural territories of Mala Planina, covered with trees, that are taking area
between 3.000000001 and 7 ha, are located in a narrow belt from the village of
Rayanovtsi, situated in the western part of the mountain, moving south near the
boundary of Mala Planina and then with a few interruptions go around the villages
of Bezden, Bogyovtsi, Dragovishtitsa, Balsha and Katina. They are representing the
lowest range of tree cover in Mala Planina. The next place is for agricultural areas
with a tree cover within the range 7.000000001–11 ha. They are situated mainly in
the central to western part of the mountain between the triangle that the villages
of Ponor, Bezden and Gradets form, as well as near the villages of Rayanovtsi,
Vasilovtsi, Tsraklevtsi and Dramsha. These polygons are by far the most frequent in
Mala Planina, taking up to 65 km2. After them are the agricultural territories with a
tree cover between 11.00000001 and 15 ha. They form a mosaic near the villages of
Gradets, Dramsha, Tsraklevtsi and cover 42 km2. All these three territories, being
63.8% of the whole agricultural areas with tree cover on agricultural lands in Mala
Planina, are providing up to 38.4% of all hectares with woody biomass, which rep-
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resents inequality. Although the presence and the provided services of these climate
changemitigators are undisputable, the capacity of the discussed agricultural lands is
not full enough and more native tree species (Quercus sp., Fagus sylvatica, Carpinus
betulus, Acer sp., Fraxinus sp.) could be planted there in order to boost their potential
as carbon collectors.

The next three ranges are between 15.00000001 and 28 ha and are covering 59 km2

in total. They are disjunctively situated near the villages of Chibaovtsi, Dramsha,
Ponor, Drenovo and Buchin prohod. The same deduction can be applied to them
as well, because their potential for tree planting can also be increased. Moreover,
together with the previous three ranges, they make over 90% of the mountainous
area, which means that there is enough agricultural land at present.

The other polygons with tree cover on agricultural areas form a chain near the
villages of Dramsha and Chibaovtsi and they can also be found around the village
of Gradets. The cover with woody biomass there can reach over 62 ha, which is a bit
higher value than the previously discussed. This can be used as an example of the
potential that can be reached within the agricultural territories without preventing
them to provide the necessary production for farmers.

By combining all polygons with a tree cover on agricultural areas inMala Planina,
we found out total cover. It is equaled to 3391 ha or 33.91 km2. This is a quantity large
enough, however, normally neglected by scientists in their investigations on climate
change mitigation. Nonetheless, trees on agricultural land play their important role,
as a carbon collectors and calculations in the studied mountainous territory prove
that fact.

Biomass Carbon on Agricultural Land in Mala Planina

Mala Planina is a local carbon sink and this is not only proved by the presence of
intact forests with native vegetation, such as those near the highest peaks like Tseria
(1234m). Another testimony is the stored biomass carbon found on agricultural land.
Data about it can be acquired from Fig. 2 and Table 2.

Unlike the situation with tree cover, biomass carbon on agricultural land in Mala
Planina is presented within four categories. If we compare the map, representing
the biomass carbon with the one, displaying the tree cover, a certain correlation
becomes obvious. The largest territories (118 km2) hold a biomass carbon between
4350.000001 and 6040 kg C/ha and they lay within the same areas with those three
ranges with the least tree cover (near the villages of Dragovishtitsa, Balsha, Bezden,
Bogyovtsi, Ponor, Vasilovtsi and Rayanovtsi). The explanation is logical enough and
is a piece of evidence for the great influence of trees on collecting carbon. This inter-
relation stands for all four categories, presenting the biomass carbon on agricultural
land and the tree cover—the more tree cover, the larger quantity of biomass carbon.
Another verification of this is the presence of the territories, containing the highest
range of the biomass carbon, covering 5 km2 and situated around the villages of
Chibaovtsi and Dramsha. They are overlapping agricultural areas with tree cover of
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around 50 ha. An important moment that makes an impression is the great difference
between the total area of the territories with the highest and lowest sums of biomass
carbon. Areas with biomass carbon between 4350.000001 and 6040 kg C/ha are 23
times more than those that are containing near as double biomass carbon more—
8870.000001–10,360 kgC/ha. However, despite the great territorial contrast between
these two categories, the difference between the total biomass carbon is less than 13
times. This demonstrates that it is more essential to have a higher concentration of
tree cover on agricultural territories than just vast areas with lower concentration or
if it is to be said in other words—the intensive is more effective than the extensive.

The last two categories have a biomass carbon between 6040.000001–7380 kg
C/ha and 7380.000001–8870 kg C/ha, being 36.2 and 8.1% of the whole agricultural
area, respectively. The first category has a meridional distribution from the village
of Buchin prohod to Drenovo, Dramsha, Chibaovtsi, Ponor and Dragovishtitsa. The
second one can be discovered near Gradets and in the triangle between the villages of
Dramsha, Drenovo and Ponor. Again agricultural areas with more tree cover contain
large amount of biomass carbon, which is a demonstration for the already determined
correlation.

Conclusion

The present investigation deals with a problem that is of a present day importance.
The ignored tree cover on agricultural areas in global and regional calculations has
proven to be an important link in the carbon pool. If tree cover is accounted for, as it
should be, the total estimates for Mala Planina in collecting carbon, as a local carbon
sink, are much higher than they would turn out to be when only forest landscapes
are examined. Tree cover on agricultural land in Mala Planina sequesters carbon,
thus having high climate change mitigation potential. Part of the arable territories
has the resources for increasing the planting of wood on them, thus expanding their
ability to collect carbon dioxide, but not only. Trees on agricultural land also provide
more ecosystem benefits coming from less erosion, increased habitat and landscape
diversity, and many more.

The whole territory of Mala Planina is 351.3 km2 and there are 221 polygons
with different range of tree cover, equaled to 221 km2, so they make 62.9% of it. The
total area covered by trees is 33.91 km2, and trees are unequally dispersed within the
territory and present 15.3% of the whole agricultural land. The villages of Drumsha,
Chibaovtsi, Balsha, Kutina, Dragovishtitsa are one of those where tree cover on
agricultural land may be found and the same villages can be highlighted when it
comes to biomass carbon, which can be explained by the certain geographical and
ecological differentiation.

The examination of agroforestry in a local territory, such as Mala Planina, pre-
sented by 3391 ha, equaling 33.91 km2 of tree cover, taking 1,344,135 kg C/ha,
proved that its significance should not be underestimated and it should be acknowl-
edged as a technique for climate change mitigation. Data provided by Zomer et al.
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(2016) were applied to a local territory. Despite the fact that it displays the tree cover
10 years ago, new calculations were set out, showing the current status and proving
only a neglected difference in the values. The authors advise that agricultural terri-
tories’ potential can be developed more, because they can sustain more tree cover.
This should be recognized and incorporated by the farmers and the authorities—as
the results confirm, the more present woody biomass, the more carbon sequestra-
tion. The plantation of the native Quercus, Fagus, Carpinus and Fraxinus species is
recommendable in order to develop the best ecological conditions and to unlock the
mountains’ potential. Plantations should also concentrate in areas where tree cover
consists of coniferous species, which are being attacked by a bark beetle and whose
ecological condition is expected to decline in the near future, leading to a loss of
wood biomass.

The successful outcomes of the current study can be applied in other agricultural
areas in the country and they can be used for broadening this geographic prospect in
thewholeWesternBalkanRange. As amatter of fact, the geographic perspectivemay
be extended to the western neighboring countries of Bulgaria, due to the geographic
continuality of natural units and the presence of similar problems with agricultural
areas in their territories.
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Multiannual Monitoring of Heavy Metals
in the Bottom Sediments
of the Blagoevgrad Bistritsa River Basin

Nadezhda Nikolova

Abstract The aim of the present work is to evaluate the ecological status of the
Blagoevgrad Bistritsa River and part of the Struma River Valley through long-term
monitoring of the heavymetal content (Cu, Zn, Pb, Cd,Mn) in the bottom sediments.
A survey was carried out between 1988 and 2018 along the two rivers in sections
before and after the influx of Blagoevgrad Bistritsa. Samples were collected in back-
ground and anthropogenic areas during low tide in autumn. The following tasks were
carried out in order to achieve the stated objective: to provide basic information on
the concentration and distribution of heavymetals in the bottom sediments of the Bla-
goevgrad Bistritsa River and the middle current of the Struma River; to assess what
parameters affect this distribution; and to determine the effect of the urbanization
and industrial activity of Blagoevgrad on the aquatic landscapes.

Keywords Environmental status · Bottom sediments · Heavy metals · River
basin · Multiannual monitoring · Anthropogenization

Introduction

Urbanization processes lead to an increasing impact of anthropogenic factors on
water bodies. Small rivers are especially vulnerable if they run through urban envi-
ronments. The high density of the population and the considerable industrial potential
concentrated in the town of Blagoevgrad contribute to the pollution of the river sys-
tem. In the process of economic activity in the region for a long period of time,
the state of the drainage artery of Blagoevgrad Bistritsa River has changed. Large
volumes of untreated or conditionally clean industrial water were discharged into the
river.

Heavymetals are among themost common pollutants of waters, soils, and biota of
natural and anthropogenic origin. These are chemical elements with a density above
5 g/cm3 which have a negative impact on living organisms (Sparks 2005). The serious
danger of heavy metals lies in their high toxicity at relatively low concentrations and
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their bioaccumulation ability. Their different migratory capacities lead to significant
differences in the extent of their accumulation in the bottom sediments and in the
individual stretches of the river. The majority of trace elements, especially heavy
metals, cannot be in a dissolved state for a long time and are therefore present in
water mainly in the form of colloidal solutions or attached to organic or mineral
substances (Foster and Charlesworth 1996). In turn, the bottom sediments have a
high sorption capacity (especially the fine fraction) and accumulate heavy metals as
well as the entire complex of chemical elements present in the water. Therefore, they
are used as the main indicator of the ecological status of the water body. The rates
and volumes of bottom deposition as well as the extent of their contamination are
different throughout the river basin, allowing to track both the impact of the changing
anthropogenic load over time and the change in natural self-purification processes
in the river (Bubb and Lester 1994).

Thus, bottom sediments reflect the specifics of migration and concentration of
substances in the catchment areas and are particularly important informative objects,
as practically all economic activities form and discharge wastes which contain a
complex of pollutants into the river systems. Besides being a heavy metal accu-
mulation environment, bottom sediments can, under certain conditions, become a
secondary source of contamination in the small rivers (Podlasińska and Szydłowski
2017). Therefore, they were used to assess the possible anthropogenic heavy metal
contamination in the Bay of Blagoevgrad Bistritsa for the period 1988–2018. The
beginning of the monitoring was set by Penin in 1988 (Penin 1989) when a com-
plete inventory of bottom sediments was carried out in the Struma River Basin and
the Blagoevgrad Bistritsa River. According to the methodology, three points were
tested—the estuary of the Blagoevgrad Bistritsa River after Blagoevgrad and the
Struma River before and after the Blagoevgrad Bistritsa River. In 2008, as part of a
project for the study of the ecological status of the Blagoevgrad Bistritsa River Basin,
samples were taken for analysis from the same sites as the network was expanded
by another two additional points. For the purpose of this study, 2018 samples were
taken for analysis from the same sites.

Study Area

The studied area is the catchment area of Blagoevgrad Bistritsa River, which is a
left tributary of the Struma River. Its catchment is formed on the territory of the Rila
Mountain, and the valley occupies a central position in the southwestern part of the
mountain. It divides it into two main orographic ridges: the northern Arizmanishko
Ridge and southern Parangalishko Ridge (Fig. 1).

The river takes its source at an altitude of 2385 m, on the southern slope of the
Golyam Mechi Peak (2617 m). It runs to the west, crosses the Bodrost resort, the
village of Bistritsa, the town of Blagoevgrad, where it flows into the Struma River.
With its total length of 41 km, Blagoevgrad Bistritsa River is the longest river in the
southwest Rila Mountain. The total area of the catchment area is 208 km2, with the
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Fig. 1 The catchment area of Blagoevgrad Bistritsa River

highest point at Golyam Mechi Peak (2617 m) and the lowest point at the town of
Blagoevgrad (380 m above sea level). The average rate of its riverbed is 51.8%. The
average altitude of the catchment area is 1467 m and the average incline is 0.442%.

The steep incline of the midstream network creates conditions under certain cli-
matic and hydrological circumstances to form a large surface runoff with strong
transport power and rate of erosion processes. The Blagoevgrad Bistritsa River is
characterized by rainy and snow-fed nourishment with marked spring high water
and summer–autumn low water. The average annual runoff is about 3 m3/s and the
average annual turbidity is 1200 g/m3 (Hristova Hristova 2012).

The main source of pollution in the river basin is the administrative and indus-
trial center—Blagoevgrad with a population of 69,417 people (NSI 2017). From a
nineteenth-century tobaccowarehouse andwoodworking craft trade center, it grew as
an important industrial center in the mid-twentieth century. Traditional tobacco pro-
cessing, fermentation, and cigarette production prevail over other industries. Among
the structurally identifying branches is the machine industry. In 1961, the first enter-
prise for speakers, microphones, and linguistic studies was built. After that, the plant
for measuring instruments and appliances was built—the only one in the country
that is still in operation. Then, the plant for building elements of the communication
equipment and the plant for metal constructions and the radio-electronics industry
were also built. In 1962, a large cotton plant was put into operation with an annual
capacity of 36 million meters of fabrics. In this period, the plants for mechanical
constructions as well as for the equipment and nonstandard technological equipment
were created. The shoe industry is a relatively new branch in the city, which was
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found in the 1980s. Also during this period (1982), the PCB plant (Printed Circuit
Board) was built. Near the Blagoevgrad Bistritsa River, there is a meat factory with
a slaughterhouse and a sausage workshop. There is also production of liquor, dairy
products, beer, etc.

Since 1989, a number of enterprises have been privatized, some have ceased to
operate, and others have significantly shrank the volume and range of their produc-
tion. Today, some of the old plants, albeit with reduced capacity, are still in opera-
tion. A number of new, small- and medium-sized enterprises with specialization in
the production of accurate metal parts, furniture, cash registers, fiscal printers, POS
terminals, packaging, foils, plastic bags, vacuum packing lines, etc. have emerged.
Most of themwere found in the 1990s and others are brand new. All these companies
have discharged and still discharge their wastewaters into the Blagoevgrad Bistritsa
River, from where they flow into the cross-border Struma River.

Materials and Methods

Field Studies

For the purpose of the study, areas which are relatively unaffected by anthropogenic
activities as well as those areas with a high anthropogenic load on the part of the
industrial and communal activities have been tested. The samples were collected
during the summer–autumn season during the low water level at certain points of
the Blagoevgrad Bistritsa River Basin and part of the Struma River, before and after
the influx of the Blagoevgrad Bistritsa River (Fig. 1). By applying the screening
method, the fraction less than 1 mm is separated. In order to correlate the samples
with different mechanical composition, the fraction of less than 0.020 mmwas used,
with a prevalence of the clay fraction. In this way, the samples collected in different
rivers are reduced to “common denominator” and the anthropogenic load is estimated
by the degree of saturation of heavy metals in the clayey fraction of the bottom
sediments.

Laboratory Methods

We analyzed the content of heavy metals (Cu, Zn, Mn, Cd, Pb) in river bottom
deposits. Sample preparation consists of acid digestion of 0.5 g samples of the bottom
sediments, sieved through a 2 mm sieve and flooded with aqua regia extracted, i.e.,
mixture of nitric acid and hydrochloric acid (ISO 11466) in microwave-transparent
vessels via a microwave-accelerated reagent system (microwave oven)—MARS
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Xpress model, in two stages at different temperatures: first stage at a temperature
from 0 to 165 °C and a second stage from 0 to 175 °C (Cools and De Vos 2016).
Samples are left for about 16 h at room temperature to allow slow oxidation of the
organic matter in the sample.

After dilution with distilled water, the samples are made equal to 50 ml and
fed to an ICP-OES spectrophotometer (ICP-OES), a 40.68 MHz ICP JY ULTIMA 2
(JOBINYVON, FRANCE) ICP spectrometer. Thus, the heavymetal content in them
was determined in 2018. In 1988 and 2008, their concentration was retrieved through
extraction of aqua regia through the method of flame and electrothermal absorption
spectrometry using Perkin Elmer AAS apparatus.

In the study of the geochemical features in the Blagoevgrad Bistritsa River Basin,
two coefficients are applied, namely, average data for different background areas and
normative standards. In order to determine the degree of pollution in the Blagoevgrad
Bistritsa Valley, the concentration coefficient (Kc) is used, which characterizes the
degree of accumulation of a chemical element in relation to the local geochemical
background.

To track the dynamics in the state of the river system over a period of 30 years,
a time factor has been calculated. This coefficient is used to reveal the degree of
contaminationof bottomsediments over time.The content of the heavymetals studied
in the bottom sediments from 1988 was taken as the basis, and the denominator was
the content of the elements in the bottom sediments in 2008 and 2018.

Kc = Ci (1988)

Cf(2008 or 2018)

The proposed coefficient allows for a long-term monitoring of the state of bottom
sediments and the degree of their heavy metal contamination to track changes in the
impact of anthropogenic load on aquatic landscapes during the periods studied.

Results and Discussions

The copper content during the study period varied within a wide range of
2.7–150mg/kg for different parts of the area under study (Table 1; Fig. 2). Its excesses
in the outflow of the Blagoevgrad Bistritsa River compared to the local geochemical
background for 2008 are over 1.5 times and in 2018 over 10.5 times. The lead content
also ranges from 3.4 mg to 80 mg/kg, with the value of the concentration coefficient
in relation with the local background being 1.2–2.2 times.With the largest deviations
from the local background is zinc with a content of 31.2 mg/kg in the background
sample №1 to 500 mg/kg at the outflow of the Blagoevgrad Bistritsa River—point
№2 (Table 1; Fig. 3). The values of the concentration coefficient in the outflow of the
Blagoevgrad Bistritsa River are 2.2–3.6 times for the period 2008–2018. The cad-
mium recorded in the second half of the study ranges from 0.1 mg to 2.8 mg/kg, with
its excess in the lower course of the river 2.5 times higher than the local background.
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Of the studied heavy metals, only the concentration of manganese has been around
background values in the Blagoevgrad Bistritsa Valley and exceeds the background
in the Struma River Valley (Table 1).

As criteria for the assessment of the heavy metal content in the bottom sediments,
the comparisons with their background content in the bottom sediments of the rivers
in Europe (DeVos et al. 2006) and Bulgaria (Penin 2003) have been used, as well as
the threshold effect concentrations (TEC) and the significant probable effect concen-
trations (PEC) determined by the United States Environmental Protection Agency
(US EPA, MacDonald and Ingersoll 2002) for sedimentation in freshwater ecosys-
tems (Table 2). The use of data from the US Environmental Protection Agency is due
to the fact that in Bulgaria no norms have yet been set for pollutants in sediments.
Because of the absence of Mn norms in them, the ones designated for the sediment
quality assessment in Ontario, Canada (Guidelines for Identifying, Assessing and
Managing Contaminated Sediments in Ontario: An Integrated Approach 2008) have
been used.

The comparative analysis of the average heavy metals content in the bottom sedi-
ments of the rivers of Europe shows higher values in the downstream of the Blagoev-
grad Bistritsa River after passing through the town of Blagoevgrad and at the Struma
River where the Blagoevgrad Bistritsa River flows into it (Figs. 2, 3, 4 and 5). They
are the highest in the 1988–2008 period and, compared with the US EPA thresh-
old, they mark zinc and lead as the most significant threat to the living organisms
in the aquatic landscapes in this period. The 2008–2018 period is characterized by
values below the threshold effect concentrations (TEC) and close to the background
values in the country. Depending on the background areas in Bulgaria, the heavy
metals in the bottom sediments of the area under consideration are concentrated in
the following way: Kc = Zn (5.3) > Cu (3.33) > Pb (3.2) > Cd (2.00) (1.02).

The concentration coefficient (Kc) for Europe’s rivers arranges the elements in
the following geochemical order: Cd (10) > Cu (8.82) > Zn (7.04) > Pb (3.90) > Mn
(1.00).

Table 2 Comparative data of heavymetal contents (mg/kg) in the bottom sediments of rivers inBul-
garian and European background regions, and threshold (TEC) and probable effect concentrations
(PEC), (US EPA)

Cu Zn Pb Mn Cd

Rivers in Europe, De Vos et al. (2006) 17.0 71.0 20.5 790 0.28

Background areas, Penin (2003) 45.0 94.0 25 777 1.0

Threshold concentrations (TEC), MacDonald and
Ingersoll (2002)

31.6 121 35.8 460 9.79

Probable effect concentrations, (PEC), MacDonald and
Ingersoll (2002)

149.0 459 128 1100 33.0
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The geochemistry of bottom sediments in the downstream of Blagoevgrad
Bistritsa River is determined by the industrial specialization of Blagoevgrad. Accord-
ing to data from other authors, in 1988, the concentration coefficient arranged the
studied elements in the following order: Zn (6) > Pb (5) > Cu (3) (Perelman and
Kasimov 1999). These elements indicate the specialization of Blagoevgrad in the
development of instrumentation, electrical engineering, and textile and food indus-
tries.

The main quantities of heavy metals come from the untreated industrial and
domestic wastewaters discharged into the Blagoevgrad Bistritsa River. From there,
they flow into the Struma River, where other industrial activities are also covered
in the upper part of the catchment, which influence the increased concentrations of
heavy metals in the studied area.

One of the main sources of pollution in the recent past was the steel plant in
Pernik, currently owned by Stomana Industry AD. For the period 2007–2010, the
plant discharged in the river 159 kg of Pb, Cd—1 kg, Ni—84 kg, and Zn—113 kg
(E-PRTR 2015). This is also one of the reasons for the higher values of lead, zinc,
and cadmium at two of the three points of the Struma River before the influx of
the Blagoevgrad Bistritsa River (Figs. 3 and 4). After the influx of the Blagoevgrad
Bistritsa River, the pollution effect at point 5 (Figs. 2, 3, and 4) was intensified,
especially in the period 1988–2008, when most of the aforementioned enterprises
operated with full capacity but there was still no urban purification plant built. It
was put into operation only in 2009 and today it operates according to the European
environmental legislation.

According to other authors, the Blagoevgrad Bistritsa River water after the town
of Blagoevgrad is also estimated to be heavily polluted on the basis of a set of
quantitative microbiological indicators, especially during the summer–autumn low
tide in the period 1979–1988. The actual data of RIEW Blagoevgrad on the physico-
chemical status of the river in its downstream until 1997 also characterize it as
strongly anthropogenically influenced (Sakelarieva and Yaneva 2006).

The dynamics of the change in the content of heavy metals expressed by the time
concentration coefficient (Figs. 6 and 7) shows that the influx of the Blagoevgrad
Bistritsa River was polluted with zinc, lead, and copper in the initial period of the
study. Their concentrations at the influx of the river—point 2 exceeds 3–4 times those
of 2008 and 5–10 times those of 2018. For the Struma River Valley at point 3, such
large variations in the concentration ratio are not observed. They are characteristic
for the Struma River, point 5, after the purification plant in the last period of the
study, where a decrease in the concentrations of the copper and zinc elements has
been registered.
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Fig. 2 Variation of Cu, Pb, Zn, andMn content in the bottom sediments of the BlagoevgradBistritsa
and Struma Rivers in five selected sampling locations. 1. Blagoevgrad Bistritsa River around the
village of Bistritsa. 2. The estuary of the Blagoevgrad Bistritsa River before the inflow and in Struma
River. 3. Struma River near the village of Byalo Pole. 4. Struma River on the way to the village of
Pokrovnik. 5. Struma River after the Urban Waste Water Treatment Plant

Fig. 3 Variation of Cu, Pb, Zn, andMn content in the bottom sediments of the BlagoevgradBistritsa
and Struma Rivers in five selected sampling locations. 1. Blagoevgrad Bistritsa River around the
village of Bistritsa. 2. The estuary of the Blagoevgrad Bistritsa River before the inflow and in Struma
River. 3. Struma River near the village of Byalo Pole. 4. Struma River on the way to the village of
Pokrovnik. 5. Struma River after the Urban Waste Water Treatment Plant
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Fig. 4 Variation of Cu, Pb, Zn, andMn content in the bottom sediments of the BlagoevgradBistritsa
and Struma Rivers in five selected sampling locations. 1. Blagoevgrad Bistritsa River around the
village of Bistritsa. 2. The estuary of the Blagoevgrad Bistritsa River before the inflow and in Struma
River. 3. Struma River near the village of Byalo Pole. 4. Struma River on the way to the village of
Pokrovnik. 5. Struma River after the Urban Waste Water Treatment Plant

Fig. 5 Variation of Cu, Pb, Zn, andMn content in the bottom sediments of the BlagoevgradBistritsa
and Struma Rivers in five selected sampling locations. 1. Blagoevgrad Bistritsa River around the
village of Bistritsa. 2. The estuary of the Blagoevgrad Bistritsa River before the inflow and in Struma
River. 3. Struma River near the village of Byalo Pole. 4. Struma River on the way to the village of
Pokrovnik. 5. Struma River after the Urban Waste Water Treatment Plant
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Fig. 6 Time concentrations coefficient for the period 1988–2008. 1. The estuary of the Blagoevgrad
Bistritsa River before the inflow and in Struma River. 2. Struma River near the village of Byalo
Pole. 3. Struma River after the Urban Waste Water Treatment Plant

Fig. 7 Time concentrations coefficient for the period 2008–2018. 1. The estuary of the Blagoevgrad
Bistritsa River before the inflow and in Struma River. 2. Struma River near the village of Byalo
Pole. 3. Struma River after the Urban Waste Water Treatment Plant

Conclusion

With regard to the local background, zinc and cadmium have the highest rate of
exceedance.

For the entire study period, the downstream of the Blagoevgrad Bistritsa River has
higher concentrations of heavy metals compared to the upper and middle streams.
There is a relatively strong techno-geochemical effect during the first period of the
survey by the industrial capacities, which are located in a wide range in the south-
western part of Blagoevgrad. In 1980s, the downstream of the river was heavily
polluted with zinc, lead, and copper. Zinc pollution is due to the dyes and paints
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used in the footwear, garment, and leather haberdashery industries. Lead and copper
pollution in the period 1988–2008 could be due to the PCB plant, Ltd., producing
copper, tin, lead, silver, palladium, and gold products. The importance of the util-
ity sector, whose impact on pollution is decisive in the second stage of the study,
is also essential. In the third stage, the decrease in the concentrations of the heavy
metals studied was observed in almost all the points, but mostly in the Struma River
after the purification plant. Only after the active water purification of the river after
2009 and the reduction of the pollution from the Blagoevgrad Bistritsa River, the
self-cleaning of the bottom sediments starts, and so in 2018 their concentrations get
near the background ones in the country and in Europe.

The time concentration coefficient indicates that small rivers experience the most
powerful techno-geochemical load. In the case of the Blagoevgrad Bistritsa River,
30 years later, in the reduction and even stopping of many industrial enterprises and
the construction of wastewater purification plants, in some of them there was a sharp
decrease in the concentrations of the heavy metals studied.
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Structure and Peculiarities of the Karst
Landscapes in the Besaparski Ridges

Ilia Tamburadzhiev and Zornitza Cholakova

Abstract The study is focused on the karst landscapes within the scope of the
Besaparski ridges. The specifics concerning the part of the ridges are studied, which
are characterized by the presence and running of karst processes. An analysis of the
natural components in the investigated territory was made. The role of natural com-
ponents in landscape differentiation is assessed. The specifics and degrees of anthro-
pogenic load and the different types of anthropogenic activity have been taken into
account. A classification and map of the karst landscapes of the Besaparski ridges
were compiled. The investigation is based on the landscape-ecological approach.
Morphometric, landscape-geophysical and landscape-geochemical characterization
of the karst landscapes was made. Laboratory, terrain, analytical and cartographic
methods are applied. Sampling of the soil cover and the bedrock was done for geo-
chemical analysis of karst landscapes and for the presence of macro-elements con-
tents like Ca, Mg and of CO2. With the help of terrestrial and remote databases
integrated into GIS, a map of the karst landscapes was created. The analysis of the
horizontal, vertical and geochemical structure of the karst landscapes in the studied
area of the Besaparski ridges, as well as the realization of complex characterization of
the different types of landscapes, is an original unique study of the specific territory.

Keywords Contemporary karst landscapes · Landscape-ecological analysis ·
Mapping

Introduction

The karst landscapes are the widely distributed azonal type in all landscape regions
in the territory of Bulgaria. They have specific geomorphological, hydrogeological,
geochemical and many other peculiarities that distinguish them from the non-karst
natural complexes. Specifics are their subsurface and superficial vertical structure.
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Many authors explain the karst and the karst processes. Gvozdetsky (1972, 1988)
summarizes that to the karst phenomenon are related all relief forms, developed in
rocks that are soluble in natural waters: in limestones, dolomites and the transitional
between them carbonate rocks, chalk and sometimes chalk-like marls, marbles, and
also in gypsum, anhydrite, halite and potassium salt, potassium-magnesium and other
salts. According to Ford and Williams (2007), the karst can be defined as a territory
with distinctive hydrology and relief that originates from the combination of highly
soluble rocks and well-developed secondary (cracked) porosity. Such areas are char-
acterized by losing streams below the ground surface, rivers, caves, enclosed negative
forms, furrowed rock surfaces and impetuous springs. Velchev (2014) points out that
the carbonate rocks, running water and carbon dioxide are needed to pass the karsti-
fication process. The peculiarities of the relief and its elements, the hydrogeological
peculiarities and the soil-climatic conditions of the region are also very important.

Besaparski ridges are a separate natural geographic unit with specific natural
geographic features. Owing to the specificity of the lithological, hydro-climatic and
soil-biogenic conditions of the ridges, the authors of the present study perceive this
particular territory as a separate landscape unit composed of a certain spectrum of
landscape varieties. A landscape analysis is carried out for that part of the hills where
karst natural and natural-anthropogenic complexes are widely spread. Regarding the
vertical structure of the karst geosystems, only their superficial subsystem is consid-
ered. In an equivalent sense, the concepts of “karst landscape”, “karst geosystem”
and “karst nature complexes” are used.

The main aims of the research are classification of the landscapes of Besaparski
ridges, analysis of the peculiarities of their horizontal and vertical structure, as well
as the processes of karstification as amajor factor in the differentiation of the contem-
porary landscapes within the scope of the studied region. The map compilation of the
horizontal structure of the contemporary karst landscapes of the Besaparski ridges,
reflecting the degree of their anthropogenic transformation, is another purpose of the
study.

Materials and Methods

The karst rocks create specific conditions for formation of natural or natural-
anthropogenic complexes that have their own appearance and azonal character—
karst landscapes. Gvozdetsky (1988) points out that the karst territory is a particular
geographic landscape in a typological sense, which is, above all, distinguished by its
geomorphological features. The different surface karst forms are distinctive elements
of the karst landscape. The negative surface forms also prevail.

The karst landscape differs from the non-karst landscape on the “peculiarities of
the relief, the hydrographic network, the soils, the biocenoses, has a more complex
structural organization and a higher degree of differentiation”. It is distinguished by
“different mechanisms of the substantial-energetic relations, with peculiar regime
of functioning and dynamics” (Andreichuk 2007, pp. 3–4). It has a subsurface and
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superficial vertical structure, which is very closely interrelated. Unlike the non-karst
landscape, the karst has a powerful underground structure that includes cavities and
caves. They are relatively individual natural sites, also called subsurface landscapes
(Gvozdetsky 1954; in: Andreichuk 2007). The superficial and subsurface parts of the
karst landscape are two structural subsystems.

The research is based on the landscape-ecological approach. Laboratory, terrain,
analytical and cartographic methods are applied. Geographic information systems
are at the root of creating a map of the horizontal structure of the karst landscapes.
The horizontal structure of the karst landscape resembles that of the non-karst. By its
nature, it is also complex. Its elements are elementary landscapes, the formation of
which the most important are the lithologic-tectonic and the morphological factors
related to the variety of positive and negative karst forms (Andreichuk 2007).

The landscape-typological classification of Bulgaria and the classification of the
karst landscapes according to the morphogenetic types of karst—covered, bald,
turfed, semi-turfed, and so on—proposed by Gvozdetsky (1972, 1988) and used
by A. Velchev, author of the classification scheme of the landscapes in Bulgaria
(1989) and the classification of the karst landscapes (2016a) are main methodical
basis of the current research.

The taxa used are: class, type, subtype, genus, subgenus, group and variety land-
scapes. The class of landscapes is separated by the indicators for the macro-relief of
the territory. The Besaparski ridges fall into the class of “foothill-hilly landscapes”.
Type of landscapes is separated according to the peculiarities of the hydro-climatic
conditions, which are the main factor for the formation of the vegetation. In the
studied area, the landscapes are of the type “hilly semi-arid landscapes”. Minor
signs regarding the combination of climate-predominant vegetation make it possible
to separate the taxon subtype landscapes “steppe and submediterranean shrublands
(šibljak)”. The predominant genetic type of relief is leading factor in separating the
taxon “genus landscapes”. In the concrete case, this is the karst relief.

The following taxonomic levels combine the peculiarities of the karst relief and the
degree of anthropogenization. Taxon “subgenus” is separated according to the mor-
phogenetic types of karst. On the territory of the Besaparski ridges there is separated
subgenus “semi-turfed karst landscapes”. This group of karst landscapes depends on
the peculiarities of the mesorelief and the leading morpho-dynamic processes. Thus,
karst landscapes are divided into three groups based on the area: erosion-denudation
(slopes), denudation (crests) and accumulative (saddle).

The greatest variety is in the types of karst landscapes. For their separation, a
scale is used for the degree of anthropogenization of the territory, similar to that
applied in previous developments by Velchev and Todorov (1990), Todorov (1997),
Cholakova et al. (2012) and others. Natural and slightly anthropogenized, medium
anthropogenized and highly anthropogenized karst landscapes have been separated.
The classification is supported by the available data for the land cover classes from
the Corine Land Cover 2012 project. The final formulation for a variety of karst
landscape is based on the rock base and soil type factors.

Creating of the map of the horizontal structure of the contemporary karst land-
scapes has been done through the creation of GIS databases. Analysis inGIS environ-
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ments involves several stages. The first is determining the boundaries of the studied
region and generating layers of the topographic surface, the lithological substrate,
the soils and the earth cover. The data used for the land cover is from the Corine
Land Cover 2012. The second stage involves the use of a specific GIS tools to “cross”
the respective layers and combine them into a single layer. The new layer is edited
according to the classification used, expressing the varieties of contemporary land-
scapes on the territory of the Besaparski ridges. The editing is expressed by merging
similar characteristics of individual polygons into the attribute table of the layer and,
respectively, merging separate polygons on the map that have the same attributes in
the attribute table and in fact do not represent different varieties of landscapes. The
merging of some similar features associated with similar types of land use has been
achieved because these features are not of fundamental importance for the differen-
tiation of individual varieties of landscapes at the appropriate scale of the study. An
example of this above mentioned merging of similar features with their type of land
use may be the polygons of the land cover into common polygons called “agricul-
tural”, “industrial”, and so on. Some additional specific features of the individual
landscapes associated with the types of land use have been added. The generation of
the landscape map ends with the composition of a legend that reflects not only the
typological levels of the classification system but also the degree of anthropogeniza-
tion of the landscapes. On the map are also added symbols depicting other terrain
features, such as forms of karst relief, for example.

Mappings are implemented in landscape sites of four key sections: Ognyanovo-
Sinitevski ridge, Kapitandimitrievski ridge, Novoselski ridge and the south, border-
ing the Kapitandimitrievski pluton, part of the Besaparski ridges. Relatively uniform
spatial representation for the different parts of the ridges has been achieved. Within
the Novoselski and Kapitandimitrievski ridge are mapped three landscape sites,
respectively, from the foot of slope, slope and crest of the hills. In the Ognyanovo-
Sinitevski ridge, the mapping is carried out at the foot of slope and the slope, and in
the fourth section mapping is carried out only on the slope surface due to the speci-
ficity of the local relief peculiarities. The main components of the karst landscapes
have been sampled—rock foundation, soil cover and dominant vegetation types. The
sampleswere subjected to chemical analysis for the presence ofmacro-elements con-
tents like Ca, Mg, of CO2, and of the trace elements Zn, Pb, Cr, Ni, Co, Mn, Cd.
The chemical analyses of the samples were performed at the Geochemistry Labo-
ratory of the Faculty of Geology and Geography of Sofia University “St. Kliment
Ohridski”. The contents of the elements are analyzed using the atomic absorption
spectrometry method. Most of these results will be analyzed and summarized in the
next publication.
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Discussion

Natural and Socio-economic Features

The present study of the karst complexes was carried out in the Besaparski ridges,
which represent a territory of the West- and the Middle-Rhodope landscape region
in Bulgaria (Velchev et al. 2011). The area of the territory investigated is 53 km2.
The ridges bordering the Maritza river and Pazardzhik-Plovdiv area of the Upper
Thracian Lowland (Upper Thracian-Tundzha Landscape region) to the north, and
to the south of the valley of Stara Reka river come and go through the northeastern
branches of the BatashkaMountain, a part of the northernmacro-slope of theWestern
Rhodopes (Western and Central Rhodopes landscape region). In their territory, the
following parts are included: Ognyanovo-Sinitevski ridge to the north, Glavinitsa
ridge to the north-west, Trivoditsi ridge to the north-east, Kapitandimitrievski ridge
to the south-west and Novoselski ridge to the east.

The contemporary landscapes of the Besaparski ridges have been formed to a
great extent under the influence of the karstification process. The Besaparski ridges
are built by the lower part of the Dobrostan marble strata (with suppositional Late
Cretaceous or Paleogene age), which is represented by marbles containing different
thickness of layers of amphibolites, mica schist, kyanite-garnet schist, calc schist and
muscovite gneiss. The thickness of this group reaches up to about 500m (Kozhuharov
et al. 1992).

The process of karstification of the carbonate rocks is widespread. It is related to
the formation of varied form and origin karren and karrenfelds on the surface of the
crest of the ridges. Different by form and size, sinkholes are spread. The widened
sinkholes (valogs) and uvalas are located between the different ridges. The highest
peak of the ridges is Elenski peak—535.4 m. According to A. Baltakova (2011), the
negative shapes between the ridges represent corrosion valogs formed by tectonic
cracks that develop in dry valleys, and large uvalas are formed between the hills, filled
with shallow-lake deposits, on which are accumulated diluvium materials from the
surrounding hills.

In addition to karstification, erosion is observed as a part of the contemporary
morphogenetic processes at the foot of slope parts—accumulation. As a result of
the sheet wash, the erosion and the transportation of weathering material from the
crest and the slope surfaces to the foot, diluvium materials are accumulated. The
current soil cover is developed on the diluvium materials. The diluvium processes
are particularly active during the rainfall. In the crest landscapes, the denudation is
better expressed.

The karst processes in the Besaparski ridges develop under the conditions of a
transitional climate. The average January temperature is about 0 °C and the average
July temperature is about 22–24 °C. The annual rainfall is around 500 mm. The
maximum rainfall is in the spring—May.

Regarding the hydrological peculiarities of the studied territory, the absence of
a constant surface runoff is its characteristic. It is formed only during rainfalls, and
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even more rarely during snowfall. Baltakova (2011) notes that “both surface and
underground runoff gravitates to the Maritsa river. The presence of bald and covered
karst causes percolation of some of the surface and rain waters, which by means
of underground flow run off to the Maritsa river through the pressure karst springs
Trivoditsi in the village of the same name”.

The soils within the studied territory are shallow—humus-carbonate/rendzinas
(rendzik Leptosols, LPk, FAO). Mapping found that the thickness of their soil profile
reaches 15–20 cm at the foot of slope parts of the ridges and 5–10 cm on the slope
and crest areas. The pH of the soil solution is predominantly low-alkaline to neutral
(pH = 7.7–6.5), the Ca content varies between 15 and 1%, and Mg is found only in
some of the profiles, and it is low—up to 0.02%. Through CO2 experimental data,
the CaCO3 content is also theoretically determined. It varies between 43 and 9%. It
is important to note that the soil cover is directly dependent on the carbonate rocks.
They create specific conditions for the formation of natural or natural-anthropogenic
karst complexes. The content of Ca in the kartsmarbles found at the soil-forming rock
base changes from 38 to 41% and the Mg content is below 1%. The concentration
of the basic mineral that builds the rocks, CaCO3, is in the range of 95–99%.

Typical for Besaparski hills are the calcareous and basophilic grasslands: Rupi-
colous calcareous or basophilic grasslands of the Alysso-Sedion albi. In some places
the pseudo-steppes with wheat and annual plants predominate. East-Mediterranean
dry grass communities, Quercus pubescens, Carpinus orientalis and shrub vegeta-
tion, mainly represented by Paliurusspina-christi, Rosa canina, Juniperus oxycedrus
and others are also found.

No settlements are located in the area of Besaparski hills. Insignificant by area, the
territories of the villages Kapitan-Dimitrievo and Novo Selo comprised the present
study. They touch the peripheral parts of the slopes. In a direct proximity of the ridges
are located the villages of Sinitovo, Ognyanovo, Trivoditsi, Isperihovo, Byaga and
Glavinitsa. The proximity of these settlements, which are characterized by a pre-
dominantly agricultural economic profile, determines to a great extent the specifics
of the land use in the scope of the ridges. Livestock, vine growing and the cultiva-
tion of annual cereal and technical crops are well developed, but only on land not
included in the Natura 2000 ecological network. The production of limestone from
the quarries in the Ognyanovo-Sinitevski and the Kapitandimitrievski ridges is of
national significance.

Landscape-Ecological Analysis

As have been already mentioned, the classifications of Velchev et al. (1989) and
Velchev (2016a) were used for the purpose of the present research, and some addi-
tions and clarifications were made according to the specifics in the present study.
The landscape classification used consists of 1 class, 1 type, 1 subtype, 1 genus,
1 subgenus, 3 groups and 17 varieties of landscapes. The additional specifications
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which were made are related to the subgenus landscapes, the landscape groups and
landscape kinds, taking into account their degree of anthropogenic transformation.

The landscapes of Besaparski hills are referred to a class of foothill-hilly land-
scapes, type of hilly semi-arid landscapes, subtype of steppe and sub-Mediterranean
shrublands (šibljak) landscapes, and genus of karst landscapes. Velchev (2016a, b)
points out that the species differentiation is particularly made with great difficulty in
the case of the partially-turfed, semi-turfed and turfed landscape subgenus. Differen-
tiation of them is based primarily on the percentage of the soil cover (Velchev 2016a,
b). On the basis of field observations, it has been established that, to a considerable
extent, the karst landscapes within the Besaparski ridges can be characterized as
semi-turfed. The discovery of the karst forms is between 30 and 70%, and in some
places more; in particular, in landscapes. In the lower areas, as well as in the saddles,
the revealing of the karst forms is on a smaller area than the landscapes situated in the
higher parts of the slopes and on the crests. Therefore, a subgenus of semi-turfed karst
landscapes was identified. For its part, the subgenus of landscapes is divided into
three groups: erosion-denudation, denudation and accumulation (saddle) landscapes.
Erosion-denuding landscapes are the landscapes of the slope surfaces. Denudation
landscapes are the landscapes of the crest parts of the ridges, and the accumulation
(saddle) landscapes are located in saddle depressions between the particular ridges
of the hills. Each of the three groups of landscapes is divided into kinds of land-
scapes that reflect the anthropogenic specificity of the territory. The different kinds
of landscapes are grouped into three extents of categories according to the extent of
their anthropogenic load—natural and slightly modified landscapes, medium mod-
ified landscapes and heavily modified landscapes, respectively. To the natural and
slightly modified landscapes of the Besaparski ridges fall mainly xerothermic grass
formations and areas of rare woody vegetation of Quercus pubescens and Quercus
virgiliana orwithMediterranean elements and forests ofCarpinus orientalis andPal-
iurus spina-christi. To the medium modified landscapes fall agricultural areas and
vineyards. To the heavily modified landscapes fall industrial sites and settlements.
The differentiation of the landscapes of the Besaparski ridges, based on the interre-
lationships and interaction between the main natural components and the role of the
anthropogenic activity as a landscape-forming factor forms the horizontal landscape
structure, reflected on themap of contemporary landscapes, shown in Fig. 1. Figure 2
represents the landscape varieties by % of the total area of the investigated territory.

The landscape-ecological research has been conducted within four key areas.
Within the scope of Novoselski ridge three landscape-ecological mappings were

made: at the foot of slope, the slope and the crest, respectively. The slope landscape
mapping is carried out on a slope with northern exposure. The field investigations
were made in that part of the ridge, located south of the road of Novo selo village—
Isperihovo village. All the three field mappings were performed in the range of
xerothermic grass formations on marbles and rendzinas from the classification of
the contemporary landscapes of the Besaparski ridges. In the lower parts of the
studied area of the Novoselski ridge, more significant turf and covering of the karst
forms of the relief are observed. The soil layer at the foot of slopes is characterized
by about 5–10 cm greater thickness than the thickness of the soil layer in the slope
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Fig. 1 Map of the contemporary karst landscapes of the Besaparski ridges
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Fig. 2 The landscape
varieties by % of the total
area of the investigated
territory

and on crest parts. Only rendzina soils, characterized by a yellow-brown color, sandy
mechanical composition, significant nodules and high stoniness, are observed. Roots
are observed to a small extent in the soil profile, and the soil moisture is negligible.
The rock base is ubiquitously represented by karst marbles. A karst relief is observed,
represented by karrenfelds. For its part, they are formed of clints and furrows, as well
as separate, unsymmetrical and sporadic karren structures. Karrenwithin the scope of
the investigated key area genetically fall in the group of formed under soil-vegetation
cover and subsequently pre-stuffed karren (Velchev 2014). On the basis of their form
and theway of formation in the Besaparski ridges, cracked, welled, bowled, furrowed
and, relatively less often than other varieties, meshed karren structures are observed.
The length of the particular karren ribs ranges from 2–3 to 5 m. Fragmentation of
the karren structures is observed. There is no equal direction of spreading. There
is no unified consolidation of the karren structures in terms of their spatial layout.
Presence of weatheringmaterial between the particular fragments and cracked karren
structures are observed. Regarding the shape, both oblong karren ribs and distinct
karren structureswith irregular shape andoutline are found.Extremely characteristics
are distinct, single or situated in small groups of different size of rock fragments,
located fragmentarily within the karrenfelds. These fragments have been formed as
a result of the destruction of the inter-karren ribs; thereby a weathering cover is
formed, favoring the presence of single representatives of the shrub vegetation. The
coverage area of the karrenfelds is greatest in the high slopes and on the crest. The
sod structures are 60–70% at the foot of the slopes, and up to 30% in the crests.
In the Novoselski ridge sinkholes are found in particular places, which have small
size and irregular shape. Their shape is elliptical. Their depth is up to 2 m and the
diameter is up to 5 m. The sides of the sinkhole are relatively steep, particularly in
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places where they are perpendicular to the bottom of the sinkhole. The bottom part of
most of the sinkholes within the scope of the surveyed area are silted up and covered
with rendzina soils, and the soil layer has a small thickness of 5–10 up to 20 cm.
Some shrub species such as Juniperus oxycedrus are found at the bottom of some
of the sinkholes. In some places, Juniperus oxycedrus is also observed on the walls
of the sinkhole. No ponors are present. In most cases, the sides of the sinkholes are
mostly bare rocks with no grass cover. In some places, the slopes of the sinkholes are
covered with grassy sods of calcareous vegetation, lichens and mosses. The northern
sides of the observed sinkholes are aligned with the slope surface, giving them an
incomplete appearance. The humidity in the Novoselski ridge is of atmospheric
type and has a low degree of expression. The xerothermic grassland formations
predominate, represented by calcareous and basophilic grass communities. Among
the calcareous communities, those of Dichantieta ischaemi, Chrysopogoneta grylli,
Poaeta bulbosae and Ephemereta are predominant. In the higher parts of the slopes,
as well as on the crests, individual representatives of Juniperus oxycedrus are found.
In the Novoselski ridge of the Besaparski ridges natural distribution of tree species
is not observed, and also there are hardly even individual tree representatives found.
The main anthropogenic activity observed in the area of Novoselski ridge is the
agriculture. At the foot of slope and in the lower parts of slope, separate parcels
of agro-landscapes are spread. In many places, specific characteristics of pasture
activity have been identified.

In the Kapitandimitrievski ridge, mappings were carried out at the foot of slope,
western slope and crest. Unlike theNovoselski ridge, in theKapitandimitrievski ridge
almost no differences in the structure of the landscapes from the foot of slope, the
slope and the crest parts are observed. In this part of the Besaparski ridges, all the
specifics of the landscapes of the Novoselski ridge regarding the landscape forming
factors are characteristic. There is also established and more significant turn of the
karren structures, which is reaching up to 70% coverage both at the foot of slope,
in the slope and on the crest parts of the ridge. In some places single sinkholes are
observed, which have similar characteristics to the sinkholes within the scope of
the Novoselski ridge. The lavender agro-landscapes are characteristic for the foot
of slope parts of the Kapitandimitrievski ridge, and in some places vineyards are
also found. In the low slope parts of the Kapitandimitrievski ridge, karren ribs are
observed, which have the appearance of rocky swathswith a rectangular shape. These
structures occur mainly at the boundary between the slopes and the foot of slopes.
Their length exceeds 50 m.

Within the scope of the Ognyanovo-Sinitevski ridge of the hills, mappings of its
foot of slope and slope part with southwestern exposure are made. The natural con-
ditions on the western and southern slopes of this ridge do not differ significantly
from those in the Kapitan-Dimitrievo ridge and the Novoselski ridge. The landscape
diversity of the Ognyanovo-Sinitevski ridge is similar to the landscape diversity in
the other two ridges of the hills. As a distinctive specific peculiarity of the landscapes
of the Ognyanovo-Sinitevski ridge, it can be stated that the northern slope of the ridge
differs significantly in terms of afforestation with tree and shrub species from the
other parts of the hills, which predetermines the different landscape structure in this
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part of the research area. There, the communities ofQuercus pubescens andCarpinus
orientalis are found, mixed with deciduous and coniferous species such as Quercus
cerris, Quercus virgiliana and Pinus nigra. The tree communities are concentrated
mostly at the bottom of dry valleys and in the slopes of the northern part of the
ridge. More significant presence of tree communities is also observed in the struc-
tural decreases between the Ognyanovo-Sinitevski ridge and the Kapitandimitrievski
ridge, where the species mentioned above are found. Much of the forest formations
have anthropogenic origin. On the northern slopes of theOgnyanovo-Sinitevski ridge
the “plant endemic of the Upper Thracian biogeographical region” (Asenov 2006)
grows—theGypsophilatekirae. This plant occurs only on the Besaparski ridges, and
on that particular ridge. A distinctive feature of the low slope parts of the Ognyanovo-
Sinitevski ridge is the presence of small-sized (about 5 m in diameter) anthropogenic
excavations, created by the quarrying of rock material from this part of the ridges.
In the northeastern part of the ridge, as well as on the territory of its neighboring
Trivoditsi ridge, there are large amount of marble quarries within the scope of the
Besaparski ridges. The diameter of the quarry on the territory of the Ognyanovo-
Sinitevski ridge is about 650 m. The natural landscapes in this part of the ridge are
completely destroyed. Qualitatively new technogenic landscapes have been created
as a result of the intense and irreversible anthropogenic transformation of the vertical
and horizontal landscape structure.

In the southern part of Besaparski hills, a landscape mapping was carried out in
the contact zone between the carbonate rocks and the Kapitandimitrievski pluton.
The mapping is done from the north side of the road of Byaga village to Kapitan-
Dimitrievo village. Granodiorites in contact with karst marbles are found. The soil
cover ismostly represented by rendzina soils characterized by relatively higher thick-
ness of the soil layer (more than 30 cm), compared to the thickness of the soil layer
in the rest of the Besaparski ridges. Characteristic of the soils in this part of the
ridges is the presence of fragmentary situated and different by thickness of the soil
layer soil areas, mainly in the falls, characterized by a high degree of stoniness.
This is probably explained by the existence of an active contact zone between the
carbonate and magma lithological substrate. In this part of the studied area, as well
as on the northern slope of the Ognyanovo-Sinitevski ridge, a highest concentration
of tree-shrub vegetation is observed. In particular landscapes, the coverage area of
tree-shrub vegetation is over 50% of the area of the landscape unit. The vegeta-
tion is represented by xerothermic grass communities and individual shrub and tree
representatives. The shrubs are represented by Paliurus spina-christi and Rosa can-
ina, which predominate, and the tree species are represented by Quercus pubescens
and Carpinus orientalis. In some places, the tree species are consolidated in small
forests, and the shrubs are located mainly around the road, the carter’s roads and
the headlands between the arable lands. The landscapes in this part of the ridges are
characterized by a specific structure and peculiarities influenced by the interaction
between different genesis geocomponents. But also in this part of the ridges, the karst
processes are fundamental in the differentiation of the landscapes and in determining
the specifics of their functioning, dynamics and development. Owing to the greater
thickness of the soil layer in the southern part of the Besaparski ridges, in some places



300 I. Tamburadzhiev and Z. Cholakova

agro-landscapes with annual plantations are located, as well as orchards and vine-
yards. On the basis of the more expressed agricultural activity, more—such as area
distribution—and a wider spectrum—such as species diversity—of anthropogenic
landscapes are observed.

Conclusion

The present study successfully implements and refines a classification system of
the contemporary landscapes in the Besaparski ridges, suitable for investigating the
landscapes and other karst areas. The fundamental role of the karstification processes
and the resulting karst forms of the relief in the formation of the peculiarities of the
landscapes in the study area are substantiated.

Based on the field and the cartographic investigations, it can be concluded that the
largest distribution in the Besaparski ridges have the karst landscape varieties with
predominance of xerothermic grass formations on marbles and rendzinas (1a); have
landscapes of agricultural lands with significant plots of natural xerothermic vegeta-
tion in the place ofQuercus pubescens andQuercus virgiliana forests onmarbles and
rendzinas (1d) and have transitional tree-shrub vegetation with Mediterranean ele-
ments and forests of Carpinus orientalis and Paliurus spina-christi on marbles and
rendzinas (1c). Type 1a landscapes are widespreadwithin the scope of the Besaparski
ridges, but mostly on the slopes. Type 1d landscapes are situated mainly on the low
slope parts and at the foot of the slopes of the ridges. Type 1c landscapes are pre-
dominantly spread along the northern slopes of the Ognyanovo-Sinitevski ridge, the
Glavinitsa ridge, as well as in the low slopes between the Ognyanovo-Sinitevski
ridge and the Kapitandimitrievski ridge. Generally, landscapes dominated by grass-
lands prevail and, to a lesser extent, with the presence of transitional tree-shrub
vegetation. The deforestation of the terrain is mainly due to the features of the litho-
logical substrate, combined with the processes of karstification and the specifics of
the hydro-climatic and the soil conditions within the ridges. Exactly the karstifica-
tion processes play a major role in determining the specifics and the presence of
the intersystem interactions and interdependencies between the components of the
karst landscapes. Regarding the degree of anthropogenization, the most affected by
anthropogenic transformations are the landscape varieties of industrial sites on mar-
bles and rendzinas at the foot of the slopes, in the slope parts and on the crests of
the ridges, and the settlements on marbles and rendzinas at the foot of the slopes
and low slope areas of the ridges. The high degree of anthropogenization of these
landscapes is directly related to the intensity of the transformation of their vertical
structure. In the industrial landscapes, the natural horizontal and vertical structures
are completely destroyed, whereas a qualitatively new type of technogenic landscape
arises.

In the process of differentiation of the contemporary landscapes of the Besaparski
ridges, the interconnections and the intersystem interaction between the natural com-
ponents that play a role of landscape-forming factors have been proved. The present
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study successfully analyzes in landscape-ecological aspect both the role of the natu-
ral components and the types of land use in the differentiation of the karst landscapes
and justifies their interrelations and interactions in the karst system.

The functioning of the karst landscapes is directly related to the interaction and
interconnection between the subsurface and superficial parts of the karst geosys-
tems. The intense anthropogenic activity in the area since prehistoric times has led
to lasting and irreversible transformations of the horizontal and vertical structure of
the landscapes of the Besaparski ridges. The contemporary processes of anthropog-
enization within the scope of the ridges required their inclusion in the Natura 2000
ecological network, both under the Habitats Directive and the Birds Directive. The
conservation of endemic species such as Gypsophilatekirae is a serious challenge to
the national environmental policy and legislation. The nature conservation activity in
the investigated areamust be synchronized in unisonwith the contemporary concepts
of sustainable development. In this sense, it is necessary to find a balance between
the utilization of the economic landscape functions and services of the landscapes
of the Besaparski ridges and the landscape functions of maintenance the unique
biodiversity in this part of the country.
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Reconstruction Models of the Landscapes
in Aydemirska Wetland System

Georgi Zhelezov

Abstract The wetland system is one of the most sensitive nature systems. The
importance of wetland systems is determined by the fact that they provide a numbers
of goods and ecosystems services. The present research observes the problems with
the spatial transformations of the landscapes inAydemirskawetland system, in north-
eastern Bulgaria, which is part of the Danubian catchment. Generation of different
space–time models based on old maps and aerial photos gives an opportunity for the
investigation of the state and parameters of the wetland system. The reconstruction
models of the landscapes are made based on these results. Investigation of the space
transformation in environment historical period is a promising platform for planning
of the economic activities in the region. Nature conservation will also be part of this
conception, if the object has potential and nature importance.

Keywords Landscape ·Wetland ·Model · Reconstruction · System

Introduction

Wetlands are some of the most dynamic and fast-changing natural systems on the
earth. They respond even to the smallest changes of the environment state. In this
aspect theymay be used as a reliable basis to determine the quality of the environment
and the degree of anthropogenic transformation in a specific area. Wetlands have
versatile significance:

– Wetlands contain huge water masses.
– Wetlands represent valuable fresh water reservoir.
– Wetlands take part in the water cycle.
– Wetlands support the basic living systems on the earth—their functioning, dynam-
ics and productivity.

– Wetlands have important filtration and purification functions with regard to the
drinking water globally.
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– Wetlands protect many lands from flooding.
– Wetlands are the habitat for many fish and animal species.
– Wetlands include unique landscape diversity.
– Wetlands are rich in plantation.
– Wetlands are centre of different business activities (agriculture, fishing, tourism,
recreation, etc.).

– Wetlands are connectedwith the cultural specific and identification ofmany people
and countries worldwide.

Research Object

Aydemirska lowland is one of the Danubian lowlands in north Bulgaria. It is situated
between the river Danube on the north and Danubian plain on the south, and reaches
Vetrenski hill on the west and town of Silistra on the east (Fig. 1).

The length of the lowland from the west to the east is 16.7 km, its maximumwidth
is 2.5 km. Its area is 34 km2, with an excess of 3–4 m above the level of the Danube
river. It is found and built on the river beds. Along the Danube is built over 5 m high
water dike. Drainage measures have been carried out in the lowland and an irrigation
system has been built.

Fig. 1 Position of Aydemirska wetland system
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The area of Srebarna Lake is separated from the Aydemir system of wetlands.
This is determined by the fact that a self-operating system has been set up within
the structure of the Danube—lake–groundwater. In the past, before the construction
of the coastal dyke in 1948, the two systems have been developed as functionally
connected.

Models and Modelling

Models in geographic researches are commonly based on analogies. Analogies with
regard to: natural phenomena; public and economic phenomena; alphabetic–numeri-
cal images andmathematical formulas. Haggett andChorley (1967) determined three
basic groups of models—model analogies to natural systems, models of specialized
systems and models of general systems.

The model is also reviewed as a part of the bilateral link “model—theory”. The
model is applicable upon verifying the evidence for specific theory. To be used
correctly, which function is paramount and how to arrange data in order to complete
a specifically assigned function must be determined. That is, an important function
of the model is the theoretical interpretation in such a way that it is not identified
with it, but turns the meaning of the model to the logic of the theory itself.

In this regard, Harvey (1969, 1996) identifies prior models (direct A = B) and
posteriormodels (A/B). Priormodels are based on building a theory. In this regard the
problem of interpretation of calculations is very important. These models precede
the theory from cognitive point of view. Posterior models are obtained by using
formalized theories. The beginning is connected with empirical observations. These
models simplify the procedure for theoretical verification. The obtained results may
be transferred to the theory. If the verification proves to be successful result of
modelling, then this is determined as a successful theory. In geography mainly prior
models are applied. If the model is not good, then it leads to wrong (incorrect)
forecasts.

According to Smyth (1998), spatial (mapping) models are reviewed as abstracts
of reality. The latter contain only those features of reality that are important for the
interpretation of object. The model as an abstract presents the aspects of the real
world, which may be manipulated and analysed in the past, determines the present
and offers opportunities for forecasts.

The condition of the systems of wetlands may be characterized theoretically
through the deterministic models of Gurney and Nisbet (1998). These types of mod-
els are used upon determination of the conditions and the states of the system. The
model testing is connected with the ability of the model to provide solutions.

The basic state is defined as Xt—a given state in a given model. The resulting
state is defined as Xt + Δt. Ensuing from this formalistic state, it may be determined
that:

Xt+ �t = f(Xt)
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The subsequent state is always a result from the impact and influence of different
groups of factors. Generation of the spatial models is achieved by the application of
head-up digitizing technology and direct extraction of the output mapping materials.

The reconstruction models are reviewed in this aspect. Their options give the real
opportunities for restoration of the state of specific mapped objects for past periods
of time and their presentation in accessible form. They provide a real platform for
tracking the dynamics and the evolution of the systems in space and time. A specific
research is focused on the systems of transformation and main reasons for changes
of the landscapes in Aydemirska lowland.

Reconstruction Models of the Landscapes in Aydemirska
Wetland System

The reconstruction models show specific states of the natural and social systems.
They enable recovery of the system state in past periods of time. Another aspect
of the work of the reconstruction models is the ability to track the dynamics of the
system development (evolution and degradation). In combination with the potential
of the spatial models, a real idea about the spatial is achieved—temporary dynamics
and the processes run in the systems.

The first spatial model of Aydemirska wetland system is based on the map from
1880 (Fig. 2). It shows broad flooded area in the lowland. There is also open water
body in this area. This is the oldest basicmodel and canbe assumed to show the natural
evolution of the system. This condition can be seen as a result of the interconnec-
tion between Danube river—permanent water body—and groundwater in Aydemir
lowland.

The second spatial model of Aydemirska wetland system is based on the map
from 1903 (Fig. 3). It shows broad flooded area and four separated water bodies.
This fact determined the dynamic interaction between river Danube and flooded area
in Aydemir lowland.

The third spatial model of Aydemirska wetland system is based on the map from
1910 (Fig. 4). It shows the main water body and five smaller water bodies. Three
of them are situated east of the main water body, like in the model shown in Fig. 3.
There are two new water bodies in the western part of the lowland. The two new
water bodies mark increasing of flooding waters and underground waters in Aydemir
lowland.

The fourth spatial model of Aydemirska wetland system is based on the map
from 1916 (Fig. 5). The number of small water bodies is changed. There are two
water bodies in the east of the main water body and one in the western part of the
lowland. This fact determined the fluctuation of flooded water from river Danube to
underground waters. There is data for changing of Danubian islands, which mark
changes in the level of river Danube.
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Fig. 2 Spatial model of Aydemirska wetland system based on the map from 1880

Fig. 3 Spatial model of Aydemirska wetland system based on the map from 1903
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Fig. 4 Spatial model of Aydemirska wetland system based on the map from 1910

Fig. 5 Spatial model of Aydemirska wetland system based on the map from 1916
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The fifth spatial model of Aydemirska wetland system is based on the map from
1920 (Fig. 6). It shows three small water bodies, which are situated east of main
water body.

The sixth spatial model of Aydemirska wetland system is based on the map from
1935 (Fig. 7). It shows themainwater body and two small water bodies in thewestern
part of the lowland.

The seventh spatial model of Aydemirska wetland system is based on the map
from 1940 (Fig. 8). It also shows changes in the number of the small water bodies.
This can be determined as changes in functional connection between river Danube
and flooded area.

The eighth spatial model of Aydemirska wetland system is based on the data from
the satellite image of 2018 (Fig. 9). Part of the information for the region is collected
during the field work. It shows the present situation of the landscapes in Aydemirska
lowland.

There are several transformations in Aydemirska lowland as a result of anthro-
pogenic impact:

– The protected dike along the river Danube was built.
– Industrial zone is built in the region between the village of Aydemir and the town
of Silistra.

– Irrigation zone in Aydemir lowland was built.

Fig. 6 Spatial model of Aydemirska wetland system based on the map from 1920
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Fig. 7 Spatial model of Aydemirska wetland system based on the map from 1935

Fig. 8 Spatial model of Aydemirska wetland system based on the map from 1940
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Fig. 9 Spatial model of Aydemirska wetland system based on the satellite image from 2018

– The two villages Aydemir and Tataritsa were connected.
– Two solar parks were built in the lowland.
– Forest formation along the river Danube for shore protection was developed.

The natural connection between river Danube and wetlands in the lowland is
interrupted. The main water body is drained. Almost all the territory of Aydemirska
lowland has been transformed into agriculture area.

Conclusion

As a result of the research, the spatial modelling and analysis are identified as consid-
erable transformations of the landscapes in Aydemirska wetland system. The general
factor for the transformations of the natural system is the anthropogenic activities.

The main part of the wetland in the valley is transformed into agriculture area.
The flooding zone and main water body are drained after 1940.
Development of the agriculture and industry in the villages ofAydemirska lowland

reflected the landscape and the biological diversity of the region.
The results of the study can be used if wetland system restoration plans are devel-

oped.
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Empirical Study of the Geoecological
State of Selected Landscapes
in North-Central Bulgaria

Hristina Prodanova

Abstract The chapter presents the results of field research in the central segments
of Stara Planina Mountain, the Predbalkan region and the Danube Plain. The study
of the geoecological state was based on semi-stationary and field observations made
during the summer seasons of three consecutive years. The main objective of the
research was to detect and map the contemporary geoecological problems in the
area. This objective has been achieved through preliminary study of literature and
web-based sources, and has been verified through field studies. Cases of negative
impact of human activity—the main cause of the deteriorated geoecological state of
the nature-territorial complexes—were detected in some of the preliminary selected
“hot spots”, as well as in zones that were supposed to be relatively unspoiled, or zones
of insignificant human intervention. Examples of such zones in the studied area are
the unregulated clearing in the vicinity of “Pleven” hut, as well as the existing illegal
landfill along the river passing by the Keryatsite hamlet of the Boazat village.

Keywords Field research · Anthropogenization · Geoecological problems ·
Erosion · Deforestation

Introduction

Geoecology is a relatively new interdisciplinary science which, generally put, studies
the natural processes and the anthropogenic activities taking place in the contempo-
rary landscape sphere. All living things in nature participate and function in continu-
ous interrelation with inorganic geocomponents (rocks, air, waters), as well as soils,
and together they are involved in the continuous circle of substances and energies,
along with the intensive use of natural resources by human society. Depending on the
different approaches to studying the “human–nature” interaction, as noted by Petrov
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(2016), geologists, geographers, geophysicists, geochemists, bioecologists, and so
on, perceive geoecology in a different way.

The foundation of geoecology is related to the name of the German geographer
Carl Troll, who introduced the term landscape ecology in 1939, replacing it with
geoecology in the second half of the twentieth century (1966, 1968) (Petrov 2016;
Pecelj et al. 2015). Troll defines geoecology as a science studying the natural com-
plexes (landscapes) that are determined by the relationships and interactions between
the biotic and the geomatic components of the natural environment.

Contemporary researchers who work in the field of geoecology are the ones such
as Kvinikadze et al. (2006), who made a geoecological assessment of the environ-
ment in Georgia, Ivanov et al. (2009), Kovalchuk and Ivanov (2010), Ivanov (2014,
2015), who studied the geoecological state of mining areas in Western Ukraine,
Golijanin (2015, 2017), who performed a geoecological assessment for sustainable
development purposes of parts of Bosnia and Herzegovina, Gryaznov et al. (2017),
who performed a geoecological zoning of industrially developed territories, Pecelj
et al. (2017, 2018)—a geoecological assessment for the purposes of recreational
tourism and Tandaric et al. (2018), who carried out a geoecological assessment of
potentially protected areas in Croatia. In Bulgaria, a complex geoecological assess-
ment for the needs of landscape-ecological planning of the western section of Stara
Planina Mountain (the Balkan Range) was made by Avetisian and Borisova (2016).

This study aims at identifying specific geoecological problems that can serve
as criteria for carrying out a complex assessment of the geoecological state of the
landscapes in North-Central Bulgaria.

Materials and Methods

Study Area

The studied area is located in North-Central Bulgaria, including the parts of the
central segments of Stara Planina Mountain, the Predbalkan region and the Danube
Plain (Fig. 5). The north border of the studied area coincides with the one between
the Predbalkan region and the Danube Plain, while the south area is limited by Stara
Planina Mountain summit. The western border of the studied area runs along the
Osam River, while the eastern border along the Dryanovska River and the Yantra
River. The mountainous part of the studied area is represented by the highest section
of Stara Planina Mountain, including the Kalofer mountain ridge with Botev Peak—
the highest peak of the mountain as a whole (elevation 2376 m) and the Shipchenska
mountain ridge with Ispolin peak (elevation 1523 m). The Predbalkan section of the
studied area covers a variety of morphological units such as heights, ridges, plateaus,
small plains and valleys. Among those are the Cherni Vrah heights (1199 m), the
Chereshkite heights (1094 m), the Strazhata syncline upland (768 m), the Miskren-
ski heights (875 m), the Lovech heights (655 m), the Sevlievski heights (627 m),
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the Tarnovski heights, the Melovete ridge, the Devetashko plateau (555 m) and the
Pluzhna plateau (447.4 m), as well as the Sevlievo plain.

The transitional positioning between Stara Planina Mountain and the Danube
Plain makes the area attractive for landscape research. The geology of the studied
area is represented by platform and fold structures of various rocks, in terms of
origin and composition. The rock structure of the Predbalkan region is dominated
by Early Cretaceous limestone—the main reason for the wide spread of karst relief
forms in the Devetashko plateau, the Strazhata syncline upland and the Tarnovski
heights. The bottoms of the river valleys are filled with thick tertiary and quaternary
deposits. The rock formations of Stara Planina Mountain are diverse—the central
parts (the kernels) of the anticlinals are made of Paleozoic rocks—mainly granites,
granodiorites, schists, and so on, while the lateral parts are composed of limestone,
dolomites, sandstone, conglomerates, and so on.

The climate of the studied area is typical temperate continental in its Predbalkan
section, and mountainous in the higher parts of Stara Planina Mountain. The average
annual temperature in the Predbalkan region is 10–11 °C, while in the mountainous
part it varies between 8 °C in the foothills and −0.7 °C at Botev Peak (Kyuchukova
1983; Yordanova et al. 2002). The average annual precipitation increases from north
to south, as the main reason for this is the increasing altitude. In the Predbalkan
region the average annual precipitation is 600–700 mm, while in the higher parts
of Stara Planina Mountain it reaches 700–1000 mm. Northwest winds prevail in the
studied area, with wind velocity increasing from 1.3 m/s measured at Veliko Tarnovo
weather station to 10 m/s at Botev Peak. Of the zonal soil types, the Luvisols and
the Cambisols types dominate, while the Fluvisols, the Leptosols and the Umbrosols
are the main azonal soil types. The vegetation exhibits distinct altitudinal zonation
and includes oak, oak-hornbeam, beech, mixed forests, coniferous forests and high-
mountain meadows.

According to the landscape division of Velchev et al. (2011), the studied area falls
into two landscape classes: “Mountainous” and “Plain and foothill”. The “Mountain-
ous” class is represented in the area by five most common landscape genera: low-,
medium- and high-mountainous landscapes of oak, oak-hornbeam and beech forests,
as well as sub-alpine meadows and shrubs. The most common landscape genera of
the “Plain and foothill” class are the lowlands, the valleys, the heights and foothill
landscapes with typical vegetation of willows, poplars and oak forests, together with
widespread karst formations.

Methodology of the Research

Themain objective has been achieved through preliminary study of literary and web-
based sources, maps, legislative documents, and has been verified in the field. Field
studies, including routing and semi-stationary observations, are the main method
used for studying the geoecological state of the landscapes in the discussed area.
Most of the field research was carried out in the spring, summer and autumn of
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2016, 2017 and 2018, when the natural complexes are considered to be in a state
of landscape stabilization. Semi-static observations have been carried out since the
autumn of 2015 in relation to the spread of alien vegetation in the area of the village
of Pushevo (the Melovete ridge) and in relation to the mining activities taking place
in the vicinity of the villages of Skalsko and Kozi Rog—in the northern part of the
Strazhata syncline upland.

The information gathered in the field was synthesized and analyzed, taking into
account the factors influencing the geoecological state of the landscapes, while the
identified problems were depicted on a map.

Analysis

As a result of the field research, a total of 53 geoecological problems were detected
in the area (Table 1). In the subsequent processing of the collected material, those
problems were systematized into three groups according to their type: (1) problems
related to changes affecting the vegetation; (2) problems related to changes of the

Table 1 List of geoecological problems detected in the studied area
№ Date Geoecological

problem
Altitude

(m)
№ Date Geoecological 

problem
Altitude

(m)
1 31.07.2017 vegetation change 565 28 11.07.2017 illegal landfil 500

2 31.07.2017 vegetation change 590 29 11.07.2017 vegetation change 425

3 31.07.2017 vegetation change 805 30 11.07.2017, 04.07.2018 vegetation change 605

4 31.07.2017 vegetation change 785 31 26.08.2017 vegetation change 1340

5 31.07.2017 vegetation change 675 32 26.08.2017 vegetation change 1185

6 31.07.2017 vegetation change 610 33 26.08.2017 relief change 1545

7 31.07.2017 vegetation change 485 34 26.08.2017 vegetation change 1610

8 31.07.2017 vegetation change 405 35 26.08.2017 vegetation change 1570

9 31.07.2017 vegetation change 460 36 19.05.2018 relief change 65

10 31.07.2017, 22.08.2018 vegetation change 445 37 19.05.2018 relief change 55

11 31.07.2017, 22.08.2018 vegetation change 690 38 23.08.2018 relief change 1540

12 31.07.2017, 22.08.2018 vegetation change 680 39 23.08.2018 vegetation change 1780

13 31.07.2017 vegetation change 1040 40 23.08.2018 vegetation change 1550

14 31.07.2017, 04.07.2018 vegetation change 465 41 23.08.2018 relief change 1889

15 01.08.2017 vegetation change 280 42 23.08.2018 vegetation change 1215

16 01.08.2017 vegetation change 240 43 23.08.2018 vegetation change 1620

17 29.10.2015, 13.08.2017 vegetation change 420 44 24.08.2018 relief change 1945

18 29.10.2015, 13.08.2017 vegetation change 340 45 24.08.2018 vegetation change 2125

19 22.08.2017 vegetation change 1405 46 24.08.2018 vegetation change 1720

20 22.08.2017 vegetation change 1490 47 25.08.2018 vegetation change 1290

21 22.08.2017 vegetation change 1590 48 30.10.2015, 22.07.2016 relief change 525

22 24.08.2017 vegetation change 1395 49 30.10.2015, 22.07.2016 relief change 485

23 24.08.2017 vegetation change 1425 50 18/25.10.2015, 06.04.2016, 
18.06.2017, 19.05.2018

vegetation change 210

24 24.08.2017 vegetation change 1530 51 01.08.2018 vegetation change 370

25 11.07.2017 illegal landfil 520 52 01.08.2018 relief change 420

26 11.07.2017 vegetation change 460 53 01.08.2018 relief change 495

27 11.07.2017 vegetation change 450 - - - -
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relief forms and (3) problems related to emergence of illegal landfills. The largest
number of registered problems goes to the vegetation-related type—41, followed by
the relief-related type of problems—10 cases, and finally the unregulated landfills
cases—2.

The first two groups comprise problems which vary in terms of duration, degree
of impact and moment of emergence. Here we look at each of the three groups of
problems by categories.

Problems Related to Changes Affecting the Vegetation

This group includes geoecological problems and processes which have a negative
impact on the vegetation, and in particular—on the leading element in forest com-
plexes—the trees. Five categories of problems were established (Fig. 1), according
to the similarities between them.

Damages Concerning Individual Trees

This type of problems is related to the implementation of specific and purpose-
ful damages to individual trees. The registered damages are located in places with
episodic, but repeated human presence—along hiking trails, resting places, at the
periphery of rural hamlets, and so on.

At the periphery of the Dulgodreite hamlet of the village of Boazat, Sevlievo
municipality (landscape point (LP) 26), damages related to cutting down of trees
and the use of metal wires to encircle private properties were registered. The above-
mentioned hamlet has no permanent population, while the total population of the
village of Boazat itself is 37 residents as of 31.12.2017 (National Statistical Institute
2019). The described cases are an example of anthropogenic influence of episodic
nature, but with a long-lasting impact on vegetation.

Another example of individual trees damaging are the cases of tree carvings (LP11,
LP12, LP22, LP42). The anthropogenic impact in this case is at an altitude in the
range of 680–1200 m. The places where such tree carvings were registered are most
often along hiking trails (in the vicinity of the “Pleven” hut ski run, the marked trail
leading to “Tazha” hut), as well as at rest areas—the one south of Ostrets quarter of
the town of Apriltsi for example, including such cases within the “Central Balkan”
National Park limits (an act prohibited by law). Damage has been done to centuries-
old beech trees (Fagus sylvatica L.).

Spread of Alien Vegetation

Of the numerous alien, exotic flora species that have invaded the territory of Bulgaria
for various reasons, the North American acacia (Robinia pseudoacacia L.) and the
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Fig. 1 Geoecological problems related to vegetation changes. 1.1. a, b Damages concerning indi-
vidual trees; 1.2. Spread of alien vegetation: a, bCactusesOpuntia humifusa (Raf.) Raf., c (Robinia
pseudoacacia L.); 1.3. a, b Grazing of domestic animals and the occurrence of dung fungi in the
“Central Balkan” National Park; 1.4. a, b Unregulated clearings and forestry activities; 1.5. a,
b Self-restoration of landscapes
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Asian Tree of heaven (Ailanthus altissima (Mill.) Swingle), are found in the studied
area. That group of vegetation also includes a highly unusual for Bulgaria and Europe
species such as the North American cactus Opuntia humifisa (Raf.) Raf., exhibiting
exceptional flexibility and resistance to cold.

Two habitats ofOpuntia humifusa (Raf.) Raf. have been established in the studied
area—at the periphery of the village of Pushevo (LP50) and near the entrance of the
Golyama Garvanitsa cave near the village of Gorsko Slivovo (LP51). The habitat
near the village of Pushevo was first described by Prodanova (2016).

The cactus field in the village of Pushevo, Veliko Tarnovo district, has an irregular
funnel-like shape, occupying about 0.25 ha of the left slope ofDromuskulDere brook.
The plants have adapted to the conditions in this part of the Predbalkan region and
are flourishing extremely well. Over the past 4 years, since the beginning of the
Pushevo cacti monitoring, neither increase of their number has been observed, nor
any indications of the cacti dying out. On the contrary, the cacti exist sustainably in
the area along with local species, typical for the Predbalkan region.

The second habitat of cacti in the area has been visited relatively recently (August
2018). It is located in the area of the Devetashko plateau, near the entrance of the
Golyama Garvanitsa cave (the village of Gorsko Slivovo). In that case too, as in the
case of the village of Pushevo, favorable conditions for the existence of the cacti are
present—limestone rocks, sufficient amount of sunshine and southern exposition of
the slopes. The distance between the two habitats is relatively small—37 km as the
crow flies, in NW–SE direction.Whether there is any connection between the origins
of those two separate cactus fields is yet to be clarified.

Another serious problem with alien species in Bulgaria is the widespread distri-
bution of acacia (Robinia pseudoacacia L.) throughout the Predbalkan region. This
type of forest vegetation was introduced to what is now Bulgaria more than two
centuries ago and today it is fully naturalized (Donchev 1968 in Panayotov et al.
2006). The so-called white acacia is a true scourge to the natural forest vegetation
in Bulgaria. The reason is that this species spreads in an invasive way, seizing the
territories of the indigenous forest vegetation, especially after logging activities. The
acacia is widely spread in the Predbalkan region, the most affected areas being the
Melovete ridge, the Mikrenski heights and the Devetashko plateau, at altitudes of up
to 500 m. These findings coincide with Bondev’s statements (1991) that the white
acacia plantations occupy mostly the places of degraded (Quercus cerris L.), (Quer-
cus pubescens Willd.), (Ulmus minor Mill.), and so on. Examples of white acacia
distribution in the area can be seen around Alexander Stamboliyski reservoir (LP16)
and in the area of the village of Boazat, in abandoned agricultural terrains (LP29).
In both places the acacia represents the dominant tree species in the landscape.

Grazing of Domestic Animals and the Occurrence of Dung Fungi
in the “Central Balkan” National Park

The problem is a result of the admittance of herds of sheep, cattle and horses within
the limits of the “Central Balkan” National Park—a practice subjected to strictly
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defined rules stated in both the Protected Areas Act and the Park Management Plan.
The main problem is related to the control of the shepherds and the free movement
of grazing animals within the Park’s limits, resulting in uncontrollable effects on the
environment—grazing and trampling of grass areas, as well as pollution of water
catchment areas with biological waste.

The pastures that fall within the studied area are located in lots of land adjacent
to the town of Troyan and the village of Stokite. During the field trips in the summer
of 2018, free-range herds were found in the summit part of the mountain—cattle
around Maragidik (Rusalka) Peak (1 889 m, LP39) and two herds of sheep—around
Yurushka Gramada Peak (2 136 m, LP45) and Paradzhika Peak (2 209 m). The dis-
tribution of dung fungi (Panaeolus semiovatus (Sowerby:Fr.) S. Lundell & Nannf.
var. Semiovatus) (LP39 and LP46) has been reported extensively in the grazing areas
of domestic animals. They are mentioned in the list of common mushrooms in the
territory of the “North Dzhendem” Reserve in the “Central Balkan” National Park
(Management Plan of “Central Balkan” National Park 2016–2025). The data avail-
able in the Park Management Plan makes it clear that following 2007, there was a
sharp increase in both the number of grazing animals and the number of applica-
tions for permits allowing grazing: since 2010, the number of sheep in the area has
been somewhere between 20 and 25,000, the number of cattle—around 5000, that
of horses—about 1000. In all three cases there has been a five-fold increase of the
number of grazing animals. Given this data, the problem of unregulated grazing and
its impact on natural components requires a separate, more detailed study.

Unregulated Clearings and Forestry Activities

Logging in Stara PlaninaMountain is a traditional economic activity with an increas-
ing expansion in recent years. According to the WWF and some nature preservation
NGOs in the country (WWF Bulgaria 2018) the annual volume of illegal logging
in Bulgaria constitutes some one-third of the officially declared volume for the
2013–2017 period. The affected forests in the studied area cover both the Pred-
balkan region and Stara Planina Mountain, including parts of the “Central Balkan”
National Park. Illegal clearings are common in the areas of Sevlievo, Gabrovo and
Veliko Tarnovo. Apart from deforestation itself, additional problems related to that
kind of illegal activity arise also from the use of heavy-duty machinery in inappro-
priate weather conditions; cutting down trees in larger areas than permitted; failure
to meet certain technological requirements, and so on, which all lead to soil erosion,
destruction of the existing forest roads, deterioration of the species composition of
forests and their ability to reproduce. An assessment of the opportunities for logging
in certain parts of the studied area (the Strazhata plateau and theMelovete ridge) was
made by Prodanova (2018).

The illegal clearings given as examples in this particular study are located in
the Buhalski Sredok locality (LP32) and west of “Pleven” hut (LP22) at 1500 m of
altitude. The illegal clearing west “Pleven” hut (to the south of Botev Peak) involves
13 adult beech trees, the oldest one with a trunk circumference of 220 cm, while
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that of the other trees—of about 150 cm (Fig. 14a–b). The trees were cut at different
heights above the ground—the thickest one at 1.05 m, while all the rest at about
0.3–0.7 m above the ground.

Self-restoration of Landscapes

This category represents a positive example of natural forest restoration after the end
of a certain anthropogenic impact. Self-restoration of vegetation is observed ubiqui-
tously in the studied area and the main reason for that is the depopulation of rural
settlements. Restoration processes occur both in oak and beech forests at various
altitudes. The process is most visible where there used to be an intensive anthro-
pogenic activity in the past, for example—in abandoned arable lands, orchards and
vineyards. Research on anthropogenization and landscape rehabilitation in the Cen-
tral Predbalkan region and Stara Planina Mountain was conducted by Petrov (2007,
2009) and Petrova (2014, 2016a, 2017). Petrov uses the term “deanthropogenization”
in his studies of the Predbalkan region and the Eleno-Tvardishka section of Stara
Planina Mountain. Petrova uses the term “self-restoration”, proving that the longer
the period of lack of anthropogenic interference, the more advanced is the processes
of self-restoration and the complexity of the vertical structure of the vegetation.A dis-
tinctive feature of the self-restored forest complexes, according to Petrova (2016b),
is that they do not actually return to their original (natural) state: some of them are of
sprout nature, exhibiting irregular vertical structure, while others are characterized
by the presence of tree species, which demonstrate succession processes, such as the
black locust, the aspen and the maple tree.

Examples of self-restoration are the beech forests in the “Central Balkan”National
Park, in the area of “Mazalat” hut (LP31) and in the peripheral parts of the ski run at
“Pleven” hut (LP22, LP23). In the Predbalkan section of the studied area, examples
of self-restoration can be seen in the abandoned agricultural lands near the village of
Bukovets, to the south of the Melovete ridge: the arable land in Mitsanovoto locality
near the above-mentioned village was abandoned more than 10 years ago. Presently
that lot of land is used for mowing hay—an anthropogenic activity that slows the
self-restoration process. Nonetheless, emergence of oak trees has been observed at
the periphery of the discussed piece of land. A similar example of self-restoration
process is the abandoned pasture (LP18) south of the Ravnishteto locality, which
has not been used for years, and the emergence of shrub phytocoenoses has been
observed in the area.

Problems Related to Changes of the Relief Forms

This group of problems includes human-induced impacts through tourism and eco-
nomic activities. Besides examples of negative impacts, positive, anti-erosion actions
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Fig. 2 Geoecological problems related to changes of relief. 2.1. Erosion of hiking trails and their
adjacent areas: a–d on the eastern slope of Yurushka gramada peak, e–g in Rusaliiski pass; 2.2.
Limestone and inert materials quarries: a Chirikovets limestone quarry, b Varbitsa inert materials
quarry; 2.3. a–c Erosion of the Yantra River banks

and strengthening of river banks have also been recorded. Three categories of relief
changes (Fig. 2) were identified.

Erosion of Hiking Trails and Their Adjacent Areas (Within the “Central
Balkan” National Park Limits)

This category includes damage to soils and the rock bed caused by negative impacts of
natural and anthropogenic processes. The erosion of themountain slopes is associated
primarily with the systematic movement of people and vehicles along the marked
hiking trails and beyond, combined with slope steepness, lack of vegetation and as
a result—water streams washing away the ruined soil cover. A survey by Ilieva and
Malinov (2015) proves that more than 85.6% of the Park’s territory has a very high
potential risk of sheet erosion of the soil.

Examples of soil erosion can be observed on the eastern slope of Yurushka Gra-
mada Peak (LP44) and the summit section of the Rusaliiski pass, in the area of
“Tuzha” hut (LP38). The soil erosion at Yurushka Gramada Peak is caused by the
casual presence of unauthorized off-road vehicles and motorbikes along the Botev
Peak trail—an activity which is strictly prohibited within the Park limits. The length
of the eroded stretch is over 1 km. In certain places where the grass cover is not
completely destroyed, six to eight wheel ruts can be seen, 0.4–0.5 m deep and some
3–5 m wide.

In the area of the Rusaliiski pass and “Tuzha” hut, anti-erosion facilities were built
(by the Park staff some five years ago, according to the hut manager’s statement).
Terracing was carried out at 10 levels, together with embankments of the weakest
sections of the Rusaliiski pass road, while on slope areas where juniper had been
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missing, low hedges of branches were built for further strengthening, since in places
where juniper is missing, the slope is heavily eroded.

Limestone and Inert Materials Quarries

The direct negative impacts on the landscapes arising from stone quarrying are:
air pollution with dust; altered relief and land use through removing significant
volumes of rock mass and destroying the vegetation; expelling animals because of
the increased human presence and increased noise background; inflicting irreversible
damage to wildlife habitats.

Two limestone and sandstone quarries operate in the area of the village of Kozi
Rog (LP48) and the village of Skalsko (LP49), both located in the northern part
of the Strazhata syncline upland. Both quarries were launched within the limits
of NATURA 2000 protected areas—the “Skalsko” protected area, the “Dryanovo
Monastery” protected area and the “Yantra River” protected area (Prodanova and
Todorov 2016). One of the main problems arising from that is the fact that two of
the above-mentioned protected areas are home to a total of 10 bat species, the future
existence of which is questionable given the blastings, rock shattering, transportation
and other industrial activities taking place in the area of the quarries. At the same
time, the distance between the quarries and the settlements is just 1 km on average.
Another example of human impact on NATURA 2000 protected area is the quarry
for mining of inert materials from the Yantra River bed near the village of Varbitsa
(LP36).

The problemwith executing economic activities (in this casemining) inNATURA
2000 protected areas is not new to Bulgaria. There are still no clear regulations
concerning those kinds of activities, and the actual conservation of habitats and birds
under the two NATURA 2000 Directives is questionable in practice.

Erosion of the Yantra River Banks

This category of geoecological problems includes the failure of the left bank of the
Yantra River near the village of Gorski Dolen Trambesh (LP37). Just before the
bridge, the Yantra River receives the waters of the Old River. The resulting swirl,
combined with the doubled force of the river waters, leads to systematic failure of
the river bank, which process has been fought through periodical reinforcement with
rock mass (embankments).

Problems Related to Unregulated Landfills

The unregulated landfills described here proved to be the biggest surprise during
the field research stage. In both locations, waste disposal had been carried out at
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the outskirts of two, almost entirely depopulated, villages (Fig. 3). The first landfill
is located in the gully near the Keryatsite hamlet of the village of Boazat, Sevlievo
municipality (LP25). The hamlet had a population of just two residents as of the time
of the visit, while the landfill is located less than 100 m from the last house.

The second landfill is located in an abandoned orchard (LP28) in the village of
Dyalak (since 2013—incorporated into the village of Boazat). In that case too, the
population number is insignificant—just five residents as of the time of the visit. Both
examples show that the number of inhabitants alone is not a guarantee for a complete
lack of geoecological problems: having no access to municipality-provided waste
disposal services, leaves the local residents with few options, regardless of whether
there is willingness to live ecologically or not.

Figures 4 and 5 depict the analysis of the collected data, including spatial distri-
bution and comparison between the three types of problems described. As can be
seen from Fig. 5, the largest group of geoecological problems is related to vegeta-
tion changes in the altitude range from 200 to 600 m—a total of 16, and from 1000
to 1600 m—a total of 13. Thus, two main trends of the geoecological state of the
landscapes in the region can be outlined:

– The most common geoecological problems (by groups) are related to vegetation
changes, observed in four out of five altitudinal belts;

– The greatest variety of geoecological problems (by categories) is observed in the
low-altitude mountain ranges;

– The higher the altitude, the lesser is the number of problems (of any type and
category).

In the high mountain range for example, only five vegetation-related and two
relief-change-related problems were detected. Additional inspections on foot are

Fig. 3 Illegal landfills. 3.1. a, c Keryatsite neighborhood, Boazat village, b Dyalak village
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Fig. 4 Spatial distribution of observed geoecological problems by altitude
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necessary in the lower part of the studied area (up to 200 m of altitude) and in the
valleys of the rivers Osam, Rositsa and Negovanka, as well as in the Sevlievo plain,
since the vast majority of the population and industries are located there.

Conclusion

The first evidence of human presence and economic activity in the area dates back to
prehistoric times. The region is one of the longest inhabited regions in modern-day
Bulgaria. As in the past, the settlement network in this area is still very dense, espe-
cially in Gabrovo district, which tops the list of administrative districts in Bulgaria
by density of the settlement network. Over the last several decades, however, there
has been a process of intense depopulation, which has led to reduction of the anthro-
pogenic impact on the landscapes, accompanied by self-restoration processes. This
complex picture of the studied area has been confirmed through field studies during
which a total of nine categories of geoecological problems were registered, grouped
into three main groups.

Themajority of geoecological problems are related to changes concerning the veg-
etation and the relief forms. The altitudinal distribution of those problems reflects the
concentration of people and their activities—predominantly in the plains and in the
hilly areas, and episodic presence in the highmountain ranges. Human activities such
as logging, animal grazing and tourism are traditional for the Stara PlaninaMountain
section of the studied area, while crops growing and mining of inert materials have
been typical for the Predbalkan region.

It has to be said that at this stage of the study, we do not have enough data to make
general conclusions about the geoecological state of the landscapes in the studied
area. To receive accurate results we need to check the state of the landscapes in
additional locations, evenly distributed across the studied area, so as to make up a
whole grid of landscape point to be described. Regardless of the uneven distribution
of the selected landscape points (LP), the described geoecological problems fully
reveal the anthropogenic impact in the area. That impact, in combination with the
ongoing natural processes, will both be used in future studies as criteria for assessing
the geoecological state of the landscapes in the whole of North-Central Bulgaria.
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in Bulgaria, or What We Lose When We
Win

Svetla Bratanova-Doncheva and Kremena Gocheva

Abstract Climate change is an increasingly important pressure which impacts on
ecosystems, disturbs their functioning, provokes biodiversity loss, and reduces their
ability to provide important ecosystem service such as improving water quality and
regulatingwater flows, carbon sequestration, etc. Climate change, togetherwith other
stressors, decrease the capacity of ecosystems to buffer the impacts from extreme
events like fires, floods, and storms. It is of key importance to understand the man-
ner in which ecosystem resilience supports climate change adaptation, and put a
value to the benefits and costs of policy responses that use ecosystem services to
reduce climate vulnerability. The study presents the situation in Bulgaria—climate
scenarios, the climate impact on the main ecosystem types, on different biodiversity
levels. We combined Bulgarian vulnerability and sector analyses with EU-level data
to perform a national cost–benefit analysis of the possible demand and supply of
some ecosystem services relevant to climate change adaptation (mostly regulating
services); we also present a case study for revealed price valuation of ecosystem
services on a local project level based on EU guidelines. On both scales, we find
that ecosystem-based adaptation has improved the cost–benefit ratio. The analysis is
aligned with the principles of the DPSIR framework.
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Introduction

This chapter discusses the application of cost–benefit analysis (CBA) for assessing
ecosystem services related to climate change adaptation (CCA)—both as important
services that may be negatively impacted by climate change, and as a means to utilize
cost-effective adaptation solutions.

The chapter presents the current situation and expected climate change impacts
on biodiversity and ecosystems in Bulgaria and on ecosystem services provision. It
then compares CBA’s possibilities, uncertainties and limitations for assessing single
ecosystem services at a national scale as used for preparing the draft Climate Change
Adaptation Strategy in Bulgaria (World Bank 2018a) and on a more comprehensive
regional/local scale as presented in themental experiment of an infrastructure project
(Gocheva et al. 2016).

Both applications are set in the wider context of the Bulgarian Methodological
framework (Methodological framework 2017) as discussed in the Assessment of the
Biodiversity and Ecosystems Sector (World Bank 2018b). The national scale study
is, to our knowledge, the first for Bulgaria and its methodology allows for extending
it with new services as the respective data becomes available.

On both scales, the working hypothesis is that CBA can be used to get revealed
prices numeric estimates of the benefits for ecosystem service groups (bundles) based
on the hypothesis presented in Fig. 1. For any cost level, e.g., C, there is a surplus
of service provision that can be derived as the difference of service provision with
or without the services (E–D). In terms of estimating costs, the value of ecosystem

Fig. 1 Value added of using ecosystem services
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services for a given level of service provision (for example, D) is derived as the
cost difference of the scenarios with or without ecosystem services (C–A). The cost
estimate is provided for the group of services from one or more ecosystems in a
given scenario and measuring or modeling every single service may be impractical
or impossible. However, in the context of a project, costs may be divided into costs
attributable to a given project and accounted for by a company or group of economic
actors (typically, as part of a financial analysis)—for example, C–B, and therefore
the social benefits that spill over to the local community (such as climate regulation,
flood protection, health, and recreational benefits), will form the difference (B–A).
These transferred benefits can be estimated using economic analysis.

The principle depicted in Fig. 1 can be applied at different scales and in different
contexts, from the national-level ecosystem assessment to facilitate spatial planning,
down to a georeferenced local infrastructure project positioned in a specific land-
scape with its available ecosystems and the trade-offs in their use for a specific
purpose. The exact magnitude of values would, in each given context, depend on the
ecosystem type, its condition, climate resilience, and the resulting ecosystem service
provision capacity over time. Cumulative ecosystem services provision refers to the
way all possible (including mutually exclusive) services are used following the deci-
sion of relevant stakeholders. It often includes the trade-off between provisioning
ecosystem services (such as timber or crop production) and regulating ecosystem
services that are among the most relevant for CCA. The optimal cumulative service
provision is subject to competing types of resource- and land-use. These parameters
can be linked through the ecosystem integrity (or “whole system”) approach (Müller
et al. 2010), which is the basic concept in the International Long-term Ecological
Research (ILTER) community and its European network (eLTER, Haase et al. 2018;
Mollenhauer et al. 2018). The whole system approach also allows for easily inte-
grating socio-ecological considerations (Dick et al. 2018; Gocheva et al. 2019). The
Methodological Framework (2017) extends the LTER whole system approach in
the wider context of mapping and assessment of ecosystem services in a uniform
manner between the different ecosystems and find correlations to ecosystem service
provision capacity. The whole system view allows taking into consideration different
pressures, notably climate change, and create links between different policy areas
related to climate change adaptation such as initial ecosystem condition and service
assessment/stock taking, ecosystem monitoring to identify climate-related changes
in service provision, identification and restoration of natural capital that is of critical
importance for CCA.
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Climate Change: Current Situation in Bulgaria

General Principles

Ecosystems are defined in the Convention on Biological Diversity (CBD) as “a
dynamic complex of plant, animal, and microorganism communities and their non-
living environment interacting as a functional unit.” Biodiversity, defined as the
variability among living organisms, is one of the two major traits of the ecosystems,
closely interlinked with their second major structural trait—the abiotic heterogene-
ity, as well as the ecosystem’s water, energy, and matter balance (Müller et al. 2010).
Diversity makes the ecosystem functioning more sustainable and ecosystems more
resilient. Levels of ecosystem functioning and stability over time depend on biolog-
ical diversity at different hierarchical levels: intrapopulation diversity (genetic and
phenotypic), intraspecific (populations and ecological/morphological forms com-
posing species), species diversity within communities, and diversity of communities
and ecosystems.

It is widely accepted that at global levels, climate change is one of the main
drivers of significant changes in biodiversity and ecosystems (BD&ES). By affect-
ing BD&ES, it also changes their capacity to provide ecosystem services for human
well-being. Climate change can have effects both on single species and their commu-
nities, as well as the ecosystems they inhabit. Therefore, the concept of ecosystem
integrity is key to understanding climate change impact on biodiversity. Ecosys-
tem integrity is as important for the system’s resilience as a person’s good health
is important for immunity to diseases. In the same manner health can affect work
productivity, ecosystem integrity is closely related to the ecosystem services provi-
sion (Bratanova-Doncheva et al. 2017), which, in turn, is key to assessing the links
between biodiversity and human activities in Climate Change Adaptation.

Climate change may have already provoked changes—regime-shifts—in ecosys-
tem functioning. Both in Europe and Bulgaria, the knowledge base about the com-
bined effects of climate change in association with other pressures on ecosystems
and their service provision capacity is limited but improving. The relative impor-
tance of climate change compared with other pressures depends on the ecosystem
type and biogeographical region. Climate change can facilitate the spread of IAS,
which provoke changes of local flora and fauna and biodiversity loss or ecosystem
state transition.

The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability as
a function of the sensitivity of the different systems to climate change, its expo-
sure to those changes, and its potential to adapt to them. Sensitivity is the degree
to which a system is affected, either adversely or beneficially, by climate variability
or change (IPCC 2007, 2014). Exposure describes the nature, magnitude, and rate
of climatic and associated environmental (incl. anthropogenic) changes experienced
by a species. Adaptive capacity is the potential, capability, or ability of a species,
ecosystem, or social system to adjust to climate change, to moderate potential dam-
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Greatest
vulnerability

Fig. 2 The elements of vulnerability (IUCN, 2016)

age, to take advantage of opportunities, or to respond to the consequences (IPCC
2007, 2014) (Fig. 2).

Climate change vulnerability may be described at a range of different biologi-
cal hierarchy levels or entities (from gene, species, populations to ecosystems) and
at different spatial scales (from sites to globally), considering different biodiversity
impact types (from extinction risk to declines in ecosystem function or evolutionary
diversity), considering different aspects of climate change (impacts from direct cli-
mate change to indirect impacts from humans and biodiversity responding to climate
change), and covering considerably different time frames (IPCC 2007, 2014).

Climate Change Risks Vulnerabilities of Biodiversity
and Ecosystems in Bulgaria

All levels of biodiversity are important for maintaining ecosystem functioning and
providing ecosystemservices. The analysis of themain risks andopportunities arising
from climate change in Bulgaria (World Bank 2018b), is summarized in Table 1.

Climate Change Impact on the Biodiversity in Bulgaria

Ecosystem functioning and its stability over time depend on biological diversity
at different hierarchical levels: intrapopulation diversity (genetic and phenotypic),
intraspecific (populations and ecological/morphological forms composing species),
species diversity within communities, diversity of communities and ecosystems.

Themain vulnerabilities concerning climate change assessed at the different levels
of biodiversity in Bulgaria and summarized in World Bank (2018b) are as follows:



336 S. Bratanova-Doncheva and K. Gocheva

Table 1 Climate change risks and opportunities arising from different climate change manifesta-
tions

Risks Opportunities

Changes in temperature (incl. heat and cold spells and heat and cold waves)

Genetic diversity: Extinction of wild
relatives, mixing with introduced species,
sorts, breeds
Species: Phenology, physiology changes,
stenobiont’s loss
Habitats and Populations: Changed
distribution, lifecycles changes;
Ecosystems: Evapotranspiration, changes in
functioning—primary production,
biogeochemical cycles; fire risk and ESS

BD and ES: Longer growing season,
Appearance of more heat resistant species,
Increased primary productivity, Increasing
adaptive capacity and biodiversity:
heterogeneity, dynamics, succession
Mortality of cold-sensitive pathogens
Gain in primary productivity if cooler climate
is stabilized and cold-resistant species enter
the ES
ESS: Surface/Groundwater for non-drinking
purposes, hydrological cycle, and water flow
maintenance Mass stabilization and control of
erosion rates (avalanche protection)

Changes in precipitation and humidity, Droughts

Genetic diversity, species: Decrease/loss of
dry sensitive or moisture-sensitive species
Habitats and Populations: Changed
distribution; increase of IAS spread, lifecycle;
disappearance of wetlands
Ecosystems: Sparsely vegetated ecosystems,
especially coastal, would be at risk; changes
in functioning—decrease in primary
production, increased risk of floods, erosion,
landslides; increase in disservices from
wetlands; decomposition of soil organic
matter, salinization; fire risk

BD&ES: Reappearance of wetlands and
increase of wetness sensitive species; better
tree growth; increased BD boosts adaptability;
Appearance of Dry-resistant species
ESS: Mass stabilization and control of erosion
rates, flood control; decreased fire risk Surface
and Groundwater for nondrinking purposes,
Bio-remediation by microorganisms, algae,
plants, and animals,
Decreasing of flood risk and landslides
Decreasing of disservices of wetlands

Extreme events—Floods, storms, fires

Habitats and Populations: Habitat changes
and deterioration;
Ecosystems: Ecosystem deterioration;
improved conditions for pathogens;
provisioning and regulating ecosystem
services changes

BD&ES: Appearance of wetlands;
ESS: Flood protection, Storm protection,
Mass stabilization and control of erosion
rates, Buffering and attenuation of mass flows,
Hydrological cycle and water flow
maintenance

Adapted from World Bank (2018b)

Genetic Diversity

Genetic diversity forms the basis of ecosystems’ resilience to change (including cli-
mate change). The genetic diversity could insure the climate resilience and ecosys-
tems can better tolerate disturbances caused by warmer and drier environments. For
most of the ecosystem types, increasing resilience and reducing other pressures will
likely be the adaptation measures of choice. Particularly vulnerable mountain habi-
tats with rare and endangered species with low migration capability, however, may
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also need specific measures, such as ex situ preservation of species in gene banks
that can be especially relevant to. The genetic diversity is being supported by the
work of the National Gene Bank in Sadovo, which hosts over 60,000 gene samples
from 600 plant species.

Species

Species of plants, wildlife, and fish are the target of conservation policy. Their sensi-
tivity relates to their physiological characteristics and reproductive rates. The expo-
sure depends ongeographic location and climatic characteristics. So, the temperature-
sensitive species or moisture-sensitive species could be affected by temperature
increasing and moisture decreasing, especially in the south of the country. The
changes in phenology rates are a reliable indicator for this kind of response on species
level. In Bulgaria, phenology observations of the National Institute of Hydrology and
Meteorology (NIMH) show that the phenology cycle has shifted by 10–15 days.

According to the assessment of the conservation status in Bulgaria of species with
respect to the species of Annex II, the conservation status of 47.9% of all species
in the continental region is “favorable”, 40.2% is “unfavorable-inadequate”, 4% is
“unfavorable bad”, 4% are rated “unknown”, and 5.1% are not reported. In theAlpine
region, 57.3% of the species have “favorable” conservation status, 32% have “un-
favorable inadequate” status, 2.7% have “unfavorable bad” status, and for 8% of
all species the conservation status is not reported. In the Black Sea region, 58% of
the species have “favorable” conservation status, 23.2% have “unfavorable––inad-
equate” status, 7.3% have “unfavorable––bad” status, 4.3% are rated “unknown”,
and for 8.7% of all species the conservation status is not reported. In the marine
black sea region (MBLS), 4 species from Annex II are rated “unknown”. Most of
these species are specialists (stenobionts)—they could exist in a narrow interval of
restricted ecological conditions—unlike of the generalists (euribionts)—who survive
in a large variety of conditions (ecological plasticity). Species are more sensitive to
the new climate conditions may become locally extinct/deteriorate, or move in the
altitudinal and latitudinal direction. Bulgaria has a high number of endemic species
and rich biodiversity. It will be a significant challenge to manage this process in the
future to maintain rare habitats and species and at the same time to maintain the other
ecosystem services.

Most vulnerable species in Bulgaria—Rare (endemics), specialists, and endan-
gered species with already limited distribution, especially when migration options
are not possible.

Populations and Communities

The most important risk here is the interaction between species, competition for
resources, the mismatch of their life cycles and loss of synchrony between species,
and in results affected the species abundance and balance in the communities. It
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is a high probability that some species could be more competitive to other species
and modify community composition. No data available in this kind of item—only
sparsely investigations in our country—research needed.

Habitats

According to Volume 3 of the Red Data Book of the Republic of Bulgaria, Habi-
tats (Biserkov et al. 2015), the country is one of the richest in Europe. Five cate-
gories (extinct, critically endangered, endangered, vulnerable, nearly threatened) of
conservation status have been identified and these are based on criteria related to the
main characteristics of the habitats, i.e., areas of distribution, structure, functions,
sustainability, restoration capacities and resilience rehabilitation under pressure, The
conservation status of Bulgaria’s 166 habitats of conservation importance have been
identified. They are included in the Red Data Book and are in need of specific conser-
vationmeasures. They belong to the following groups—marine habitats—11; coastal
habitats—8; inland waters—21; mires, bogs, and fens—6; herbaceous communities
and communities of lichens and mosses—32; shrub communities—32; forests—
40; inland rock habitats—16. The habitats belong to four threat categories: critically
endangered (CR)—28 habitats; endangered (ÅN)—71; vulnerable (VU)—47; nearly
threatened (NT)—20.

In theContinental region, 86.3%of the habitats are in an “unfavorable inadequate”
conservation status, 11% are “favorable”, and 2.7% are rated “unknown”. In the
Alpine region, 83.6% of the habitats are “unfavorable inadequate” and 14.8% are
“favorable”. In the Black Sea region, 93.6% of the natural habitats are “unfavorable
inadequate”, 6.4% are “favorable”. In the marine Black sea region (MBLS) 5 types
of natural habitats are “unfavorable inadequate” and 1 is rated “unknown”.

Most vulnerable habitats in Bulgaria—The possible consequence of climate
change is the degradation of habitats in the 4 categories, in particular, the “unfavorable
inadequate”, ormoving in the altitudinal and latitudinal direction. The response could
be the adjustment of the protected area according to the new conditions due to the
climate change. The tree line habitats have this kind of vulnerability.

Ecosystems

The ecosystem is a functional unit; therefore, the most important risk at this level
are the regime-shifts in the long-term period that also influence the provision of
ecosystem services. The regime-shifts’ effects could be both positive or negative—
increased length of the growing period could lead to increasing productivity of ter-
restrial ecosystems. The increasing of temperature could change the water condition
of lakes and as a consequence of this—fish composition and productivity. Periods
of drought could change the composition of producers in the terrestrial ecosystems
and cause changes in their functioning, resulting in changes in the provision of
ecosystem services. The same consequences are expected from natural disturbances
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on ecosystems (see Table 1). Due to these disturbances, species more adaptive for
the new climate conditions could replace the formerly dominant species, change the
ecosystem integrity and service provision capacity. A decrease in ecosystem services
quality will directly affect may other economic sectors in the country—provisioning
ES in agriculture, forestry, water sector, industry, health, regulating ES—all sectors,
cultural—recreation and tourism, urban, education.

Most vulnerable ecosystems in Bulgaria are the ecosystems of inland wet-
lands, heathland, and shrub ecosystems (especially in Alpine zone in mountains)
and Coastal zone ecosystems are the most sensitive to climate change. They are
characterized by a high degree of sensitivity for all types of impacts of climate
change and are further limited in area, making them particularly vulnerable. There
are ongoing projects to assess the ecosystem conditions and ecosystem services in
Bulgaria. In addition, a monitoring guide on ecosystem level is under development.
One of the main aims of this monitoring is to follow, register, and analyze in the
long term the changes in ecosystems and their services. Still, the climate changes
provide good opportunities for biodiversity and ecosystems (e.g., increasing growing
period). Zoning of ecosystems by the degree of vulnerability is only performed for
some economically important ecosystems and the zoning for forests is presented in
World Bank (2018b).

Ecosystem Services Most Relevant to Climate Change
in Bulgaria

Protecting biodiversity and ecosystemsmay provide a powerful adaptation tool. Con-
sidering the types of projected hazards, the regulating ecosystem services are likely
to have a growing importance for climate change adaptation across all ecosystem
types, along with some of the provisioning services related to the provision of sur-
face and groundwater. CICES 2018 distinguishes a total of 48 ecosystem service
classes. Table 2 presents the importance of different ecosystem services for each
ecosystem type—from very important (+++) to not important ():

Assessing the Value of Ecosystem Services—Case Studies
of Cost–Benefit Analysis on a National and Local Scales

Deterministic and Holistic Approaches to Measuring
and Valuing Ecosystem Services

Ecosystem services valuation and cost estimates are subject to cross-cutting research
in the area of the ecosystem and natural capital accounting. This relatively new area
is not yet incorporated in the national-level statistics of Bulgaria.
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Ecosystem service mapping in Europe defines a huge number of discrete ecosys-
tem services (CICES 2018), and quantifies each of them using available (in many
cases not very detailed) datasets and process modeling for each service’s supply and
use mechanisms. Georeferenced maps of the services’ supply capacity and demand
are then produced to derive areas with fully met, partially met or unmet demand,
for example, pollination service provision is defined by pollinator habitat suitability
and its proximity to pollinator-dependent crops (Valecillo et al. 2018). This approach
promises clear links to EU-level ecosystem accounting and allows additive estimates
for all services on every pixel of the EU-level maps; EU-level datasets are also cur-
rently the only source for national-level ecosystem service value estimates inBulgaria
and are used in our first case study.However, themodeling quality is highly dependent
on reliable local data. Uncertainty is routinely not estimated/supplied with modeled
EU-level layers, making it very difficult to assess the accuracy of this approach. For
example, the recalculation of ESTIMAP pollination model (Zulian et al. 2013) for
Bulgaria with national and local field data and a simplified conceptual schema shows
difference of up to 90% to the ESTIMAP model at EU level (Zulian et al. 2017)—a
finding confirmed by our GIS analysis of the EU-level pollination potential map for
2010. Despite Bulgaria’s rich biodiversity, the EU-level pollination potential dataset
for 2010 indicates a below-average (0–50%) potential for 54.43% of the country,
above average but not excellent potential (50–60%) for 4.64% of the country and
no data for the remaining 40.93% of the territory. Uncertainties in process models
are added by the limited knowledge of the ecosystem services production mech-
anisms. Service-by-service process modeling is resource intensive and hence the
number of services being modeled is small. It seems unlikely to be scalable for all
CICES services even for the regular production of static maps and even less so for
following climate change induced trends. Missing services strongly reduce the over-
all estimated ecosystem services value (especially for regulating services relevant
to climate change adaptation) and doesn’t account for positive externalities.

A holistic approach to the same problem is adopted in the proposed CCA options
(World Bank 2018a). It envisages collaboration between national and local stake-
holders in order to identify available natural capital, assess its condition and carrying
capacity for different pressures, and boost the regional level climate resilience by
targeted restoration, reducing other anthropogenic pressures and integrating green
growth into the local economies as a way to offset losses due to climate change.
Awareness and practical use of ecosystem data and knowledge by a wide range of
stakeholders, ecosystem education and research are key for such an approach. One of
the major institutional obstacles is the insufficient integration of ecosystem consider-
ations, even in environmental policies such as wastewater treatment. Stakeholders, in
particular, small and medium-sized enterprises, lack the capacity for understanding,
accounting and reporting for statistical purposes the ecosystem services outside of
the production boundary in the current system of national accounts. In our second
case study we argue that CBA would hugely benefit from utilizing existing mecha-
nisms such as the EU-level CBA Guide (EU 2015)—an approach we call modified
cost–benefit analysis, or modCBA, which we believe needs minimal adaptation to be
operational for the next funding period. At present, modCBA in Bulgaria cannot be
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linked directly to climate change adaptation due to the lack of detailed regional level
climate projections and “wall-to-wall” ecosystem maps covering the entire territory.

National Scale Cost–Benefit Analysis

This case study describes the methodological foundation of cost–benefit analysis for
ecosystem services prepared for (World Bank 2018a).

The analysis was based on evaluating the incremental utility of improving the pro-
vision for a total of 13 ecosystem services in three service groups: water provision,
carbon sequestration, and pollination, and a total of six CCA scenarios (optimistic,
pessimistic, and realistic for +2° and +4° of temperature rise). Cost data for the
CBA was estimated for all adaptation options in (World Bank 2018a) using price
comparison for similar projects and activities, and expert knowledge on the expected
timing of different costs based on activity planning, budgetary, tendering procedures,
and other time-specific considerations. Benefits data was composed of the estimated
incremental benefit of using ecosystem services (beyond the direct benefits esti-
mated in the respective other sectors) calculated from national statistics data and the
estimates from other sectors using the following methods:

1. Water provision was estimated on the basis of GIS analysis of the JRC Water
Retention Index (WRI) model dataset for 20101 and the coefficients for vegeta-
tion contribution to the WRI (Vandercasteele et al. 2018). We assumed targeted
afforestation of half the territories with WRI below 4 (30.81% of the country’s
territory), which would also cover the contribution for ecosystem restoration of
15% as per the EU Biodiversity Strategy to 2020. The incremental water provi-
sion calculated in this manner was valued using the forecast water prices from
the Water sector CBA.

2. Carbon sequestration was estimated only for the increment of forest biomass,
as approximated on the basis of the forest sector projections and the figures
for the carbon content of trees (Matthews 1993) and carbon capture by forest
ecosystems (Birdsey 1992).

3. Pollination capacity territorial scope could not be specified on a national scale
due to the huge uncertainty between available datasets and the lack of means to
verify the actual georeferenced values. Therefore, we used statistical data on crop
production for the pollinator-dependent crops, assumed 5–10% improvement in
the pollination capacity on 20%of the territory (as a result of someof the proposed
adaptation options) and proposed to the CBA team to calculate incremental gains
based on the coefficients in Vallecillo et al. (2018).

The estimated return on investment (RoI) for the biodiversity and ecosystems
sector ranked second only to the RoI calculated for the forest sector and exceeded

1https://data.jrc.ec.europa.eu/dataset/06c3f085-c1e3-4228-949d-82a0899b8d7d.

https://data.jrc.ec.europa.eu/dataset/06c3f085-c1e3-4228-949d-82a0899b8d7d
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the CCA RoI for all other sectors by one to two orders of magnitude, illustrating the
great benefits of ecosystem-based adaptation.

At the same time, this case study illustrates the imitation of the deterministic
approach, resulting in huge under-estimation of the ecosystem services value and
possible further loss of ecosystem services key for adaptation due to insufficiently
well-informed policies. Since the scope of (World Bank 2018a) was limited only
to some economic sectors, incremental utility could be calculated for forest and
partially—for cropland ecosystems, as well as the water sector, therefore leaving
out other important and potentially climate-vulnerable ecosystems. We were not
able to estimate the error of the predictions: climate projection scenarios have an
uncertainty of their own, statistical data is not georeferenced and data limitations
caused us to ignore carbon sequestration in non-forest ecosystems, notably wetlands
and grasslands. We partially considered only 13 out of the 90 CICES ecosystems
service classes, could not distinguish between their share in the estimated value,
and were not able to estimate co-benefits and trade-offs. While implementing this
approach will likely be more useful with the advancement of high-resolution satellite
imagery, such additional data will not cover long time trends.

Regional to Local Application of CBA to Infrastructure
Projects

Regional- and local-scale CBA presents different types of challenges, in particular,
the need for—currently difficult to impossible—data integration between European,
national, and local institutional and independent economic actors before the “big
picture” can emerge.

We consider the benefits of extending the existing familiar cohesion funding CBA
Guide approach (EU 2015). In its current form, the CBA guide applies to “major pro-
jects”—defined as projects applying for cohesion funding with eligible costs of EUR
50 Mio or above. Such projects are typically infrastructure projects in transporta-
tion, energy, environment, etc. Applicants have to perform a rigorously prescribed
set of steps to provide a financial and economic analysis and risk assessment, and
compare the net present value and rates of return on investment and national capital
in two scenarios, referred to as Business-as-Usual (BAU) and With Project (WP).
A positive funding decision is made if the project could be sustainable but needs
initial investments from the cohesion funds. The BAU scenario is used as a baseline,
and the WP scenario is based on the expected costs and benefits for the selected
technology. However, no stipulations are made for the nature of theWP scenario and
the applicants are free to propose environmentally suboptimal technologies—even
for environmental projects such as wastewater treatment and waste disposal.

We propose a modification to this approach that would make receipt of funding
contingent to the assessment of a scenario using fully or partly green infrastructure
and ecosystem services (GI scenario)—amethod referred to as modified cost–benefit
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analysis, or modCBA. InmodCBA, applicants may be free to havemore than oneWP
scenario as long as one of them isGI, or just include the BAU andGI scenarios. In this
manner, no restrictions are posed on any technological solution and the comparison
with GI will allow the applicant to make an informed decision on the relative merits
of “grey” WP and GI.

Such analysis needs to be georeferenced but project and company data included in
it is confidential and to our knowledge, GI solutions have so far not been introduced in
any Cohesion-funded wastewater treatment project (WWTP) in Bulgaria. Therefore,
we created a hypothetic case study (Gocheva et al. 2016) by “transplanting” the
numeric example from the CBA Guide to the topography of the similarly sized city
of Plovdiv, Bulgaria. The CBA Guide contains an example of upgrading an existing
wastewater treatment plant to reduce the levels of released N and P. Plovdiv has its
own WWTP with different parameters and technical solutions so we only “borrow”
its local specifics: located at a big river with birds and habitats protected areas, and
within the flood risk area. Plovdiv’s WWTP also has limited area and its territorial
extensionmeets significant local opposition; therefore, sludge treatment and disposal
is a problem we also introduce in our case study.

In our hypothetic case study a second green–grey infrastructure (GI) scenario
is introduced in which primary treatment is performed in the existing facility but
the chemical N and P treatment (secondary treatment) is replaced by a number of
constructed and restored wetlands. In this scenario, the project’s territory becomes
larger and more land would have to be purchased. However, the new wetlands would
provide additional retention volume for flash flood protection, cultural services sup-
porting outdoor recreation and bird-watching tourism, and potentially also income
from carbon sequestration if such permits become tradeable.

After reproducing the BAU and WP scenarios for a 30-year period from the
numeric example of EU (2015), Gocheva et al. (2016) calculate the GI scenario
based on secondary treatment cost estimates from EU (2011), statistic data for land
prices and tourism income and carbon prices. To estimate the necessary form, flows,
basin, and vegetation structure and derive the area of the constructed wetlands for the
GI scenario, we consulted relevant technical literature including Vymazal (2010),
Sundaravadivel andVigneswaran (2001), Toet et al. (2005). Correspondence between
the wastewater treatment mechanisms in wetlands and CICES was established based
on UNHABITAT (2008) (Table 3). To estimate carbon sequestration, we applied the
figures of Agus et al. (2010) but found that the accumulation of carbon sequestering
media is negligible over the project timeline of 30 years. Therefore, an approximation
was made using only the Phragmites Australis reed biomass carbon (Yu et al. 2013).

The resulting calculation show very significant cost savings and, since theWWTP
can now afford to lower water prices by 10% in implementing policies to support
the vulnerable population—somewhat lower revenue in the GI scenario compared to
the WP scenario. On balance, the GI scenario has much better financial parameters
(Table 4).

Both the net present value and the much better rates of return [FRR (C) and FRR
(K)] prove the financial feasibility of the GI scenario and the leverage provided by
ecosystem services. In fact, the positive net present value of the GI scenario suggests
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Table 3 Mapping of ecosystem functions to ecosystem services

Wastewater
constituents

Removal mechanism as
presented by
UN-HABITAT

Correspondence to CICES ecosystem service
classification

Suspended
Solids

• Sedimentation
• Filtration

• Maintenance and regulation by inorganic
natural chemical and physical processes

• Mediation by other chemical or physical means
(e.g. via Filtration, sequestration, storage or
accumulation)

• Smell reduction
• Buffering and attenuation of mass movement
• Decomposition and fixing processes and their
effect on soil quality

Soluble
organics

• Aerobic microbial
degradation

• Anaerobic microbial
degradation

• Bio-remediation by microorganisms, algae,
plants, and animals

Phosphorous • Matrix sorption
• Plant uptake

• Maintenance and regulation by inorganic
natural chemical and physical processes

• Bio-remediation by microorganisms, algae,
plants, and animals

• Filtration/sequestration/storage/ accumulation
by microorganisms, algae, plants, and animals

Nitrogen • Ammonification followed
by microbial nitrification

• Denitrification
• Plant uptake
• Matrix adsorption
• Ammonia volatilization
(mostly in SF system)

• Filtration/sequestration/storage/accumulation
by microorganisms, algae, plants, and animals

• Dilution by freshwater and marine ecosystems
• Maintenance and regulation by inorganic
natural chemical and physical processes

• Regulation of the chemical condition of
freshwaters by living processes

• Visual screening

Metals • Adsorption and cation
exchange

• Complexation
• Precipitation
• Plant uptake
• Microbial
Oxidation/reduction

• Regulation of the chemical condition of
freshwaters by living processes

• Filtration/sequestration/storage/accumulation
by microorganisms, algae, plants, and animals

• Bio-remediation by microorganisms, algae,
plants, and animals

• Mediation by other chemical or physical means
(e.g. via Filtration, sequestration, storage or
accumulation)

Pathogens • Sedimentation
• Filtration
• Natural die-off
• Predation
• UV irradiation (SF
system)

• Excretion of antibiotics
from roots of
macrophytes

• Buffering and attenuation of mass flows
• Filtration/sequestration/storage/accumulation
3y microorganisms, algae, plants, and animals

• Mediation by other chemical or physical means
(e.g. via Filtration, sequestration, storage or
accumulation)

• Smell reduction
• Disease control

Adapted from UN HABITAT (2008)
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Table 4 Comparison of the incremental value for scenarios with and without the use of ecosystem
services

WP scenario: grey infrastructure GI scenario: green and grey infrastructure

Inflows structure, thousands EUR Inflows structure, thousands EUR

Service 1: Water purification 336 466
Service 2: Energy production 6 561

Service 1: Water purification 302 819
Service 2: Energy production 6 561
Service 3: Recreational and bird watching
tourism 3 913
Sales of CO2 emission rights 3

Total revenues 343 027
Residual facility value in year 30: 4 265

Total revenues 313 296
Residual facility value in year 30: 4 265

Total inflows 347 292 Total inflows 317 561

Outflows structure, thousands EUR Outflows structure, thousands EUR

Initial investment 126 531
Total operating costs 155 837
Replacement costs 22 678
Loan repayment 17 890

Initial investment 79 484
Total operating costs 133 571
Replacement costs 9 760
Loan repayment 13 012

Total outflows 322 936 Total outflows 235 828

Financial parameters Financial parameters

Present value of inflows 182 745
Present value of outflows 222 120
Net present value—39 375
Financial rate of return on the investment
[FRR (C)] 1.106%
Financial rate of return on the national capital
[FRR (K)] 4.376%

Present value of inflows 168 443
Present value of outflows 158 583
Net present value 9860
Financial rate of return on the investment
[FRR (C)] 4‚842%
Financial rate of return on the national capital
[FRR (K)] 9‚910%

that even with reduced water prices, its implementation would be feasible by itself
without any cohesion funding. This institutional paradox might, if also encountered
in real-life projects, actually discourage the implementation of green solutions. In
addition, the capital flow during the years is more evenly distributed, suggesting that
significant economies occur during the first year of the investment when there are
still no revenues (Fig. 3).

Due to the hypothetical nature of this case study, it is not possible to systematically
perform all next steps that would have been produced in a real project with socioe-
conomic and environmental impact data, and we cannot simulate a full economic
analysis and risk assessment. Nonetheless, the objective measurement of the major
share of co-benefits and their attribution to ecosystem accounts could be done in a
more consistent manner through following the incremental changes in the accounting
of the water purification enterprise and the municipality in charge for flood protec-
tion, as demonstrated in the numeric example of Table 5. Thus, modCBA is, in fact,
a variation of the revealed preferences method that can derive ecosystems service
valuation directly from company accounting without the additional labor intensive
and arguably less precise stated preference methods (Kahneman and Knetsch 1992;
Diamond and Hausman 1994; Kahneman 1992).
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Fig. 3 Discounted net cash flows during years 1–30 of the project implementation (including 10%
water price reduction)

Since a separate valuation for each and every single ecosystem service is not
feasible on a company and even municipal scale and not needed in practice, the
services are grouped in bundles following the principles of

• Mutual exclusivity: services that cannot be provided simultaneously (such as
timber harvesting and carbon sequestration) should not be added to the same
bundle.

• Structural and functional production complementarity: services provided via
the same mechanism belong to the same bundle, e.g., freshwater for drinking
purposes and freshwater for production purposes.

• Final recipient: services in a bundle should serve the same benefi-
ciary/homogenous beneficiary group, e.g., one ormore companies; amunicipality;
the city population.

• By ecosystem account: all services in a bundle should belong to the same account
so their cumulative value would easily be added to it even if the single services
cannot easily be valued.

The great advantage of modCBA as described in this case study is its closeness
to the corporate understanding of standard business practices and their accounting.
Thus, it would likely be better suited for bridging “the last mile” by setting the
abstract ecosystem service concept in the day-to-day business context of estimating
monetary costs and benefits. The mid-term time horizon employed in modCBA
creates a baseline of continuously measuring expected value in- and outflows but
also for monitoring the benefits from the green infrastructure.

The difference between predicted and actual developments could provide a way
for the consequent implementation of the entireDPSIR framework rather thanmostly
limiting DPSIR to measuring anthropogenic pressures. By sharing impact measure-
ment and moving part of the response from the legislative to the business context,
enterprises would have economic incentives to identify and measure environmen-
tal pressures and respond to them. For example, carbon sequestration—even at the
very optimistic carbon prices we expected back in 2016—is underrepresented in the



350 S. Bratanova-Doncheva and K. Gocheva

Ta
bl

e
5

C
or
re
sp
on

de
nc
e
be
tw

ee
n
pr
oj
ec
tb

en
efi

ts
,C

IC
E
S
ec
os
ys
te
m

se
rv
ic
e(
s)
,s
ta
ge
s
of

th
e
co
st
–b

en
efi

ta
na
ly
si
s
an
d
na
tio

na
la
cc
ou

nt
s

B
en
efi

t
N
on
-d
is
co
un
te
d
va
lu
e,

00
0
E
U
R

C
IC
E
S
co
rr
es
po
nd
en
ce

E
co
sy
st
em

se
rv
ic
e

bu
nd

le
,v
al
ua
tio

n
st
ag
e

V
al
ua
tio

n
m
et
ho
d,

ac
co
un

tin
g

N
C
A
ac
co
un
t

W
ild

lif
e
co
ns
er
va
tio

n:
ex
te
nd

th
e
ha
bi
ta
tn

ea
r

N
A
T
U
R
A
20
00

N
ot

es
tim

at
ed

M
ai
nt
ai
ni
ng

nu
rs
er
y

po
pu
la
tio

ns
an
d

ha
bi
ta
ts
(i
nc
lu
di
ng

ge
ne

po
ol

pr
ot
ec
tio

n)

L
oc
al
pr
oj
ec
t

ex
te
rn
al
iti
es

(L
PE

);
va
lu
ed

in
th
e
ec
on

om
ic

an
al
ys
is

N
ot

ac
co
un
te
d;

A
pp
ro
xi
m
at
io
n:

av
oi
de
d
re
st
or
at
io
n

co
st
sa

B
io
di
ve
rs
ity

sa
te
lli
te

ac
co
un
t

B
ir
d-
w
at
ch
in
g
to
ur
is
m

in
th
e
re
st
or
ed

w
et
la
nd

39
13

Ph
ys
ic
al
an
d

ex
pe
ri
en
tia

l
in
te
ra
ct
io
ns

w
ith

na
tu
ra
le
nv
ir
on
m
en
t

Ph
ys
ic
al
an
d

ex
pe
ri
en
tia

l
in
te
ra
ct
io
ns

w
ith

na
tu
ra
la
bi
ot
ic

co
m
po
ne
nt
s
of

th
e

en
vi
ro
nm

en
t

A
dd

iti
on

al
se
rv
ic
es
’

ut
ili
za
tio

n
(A

SU
);

V
al
ue
d
in

th
e
fin

an
ci
al

an
al
ys
is

Sa
le
s
of

se
rv
ic
es

ov
er

27
ye
ar
s,
ca
sh

flo
w

ca
lc
ul
at
ed

on
th
e
ba
si
s

of
w
at
er

pu
ri
fic

at
io
n

en
d
pr
ic
e
re
du
ct
io
n
by

10
%

O
ut
do
or

re
cr
ea
tio

n
ac
co
un
t

Pr
ot
ec
tio

n
fr
om

fla
sh

flo
od
in
g
fo
r
ci
ty

re
si
de
nt
s
an
d

bu
si
ne
ss
es

24
,5
85

H
yd
ro
lo
gi
ca
lc
yc
le
an
d

w
at
er

flo
w
re
gu

la
tio

n
(i
nc
lu
di
ng

flo
od

co
nt
ro
l,
an
d
co
as
ta
l

pr
ot
ec
tio

n)

L
PE

A
vo
id
ed

m
un

ic
ip
al

co
st
s
fo
r
bu
ild

in
g

dy
ke
s,
di
tc
he
s,
ot
he
r

flo
od

pr
ot
ec
tio

n
in
fr
as
tr
uc
tu
re
,d

er
iv
ed

fr
om

co
m
pa
ra
bl
e
flo

od
pr
ot
ec
tio

n
te
nd

er
s
in

B
ul
ga
ri
a

Se
rv
ic
e
ac
co
un
t(
s)
,

ca
nn
ot

be
sp
ec
ifi
ed

w
ith

ou
ta

na
tio

na
l

N
C
A
fr
am

ew
or
k

(c
on
tin

ue
d)



Climate Change and Ecosystem Services in Bulgaria … 351

Ta
bl

e
5

(c
on
tin

ue
d)

B
en
efi

t
N
on
-d
is
co
un
te
d
va
lu
e,

00
0
E
U
R

C
IC
E
S
co
rr
es
po
nd
en
ce

E
co
sy
st
em

se
rv
ic
e

bu
nd

le
,v
al
ua
tio

n
st
ag
e

V
al
ua
tio

n
m
et
ho
d,

ac
co
un

tin
g

N
C
A
ac
co
un
t

C
ar
bo
n
se
qu
es
tr
at
io
n

in
Ph

ra
gm

ite
s
re
ed

be
ds

(p
ea
tf
or
m
at
io
n
is

in
si
gn

ifi
ca
nt

ov
er

30
ye
ar
s)

27
07

R
eg
ul
at
io
n
of

ch
em

ic
al

co
m
po

si
tio

n
of

at
m
os
ph
er
e
an
d
oc
ea
ns

G
lo
ba
lp

ro
je
ct

ex
te
rn
al
iti
es

(G
PE

)
Sa
le
s
of

ca
rb
on

em
is
si
on

qu
ot
a
fo
r

ca
rb
on

of
fs
et
;e
st
im

at
e

ba
se
d
on

E
U
E
T
S

ca
rb
on

pr
ic
es

as
su
m
in
g

E
U
R
1
an
nu
al
pr
ic
e

in
cr
ea
se

ov
er

27
ye
ar
s

C
ar
bo
n
ac
co
un
t

M
or
e
af
fo
rd
ab
le
cl
ea
n

w
at
er

fo
r
th
e
ci
tiz

en
s

an
d
bu
si
ne
ss

33
,6
47

Sa
le
s
of

se
rv
ic
es

ov
er

27
ye
ar
s,
ca
sh

flo
w

ca
lc
ul
at
ed

on
th
e
ba
si
s

of
w
at
er

pu
ri
fic

at
io
n

en
d
pr
ic
e
re
du

ct
io
n
by

10
%

L
PE

In
cr
em

en
ta
ld

ir
ec
t

va
lu
at
io
n
(g
ro
ss

re
ve
nu
e
di
ff
er
en
ce

be
tw

ee
n
W
P
an
d
G
I

sc
en
ar
io
s)

W
at
er

ac
co
un
t

E
xa
m
pl
e
re
fe
re
nc
e
va
lu
es

ca
n
be

se
en

he
re
:h

ttp
://
ec
.e
ur
op

a.
eu
/e
nv
ir
on

m
en
t/l
if
e/
pr
oj
ec
t/P

ro
je
ct
s/
in
de
x.
cf
m
?f
us
ea
ct
io
n=

se
ar
ch
.d
sp
Pa
ge
&
n_

pr
oj
_i
d=

53
41

http://ec.europa.eu/environment/life/project/Projects/index.cfm%3ffuseaction%3dsearch.dspPage%26n_proj_id%3d5341


352 S. Bratanova-Doncheva and K. Gocheva

GI scenario of this case study and the operator, aiming at increasing carbon off-
set sales in a cost-efficient manner, may choose to add a photobioreactor, produce
and sell algae fuel while also boosting the installation’s climate change mitigation
capacity. The impact created by such response would be captured precisely in the
corporate and municipal accounts, allowing for a decentralized implementation of
the DPSIR framework without the imposition of additional legislation and red tape.
The exact evaluation of carbon capture in monetary terms provided by modCBA has
the additional benefit of providing data for assessing the climate change mitigation
and adaptationmeasures which are also required in the CBAGuide as part of the con-
ditions for cohesion funding, and create a clear link to the adaptation and mitigation
aspects of environmental impact assessment (EU 2013).

The modCBA case study does not at this stage deal with climate proofing of
the installation according to the non-paper “Making vulnerable investments climate
resilient” (EU, year unknown) since the numeric example in the CBA Guide does
not mention the share of costs for such purposes. Nonetheless, positioning the new
wetlands between the river and the WWTP could provide a retention volume for
climate proofing the existing installation at no additional costs. As will often be the
case in practice, green infrastructure does not replace grey infrastructure in the case
study. Rather, the optimal service level will also require technological solutions.

Conclusions

This chapter explored the expected impacts of climate change on Bulgarian biodi-
versity and ecosystems, and the use of cost–benefit analysis as a support tool for
valuing and weighing the gains and losses of climate change adaptation.

The two case studies we present illustrate the advantages and challenges of both
the deterministic and holistic approaches to cost–benefit analysis for climate change
adaptation. In practice, we expect that these two approaches will be implemented
together and ecosystem-based adaptation will benefit from their respective strengths.
The practical use of high and ultrahigh-resolution satellite imagery will assist the
improved large scale mapping and assessment of natural capital whereas detailed
ground data such as the numbers in our local scale case study can provide a cost-
effective, crowdsourced ground truth verification. Together, these two sources of data
could help enabling much more precise, near-real-time modeling.

Such efforts will, of course, also require a new ecosystem awareness and thinking
among all stakeholders, and in particular businesses and individual volunteers who
may find new opportunities in the green economy. Institutional changes, both legisla-
tive and procedural, will be necessary for successful adaptation. They should facil-
itate concerted action between policymakers, institutions, scientists, practitioners,
and volunteers, review and reduce existing impediments. For example, the eligibility
rules in the current programming period would not allow funding to be allocated to
the economically much better GI scenario of our second case study, or for the instal-
lation of a photobioreactor. With the increase and streamlining of climate change
funding and the development of EU-level sustainable financing rules, this is likely
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to change in the next programming period. The Bulgarian society will need a new
appreciation for the way our ecosystems function, in order to make the most of
climate change adaptation and not to lose when we win.
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Mapping and Assessment of Wetland
Ecosystems Beyond Boundaries. A Pilot
Demonstration in the Transboundary
Nestos/Mesta River Basin

Eleni Fitoka and Lena Hatziiordanou

Abstract In the context of the WetMainAreas project of the INTERREG Balkan
Mediterranean Program, wetland ecosystems are considered as important biodiver-
sity hotspots with multiple services to human well-being, which often face weak
protection and are subjected to human pressures and usage conflicts. The project
focuses on ecosystem connectivity beyond the boundaries of protected areas and
national borders and it is linked to the result indicator ‘Expansion of ecological con-
nectivity and transnational ecosystems’ integration of designated areas’. Wetlands
are mapped and assessed as important landscape features that can contribute to the
ecological coherence of the Natura 2000 network. A pilot demonstration is presented
for the transboundary Nestos/Mesta river basin (5822.28 km2), large parts of which
are covering by Natura 2000 sites while a significant number of wetland sites are
found in unprotected land. A landscape-level methodological approach is followed
based on mapping products and European and national datasets. Spatial analysis and
modelling techniques are applied to map the landscape’s natural potential and to
reveal landscape patterns of well-connected, protected or unprotected natural areas
that possess high potentials to preserve biodiversity. The study tackles the lack of
detailed geospatial data on wetland contribution (especially the small ones) and the
lack of assessments on the contribution of wetland ecosystems in the spatial connec-
tivity of protected networks. It demonstrates the important role of wetlands and of
Natura 2000 sites in preserving biodiversity at transnational level. The study results
can support policymaking and contribute to defining conservation measures.
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Introduction

Wetland ecosystems constitute unique areas of high biodiversity. From the early
90s it has been stated that regional wetlands are integral parts of larger landscapes
(drainage basins) and their function and values to people in these landscapes depend
on extent and location (Mitsch and Gosselink 1993). Ecosystem services provided
by wetland ecosystems have been characterized as vital (Costanza et al. 1997, 2014;
Mitsch and Gosselink 2000; De Groot et al. 2012; McInnes 2013) and appear to
be maximum in landscapes that balance nature and human enterprises (i.e. urban
and agricultural areas) (Mitsch et al. 2015). Specifically, the role of wetlands as key
habitats has been underlined by the need to preserve a balanced mix of ecosystem
services as well as a healthy underlying level of biodiversity to sustain future services
(EU FP7 OpenNESS Project Deliverable 3.1, Pérez-Soba et al. 2015). Also, it has
been stated that by ensuring their conservation the required protection of processes
and linkages for threatened species towards climate change in key biodiversity areas
is provided (Derneği 2010). To better integrate wetland ecosystems in EU Strate-
gies and Directives, Abdul Malak et al. (2019), highlight, as a key policy message,
the ecological value of wetlands for improving connectivity despite being usually
geographically scattered in the broader landscape.

The EU biodiversity strategy to 2020 amongst others, expresses concern about
the increasing deterioration of wetlands. The Habitat and Birds EU Directives (the
backbone of EU nature legislation), under Article 10 and Article 4, respectively,
consider wetlands as important landscape features that maintain and enhance eco-
logical connectivity amongst Natura 2000 sites and across the wider environment,
in support of wildlife conservation (Kettunen et al. 2007). However, often there is
lack of knowledge on areas of high biodiversity value outside protected areas and
consequently, lack of conservation and management measures is given that the orig-
inal goal of Natura 2000 sites did not include network’s connectivity (Kettunen et al.
2007).

In this direction, the EU Green Infrastructure Initiative, which benefits environ-
mental and territorial cohesion policies, addresses the reconnection of fragmented
natural areas and the improvement of their connectivity within the wider countryside,
and it promotes ecosystem services and the well-being of people (European Envi-
ronment Agency 2011; European Commission 2012). Also, at global level, the Aichi
Target 11 puts priorities for increasing thewell-connected systems of protected areas,
the area-based conservation measures and the integration of areas of importance for
biodiversity and ecosystem services into the wider landscape. The demand for main-
taining habitats for species has been considered as a human benefit, since it preserves
natural heritage and safeguards intrinsic human values (i.e. recreation) at the same
time (Knight 1997). Martínez Pastur et al. (2017), based on plant species richness,
reported that biodiversity potential and ecosystem services supply (provisioning,
cultural, regulating) significantly varies at the landscape level.

Similarly, the ecosystems’ continuity and integration are recognized by the EU
cohesion policy as one of the main challenges for the safeguard of the biodiversity
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of the Balkan Mediterranean territory, in support of sustainable development and
improvement of citizens’ quality of life. The territory shares natural environment
of high biodiversity value including lake complexes, inland and coastal wetlands
and riverine systems. Still, the transnational cooperation on biodiversity and ecosys-
tem integration are very weak, nature protection and management of protected areas
are insufficient, the implementation of EU directives is slow and common prob-
lems arise from inefficient use of resources, pollution and fragmentation (CP Balkan
Mediterranean 2014–2020, 2014). Within this challenge, the WetMainAreas project
is carrying out the mapping and assessment of wetland ecosystems as landscape
features that play a significant role in the ecological connectivity of the Natura 2000
sites.

The current study presents the pilot assessment of the WetMainAreas project, for
the transboundaryNestos/Mesta river basin. It tackles the need for integrated transna-
tional assessments focusing on wetland ecosystems and the Natura 2000 network. In
particular, the aims of this pilot study were as follows:

(i) map the spatial extent of wetland ecosystems
(ii) map the structurally connected natural areas of the transboundary river basin

(inside and beyond the boundaries of the Natura 2000 network) that have high
potential to preserve biodiversity.

Methodological Approach and Data

In the current study, a landscape-level methodological approach was followed based
on mapping products and EU datasets. Spatial analysis and modelling techniques
were applied to map and assess the areas of the Nestos/Mesta river basin that pos-
sess high potentials to preserve biodiversity (natural potential) and the connectivity
patterns between protected and unprotected areas of high natural potential, focusing
on the spatial distribution of wetlands and of Natura 2000 sites.

The transboundary Nestos/Mesta river basin (5822.28 km2) is shared between
Greece (3348.30 km2) and Bulgaria (2473.98 km2). The river rises from springs in
Rila Mountains of Bulgaria and flows into the Aegean Sea, in Greece forming one of
the most important deltaic cTransboundary Nestos/Mesta river basin shared between
Greece and Bulgaria Europe (Fig. 1).

Mapping of Wetland Ecosystems Spatial Extent

To tackle the lack of detailed geospatial data on wetland contribution (especially
the small ones) the latest CORINE Land Cover dataset (CLC 2018 version 20b2)
that is freely available from the Copernicus Land Monitoring Service was enhanced
using other thematic layers, i.e. the water and wetness detection results from analysis
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Fig. 1 Study area: transboundary Nestos/Mesta river basin shared between Greece and Bulgaria

of Sentinel 2 images, the Copernicus Hydro Data for Europe and the Open Street
Map Data for European countries. To accurate delineate the boundary of wetland
ecosystems, photointerpretation and on-screen digitization was performed based on
Google Maps hybrid while the historical image archives of Google Earth was used
to justify the long-standing presence of water and of wetland vegetation.

Following recent suggestions proposed within the HORIZON 2020 research
project Satellite-based Wetland Observation Service-SWOS (Abdul Malak et al.
2016; Fitoka et al. 2017), the mapping of wetland ecosystems covered the entire
river basin, beyond the boundaries of administrative units and of protected areas.
It encompassed all wetland types, as those are defined by the Ramsar Convention,
including both natural and artificial wetlands, and even the non-wet habitats such
as sand dune systems and beaches along coastal wetlands, or the deepwater habitats
of lakes. Also the mapping included adjacent degraded wetlands which have lost
their naturalness (dominance of wetland vegetation, water, hydromorphic soil) like
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Fig. 2 Wetland ecosystem boundary (red line) (Nestos estuarine waters and Maggana Coastal
lagoon, East Makedonia and Thrace, Greece)

filled wetlands that could potentially be restored (i.e. bare land), and road network
or artificial works (i.e. river embankments), which may cross the wetland ecosystem
(Fig. 2).

Mapping of Connected Areas that Possess High Potentials
to Preserve Biodiversity

To assess the spatial (structural) connectivity of areas that possess high potentials
to preserve biodiversity, we applied a methodological approach at landscape level
to first map land cover areas of high potentials to preserve biodiversity and then to
create a network based on the morphological spatial pattern analysis of these areas.

Based on the fact that a totally unique—undisturbed natural land cover unit,
indicates absence or minimum anthropogenic impact, and that a neighbouring agri-
cultural zone is considered more favourable to it, compared to the transition into a
developed land cover unit, we applied a pattern analysis to map the dominant land
cover and the degree of land cover heterogeneity. The pattern analysis was applied
in the GuidosToolbox software (v. 2.8), using the Landscape Mosaic (LM) image
analysis tool (Vogt and Riitters 2017). The enhanced land cover map was reclassified
in three land cover classes

• Natural and seminatural: all ‘forest and semi natural areas’, ‘wetlands’ and ‘water
bodies’ CLC Level 1 classes, plus the CLC Level 3 ‘artificial surfaces’ classes
of ‘green urban areas’ and ‘sport and leisure activities’ and the CLC Level 3
agricultural areas classes of ‘rice fields’, ‘pastures’ and ‘agroforestry’.

• Agriculture: the remaining agricultural areas CLC classes (most intensive agricul-
ture).

• Developed: the remaining artificial surfaces CLC classes.
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For all raster analysis, we kept the cell size at 100 m, which is in compliance
with the CLC 2018 linear mapping accuracy. The pattern analysis performed a tri-
polar classification model at pixel level using the critical values of 10, 60 and 100%
along each axis, in order to: (i) Identify the presence (10%), dominance (60%) or
uniqueness (100%) of each land cover class (Natural, Agriculture and Developed) in
a moving window of 9× 9 pixels surrounding each pixel. This resulted in a window
with a side of 9 × 100 = 900 m which approximately coincides with the minimum
distance of 1 km for species dispersal (Saura et al. 2017). (ii) Locate interface zones
of natural land cover with agriculture and/or developed (urban).

The classification resulted in a partition of the tri-polar space into 19 mosaic
classes, indicating the different degrees of land cover heterogeneity. To highlight
landscape mosaics within the natural background and identify human-natural inter-
face zones (Riiters et al. 2010), we condensed the 19 classes into 6 (from all natural
to not dominated by natural). This resulted in the ‘Nature Dominance’ map of the
study area. As biodiversity itself is considered as an ecosystem service and is clas-
sified either as ‘maintaining of nursery populations and habitats (Haines-Young and
Potschin 2018) or as ‘habitats maintenance for species’ (TEEB 2010), we considered
that Nature Dominance reflects the natural potential of the landscape to deliver the
habitat maintenance ecosystem service.

To link the natural potential with the supply of the habitat maintenance ecosystem
service we considered the presence of national designation as additional input, based
on the scenario that protection measures are adequately applied and safeguard bio-
diversity. Additional inputs are anthropogenic contributions to ecosystem services
that can act together with the natural potential and enable the identification of the
spatial units within which the ecosystem service is provided (Burkhard et al. 2012;
Potschin-Young et al. 2018).

Table 1 presents the rules which were applied to assess the supply of the habitat
maintenance ecosystem service in five classes: no supply (0), very low (1), low (2),
medium (3), high (4) and very high supply (5). If a landscape unit has some ‘natural
potential’, the ‘supply’ is reduced by ‘weak or no’ protection, it is increased by ‘strict’
protection, and it is not affected when ‘medium’ protection exists. If it has ‘no natural
potential’, there is ‘no supply’, despite any protection measures that may apply. The

Table 1 Assessment of the habitat maintenance ecosystem service supply based on Natural
Potential (NP) and different protection levels

Protection Natural potential

No Very low Low Medium High Very high

Strict
(high)

No supply Low
supply

Medium
supply

High
supply

Very high
supply

Very high
supply

Medium No supply Very low
supply

Low
supply

Medium
supply

High
supply

Very high
supply

Weak/no No supply Very low
supply

Very low
supply

Low
supply

Medium
supply

High
supply
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level of protection of nationally designated areas was derived from the most recent
European datasets of the Common Database on Designated Areas (CDDA) based
on their IUCN management categories (Dudley 2008). It was classified as: (a) high
(strict) protection for the IUCN categories Ia, Ib, II; (b) medium protection for the
IUCN categories III, IV, V, VI and (c) weak/no protection for not applicable to IUCN
categories, not related to nature conservation or no protection status.

As the last step, for assessing the structural connectivity of natural areas that pos-
sess medium, high and very high ecosystem service supply, a Morphological Spatial
Pattern Analysis (MSPA-analysis) was applied in the GuidosToolbox software (v.
2.8), using 10 for the EdgeWidth setting. This value corresponds to a 1 km zone
around each pixel, and is in compliance to the minimum 1 km distance of species
dispersal applied also in the selection of the moving window for the LM computa-
tion. The MSPA was then converted to a network using the NW Component image
analysis of the GuidosToolbox software (Estreguil et al. 2019). The evaluation of the
network included the examination of the overall network connectivity metrics and
the spatial distribution of wetlands and of Natura 2000 sites, within the network of
the connected and isolated areas, as well as within the unconnected and unprotected
land.

Results and Discussion

Spatial Extent and Distribution of Wetland Ecosystems
in Nestos/Mesta River Basin

The wetland mapping for the Nestos/Mesta river basin resulted in a total wetland
spatial extent of 15285.5 ha, 30% of which (4510.5 ha) were not included in the
CORINE Land Cover dataset (CLC 2018 version 20b2) (Fig. 3).

Fig. 3 Examples of the enhanced CORINE land cover dataset (filled colour polygons) with the
wetland ecosystems (blue dashed polygons) from a mountainous area in Bulgaria (left) and from a
lowland area in Greece (right)
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The total wetland spatial extent corresponds to 2.46% of the river basin area. It is
roughly below the suggestion made by Mitsch et al. (2015) that a range of 3–7% of
temperate-zone watersheds should be in wetlands to provide adequate flood control
and water quality values for the landscape. This result, along with the findings that
19% of the total wetland spatial extent is outside of legally protected areas, being
more vulnerable in degradation or even loss, provides a scientific documentation for
motivating protection and conservation measures. Considerable amount of wetland
extent (21% of its total extent) is found out of the Natura 2000 sites representing the
only source of habitats for aquatic species in the wider landscape of the river basin
(Fig. 4). It is notable that most of these wetlands are located in areas of weak or
no protection (all of Bulgarian wetlands which are outside of Natura 2000 sites and
15% of those Greek wetlands which are outside of Natura 2000 sites).

As expected, the bulk wetland spatial extent (10.397 ha) is found in the lowland
coastal part of the river basin in Greece, forming by Nestos delta, the adjoining

Fig. 4 Wetlands, Natura 2000 sites and protection status in Nestos/Mesta river basin
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Fig. 6 Number of wetland sites in Nestos/Mesta river basin

lagoons and coastal marshes.While, in the Bulgarian part, an extremely high number
of sites (297) has been mapped, from which only 7 of them are bigger than 8 ha.
Also, more than half of them are artificial (168 sites) covering almost 95% of the
total wetland spatial extent in the Bulgarian part. Figures 5 and 6 present areal and
statistics of the wetland distribution over the transboundary river basin.

Connected Areas that Possess High Potential to Preserve
Biodiversity in the Nestos/Mesta River Basin

In our study, we focused on the need for knowledge on connected areas of high
value for biodiversity. As a first step, the capacity of the transboundary river basin
of Nestos/Mesta to preserve biodiversity was mapped based on the degree of land
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cover heterogeneity and in particular on nature dominance. The dominant land cover
pattern analysis resulted in 6 classes, from ‘all natural’ to ‘not dominated by natural’
(Fig. 7). The results demonstrate the natural potential of the transboundary river
basin to preserve biodiversity. Natural areas (‘all natural’ and ‘mostly natural’) are
quite dominant occupying 64.95% of the river basin while the areas which are not
dominated by natural occupy the 24.18% of it. Mixed zones (‘natural-agricultural’,
‘natural-developed’ and ‘natural-agricultural-developed’) cover only 10.87% of the
river basin. However, the biggest influence zone is that of the ‘natural-agricultural’
land that covers 10% of the study area.

Based on the scenario that the presence of national designation safeguards biodi-
versity, the supply of the habitat maintenance was mapped (Fig. 8). ‘All natural’ and
‘mostly natural’ areas with strict protection status reach a smaller spatial extent of
the 5% of the river basin, restricting the supply of the habitat maintenance ES. The
scenario of protection status revealed interesting results for the Natura 2000 sites net-

Fig. 7 Map of nature dominance in the Nestos/Mesta river basin
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Fig. 8 Areas of different supplies of the habitat maintenance ecosystem service and their spatial
relations with distribution of wetlands and Natura 2000 sites in the Nestos/Mesta river basin

work. Figure 9 shows the proportion of all ranges of the habitat maintenance supply
inside and outside Natura 2000 sites. Notable is that areas with very high potential to
preserve biodiversity (26% of very high supply) are found beyond the boundaries of
the Natura 2000 network. Also, notable proportions of low supply (32%), very low
supply (16%) or no supply (25%) are found inside Natura 2000 sites.

The Morphological Spatial Pattern Analysis (MSPA) resulted in a network con-
sisting of sixteen (16) Network Components (NW Components) (Fig. 10). Six (6)
out of the sixteen (16) NWComponents, wereMSPA cores with no connectors-links,
hereafter called ‘isolated areas’. The remaining ten (10) NWComponents, were con-
nected sets of MSPA cores and bridges (connectors-links between different MSPA
cores), hereafter called ‘connected areas’.

The overall network connectivity of the river basin, as expressed by the relative
Equivalent ConnectedArea, ECA_rel, is 82%.Given that habitat connectivity greatly
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Fig. 9 Proportion of habitat maintenance supply inside and outside Natura 2000 sites

enhances the movement of species within fragmented landscapes (Gilbert-Norton
et al. 2010), the connectivity result is quite promising, reflecting the percentage of
reachable habitats at the river basin.

Figure 11 demonstrates the spatial distribution of theNatura 2000 sites and ofwet-
land ecosystems over the results of the structural connectivity analysis. A significant
proportion (35%) of connected land is found beyond the Natura 2000 sites network.
Aichi Target 11 puts priorities for increasing the coverage of well-connected systems
of protected areas. Still, a quite big portion of the Natura 2000 sites (95,623 ha) is
fragmented and/or not dominated by natural habitats (16% in unconnected areas of
medium, high, very high supply areas and 9% in hostile areas).

As regards wetland ecosystems, it is found that more than half of their spatial
extent (59%) is scattered outside of the connected network. In particular, wetland
extent of approximately 6050 ha is found in fragmented natural areas (of medium,
high, very high supply) and some 2900 ha in hostile areas (no natural dominance and
no protection). The biggest extent of these (4573 ha; 2371 ha, respectively) is located
in the downstream area of the river basin close to the deltaic formation (in the Greek
part), whereas in the mountainous zone (in the Bulgarian part) there are numerous
very small isolated wetland sites. Needless to say, these wetlands should constitute
top priority sites so as to get all benefits obtained by wetlands (Gibbs 2000).
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Fig. 10 Results of the structural connectivity analysis of areas of medium, high and very high
supply

Conclusion

The current study demonstrated a mapping and assessment landscape approach for
the Nestos/Mesta river transboundary basin. It tackled the lack of detailed geospatial
data on wetland contribution (especially the small ones) and the need for integration
of ecosystems at wider landscapes and beyond the boundaries of the Natura 2000
sites.

Themapping results provide baseline knowledge on connected areas of high value
for biodiversity and seek to support management and conservation interventions.
Three are the main elements which have been spatially documented. The first is
related to those wetland ecosystems which are found to be the only source of habitat
for aquatic life in fragmented and hostile areas, and thus they should be preserved
as stepping stone features of the wider landscape. The second regards, the notable
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Fig. 11 Spatial relationships between wetlands, N2 K sites and connected areas

extent of connected areas with very high potential for preserving biodiversity which
is extended beyond the boundaries of the Natura 2000 sites, indicating the areas with
potential for species movement. The third element is related to the degraded areas
(not dominated by nature and weak protection) which are found within the Natura
2000 sites, and thus provide management implications including the improvement
of their protection status as well as the alteration of human interventions.
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Integrated Assessment and Modelling
of the Spatially Explicit Perceptions
of Social Demands for Ecosystem
Services

Rositsa Yaneva and Joan Cortinas Muñoz

Abstract In the context of global environmental changes, the endeavours to reach
both natural and social sustainability become more and more debated. Speaking of
regional development and realization of economic intentions, the impact on the bio-
diversitymust be considered. The local communities, however, might disregard some
interventions that affect the environment when trying to reach better socio-economic
status. In this paper, we intend to explore the social demands for ecosystem services
in terms of the construction of an open-pit mining project in the semi-arid South-
ern Arizona. By conducting qualitative assessment via survey-based investigation,
we couple the preferences of the ecosystem services beneficiaries (ESBs)—local
environmentalists and local residents, with natural-based parameters. The research
outcomes help to identify the most important ecosystem services reliant on water
resources. The generated supply/demand maps reveal a spatial understanding on
the ecosystem services in regards to the hypothetical judgements of the involved
participants (ecosystem services beneficiaries). In addition, the importance and the
application of the ecosystem services concept in nature-based solutions are high-
lighted.

Keywords Ecosystem services · Social perceptions · Quantitative evaluation ·
Stakeholders ·Mapping

Introduction

Nowadays both researchers and practitioners are keen to provide smart solutions and
to apply multidisciplinary explanations in the environmental research. The myriad
applications of the ecosystem services (ES) concept prove its integration into the
decision-making process by transforming knowledge on non-political objects such
as the human–environmental interactions, and making them significant in policy and
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practice. Interestingly, throughout the communication with people having different
demographic profiles and education degrees,we can define the levels of appropriation
of the concept. In this research, we conducted survey-based assessment in the region
southeast of Tucson (Arizona, USA), developed in the period July–December, 2016.
Arizona is known as state of the ‘Five C’s’ (cattle, cotton, copper, citrus and climate)
and has leading position in extraction of minerals and copper in the USA. On the
other hand, in such area, where the environmental balance is so fragile and extreme
weather events occur on regular basis, the dimensions of a mining project’s impact
go further the socio-environmental concerns. Debates over the construction of a new
copper mine (open pit) continue to present date.

In order to obtain information on the people’s perception for the importance of
the ecosystem services and given different scenarios for water availability, we pre-
pared a survey questionnaire that was initially disseminated to experts from local
environmental non-profit organizations, groups, centres and to state/federal service
agencies. On the next stage, a second questionnaire was distributed among locals, as
we believed that locals, having indigenous knowledge about the surrounding land-
scape, would provide truthful information. The research outcomes resulted in maps
of the perceived demands for ecosystem services.

Social Demands for Ecosystem Services

‘Unique Water of Arizona’

The local population in Tucson promotes year-round nature conservation activities
and environmental education for a healthy Tucson community. There are number of
activists and eco-movements and people convey their willingness to keep the desert
landscape the way it is. The planned site for the Rosemont Copper mine is situated
within the Pantano Wash watershed and encompasses the Cienega Creek (Fig. 1).
That landscape iswell knownamong the conservationists for its ‘outstandingquality’,
where the riparian vegetation and biodiversity represents the original biodiversity
in Tucson area before 1900. The Cienega Creek is recognized as ‘Unique Water
of Arizona’ (Fonseca et al. 1990) and is an endangered cultural landscape (Pima
County 2004; Sonoran Desert Conservation Plan 2004). The case study territory is
dominated by grasslands with mesquite shrubs—89.03%, and in the highlands of
the watershed, there are pine oak woodlands species—8.86% (Table 1). In addition,
within the case study area the important wildlife corridors Coronado National Forest,
Saguaro National Park and Las Cienegas National Conservation Area intersect.

In Southern Arizona and specifically the area south of Tucson, there is a rapid
real estate construction and urban expansion (Schneier-Madanes et al. 2016). The
development pattern projected for 2045 indicates that population and housing den-
sity in the urban fringe will increase much faster than the urban core (2045 RMAP
Land Use Technical Report). Given the water resources availability and the sensitive
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Fig. 1 Upper Pantano wash and Cienega Creek watershed—case study boundaries
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Table 1 National Land Cover Dataset 2012, percentage of the watershed territory

Land cover classes % acres [ac] % acres [ac]

Open water 0.004 13.51 Mixed forest 0.17 589.76

Developed, open space 1.11 3933.06 Shrub/scrub 88.18 313019.63

Developed, low
intensity

0.26 914.55 Grassland/herbaceous 0.85 3010.24

Developed, medium
intensity

0.13 473.49 Pasture/hay 0.003 11.38

Developed, high
intensity

0.004 12.58 Cultivated crops 0.04 143.42

Rock/sand/clay 0.22 781.70 Wetlands 0.10 341.23

Deciduous forest 0.002 8.73 Emergent herbaceous
wetlands

0.07 256.88

Evergreen forest 8.86 31449.06

ecological state of the area, the footprint over the biodiversity will be even greater.
Improper ranging practices, housing development, deteriorating, land degradation,
habitat fragmentation and biodiversity are some of the economic and ecological pres-
sures that entail the concentrated efforts of scientists, government agencies, NGOs,
ranchers and local residents.

Assessment and Mapping Approach

The methodological framework in the present research has been set over several
investigation approaches. The ES concept lines up with a toolbox of technical meth-
ods where the socio-environmental input can be successfully integrated, as presented
in Burkhard et al. (2013), Castro et al. (2015), García-Nieto et al. (2013). The human
activity has twofold impact over the environment. It could be regarded at the same
time as main driver for disturbances and as a structural landscape component. There-
fore, the landscape is observed as the place of interactions between the humans and
the environment (Bastian et al. 2012, 2014).

The qualitative assessment of the ecosystem services iswidely used in both the sci-
entific and practical domain (Burkhard et al. 2012; García-Nieto et al. 2013; Koschke
et al. 2014; Sherrouse et al. 2014; van Vliet et al. 2010). Based on the expert-based
assessment and strategic sampling of groups of stakeholders—ecosystem services
beneficiaries (ESBs), the importance, provision and demand for ecosystem services
can be identified. Later, we transferred the survey results into GIS and by means of
thematic mapping and geospatial analysis tools the qualitative data was visualized
into maps.

Initially, a qualitative stratification and strategic sampling of groups of ESBs were
made and two different questionnaires per each group were designed (Appendices
1–2). It is important to point out that the questionnaires are anonymous, no per-
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sonal data has been collected, the given answers are based on personal judgements
and do not represent any institutional position. The research participants were cat-
egorized in: (1) experts—local environmentalist, conservationists, water managers
and ecologists involved in water programmes, and (2) locals—the population living
within the watershed. Although the applied purposive identification does not meet
the requirements for statistically significant sampling, yet it is still reliable as the
participants provide meaningful contributions regarding the context of the investiga-
tion (Polkinghorne 2005). Our goal was to collect as many answers as possible and
for the period August–December 2016 we realized face-to-face and by telephone
interviews with 29 professionals (Table 2). The questionnaire was developed in two
parts: Part A—general demographic information and Part B—ecosystem services
assessment. In Part B, the expert respondents were asked to assess the importance of
the ecosystem services in 4-point Likert scale (1–4) and to rank them in order starting
from the most important. We were also seeking for their opinion on hypothetically
the most affected ecosystem services given four different water availability scenarios
(no water flow, low water flow, high water flow and flood). Finally, we presented a
map of the watershed andwe asked the experts to identify the locations where there is
a specific demand for ecosystem services, i.e. the provision of the ecosystem services
does not meet the demand for them.

The questionnaire was filled by 29 experts through online and in-person meetings
and/or by phone. Later on, we transferred the survey results in GIS and created
maps. That approach was used in the second stage of interviewing when we aimed
to approach people living in the vicinity of the proposed copper mine site. A second
questionnairewas developed anddisseminated in two settlements in thePantanowash
watershed—Rincon Valley (downstream; 5139 inhabitants) and Sonoita (upstream;
818 inhabitants), as considered being potentially the most affected by the open-pit
mine.

Considering the unfamiliarity of the locals with the ES concept, a different
approach was applied and the aim was to reach specific demographic profiles1 of
people living within the watershed. First, it was necessary to present the scientific

Table 2 Profile of ecosystem stakeholders—expert group

National/Federal (n = 8)

Nature Conservancy, BLM, US Fish & Wildlife Service, US Forest Service, National Park
Service

State (n = 6)

Tucson Audubon Society, Sky Islands Alliance, Sierra Club, Center for Biological Diversity

County (n = 15)

Pima County, PAG, WRRC, University of Arizona, Sonora Institute, Save the Scenic Santa
Ritas, Southwest decision resources, Friends of the San Pedro River, Watershed Management
Group

1The demographic information is derived from the open-access public database found in http://
www.city-data.com/city/Arizona3.html.

http://www.city-data.com/city/Arizona3.html


378 R. Yaneva and J. Cortinas Muñoz

Table 3 Interviewee’s demographic profile—locals (non-experts)

Sonoita (n = 9) M F Rincon Valley (n = 10) M F

Education Primary – – Education Primary – –

High 1 2 High 3 –

College 4 2 College 3 4

Residency Local 2 4 Residency Local 5 1

Non-local 3 – Non-local 1 3

terminology and technical language of the survey data into more recognizable form.
The two settlements—RinconValley and Sonoita are both highly dependent onwater
resource availability. In such semi-arid environment and water-scarce region, water
for domestic use and agriculture is delivered only from private and/or shared wells.
By that mean of public participation, the local knowledge served for verification of
an expertise based on scientific and practical information and can also reduce uncer-
tainties (Grêt-Regamey et al. 2013; Presnall et al. 2014). The integration of expert
judgments into spatial models can initiate dialogues for ecological and institutional
changes in the process of natural resource management (Redpath et al. 2013; Cote
and Nightingale 2015).

To build the demographic profile network, gender, education and place of resi-
dence have been considered as the socio-demographic variables that have important
impact on the cognition and perceptions regarding a socio-environmental conflict
(Table 3). Gender is related to the overall social engagement and positions of the
individual in the decision-making processes (Kelemen et al. 2015; Villamor et al.
2014). Educational level influences the ecological knowledge, including perceptions
over the climate change that people appropriate (Blayac et al. 2014; Sanogo et al.
2016; Zoderer et al. 2016). The resident’s sense of place is recognized as a vari-
able that affects public support for programmes concerning nature conservation and
protection.

On a later stage, a map of the watershed was presented to the experts and they
were asked: (1) to point out the places where, according to their personal judgements,
there is a specific demand for ecosystem services and (2) to identify the services. That
approach was driven by hypothetical judgements and outlinedwater flow regulation,
recreation and tourism, natural heritage and natural diversity as the most threatened
and most ‘needed’ services.

Importance of the Ecosystem Services

The approach of qualitative assessment relies on data collected through interviews.
Therefore, the participants’ responsiveness and the significance of the information
are both essentially important and crucial for the research development. The dis-
tributed questionnaires yield results that were later used in order to allocate demands
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for ecosystem services. Experts outlined as the most important (Fig. 2), the ES
Freshwater provision2 (65.52% from the total response), water flow regulation3

(62.07%), Recreation and tourism4 (65.52%), and Natural heritage and natural
diversity5 (62.07%). Interestingly, based on the expert’s judgements, there is sim-
ilarity in terms of importance for provisioning and cultural services—freshwater
provision and recreation and tourism. Despite the different scores, the services have
been rated with, that outcome indicates areas in the watershed—ecosystem services
hotspots,where specialmanagement attention is needed.Hence, the applied approach
subtlest support to the nature conservation initiatives and confirms the ecological val-
ues of the Upper Pantano wash and Cienega Creek watershed.

Regarding the results obtained by interviewing locals, we notice a slight differ-
ence in the responses, but rates keep the same trend (Fig. 3). The most important ES
is freshwater provision, having prominent number of response—85.71%. Water is a
basic natural resource and in the semi-arid environment people appreciate its impor-
tance for health, thrive and for daily routine. Therefore, the ranking is followed by the
ES food from agriculture and livestock. In this water-scarce region, ranching is a
traditional and emblematic sector in the local economy and the agricultural activi-
ties need to be secured with water. On the other hand, the recreational and aesthetic
values of the landscape have been also evaluated as important benefits provided by

Fig. 2 The most important ES and the scores given to each service according to the experts’
perceptions

2Freshwater provision—used freshwater for drinking, domestic use, industrial use, irrigation, etc.
3Water flow regulation—maintaining the water cycle features, e.g. water storage and buffer, natural
drainage.
4Recreation and tourism—outdoor activities and tourism related to the local landscape.
5Natural heritage and natural diversity—the existence value of nature beyond economic benefits.
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Fig. 3 The most important ES and the scores given to each service according to the locals’ per-
ceptions

nature. There is a strong relation and attachment of the local residents to the place
as they can ‘feed the emotional and physical health’ (woman, ~60 years old), and
provide ‘mental relaxation’ (woman, ~30 years old).

The spatial analysis approaches and tools provide information about the spatial
distribution and allocation of the defined services. One of the main advantages of this
method is the opportunity to represent and visualize data collected via field surveys
and some empirical estimates in GIS. The data processing and the elaboration of
maps were realized under ESRI ArcGIS platform. The experts’ hypothetical judge-
ments have been linked into GIS, allowing to integrate spatial data and to perform
further geo-statistical analysis. That output represents robust predictions on automat-
ically selected cells from the raster dataset. Considering the limited data (number of
responses), we applied spatial interpolation using raster and feature datasets by dif-
fusion kernel method. The resulted density map (Fig. 4a) represents the distribution
of the demands for ecosystem services according to the experts’ perceptions.

Given the assumption that the highest provision of the ecosystem services is
allocated along the riparian area of Cienega Creek, the specific demand for ecosys-
tem services has been outlined by the identified places where the functioning of
the ecosystems bears certain disturbances. The allocation of the ecosystem services
demands reveals that the southern parts of the watershed are characterized with lower
scores than the northern parts, encompassed within conservation areas. The overlay
analysis shows that the land cover classes underlaying the distributed services refer
to grasslands, croplands, wetlands, shrubs and forests (upstream) as well as to the
developed territories around Rincon Valley and Sonoita (Fig. 4b).
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Fig. 4 Distribution of the demands for ecosystem services—a allocation of the demands for ES
and b Land cover classes within the Upper Pantano Wash watershed

Conclusion

The integration of multidisciplinary approaches in a complex socio-environmental
conflict requires certain flexibility and tackling between many perspectives. The
traditional knowledge is considered to be a driver for collaborative work that will
strengthen the community values. Such comprehensive investigation gives valuable
insights over different components of public participation. However, still challenging
remain the questions on how to communicate science and how to deliver information
to the affected communities.

The survey questionnaire was distributed to more than 40 local environmental-
ists and scientists, by following the ‘refer to a friend’ approach. Yet, a detailed and
complete analysis of the sociocultural factors that form the ESBs choices has the
potential to present better understanding of peoples’ preferences. An advantage of
the applied questionnaire is that we managed to collect valuable insights regarding
the way people perceive the ongoing investment projects southeast of Tucson. On
the other hand, the research findings raised the matter of the used ES terminology
that should be regarded in a more critical way as it provokes bias in the results. Both
experts and non-experts have difficulties interpreting information in the framework
of an abstract concept. By bringing forward the importance of smart geospatial solu-
tions, the benefits of the application of GIS-based modelling approach, supported by
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the elaborated maps, have significant contribution and eases the analysis throughout
the entire research process.

The complex character of a socio-environmental conflict, such as the construction
of an open-pit mine in a water-scarce region, sets prerequisites for an integrated
analysis when the environmental and social resilience is concerned.

A survey-based assessment conducted through interviews with ecological conser-
vationists, biologists, hydrologists and experts involved into the watershed planning
and environmental management was the approach used for qualitative assessment of
the demand for ecosystem services. By integrating the public opinion in the human—
nature communication, some drawbacks in the dialogue between science and practice
could be highlighted. In the present research, we would also like to place focus on
the ‘language’ of communication that was sometimes ambiguous and troubled locals
when asked to provide sound insights for environmental issues.

The elaborated maps played an important role as they mediated the expert-based
opinion, allowed to visualize the perceptions and allocate the demands for ES.
Undoubtedly, the most important benefits provided by that sensitive landscape is
freshwater provision, but the socio-economic benefits still play an important role in
forming preferences for the area.
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Appendix 1: Questionnaire—Experts

Ecosystem Services Assessment

Assessment of the benefits provided by the Pantano Wash and Cienega Creek
watershed (Southern Arizona) (Fig. 5) regarding different water availability
scenarios.

All responses are anonymous. There is no ‘right’ answer, so please let us know
what your opinion/perception is through this survey.

Estimated time to fill out the survey: 15 min.



Integrated Assessment and Modelling of the Spatially … 383

Fig. 5 Investigated area of the Pantano Wash watershed and Cienega Creek

Part A.

1. Where do you live? (city/town, state)? 
…………………………………………………………………………………………….... 

2. Have you visited the Cienega Creek or Pantano Wash watershed? 
……………………………………………………………………………………………… 

3. How close to the watershed do you live (area in Figure 1)? 
.……………………………………………………………………..………………………. 

4. How long have you lived in the area? 
…………………………………………..………………………………………………..… 

5. What is your occupation?
……………………………................................................................................................... 
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6. What geographic location do you identify yourself most with? (Chose only 1):  
From your county/town 
From Arizona
From USA
Other (please specify) …………………………

7. What is your education? 
None 
Primary school 
Secondary school 
High school 
University/College 

8. How did you receive this questionnaire? (online/in person interview)?
……………………………………………………………………………………………. 

Part B.

I. Ecosystem services perceptions
Nature provides resources from which people, directly or indirectly, benefit of

and the ecosystem services are the benefits people derive from the ecosystems.
These include provisioning services such as freshwater, timber, fiber, etc.; regulating
services that contribute to the air quality, floods, disease control, water quality, etc.;
and cultural services that represent the cultural heritage, recreational activities, spir-
itual benefits, etc.

1. Do you think the Pantano Wash and Cienega Creek watershed provide benefits that 
contribute to human wellbeing of the region? How many benefits? 

Very little to none
Few 
Many  
Very many 

2. Can you evaluate some potential benefits in the boxes below? 

Which of the following do you think are themost important benefits and contri-
butions (ecosystem services) for maintaining well-being or quality of life of people
living or visiting Pantano Wash and Cienega Creek watershed (Fig. 5).
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Ecosystem benefits
(see Fig. 6)

Choose 4 of 11 ES
and rank:
(1) Least important;
(2) Somewhat

important;
(3) Very important;
(4) Most important

Why are they
important? (describe
with 1–2 words)

Using the four ESB
you chose: In the last
10 years, would you
say each has
(1) Decreased;
(2) Remained the

same;
(3) Increased;
(4) Don´t know

Freshwater provision
(A)

Food from
agriculture and
livestock (B)

Mineral resources
(C)

Alternative energy
(hydropower,
windmills, etc.) (D)

Local climate
regulation (E)

Water flow regulation
(F)

Water purification
(G)

Erosion regulation
(H)

Regulation of waste
(I)

Recreation and
tourism (hiking,
birdwatching, etc.)
(J)

Landscape aesthetic,
amenity and
inspiration (K)

Religious and
spiritual experience
(L)

Natural heritage and
natural diversity (M)

3. From the most important for you, choose only 2 and list them in the box below.
How do you think they have changed? (worse, no change, better or don’t know)
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Ecosystem benefits How has the supply of this service changed in the last 10 
years?
(worse (1), no change (2), better (3), don´t know (4) 

4. Are there any other important benefits provided by this area? Which? 
……………………………………………………………………………………………… 

II. Water Flow Perception

1. Have you heard of the Rosemont mining project?  YES NO
2. (If YES) Do you think that this project will positively or negatively affect the benefits 

that people obtain from the water resources?
Positively
Negatively

3. Choose only 2 benefits (ecosystem services) from the Benefits panel in the table below 
that you think will be most affected by the water flow availability? 

Water flow Benefits negatively affected.
Choose up to 2, if any, contributions
and give them a 1 (min) to 10 (max)

Benefits positively affected.
Choose up to 2, if any, contributions
and give them a 1 (min) to 10 (max)
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Appendix 2: Questionnaire—Locals

Ecosystem Services Assessment

Assessment of the natural resources provided by the Pantano Wash and Cienega
Creek watershed (area southeast of Tucson).

There is no ‘right’ answer.
All responses are anonymous.

Part A.

9. Where do you live? (city/town, state)? 
…………………………………………………………………………………………….… 
10. How long have you lived in the area? 
……….……………………………………………………………………………………… 
11. What is your occupation? 
…………………………………………………………………………………………….. 
12. What geographic location do you identify yourself most with? (Chose only 1):  

From your county/town 
From Arizona
From USA
Other (please specify) ………………………… 

13. What is your education? 
None 
Primary education
High education 
University/College Major: 
……………………………………………………………. 

Part B.

1. Thinking about that specific place (point on map), do you value it, because: 
- Floods don’t occur there and water is well stored

........................................................................................................................................... 
- You can go hiking, spend your free time and do other leisure activities

……………………….……….......................................................................................... 
- Nature is diverse and unique 

........................................................................................................................................... 

2. Do you agree that the contributions of the nature from the previous question are the 
most important (enclosed in the watershed) for the well-being?
……………………………………………………………………………...…………………… 
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3. Would you say that you have noticed a (1) decrease or (2) remained the same or (3) 
increase, or (4) don’t know? 

- In terms of floods and water storage? 
…………………………………....................................................................................... 

- In the possibilities for hiking and leisure activities? 
……………………………………………………………………….………………….. 

- In terms of natural diversity? 
........................................................................................................................................... 

- In the fresh water demand? 
………………………………………………………...….……………………………... 

4. Have you heard of the Rosemont mining project?  YES NO
5. (If YES) Do you think that this project will positively or negatively affect the 

contributions of the nature and the natural resources? 
Positively Negatively

Can you tell me with a few words why? 
…………………………………………………………………………………………………
………………………………………………………………………………………………… 
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Flood Regulating Ecosystem
Services—Mapping and Assessment Tool
Based on ArcSWAT Output Data

Petar Nikolov and Stoyan Nedkov

Abstract The ecosystem services (ES) are strongly related to the humanwell-being,
and their mapping and assessment is among the main challenges. The regulating
ecosystem services are not consumed directly by the society or the beneficiaries,
but they offer important benefit. Flood regulation is such type of service which can
mitigate or prevent the risk of the most frequent nature disaster in Europe. The paper
presents an approach formapping of flood regulating based on hydrologicalmodeling
and GIS tool. The tool is designed as ArcGIS script, connected with the ArcSWAT
database. Three parameters derived from the hydrologic moldering results for each
Hydrologic Response Unit are used as indicators to define the flood regulation capac-
ity. The tool extracts the necessary data from the ArcSWAT results by user selected
day, month and year and transforms them into qualitative estimations. The results
are presented in form of maps of flood regulation ecosystem service in the case study
area of Ogosta river basin.

Keywords Flood regulation · Ecosystem services · ArcSWAT · ArcMap ·
Mapping · Assessment ·Modeling · Ogosta

Introduction

Flood protection is one of themost important regulating ecosystem services (ES) that
may increase or reduce the negative effects of water-related disasters. Forests espe-
cially provide natural hazard mitigation and water regulation services by reducing
flood-danger, preventing damage to infrastructure and influencing water retention
capacities (de Groot et al. 2010). The human benefit of flood regulating ecosystem
service provision is flood-damage mitigation and finally, the protection of human
properties (Fisher et al. 2009; Boyd and Banzhaf 2007). The latter being part of the
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demand side of ecosystem services. Fisher and Turner (2008) state that ecosystem
services just contribute to other flood mitigation measures based on, e.g., capital or
dykes. In Chee (2004), flood regulation is based on “moderation of weather events,
regulation of the hydrological cycle and maintenance of coastal and river channel
stability” which all are part of the “stabilizing ecosystem services”. The regulating
role of wetlands, floodplains, and coastal ecosystems is usually emphasized (Ming
et al. 2007; Posthumus et al. 2010) but it is also important to pay attention to the
functions of other ecosystems throughout river basins which control the processes
of water balance (Pert et al. 2010).

Forests, grasslands, and wetlands are ecosystems with a high capacity for regulat-
ing thewater flows. The areas, wherewater is not properly regulated by the ecosystem
(e.g., in cities, where the natural water cycle is often interrupted by impermeable sur-
faces), there is a much higher risk of such fluctuations, potentially leading to flooding
or water shortages (Burkhard and Maes 2017). Floods are the most common natural
hazard events in Europe with the potential to cause huge damages and economic
losses. Therefore, the interest toward alternative and mostly cheap damage control
solutions increases (Barredo 2007).

The regulating ecosystem services are not directly consumed as goods by peo-
ple but they provide many direct benefits by keeping a safe and habitable environ-
ment. Unlike many provisioning ES, flood regulating ES cannot be supplied and
imported from remote areas. Service providing areas (SPAs) and service benefiting
areas (SBAs) need to be physically connected (e.g., by a water body or stream) or
located in the same functional unit (e.g., a watershed). The “flow” of flood regulating
ES takes place by spatial units that are able to capture excess water (e.g., from torren-
tial rain) and to regulate the surface water runoff contributing to floods. Humans and
their properties benefit from this regulating ES flow by lower amounts of floodwater
reaching the SBA. The ES demand exceeds the supply in case of flood hazards. Land
use change (e.g., afforestation) in the SPAs can help to increase flood regulating ES
flows.

Therefore, it is important to understand the ecosystem processes fundamental for
flood regulation ecosystem service and what the spatial characteristics and quan-
titative indicators are. Based on these indicators qualitative assessments are made.
Using the qualitative values it is possible to assess and map the ecosystem service.
However, the processes and the indicators are not identical or equally distributed
through the territory, i.e., different ecosystems have different functions and therefore
also different capacities to provide ecosystem services (Burkhard et al. 2009, 2012).
Therefore, in order to simplify the mapping and assessment of the services only
major and specific processes are selected to avoid complications.

Since these regulating ecosystem services do not provide material goods, that
could be evaluated with approximately reliable values like wood production for
example, the mapping of these services is based on potential of the ecosystems
to providing the service. A mapping of flood regulation ecosystem service supply
and demand in the SPA and SBA could be made, based on basins, subbasin, and
land cover data. However there are other major factors like soil cover, slope, and
aspect. Furthermore in this case for generating quantitative indicator values addi-
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tional researches are required. Popular solution is the usage of specialized hydrologic
models such as KINEROS (KINematic Runoff and EROSion model), SWAT (Soil
and Water Assessment Tool), STREAM and hydraulic models such as HEC-RAS
(Hydrologic Engineering Center) in combination with GIS-based interfaces such as
AGWA (Automated Geospatial Watershed Assessment) and ArcSWAT. The models
require a large amount of data in the period of significant time gape. However, they
could generate the reliable parameter values for indicators like evapotranspiration,
surface runoff, or water yield, which could be used for flood regulation ecosystem
services assessment (Nedkov and Burkhard 2012; Stürck et al. 2014).

In this chapter, we present an approach for mapping and assessment of flood reg-
ulation ecosystem service, based on the output of the GIS-based hydrologic model
ArcSWATand a Python-basedArcGIS tool. The tool assesses scores based on indica-
tors derived fromHydrological RespondUnits (HRU),which are unique combination
of land cover, soil cover slope, and location. It enables to visualize the assessments
results for each flood event chosen by the user (with a selective day, month, and year,
based on the ArcSWAT input data). For this purpose we put two main objectives:
(1) to apply the GIS-based ArcSWAT hydrologic modeling tool in the case study
area, and (2) to develop automated flood regulation ecosystem service assessment,
which determinates the potential of the different Hydrologic Response Unit (HRU)
to supply these service.

Materials and Methods

Study Area

The study area (Fig. 1) is a part of the Ogosta river basin, North West Bulgaria. The
basin’s area is around 51798.5 ha and elevation between 202 and 2009 m. The mean
slope values of the rivers are between 17% (river Chiprovska) and 7.4% (downstream
area of the main river Ogosta).

The climate is temperate-continental characterized by relatively warm summers
and cold winters. The mean annual temperatures are between 10.1 and 11.1 °C. The
annual precipitation varies with significant differences. At the North hill parts of
the basin the annual precipitation values are between 600 and 800 mm. At the low
mountain parts they reach 900 mm and at the high mountain parts—1000 mm. The
area has a precipitation maximum during the spring–summer season and a minimum
during the winter.

The soils in the Ogosta basin are presented by several soils types. The dominant
soil type at the lowmountain parts is Luvisols (LV, FAO, 1998). They are represented
by subtype Albic Luvisols (La), Chromic Luvisols (Lc), Calcic Luvisols (Lk), and
Orthic Luvisols (Lo). Rankers (U) and Lithosols (I) cover a large part of the area.
Fluvisols (Eutric Fluvisols—Je, Thionic Fluvisols—Jt) covers the areas alongside
river valleys (Kotsev 2003).
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Fig. 1 Case study area Ogosta basin

Hydrological Modeling

ArcSWAT is river basin/watershed scale model developed to predict the impact of
land management practices on water, sediment, or agricultural yields in large com-
plexwatershedswith varying soils, land andmanagement conditions over long period
of time. SWAT requires specific information about topography, land management
practices, vegetation, soil properties, weather in the watershed. The physical pro-
cesses associated with water movement, sediment movement, crop growth, nutrient
cycling, etc., are directly modeled by SWAT using input data. The watershed may
be partitioned into a number of subbasins. The input information for each subbasin
is grouped or organized into the following categories: climate, hydrologic response
units (GRUs), ponds/wethlands, groundwater, and the main channel draining the
subbasin. HRUs are lumped land areas within the subbasin that are comprised of
unique land cover, soil, and management combinations (Winchell et al. 2010).

The required spatial data for ArcSWAT model includes a digital elevation model
(DEM), soil, and land cover data. The DEM data were required for delineating the
watershed. The soil and land cover data are used with the DEM to define the HRUs.
Free DEM data of 12 m resolution is obtained from ALOS PALSAR. The soil data
are obtained from the Bulgarian Soil Resources agency. The land cover data are
obtained from the Ministry of Agriculture and Food.

There are ten land cover classes in the case study area. The original land cover
system (CORINE Land Cover—CLC) is reclassified to Land Use and Land Cover
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(LULC) classification needed for runningArcSWATsimulations (Table 1). Therefore
61.6% of the case area is covered by Forests and 20.52% is under agricultural use.

The original soils data is in form of a polygon vector data, created by combination
of cadastre data and United Nations Food and Agriculture Organization (FAO) data.
The case area has 14 different main soil types of FAO classification (Table 2) and 34
FAO soil classes. Default ArcSWAT database includes the US soil data. Therefore,
FAO data tables have been imported. Every soil unit has a unique value, referring to
a specific FAO soil type in the default ArcSWAT database. For instance, if the value
of a polygon is 5896, that polygon or soil mapping unit has index I-2b-5896.

Temporal data is essential for ArcSWAT simulations. In this study, daily rainfall
data of 10 different rain-gauges are used for the period between 01.01.2000 and
01.01.2006. Solar radiation, temperature, wind speed, and humidity data were sim-
ulated via ArcSWAT weather generator. The highest rainfall values are in the period
07.08.2005, and the highest rainfall values of the period is on 06.08.2005, where the
rainfall values of the gages are between 25 and 93 mm.

For running ArcSWAT properly it is necessary to have data for a long time period
for a reliable simulation and generated data, even if the user needs a simulation for a
shorter period. The accuracy of the computation is depended on the data accuracy and
scale. In this case we use data for a time period between 01.01.2000 and 01.01.2006
and we ran ArcSWAT for 08.2005.

The first step is to delineate the watershed. For this purpose, ArcSWAT uses the
DEM to determine the location of the streams, the flow direction, and accumulation.
Watershed discretization created 29 subbasins of the case area of 37144.81 ha. In
the second step, ArcSWAT defines three slope classes: 0–15, 15–35, and above 35
(Table 3). The highest slope values are located at the upper parts of the study area,
while the other classes are located at the middle and low elevation sites of the area.

The third step is to input the land cover and soil cover data. After that in the
fourth step using the subbasins, land cover, soil cover, and slope data ArcSWAT
generates the Hydrologic Response Units—HRUs (2759 types in total). The HRUs
are represented with a polygons created by the hydrologic model. The HRUs have a

Table 1 Land cover
classification and area
percentage

LULC code LULC name Percentage

AGRL Agricultural land—Generic 20.52

FRSD Forest deciduous 36.90

FRSE Forest—evergreen 0.81

FRST Forest—mixed 23.89

ORCD Orchard 0.41

PAST Pasture 3.34

RNGB Range—brush 2.05

RNGE Range—grasses 9.24

UIDU Industrial 0.76

URML Residential-Med/Low Density 2.09
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Table 2 Soil classification
and area percentage

Soil code Soil type Percentage

Bd Dystric Cambisols 2.77

Be Eutric Cambisols 8.64

Ch Haplic Chernozems 0.66

E Rendzinas 1.56

I Lithosols 23.00

Je Eutric Fluvisols 6.21

Jt Thionic Fluvisols 2.81

La Albic Luvisols 9.52

Lc Chromic Luvisols 2.68

Lk Calcic Luvisols 5.22

Lo Orthic Luvisols 13.39

Rock Rock 2.30

U Rankers 19.46

We Eutric Planosols 1.77

Table 3 Slope classification
and area percentage

SLOPE class Percentage of the study area

0–15 22.1

15–35 43.64

35–9999 35.27

unique name generated of the combination of the 1. Subbasin, 2. LandCover Code, 3.
Soil Code, and 4. Slope Value. For example HRU 17_FRSD_U3-2c-6637_35-9999
is located at Subbasin 17 and it is a combination of Deciduous Forest (LULC class
FRSD), Rankers (U3-2c) and slope value above 35. The fifth step is to input the
temporal data.

At the end, we ran ArcSWAT to generate result for the period between 01.08.2005
and 30.08.2005.

Indicators for Flood Regulation ES Assessment

Ecosystem service indicators are used tomonitor the state or trends of ecosystems and
ecosystem service delivery within a determined time interval (Burkhard and Maes
2017). For the purpose of the study we selected three indicators related to flood
regulation ecosystem service: actual evapotranspiration, surface runoff, and water
yield. The parameters of the indicators are generated via ArcSWAT and obtained
from the model result tables.
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Actual evapotranspiration in SWAT is calculated as evaporated rainfall intercepted
by the plant canopy, themaximumamount of transpiration, and themaximumamount
of sublimation/soil evaporation. The actual amount of sublimation and evapotranspi-
ration from the soil is then calculated. Only when no snow is present will evapotran-
spiration from the soil takes place. Higher amount of evapotranspiration indicates
lower capacity for flood regulation and vice versa.

Surface runoff, or overland flow, is flow that occurs along a sloping surface. Using
daily rainfall amounts, SWAT simulates surface runoff volumes and peak runoff rates
for each HRU. High amount of surface runoff indicates that the ecosystem retains
less water through its structure, therefore the capacity for flood regulation is low.

Water yield is the net amount of water that leaves the subbasin and contributes
to stream flow in the reach. High amount of water yield indicated low capacity for
flood regulation and vice versa.

A Tool for Mapping and Assessment of Flood Regulation ES

Biophysical methods for the assessment of water flow regulation are based on quan-
tification of different parameters of biotic and abiotic structures and can be divided
into three main categories according to the character of the measurement and how
the necessary information is extracted (Vihervaara et al. 2018). These are direct mea-
surements, indirect measurements, and modeling methods. For this study, we apply
ArcSWAT as modeling method for generating parameters needed for ecosystem ser-
vices assessment. The parameter for indicator actual evapotranspiration is evaporated
water per day (mm H2O/day). The parameter for the indicator surface runoff is the
amount of the water flow per day (mm H2O/day) and the parameter for water yield
is quantified in water contribution per day (mm H2O/day). The quantitative values
are used to generate qualitative estimations between 1 and 5 where: 1 stands for
low relevant capacity for flood regulation, 2 for relevant, 3 for medium relevant, 4
for high relevant, and 5 for very high relevant capacity. Using this scale, the results
will be more understandable and easy to represent and visualize. Based on these
assessments, estimation values representing the capacity of ecosystem services are
calculated. For this purpose, we use the ArcSWAT result table, regarding the HRUs.
For each HRU there is information for a number of different indicators including the
specified ones.

Therefore the ArcSWATHRUs result table includes a large amount of daily infor-
mationwhich is difficult to read and visualize. For example, if the user runsArcSWAT
for a time period of a month, the result table will have data for each HRU for each
day. In this case it will generate 2759 table rows, representing the HRUs, multiplied
by 28–31, representing the days of the month.

In order to simplify the assessment and mapping of flood regulating ecosystem
service a tool is created, which extracts data for the specified indicators from Arc-
SWAT results for a user preferred date. After that the tool automatically generates
the described qualitative values for the parameters and the actual flood regulating
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assessment. The tool is based on Python and ArcPy and it runs like a tool of the Arc-
Catalog with a simple dialog window (Fig. 2). There are two main steps for running
the model: user operations, and model operations.

The user operations follow the steps of connecting the tool with the ArcSWAT
output folder by selecting the location of the output database (option “table” in
Fig. 2), choosing a preferred folder for the generated results (option “folder” in Fig. 2)
and choosing a date (option “year, month, day” in Fig. 2) based on the ArcSWAT
result data. The model operations have two major steps: Extracting information and
Ecosystem service assessment.

At the first step, the model creates a new empty geodatabase in the selected folder.
The model extracts information related to the specified indicators for the selected
date only and imports it in the created geodatabase. The information is represented by
a geodatabase table which could be joined with the HRUs for visualization purposes.
The geodatabase table has a name representing the selected date. For example geo-
database table with a name hru200586 represents date 06.08.2005 (dd/mm/yyyy).
Therefore, the user could create multiple tables for different dates in the same geo-
database without losing information.

At the second step the model runs a qualitative assessment of the flood regulat-
ing ecosystem service via biophysical method based on three indicators and their
quantitative parameters:

Actual Evapotranspiration: Qualitative values between 1 and 5 are calculated
automatically, where 1 represents the minimal quantitative value of the indicator and

Fig. 2 Flood regulation Ecosystem service assessment tool’s dialog window
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5—themaximal. That is, the higher the volumeof evaporated rainfall, the higher is the
assessment value of the indicator. For example, Actual Evapotranspiration indicator
has quantitative values between 0.13 and 0.937 mm for the HRUs for 06.08.2005
(dd/mm/yyyy). Therefore, HRUs with value between 0 and 0.1874 mm have a value
of 1; between 0.1875 and 0.3748 mm have values of 2, etc.

Surface Runoff Contribution: Qualitative values between 1 and 5 are calculated
automatically, where 1 represents the maximum quantitative value of the indicator
and 5—theminimal. That is, the higher is the Surface runoff, the lower is the ES indi-
cator assessment. For example Surface Runoff Contribution has quantitative values
between 0 and 47.183 mm for the HRUs for 06.08.2005 (dd/mm/yyyy). Therefore
HRUs with a value between 0 and 9.4366 mm have ES indicator values of 5; between
9.4367 and 18.8732 mm have qualitative value of 4, etc.

Water Yield: Qualitative values between 1 and 5 are calculated automatically,
where 1 represents the maximum quantitative value of the indicator and 5—the
minimal. That is, the higher the net amount of water that leaves the subbasin and
contributes to stream flow in the reach, the lower is the ES indicator assessment. For
example Water Yield indicator has quantitative values between 0 and 56.676 mm
for the HRUs for 06.08.2005 (dd/mm/yyyy). Therefore, HRUs with value between 0
and 11.3352 mm will have qualitative value of 5; between 11.3353 and 22.6704 mm
will have qualitative value of 4, etc.

The last step of the assessment is the calculation of estimated qualitative value,
representing the ES assessment, calculated of the values of all selected indicators per
polygon/HRU. For example if ES indicator Actual Evapotranspiration has a value
of 3, Surface Runoff Contribution has a value of 4 and Water Yield has a value of 4,
the final flood regulation ES has an estimated qualitative value of 4 for the specific
HRU. The model generates a geodatabase table which can be joined with the HRUs
and visualize the results.

Results

Results of the Hydrological Modeling

The ArcSWAT hydrologic model generated a HRU shape file with 29 subbasins
and 2759 unique HRUs. The subbasins have an estimated elevation values between
275.88 and 1402.14m. The smallest subbasin (Subbasin 10) has an area of 0.024 km2

with just 3 HRUs. The largest subbasin (Subbasin 17) has an area of 42 km2 which is
12% of the study area with 154 HRUs. The largest HRU has an area of 15.615 km2

(Subbasin 17) and the smallest HRUs have an area between 155 and 158 m2. The
majorities of the HRUs (77% of all HRUs) are below 0.1 km2 and they have a total of
44.55 km2, which is 12% of the study area. 20% of the HRUs have an area between
0.1 and 1 km2 and they take 171.85 km2, which is 46.3% of the study area. At the
end 3% of the HRUs have an area above 1 km2 and they take 155.04 km2, which
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is 41.7% of the study area. Therefore the described results of the flood regulation
ES assessment in the next section of the paper are based on the HRUs with an area
above 0.1 km2.

The majority of the HRUs with area above 0.1 km2 are combination between
Forests or Agricultural lands (80% of the study area). Themost frequent combination
is with FAO soil type Rock—66 HRUs with Deciduous Forest (LULC class FRSD)
and 74 HRUs with Agricultural lands (LULC class AGRL), but they have total area
of 1.1 and 3.58 km2. The most frequent slope values are 0–15 and 15–35. The largest
HRUs have combinations ofDeciduous Forest andMixed Forest with Lithosols (FAO
class I-2b-5896)with an area of 67.2 km2 andAgricultural landswith Calcic Luvisols
(FAO class Lk18-2a) with an area of 11.7 km2. They have slope values of 15–35 and
above 35 for the Forest areas and 0–15 for Agricultural lands.

Mapping and Assessments of Food Regulation ES

Themost common estimated capacities based on the indicator actual evapotranspira-
tion (Fig. 3a and Table 4) are relevant (score 2) andmedium (score 3). TheHRUswith
low relevant capacity (score 1) are combinations of Urban Industrial areas (LULC

Fig. 3 Flood regulation ES capacity inOgosta basin according the three indicators (a–c) and overall
score (d)
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Table 4 Distribution of the areas (in percentage) with different flood regulation capacity according
to the three indicators

ES Indicators/capacity 1 (%) 2 (%) 3 (%) 4 (%) 5 (%)

Actual evapotranspiration 0.06 38.66 43.67 4.41 13.21

Surface runoff contribution 6.30 14.93 21.44 37.21 20.12

Water yield 0.90 9.34 26.37 45.19 18.20

class UIDU—Industrial areas) with soil type Rocks (FAO class Rocks) and slope
values of 15–35 and above 35. HRUs with Forest (Deciduous Forest and Mixed
Forest) have relevant (score 2) and medium (score 3) capacity with combination of
Cambisols, Luvisols, Lithosols and all three types of slope values. The HRUs with
relevant capacity are located in subbasins 19, 20, 23, 24, 27, 28 and the HRUs with
medium capacity are located at Subbasins 4, 5, 6, 7, 11, 17, 25, 26, 29. The HRUs
with very high capacity (score 5) according to the results based on the indicator actual
evapotranspiration have mostly Agricultural land with Fluvisols, Luvisols and slope
values of 0–15 as well as Forest areas with Luvisols, slope values of 15–35.

The most frequent estimated capacity for the indicator Surface Runoff Contribu-
tion is 4 (Fig. 3b). The HRUs are represented by Forest areas (Deciduous Forest and
Mixed Forest) with Lithosols, Rankers and slope values of 0–15 and 35. They are
located mostly at the West and Central part of the study area while the HRUs with
value of 5 are located at the North of and Central part of the study area, Subbasins
1–5, 18, 20. The HRUs have again combination of Forest areas (Deciduous, Mixed,
and Evergreen Forests) with Luvisols, Cambisols and slope values of 15–35 and
above 35. The HRUs with low and relevant capacity for this indicator are located
in the downstream areas. They are represented predominantly by Agricultural lands
with Luvisols, Fluvisols, and slope values of 0–15.

The most frequent estimated capacity value for the indicatorWater Yield (Fig. 3c)
is 4. The HRUs are represented by Forest areas (Deciduous Forest andMixed Forest)
withRankers at theWest, Southwest part of the study area andLithosols at theCentral
part. Both have slope values of 15–35 and above 35. The areaswith very high capacity
according to this indicator are related to HRUs with Forest areas (Deciduous Forest
and Mixed Forest), Cambisols at the North part (Subbasins 1, 3, 5), and Luvisols at
the South part of the study area (Subbasin 20). The HRUs with estimated values of
1 and 2 for this indicator are located again in the downstream areas.

The overall results of the flood regulation capacity show that the HRUs with the
lowest estimated ES values (1 and 2) are located downstream at the east part of
the study area and the high ranked HRU’s are located at the high elevated forest
areas at the west part of the study area. Therefore, the qualitative estimations of the
flood regulation ES show decrease of the capacity with the decrease in elevation. In
between, at the central parts of the study area, are located the HRUs with an average
estimated ES values of 3 (Fig. 3d).

The areas of very high capacity (score 5) show an exception of the above-
mentioned rule. There are 43 HRUs with score 5 and they take ~2% of the study area
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(Fig. 3). The results show that they are mainly combination of Forests (Evergreen
Forest, Deciduous Forest and Mixed Forest, LULC classes FRSE, FRSD, FRST)
or Shrubland (LULC class—RNGB), with Luvisoils/Fluvislols (FAO classes—Lc3,
Lo44, Je78, La1) and slope values of 0–15, 15–35, and above 35. They are located
on both sides of river Ogosta’s downstream with elevation around 320 m, before the
influx of Dalgodelska Ogosta (the second major stream in the basin), subbasin 12,
West of the location where the low assessed HRUs are. These HRUs with highest
flood regulation capacity are island like areas surrounded byHRUswith combination
of Agricultural land, Pastures, or Shrubland with Luvisoils and Fluvisols (Thionic
Fluvisols, Calcic Luvisols) and slope values between 0 and 15withmedium capacity.
The HRUs with an very high capacity combined with the HRUs with high capacity
(Forest areas, Luvisols, and slope values of 0–15) are a natural linear borders with
small streams between agricultural lands.

A second area, where HRUswith estimated values of 5 are located, is at the North-
east border of the study area, subbasins 9, 12, and 13. These HRUs have combination
of Mixed Forests or Shrubland (LULC class—FRST, RNGB), Albic Luvisols (FAO
class—La1) and slope values of 15–35 and above 35 at elevation between 500 and
700 m.

The majority of HRUs with an estimated value of 4 are located at the West part of
the study area. Those HRUs take ~46.5% of the study area (Fig. 4). Here at subbasin
17 is located the largest HRU in the Ogosta’s basin with an area of 15.615 km2.
It is a combination of a Deciduous Forest (LULC class FRSD), Rankers (U3-2c)
and slope value above 35 (Unique combination 17_FRSD_U3-2c-6637_35-9999).
Other large HRUs with an ecosystem service assessment of 4 in the same subbasin
have a similar combination of Forests (Mixed, Deciduous and Evergreen, LULC
classes FRSE, FRSD, FRST) with Rankers, Eutric Cambisols (FAO classes—U3-
2c, Be1-2a) and slope values of 15–35 and above 35 and elevation between 1500 and
750 m. Below 750 m are located HRUs with similar combination of Forest areas and
Luvisols (Albic, Orthic) and slope values of 15–35.

Fig. 4 Distribution of the areas (in percents) between the capacity classes in Ogosta river basin
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The HRUs with medium capacity take ~40% of the study area (Fig. 4). The
largest HRU has an area of 6.1033 km2 and it is a combination of Deciduous For-
est (LULC class FRSD), Lithosols (FAO class—I-2b) and slope value of above 35,
located at the central part of the Ogosta’s basin (subbasin 19) with unique combina-
tion—19_FRSD_I-2b-5896_35-9999. The majority of these HRUs are combination
of Forests, Grasslands/Herbaceous and Agriculture (LULC classes FRSD, FRST,
RNGE, AGRL) with Lithosols, Rankers, Fluvisols, Luvisols (FAO classes—I-2b,
U3-2c, Jt3-2a, Je6-3a, Lk18-2a, Lo2-2b, Lo44-1b) and all types of slope values. The
HRUs with LULC of Agriculture have high values of Actual Evapotranspiration (5),
but low/average values of Surface Runoff Contribution and Water Yield (estimated
values of 2 or 3). Forests and Grasslands/Herbaceous with Rankers have low/average
Actual Evapotranspiration values (estimated values of 2 or 3) and good values (esti-
matedvalues of 4) ofSurfaceRunoffContribution andWaterYield.With combination
with other soil types Surface Runoff Contribution and Water Yield values are 2 or 3.

The HRUs with an estimated value of 2 take ~10.5% of the study area (Fig. 4).
They are located at the Central and East parts of the Ogosta’s basin, around the
river’s downstream. The majority of the HRUs are combination of Agricultural land
(~36%), Forests (~35%), Pastures, and Grasslands (LULC classes—AGRL, FRST,
FRSD, RNGE) with Lithosols (~30%) Fluvosols (20%), Luvisols (~16%), and Rock
(10%) (FAO classes—I-2b, Jc1-2a, Je1-3a, Jt3-2a) and all three types of slope values.
The highest value according to the indicator Actual Evapotranspiration is 4 and it
occurs in HRUs with Agricultural land, Rocks and all three types of slope values.
They are located around river Ogosta’s downstream and at the North-East pars of
the study area. The lowest value is 2 and it occurs in HRUs with Forests, Lithosols
all three types of slope values. The highest value according to the Surface Runoff
Contribution is 3 and it occurs in the HRUs with Rocks and slope value of above 35.

The HRUs with low capacity take 0.7% of the study area (Fig. 4) and they are
located at the South part of Ogosta’s basin. Themajority of them areHRUswith com-
bination of Agricultural land, Urban Industrial (LULC classes AGRL and UIDU),
Calcaric Fluvisols (FAO class Jc1-2a) and slope values between 0 and 15.

Conclusions

The model results show that upstream areas have a medium to high flood regulation
capacity values and low to relevant values at the downstream areas. The only excep-
tions are the some downstream located areas with very high capacity. Furthermore,
HRUs with the same land use, land cover, soil type, and slope values could have
different ecosystem service capacity in different subbasins. For example, the HRU
with unique combination agricultural land, rocks and slope value between 15–35
(AGRL,ROCK-6694, 15–35) has low relevant capacity of in Subbasin 6, while the
same combination in Subbasin 3 has high relevant capacity. This indicates that the
flood regulation ecosystem service capacity is strongly dependant of the location
(upstream, downstream) as well as the elevation.
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The usage ofArcSWATgenerated data for the purpose ofmapping and assessment
of flood regulation ES has some disadvantages that could impede the work in some
cases. The variety and the amount of theArcSWATgeneratedHRUs (majority of them
with area below 0.1 km2) complicate data analysis and pattern finding, which makes
the result description more difficult. From the other hand, by extracting selective data
by date and indicators, the user has a clear visualization of the results. Therefore, it
is possible to understand the relationships/connection between the elements of the
HRUs, the ecosystem service indicators and the generated assessment of the Flood
regulation Ecosystem service capacity. The approach needs to be further tested in
different basins to validate it and adjust the main elements of the procedure.
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Assessment of Pollination Ecosystem
Service Provided of Urban Ecosystems
in Bulgaria
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Abstract The honeybee is the most important insect pollinator, and the service
they provide is among the most important regulation ecosystem services. The main
problem in the assessment of ecosystem services of urban habitats in Bulgaria is
the lack of data from the inventory. There is only aggregated data at municipality
level about the number of beehives. The main objective of this work is to present
an approach for assessment of pollination service provided by urban ecosystems in
Bulgaria and the results of its mapping at national scale. The approach relies on
application of two spatially explicit indicators which based on parameters such as
density of bee families and minimal flying coverage. Following the matrix approach
for spatially explicit ecosystem service assessments suggested, pollination supply
capacities were assessed for all municipalities in Bulgaria. We used statistical data
for beehive holdings and colonies per municipality for the years 2010 and 2016.
The results of the assessment were used to generate maps of the pollination supply
capacity of urban ecosystems in Bulgaria. They provide appropriate information
about the spatial distribution of this service throughout the country which can be
used for the needs of regional planning. The high sensitivity of the sector, as well as
its importance for the environment and the economy, requires a careful and long-term
state policy.
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Introduction

According to Albert Einstein, “if bees disappear from Earth, mankind will survive
for no longer than four years” (Eardley et al. 2016). The reason is simple—about one-
third of the plants that are the source of food for humans and animals are pollinated
by insects, and 80% of these insects are bees. In other words, about one-third of
our food as quantity and quality depends on bees and their protection is of utmost
importance. In recent years, the extinction of bees has become a serious problem for
beekeepers around the world. The data on the high mortality rates of bee families
are worrying not only for the producers of honey and bee products, for which it is a
real blow to the business, but also to scientists and environmentalists (Eardley et al.
2016).

The world scientific community agrees upon the view that pollination, as one
of the most important regulation ecosystem services (ES), takes part in keeping
the life cycle, habitat and genetic resources. This function is fundamental to plant
reproduction, agricultural production and the maintenance of terrestrial biodiversity.
Furthermore, pollination is one of 15 ecosystem services identified as declining by
the Millennium Ecosystem Assessment (MA 2005). The assessment on pollinators,
pollination and food production has been carried out by experts from all regions
of the world, who have analysed a large body of knowledge, including about 3000
scientific publications (Eardley et al. 2016). The state of knowledge on this issue was
summarized in the accepted chapters and their executive summaries for policymakers,
approved by the Plenaries of IPBES (Eardley et al. 2016; Potts et al. 2016).

The pollination is related to a wide range of benefits. More than 75% of leading
food crops and almost 90% of the world’s flowering plants rely, at least in 35%, on
animal pollination. Global agriculture, honey and food production, biofuels and con-
struction are increasingly relying on pollinators. In the absence of animal pollination,
crop production would decrease from 40% to 90% for different crops. Annual market
value linked to pollinators is about US$ 235–577 billion (Burgett 2009; Burgett et al.
2010; Eardley et al. 2006, 2016). The pollination and bee products are also important
for the medicine and for the healthy human diets of vitamins, minerals and fibres.
The pollinators and pollination are sources of inspiration for art, music, literature,
religion, architecture and technology. The magnificent British Expo-2015 pavilion,
which looks like as human-scaled hive, and the Hive-Inspired Building Hostel in
Wismar (Germany), which looks like bee habitat, can be given as examples (Eardley
et al. 2016; Potts et al. 2016).

According to the published inventory data, the pollinators are from diverse taxa.
Over 20,000bee species are the dominant pollinators inmost ecosystems. Flies are the
second most frequent visitors to the majority of flowers with approximately 120,000
species. Some butterflies, moths, wasps, beetles, thrips, birds, bats and vertebrates
also pollinate plants and crops. The best known pollinators are managed honey bees
such as western honey bee (Apis mellifera) and eastern honey bee (Apis cerana)
(Eardley et al. 2016; Potts et al. 2016).
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There is a decline in diversity and occurrence of wild pollinators such as bees,
hoverflies and butterflies in Europe andNorthAmerica. About 40%of the bee species
are threatened in some National lists and 9% of European bee and butterfly species
are also threatened. The multiple threats to pollinators are in several groups: land-use
change, intensive agricultural, pesticides, genetically modified crops, pathogens and
pests, climate change, invasive alien species, species interactions in ecosystem, etc.
The assessment and modelling of the pollination service are extremely important on
a regional and global scale. The EUBiodiversity strategy to 2020 aims to halt the loss
of biodiversity and ecosystem services in the EU and helps to stop global biodiversity
loss. Action 5 of the strategy calls member states to map and assess the condition
of ecosystems and their services in their national territory. The working group on
Mapping and Assessment of Ecosystems and their Services (MAES) delivered a
methodological framework for this process, which contains a coherent typology to
be used for the different types of broad ecosystems to be considered in the assessment
to ensure consistency across the member states (Maes et al. 2013). Following this
framework, a methodology for mapping and assessment of urban ecosystems and
their services in Bulgaria was developed. It consists of three main parts: mapping of
ecosystem types; assessment of ecosystems condition; and assessment of ecosystem
services (Zhiyanski et al. 2017).

Bulgarian honey production is relatively small compared to the world yields.
Bulgarian honey is among the 15 agricultural commodities with the highest value of
exports. In recent years, main exports are for Germany, Greece, Poland, France and
Belgium. Meanwhile, high death rate had been observed for the managed bee. The
reasons are poor weather conditions, lack of grazing, early interruption of eggs lying
by mothers and the predominantly poor and medium-sized bee families predation.
For instance, the severe winter of 2016–2017 increased the average mortality rate
for the country above 40% (the average is 5–10%). Another, factor for the death of
bees in Bulgaria is the usage of pesticides (herbicides, insecticides and fungicides)
for crop protection or seed decontamination by the farmers.

There few works on the assessment of pollination capacity of urban habitats in
Bulgaria but none of them has been published. This study is part of mapping and
assessment of urban ecosystems inBulgaria following themethodological framework
developed by Zhiyanski et al. (2017). The main objective of this work is to present
an approach for assessment of pollination service provided by urban ecosystems in
Bulgaria and the results of its mapping at national scale.

Materials and Methods

The assessment of pollination service requires inventory data on different parameters
of insect pollinators which is not available in Bulgaria. There is only aggregated data
at municipality level about the number of beehives. In order to quantify and represent
spatially ecosystem service, it is necessary to have a variety of information, which
very often is not available to the extent required, so only a small group of potentially
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representative spatial variables can be used as indicators (Muller andBurkhard 2012).
To represent the spatial extent of the pollination provided by urban ecosystems in
Bulgaria, we developed two spatially explicit indexes: density of bee families (IH)
and minimal flying coverage (Is). The indexes are used due to several reasons: the
missing information for insect pollinators in urban habitats; the honeybee is the most
important insect pollinator and “pollinate” is often used to describe the services
provided pollination of crops; the honeybee is one of the best pollinators due to the
structure and size of limbs and body allowing them to pollinate flowers of different
shapes and sizes and at last the needs of large amounts of nectar and pollen for food
of larvae and adults. So, the honeybees regularly visit all flowering plants in the
region during the vegetation period (Eardley et al. 2006).

The density of bee families is calculated by the formula:

IH = H/S(n/ha) (1)

where H is the number of bee colonies, and S—the area of municipality (ha)
The minimal flying coverage is calculated by the formula:

Is = Hol ∗ s/S (2)

where Hol is the number of holdings, and s (km2)—the minimal area (s =
1.5 km*1.5 km*3.14) effectively flew over from bees.

We used statistical data for beehive holdings and colonies per municipality pro-
vided by the Ministry of agriculture, food and forests. This is the only available
source of data for the whole country, which enables analyses at national level. The
data were provided for 255 municipalities in Bulgaria for two years 2010 and 2016.
The spatial data in ESRI GIS format for municipalities in Bulgaria were obtained
from the Ministry of Environment andWater database developed through the project
“Study for Integrated Management of Water in Bulgaria” supported by Japan Inter-
national Cooperation Agency (JICA). The statistical data about beehive holdings and
colonies were integrated into the GIS layers by linking spatial and non-spatial data
using relation keys.

The ecosystems have different functions that ensure ES provision which can be
regarded as their capacity to ES supply. Following the matrix approach for spatially
explicit ecosystem service assessments suggested by Burkhard et al. (2009, 2012),
pollination supply capacities were assessed for all municipalities in Bulgaria. The
density of bee families and the minimal flying coverage indexes were used as indica-
tors for quantification of pollination supply. The capacities of the urban ecosystems
at municipality level were assessed on a relative scale ranging from 0 to 5 (after
Burkhard et al. 2009). A 0 value in our case indicates that there is no relevant capac-
ity which is due to lack of data for the corresponding municipalities. The other five
capacity classes are 1—very low, 2—low, 3—medium, 4—high and 5—very high.

The scores for the indexes were categorized into five intervals corresponding
to these classes. Data sorting was performed using median distribution and the data
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whichdiffer significantly from theother (outliers)were removed.Then, the remaining
data were divided into categories using equal intervals method (Tukey 1977).

Maps of ES are made for a broad set of purposes including ecosystem assessment,
decision support, priority settings, ecosystem accounting economic liability, etc. The
main requirements for ESmaps are reliability, accuracy, resolution and clarity, whose
importance varies according to the mapping’s purpose (Jacobs et al. 2017). Our main
purpose formapping urbanES in this study is decision support for the implementation
of EU biodiversity strategy at the national (country), regional (district) and local
(municipality) levels. According to the methodological framework (Zhiyanski et al.
2017), ES maps should be prepared for the whole country on map sheets based on
EEA reference grids at a scale of 1:125 000. Themain requirements for suchmaps are
clarity and reliability (Jacobs et al. 2017). Our analyses show that they are too large
for national scale decision support and that they are too coarse and not sufficiently
reliable for the local scale. Therefore, we aggregated the data for urban ES into larger
spatial units (municipalities and districts) to prepare small-scale maps presenting the
whole country in a single map sheet that can be used for decision support at the
national level.

The results of ES capacities by polygons in the GIS database were aggregated
into municipalities using a summary statistics tool. The aggregation was applied by
generating mean values of all ES capacity scores per municipality. Then, the mean
values were assigned to municipality GIS layer. The resulting layer contains mean
ES capacities of urban ecosystems in each municipality based on the pollination
assessment. The value intervals of the capacity scores were defined using the natu-
ral breaks method. The conceptual scheme of the whole process of ES pollination
mapping is presented in Fig. 1.

Fig. 1 Conceptual scheme of the ES pollination mapping at national level in Bulgaria
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Results

The assessment was conducted for 255 municipalities in Bulgaria, which occupy a
total area of 110,998.4 km2 (Fig. 2). The highest number of evaluated municipalities
is located in the south-central and south-western regions.

A total decrease in the number of honeybeeholdings from23,904 in 2010 to 16,963
in 2016 was observed (Fig. 3). This trend is most pronounced for the south-western
regionwhere the decrease is 51.36%(ranging from31.45 to 59.86%betweendifferent
municipalities) and for the southern-central region with 36.89% (from 25.22% to
45.47%). The average decline in lower in the northern part of the country: north-
western by 33.55% (from 20 to 50%); north-central by 25.67% and north-eastern
by 15.83%. The municipalities of Ruse, Bourgas and Yambol represent the few
exceptions where the number of holdings has increased during the observed period.

In 2010, the total number of bee colonies is 586 938, while in 2016 it increases to
812,693. The analysis shows that along with the reduction of the number of holdings,
the number of bee colonies increases during the observed period by 3% to 145% in

Fig. 2 Number of municipalities in Bulgaria by districts and regions

Fig. 3 Variation in number of holdings in Bulgaria by districts and regions (2010–2016)
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Fig. 4 Variation in number of bee colonies in Bulgaria by districts and regions (2010–2016)

different municipalities (Fig. 4). The obtained tendency for the increasing number of
bee colonies in Bulgaria most likely is a result of growing funding under the Rural
Development Program and national donations for the sector and the consolidation
of bee colonies. However, this does not have a strong impact on honey production
in the country. In opposite of the general trend, there is a decrease in the number of
bee colonies farmed in six municipalities: Pleven, Blagoevgrad, Pernik, Kardzhali,
Pazardjik and Smolyan.

The average value of IH for the country in 2016 is 63 n/ha. The capacity for
pollination in the northern part of the country is more than three times higher than
the capacity of the southern regions. The average value of Is is 9.5, which means
that in a uniform placement of bee colonies they can cover the territory of a mean
municipality about 10 times. For the northern part of the country Is is 14.4 and for
the southern part 4.6. The highest pollination capacity (according to data from 2016)
is observed in six municipalities: Dobrich, Rousse, Varna, Silistra, Targovishte and
Shumen (Figs. 5 and 7).

The results for IH index show that for the country as a whole, there is predomi-
nantly low pollination capacity during the observed period.More than 50%ofmunic-
ipalities very low capacity (score 1) and another 30% have low (score 2) (Table 1).
Although there is an increase in the total number of honeybee colonies during the
observed period, the percentage of municipalities with medium and high capacity is
decreasing (Table 1).

Themaps of the pollination service of the urban ecosystems in Bulgaria according
to the IH index (Figs. 6 and 7) show that the areas with highest capacity are in the
north and north-eastern part of the country. The south-eastern part of the country is
characterized by predominantly low capacity.

The comparison between the twomaps indicates that there is a significant decrease
in pollination capacity between 2010 and 2016. The areas with low capacity in the
south-eastern part of the country are even more pronounced in the map of 2016,
while the areas with very high and high capacity in the northern part are decreased.
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Fig. 5 Variation in IH and Is by districts and regions (2016)

Table 1 Comparative analyses of the results for IH and Is (2010–2016)

Score
2010

Capacity Upper
limit

Number
of
municip.

% Score
2016

Upper
limit

Number
of
municip.

%

IH IH

1 Very
low

0.037 103 40.55 1 0.039 130 51.18

2 Low 0.064 76 29.92 2 0.073 77 30.31

3 Medium 0.091 39 15.35 3 0.107 32 12.60

4 High 0.118 17 6.69 4 0.141 11 4.33

5 Very
high

0.145 19 7.48 5 0.175 4 1.57

Is Is

1 Very
low

1.899 32 12.60 1 1.899 32 12.60

2 Low 3.430 80 31.50 2 3.430 80 31.50

3 Medium 4.960 79 31.10 3 4.961 81 31.89

4 High 6.491 41 16.14 4 6.491 39 15.35

5 Very
high

8.021 22 8.66 5 8.022 22 8.66

Conclusions

The comparative analysis of the pollination capacity of the urban ecosystems in Bul-
garia for the 6-year period shows predominantly very low and low according to IH
index and low and moderate capacity according to the Is index. There is a positive
trend in the number of colonies and a negative trend in the number of holdings. The
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Fig. 6 Map of the pollination supply capacity of urban ecosystems in Bulgaria according to IH
index (2010)

Fig. 7 Map of the pollination supply capacity of urban ecosystems in Bulgaria according to IH
index (2016)
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provided service could not satisfy the demands of the communities and the environ-
ment. The honeybees’ status is quite dynamic in Bulgaria and the pollination service
provided is highly vulnerable due to the influence of many anthropogenic factors.
Therefore, the observed trends are quite unsustainable. Essential to the sustainable
provision of the pollination service is the effective legislation that regulates appro-
priately the interests of grain producers, tenants, beekeepers and environmentalists.

The result of the commonwork of institutions and theUnitedUnion of Beekeepers
in Bulgaria has adopted Ordinance No 15 on the Protection of Bees and Bee Fami-
lies from Poisoning. The role of the Food Safety Agency, which regulates the use of
pesticides and other preparations in agriculture and livestock farming, is essential.
Effective means of control need to be developed, such as the introduction of detec-
tion protocols to establish the link between dead bees and the active substance of
treatments. For this purpose, a licensed laboratory is required. The laboratory at the
Thracian University is in the process of being licenced, but it is still not functioning.

It is necessary to develop compensation payment schemes to beekeepers in the
case of proven bearers’ fault for the mass bee mortality. For now, in such cases, the
court penalizes only the tenants. Restarting the business of beekeeper would cost
around 155,103 BGN. The price for a new bee family is 120 BGN, and for a bee
mother 24 BGN as it takes about a year for the development of new bee family.

For the state of the pollination service, provided by the managed bee in Bulgaria,
an effective state policy is essential. Beekeeping has to be involved in schemes for
direct payments under the EU’s Common Agricultural Policy (CAP) for the period
2020–2027. This policy also includes findingmarkets, maintaining available markets
in Europe and the US, and regulating the prices of Bulgarian honey, also restrict-
ing competition for cheap Ukrainian, Russian and Chinese honey. Farmers growing
bees should be trained by conducting courses, providing the necessary literature and
controlling their activities. Moreover, the construction of a colour-nectar conveyor
in the regions can be considered, i.e. growing crops consistently flowering during
the growing season to provide a constant feed for bees.

All these comprehensive measures will lead to the sustainable development of
beekeeping in Bulgaria and the provision of pollination service by the managed
bee, important for the biodiversity protection and the maintenance of agricultural
production.
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Forest Ecosystems in Bulgaria Under
Environmental Change—Carbon
Sequestration Potential and Vulnerability
Zones

Miglena Zhiyanski

Abstract Mountain forests fulfil multiple functions, including the provision of
goods as timber, fuelwood, non-wood forest products, and services as regulation
of flows, purification of air and water, carbon storage, protection from natural haz-
ards, and provision of cultural services. The role of mountain forest to provide a wide
range of ecosystem services is increasingly acknowledged especially in the context
of environmental changes in a social aspect. Currently, there is a strong scientific
interest to what extent the potential of mountain forests to store carbon could be
enhanced under global environmental changes. The aim of this study is to analyse
the carbon sequestration of mountain forests from different vegetation zones in Bul-
garia under realistic and pessimistic scenarios of climate change using LPJ-GUESS
EcosystemModel and to define tendencies in their vulnerability and adaptive poten-
tial. The general trends are presented and vulnerability zones are defined for forest
mountainous territories of Bulgaria.

Keywords Forest ecosystems · Carbon sequestration · Scenarios of climate
change · Modelling · Vulnerability zones

Introduction

The changes in environmental conditions cause negative impacts on forests and the
consequences expressed by reduction in their productivity, natural regeneration, and
sustainability are difficult to be predicted (Kraeuchi and Xu 1995). Forests are par-
ticularly sensitive to climatic change due to the long lifespan of trees, which makes
their adaptation to changes more difficult. Nowadays the vegetation cover of Bul-
garia is a complex combination of primary and secondary plant communities formed
under an instant anthropogenic evolution. Many changes were noticed in the zonal
distribution of the forest vegetation in mountain regions of Bulgaria, expressed by
replacement of native forest species with forest plantations or secondary communi-
ties (Pavlov 1998). The limited distribution of Quercus cerris and Q. frainetto on
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the loess surface in Northern Bulgaria as well as the restricted area of distribution of
Q. petraea in some mountain region are mainly result of natural climatic changes,
which are related with an extend of its xerothermal element and increase of oaks
in altitude (Popov et al. 2010). This is also a reason for the extension of the area
of Q. pubescens in the lowlands, but its development is embarrassed in areas with
more continental climate. Pavlov (1998) underlined that the degradation processes
of vegetation in mountain regions is strongly expressed in the altitude range between
0 and 1000 m a.s.l., which is related with unfavourable hydrothermal regime of for-
est habitats. Changes are recorded also for the treeline zones in different mountain
areas of Europe (Cudlin et al. 2017). Therefore, forests are extremely vulnerable
to environmental changes. At the same time, the interactions between above-ground
vegetation and other ecosystem components impose the necessity to apply integrated
approach in ecological studies on the effects of global changes on forest ecosystems
in mountain regions.

Forests, from terrestrial ecosystems, have a leading role in carbon sequestration.
The data show that over 600 billion tons of carbon are stored in the vegetation with
the following distribution: 440–550 billion tons of forest vegetation, 20–50 billion
tons of grassland, 5–15 billion tons of ponds and lakes, 10–40 billion tons of tundra
and arid areas (Olson et al. 1983). A relatively small part (1–45 billion tons) of the
carbon stock is related to the seas and oceans. Recent studies reported about more
significant role of forests, indicating that the carbon stock in them is over 1100 billion
tons (Briffa et al. 1995).

The forest territory of Bulgaria in 2017 covers 4.24 million ha or 38.2% of the
country’s territory, including 3.88 million ha (91.0%) of forests. The non-afforested
area included is 302,000 ha. Compared to data from 2000, the total forest territory of
the country has increased by about 330,000 ha (~8%). At the same time, the territory
covered by forest is almost 480,000 ha (14%). The main factors driving the dynam-
ics of this process are self-afforestation of non-forested areas and abandoned lands
outside afforested areas. Notable is the lower increase in the total area compared
to the increase in the afforested area, which is mainly due to the increase in for-
est emerging on long-uncultivated brownfield land outside wooded areas (National
Forestry Accounting Plan of Bulgaria, including Forest Reference Levels for the
period 2021–2025). The mean carbon stock in forest stands including aboveground
biomass and soil for Bulgarian forests is 723 Mt C in 2000 (or 185 tC ha−1) and
increases in 2009 up to 779 Mt C (or 199.7 tC ha−1). In regional context the state of
forest ecosystems is of a particular interest in increasing the potential of forests as
carbon sinks.

Mountain forests fulfil multiple functions, including the provision of goods as
timber, fuelwood, non-wood forest products, and services as regulation of flows,
purification of air and water, carbon storage, protection from natural hazards, and
provision of cultural services (MAES 2013). The role of mountain forest to provide
a wide range of ecosystem services is increasingly acknowledged especially in the
context of environmental changes in a social aspect. Currently, there is a strong
scientific interest to what extent the potential of mountain forests to store carbon
could be enhanced under global environmental changes.



Forest Ecosystems in Bulgaria Under Environmental … 419

Maintaining carbon balance and preserving biodiversity are two of the key criteria
for sustainable forest management directly linked to the problem of climate change.
Within the elaborated project ‘Programme of measures for adaptation of the forest in
Republic of Bulgaria and mitigation the negative effect of climate change on them’
completed in 2011, analysis of the state of forests, and scenarios for climate change
in Bulgaria in twenty-first century were developed, based on the emission scenarios
of IPCC (2007) (Raev et al. 2011). Maps of contemporary climate (1961–1990)
were elaborated, as well as for 2020, 2050 and 2080. Sixteen models for change of
climate elements were tested, with accepting optimistic and pessimistic scenarios
for the future climate parameters in Bulgaria (Alexandrov 2011; Raev et al. 2015).

It is known that anthropogenic greenhouse gas emissions (such as CO2, CH4, etc.)
stimulate global climate change on Earth (Houghton et al. 1992). In turn, climate
change leads to changes in the distribution of vegetation (Smith et al. 1991). The
biomass of temperate forests is expected to shift the boundary of the polar circle and
the areas of the tree species to be changed both horizontally and vertically (Prentice
et al. 1992; Cudlin et al. 2017). In this respect, predicting the dynamics of carbon
stocks in mountain forest ecosystems is one of the most important tasks. The effects
of climate change as well as various management options on the dynamics of forest
ecosystems have been well studied using simulation modelling (Kellomäki et al.
2008; Peng 2009).

Forest ecosystems are distributed in different locations and vary according to the
environmental factors, applied forestry activities and the land-use history. Carbon
sequestration and storage are therefore controlled by various factors in different
regions of the country. Even for a small country such as Bulgaria, depending on the
altitude and other geographic parameters, global change will have a specificity that
will affect the dynamics of carbon in forest ecosystems.

The main task of the present study is to analyse changes in carbon sequestration
and to define vulnerable zones for forest ecosystems in Bulgaria using realistic and
pessimistic climate change scenarios for 2020, 2050 and 2080 (Raev et al. 2011,
2015). Based on the scenarios of future climate change and the data for forests
components, the effects of climate change on carbon sequestration in forests will be
quantified, which helps to the identification of vulnerability zones. For the forests
distributed in these areas some climate adaptation measures are proposed to increase
their carbon storage potential.

Region and Methods

Changes in carbon stocks in different components of forest ecosystems in Bulgaria,
as well as forestry dynamics, changes in species composition and age structure are
analysed by modelling. Information about the developed and applied models for
ecological modelling in forests, with presented details, features and significant dif-
ferences, is summarized by Paulo De Melo-Abreu et al. (2010) and presented on the
World Meteorological Organization’s website. The aim of all developed models is to
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improve understanding of the role of vegetation, in particular forests, in maintaining
the state of the environment and assessing impacts caused by land-use change (such
as deforestation and afforestation) in relation to atmospheric composition/ quantity
of greenhouse gases (GHG) and other pollutants.

Modelling offers opportunities to monitor C stocks in larger regions, but also
poses a challenge for accuracy. The model system LPJ-GUESS (Smith et al. 2001)
is an object-oriented modular framework for modelling the dynamics of the struc-
ture and functioning of global scale ecosystems characterized by different levels
of detail. The framework includes processes based on tree physiology and biogeo-
chemical processes occurring in different types of ecosystems and resulting from the
BIOME3 model family (Haxeltine and Prentice 1996) and LPJ-DGVM (Sitch et al.
2003). In this model, vegetation can be represented at different levels of abstrac-
tion, depending on the degree of representativeness, the scope of applicability and
the purpose of the work. The model also includes a statistical GETCLIM Climate
Generator, which allows the system to simulate changes in climate variables both
in the forest floor and in soil temperature and humidity. The abovementioned sce-
narios were used for modelling. For more accurate simulation of future climatic
changes, the data for temperatures and precipitation were taken from the closest sta-
tions of regions, where the 31 representative sites, randomly selected and listed in
Table 1, are located. These conditions are simulated for these forest ecosystems in
the conditions of a contemporary climate. The simulation of the effects of changes
in temperature and precipitation on the carbon dynamics in forest ecosystems was
based on two scenarios—realistic (_S) with simulations of the state of forest ecosys-
tems in 2020, 2050 and 2080 and pessimistic (_C) with a simulation of the state in
2080, described in details by Raev et al. (2015). According to the climate scenarios
developed by Raev et al. (2015) and applied in this study under the current climate
(1950–2000) the average annual air temperature in lowland is from 10 to 14 °C. The
average annual temperature for the foothills and mountainous areas is from 4 to 1 °C,
which depends mainly on the altitude and exposure of the slopes. At the optimistic
scenario (_O), not included in present study, the average annual air temperature is
expected to increase by 1–2 °C in lowland and 0.5–1 °C in mountainous regions in
2050. The expected increase of temperature in 2080 is about 2–3 °C in lowland and
1–2 °C in mountain areas compared with current climate. At the pessimistic scenario
(_C) the increase of the air temperature is even more significant. By 2050, average
temperatures rise by 3–4 °C in lowlands and by 2–3 °C in mountain areas, which is
a significant increase compared to current climate. In 2080 the increase of air tem-
perature continues—1 °C higher comparing to 2050. Assuming that by 2050 the air
temperature warming in the country is expected to be around 0.75–1.5 °C (_O) and
2.5–3.5 °C (_C). Precipitation in current climate (1951–2000) increased from 450
to 500 mm in the lowlands to 1000–1100 mm in the high mountains. Precipitation
in the forest climate zone from 900 to 1700 m is 720–1100 mm. At optimistic sce-
nario in 2050–2080, no major precipitation changes are expected. At the pessimistic
scenario for the same period, precipitation reduction with 100–200 mm is expected.
The authors concluded that there is a change in the annual course of precipitation:
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Table 2 Plant functional
types (PFTs) for Bulgaria
included in the LPJ-GUESS
model

BNE Boreal needleleaved evergreen tree

BNS Boreal needleleaved summergreen tree

BBS Boreal broadleaved summergreen tree

TeBS Temperate (shade-tolerant) broadleaved summergreen
tree

IBS Boreal/temperate shade-intolerant broadleaved
summergreen tree

TeBE Temperate broadleaved evergreen tree

MNE Mediterranean summergreen or evergreen tree

C3G Cool grass (C3)

reduction of rainfall during the growing season and increased precipitation in the
cold part of the year (Raev et al. 2015).

A total number of 124 simulations was performed to achieve the tasks.
The following parameters were taken from the ForestryManagement Plans (under

application in 2010) for each selected site in order to be included as input data for
the model: Tree Species; Age [year]; Number of trees [1/ha]; mean height [m]; SD
height; mean diameter [cm] at breast height; SD diameter [cm]. The relevant PFTs
(Plant Functional Types) for forest zones in Bulgaria are considered (Table 2).

Results and Discussion

Analyses on Carbon Sequestration in Forest Ecosystems
in the Lower Plain-Hilly and Hilly-Foothill Zone of Oak
Forests Under Realistic Climate Change Scenario

Sub-zone of floodplain and riparian forests—the effect of climate change on carbon
sequestration in floodpain and riparian forests located in the three forest vegetation
regions of Bulgaria is presented in Table 3. For forests ecosystems in Mizia region
developed along riverside of the Danube river and its tributaries, simulations showed
a decrease in carbon accumulated in biomass. The natural vegetation developed under
the modern climate conditions is formed by the plant functional types: TeBS, IBS,
C3G. The modelled carbon dynamics in these systems under realistic climate change
scenario showed the appearance of plant species from type TeBE, which contribution
to the carbon sequestration has increasing tendency till 2080. Carbon accumulated in
grass vegetation is relatively stable for the studied period due to the specifics of these
habitats and the development of the tree cover. The expected increase of temperature
and changes in precipitation regime will affect stronger trees from TeBS type. In
soils the changes in carbon are slightly expressed but with clear tendency.
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Table 3 Changes in carbon sequestration in forest ecosystems according the forest vegetation
regions under realistic and pessimistic scenario

Carbon sequestration changes (kg C/m2) under different scenarios and
year

Forest vegetation
zones

Realistic_S Pessimistic_C

2020 2050 2080 2080

I. Lower plain-hilly and hilly-foothill zone of oak forests

1.1. Subzone of
floodplain and
riparian forests

−1.010 (±0.71) −0.727 (±0.82) −0.993 (±1.05) −2.288 (±1.36)

1.2. Plain-hilly
subzone of oak
and xerothermic
forests

−0.865 (±0.74) −0.720 (±0.71) −1.384 (±1.13) −1.759 (±0.79)

1.3. Hill-foothill
subzone of mixed
deciduous forests

−0.708 (±0.65) −0.395 (±0.74) −1.190 (±0.63) −1.881 (±0.37)

II. Middle mountain zone of beech and conifer forests

2.1.
Low-mountain
subzone of forests
of durmast, beech
and fir

−0.461 (±1.54) −1.522 (±2.11) −1.186 (±1.76) −3.134 (±0.97)

2.2. Middle
mountainous
subzone of beech,
fir and spruce
forests

−1.210 −0.429 −0.170 −4.159

2.3. Upper alpine
subzone of spruce
forests

1.684–2.811 1.490–3.895 5.520–2.530 0.888–2.707

III. High-mountain zone

3.1. High
mountain subzone
of forests of
spruce and
Macedonian
pine/Heldreich’s
pine

1.049 4.684 5.204 6.425

3.2. High
mountain subzone
of single trees,
dwarf pine and
shrub formations

1.824 3.019 4.221 13.775

3.3. Subzone of
alpine pastures

Na Na Na Na

Na not included in present study
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Similar is the expected situation in these forests in Trakia region, where the carbon
accumulation in biomass is characterized by a clear decrease. In South border region
the areas of Pirin and Eastern Rhodopes are differentiated. For Eastern Rhodopes
a slight increase in carbon sequestration is prognosed. The permanent appearance
of plant species from MNE type, which are resistant to drought and tolerant to
higher temperatures, is specific. Carbon sequestration slightly increases mainly due
to the accumulation in forest litter.

Plain-hilly subzone of oak and xerothermic forests—changes in climate are
expected to affect seriously the oak forests in all regions of Bulgaria. Carbon accu-
mulated in oak forests in Northern Bulgaria modelled under realistic scenario (_S)
showed low influence in the next four decades, but well-expressed negative effects
in 2080. The decrease of carbon stored in aboveground biomass affects slightly the
soil carbon. For forests in Ludogorie region the negative effect of changed climatic
factors and expected drought is much serious. Special attention needs to be paid on
forests located in Dobrudzha Black Sea coastal area, where the decrease in carbon
sequestration with 1.598 kg C/m2 is expected soon in 2020. In Mizia the participa-
tion of species of TeBE type will increase. The carbon accumulation in soils is also
expected to increase till 2080. In Trakia the expected climatic changes will affect
the oak forests in a lower degree. The simulations show a decrease of carbon accu-
mulation in biomass for 2020 and 2050, while in 2080 the stabilization is a result of
the permanent establishment of species from TeBE and MNE types. The prognoses
indicate the appearance of more resistant and tolerant to drought and increased tem-
perature plant species. In soil system the accumulation of carbon is stable as some
fluctuations are due to the development of aboveground vegetation. In South border
region the decrease of carbon is rapid, clearly expressed again in Pirin sub-region
where is up to 1.915 kg C/m2, which differs with those in forests located in Lower
Maritza—1.090 kg C/m2. Simulation models for xerothermal forests in Strandzha
show risks of carbon losses under increased temperature and decrease of precipi-
tation. In these ecosystems the participation of plants from MNE type, tolerant to
drought, will increase. No clear changes in soil carbon are expected, while fluctua-
tions are determined mainly by specifics of litter and development of aboveground
vegetation cover.

Hill-foothill subzone of mixed deciduous forests—the prognoses for mixed
broadleaved forests in the region of Mizia are characterized by a slight increase
of carbon accumulated by tree species of TeBS in 2020, followed by a rapid and
strong decrease, which reached 1.818 kg C/m2 in 2080. In Rhodopes and in Eastern
Balkan the expected decrease is 0.5–0.6 kg C/m2. In South border region the same
tendency appears in biomass carbon accumulation of these ecosystems, while in soils
the carbon will be stored mainly in the forest litter. More resistant to drought plant
species as well as species fromMNE type will be part of the forest communities, but
the carbon sequestered in biomass is mainly determined by plant species of TeBE
type.
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Analyses on Carbon Sequestration in Forest Ecosystems
in the Middle Mountain Zone of Beech and Conifer Forests
Under Realistic Climate Change Scenario

Low-mountain subzone of forests of durmast, beech and fir—the negative impact
of changing climate is also expected in this zone. The decrease of carbon accumu-
lated in the aboveground biomass is mainly due to the coniferous specie in mixed
forests, while the broadleaved compensate this variation, which is related with the
appearance of species from types TeBS and IBS. Never mind the sequestered carbon
in these ecosystems decreases. The changes are expected to be less expressed in
some ecosystems (in the region of Rila Mountain for example). For mixed forests
from the region of Rhodopes, the negative effects are much expressed with sharp
decrease of carbon accumulated in coniferous compensated by those in type ISB.
The soils are characterized with slow increase of carbon in the superficial 0–10 cm
layer related with the higher input from broadleaved and its specifics, decomposed
more intensively under changed climatic factors.

Middle mountainous subzone of beech, fir and spruce forests—for these ecosys-
tems a contrasting situation is expected. Forests inMizia are characterized by a slight
increase of carbon in biomass without well-expressed changes in the soil system. The
changing climatic conditions influence positively the coniferous vegetation and in
2050 and participation of species from TeBE type could be part of the composition
of these forests. In Pirin region the temperature increase provokes higher carbon
accumulation in coniferous tree species and in 2080 more temperature tolerant trees
and shrubs are expected to be part of ecosystems. For these forests in Rila region, a
decrease of carbon stored in coniferous is prognosed.

Upper alpine subzone of spruce forests—the temperature increase and changes
in precipitation in vertical diapason under realistic scenario (_S) have positive effect
on carbon accumulation in spruce forests. The prognoses scenarios suppose the
appearance of new functional plant types. In soils the variations are more expressed,
but a sustainable trend after 2020 is established.

Analyses on Carbon Sequestration in Forest Ecosystems
from the High-Mountain Zone Under Realistic Climate
Change Scenario

Very well-expressed positive effect of climate changes is prognosed for forests of
spruce and Macedonian pine/Heldreich’s pine in high-mountain zone regarding car-
bon sequestration under realistic scenario. Expected changes in carbon accumulation
are significant. In this zone the role of coniferous species and shrubs is essential. In
soils the changes are also related to the carbon accumulation in forest litter and
superficial layers.
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In the high mountain subzone of single trees, dwarf pine and shrub formations the
effect of changes under realistic scenario is related with increased accumulation of
carbon in shrubs and trees, while the participation of grasses stays relatively stable.
This positive effect is expected very soon in 2020.

In soils the tendency in increased carbon accumulation could be explained by
more favourable microclimatic conditions for microorganisms as well as with the
quantity and composition of input plant materials. It is necessary to be underlined
that for simulation the effects of changes on the dynamics of soil organic matter
under natural development of ecosystems longer time-periods are needed. Changes
in soil organic matter are strongly dependent on aboveground components, which are
the main source of litter as well as the anthropogenic impacts, which are expressed
first in the quantity and quality of litter and later in the superficial 0–10 (30) cm of
soils (Zhiyanski et al. 2012).

Analyses on Carbon Sequestration in Forest Ecosystems
from the High-Mountain Zone Under Pessimistic Climate
Change Scenario

The simulations of changes in carbon sequestration in Bulgarian forests under pes-
simistic scenario confirmed the expectations of realistic scenario. The development
of climatic changes in case of pessimistic scenario is related with stronger negative
effects on the processes of carbon sequestration. The simulations show rapid decrease
of carbon accumulated in forests located in the lower plain-hilly and hilly-foothill
zone, which arrives at 1.76–2.29 kg C/m2. Subzone of floodplain and riparian forests
will be influenced at a higher degree due to the worsen water regime and related
stress for the plant species. Clearly expressed negative impact is expected for forest
ecosystems formed by durmast, beech and fir in the middle mountain zone of beech
and conifer forests, where the decrease arrives at 4.2 kg C/m2.

In the upper alpine subzone of spruce forests the tendency of increase of carbon
accumulation, established under the realistic scenario, is still expected. But the prog-
nosis values are much lower, which indicates for a worsen status of these forests
under longer simulation scenario.

In the high-mountain zone the expected changes are related with higher carbon
accumulation. It is explained with both appearance of coniferous and shrub species
and their improved productivity as a result of more favourable thermic regime.
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Vulnerability Zones for Forest Ecosystems

The vulnerability zones for forest ecosystems in Bulgaria at a relevant altitude dia-
pason are defined for the years 2020, 2050 and 2080 according the realistic scenario
and for 2080 according the pessimistic scenario (Table 4).

In the results are included the forest areas and zones of Bulgaria and the vulner-
ability zones in which they fall in the respective years and the different scenarios,
outlining mountain forests. The carbon storage values in kg C/m2 for the respective
zones are as follows:

Zone A—forest ecosystems, highly vulnerable to climate change. Estimated reduc-
tion in carbon accumulation is above 1.00 kg C/m2;

Table 4 Vulnerability zones for forests in Bulgaria regarding their potential to store carbon

Vulnerability zones

Forest vegetation zones Realistic scenario (_S) Pessimistic scenario (_C)

2020 2050 2080 2080

I. Lower plain-hilly and hilly-foothill zone of oak forests

1.1. Subzone of floodplain and
riparian forests

Zone A Zone B Zone A Zone A

1.2. Plain-hilly subzone of oak
and xerothermic forests

Zone B Zone B Zone A Zone A

1.3. Hill-foothill subzone of
mixed deciduous forests

Zone B Zone B Zone A Zone A

II. Middle mountain zone of beech and conifer forests

2.1. Low-mountain subzone of
forests of durmast, beech and
fir

Zone B Zone A Zone A Zone A

2.2. Middle mountainous
subzone of beech, fir and
spruce forests

Zone A Zone B Zone C Zone A

2.3. Upper alpine subzone of
spruce forests

Zone D Zone D Zone D Zone D

III. High-mountain zone

3.1. High mountain subzone of
forests of spruce and
Macedonian pine/Heldreich’s
pine

Zone D Zone D Zone D Zone D

3.2. High mountain subzone of
single trees, dwarf pine and
shrub formations

Zone D Zone D Zone D Zone D

3.3. Subzone of alpine
pasturesa

Zone C Zone C Zone C Zone C

aFor the subzone of alpine pastures no changes are expected if there is no change of land-use
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Zone B—forest ecosystems, moderately vulnerable to climate change. Predicted
reduction in carbon storage is within the range of 0.50–0.99 kg C/m2;
Zone C—forest ecosystems, less vulnerable to climate change. Predicted reduction
in carbon accumulation is in the range 0.00–0.49 kg C/m2;
Zone D—forest ecosystems that are not vulnerable to climate change. Predicted
increase in carbon accumulation is over 0.01 kg C/m2 (Figs. 1 and 2).

General Recommendations for Sustainable Management
of Forests in Regard to Their Potential to Sequester Carbon

Zone A is expected to be characterized by a decrease of precipitation and increase
of temperature under future scenarios of climate change, which will reduce the tree
growth in certain habitats. Longer and dry summer is expected to appear more often,
with the negative impact of climate change more serious on forest formed on shallow
and drained soils, with a high percentage of sand fraction and higher stoniness. The
main task of forestry is oriented toward protection of forests ecosystems in this zone
under worse climatic conditions—water deficit and higher temperatures.

The recommended measures for adaptation of forests to expected changes in
climatic conditions in this zone are listed below:

– Land-use change is not recommended. Forest lands to remain forest lands in order
to minimize the carbon losses from different compartments of ecosystems;

– Afforestation of riparian area with fast-growing tree species, which could supply
both material and regulation services as erosion control, carbon sequestration and
increase biodiversity;

– Establishment of intensive poplar plantations at appropriate habitats to improve
carbon storage in aboveground biomass. It is related with the development of
guidelines for the management of intensive plantation for biomass production and
protection the carbon storage in soils;

– Maintaining, restoring and expanding the system of protective forest belts by
supporting afforestation of abandoned agricultural lands;

– Effective utilization of the area of the nurseries that, on the one hand, provide trees
for afforestation and, on the other hand, increase carbon sequestration.More effec-
tive ways of realization of the production and related opportunities for inclusion
in the circular economy;

– Wider implementation of agro-forestry systems, including energy crops for
biomass, stimulating the realization of projects under various financial mecha-
nisms;

– Due to the higher part of matured and over-matured coppice forests, specific
forestry management activities should be implemented for faster conversion in
high-stem forests;

– Implementation of appropriate fertilization in anti-erosion forest plantations on
poor sites;
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– To be ensured that in the mixed forests the tree species are compatible regarding
the growing intensity and requirements for light in order to reduce carbon losses
in case of higher mortality rates;

– Strict implementation of the silvicultural activities in forests more vulnerable to
windthrows to prevent carbon losses from aboveground biomass;

– Increasing the rotation periods in some intensive plantations that will benefit from
a higher carbon storage compared to the short-term rotation systems;

– Diversify the age structure, species composition and genetic diversity of forests
with species that are appropriate to the zone under current and future climatic con-
ditions. Species for afforestation is recommended to be introduced from the south-
ern areas of the country, considering altitude specifics and the origin of species, to
ensure sustainable carbon accumulation;

– Identifying soils under risk of carbon loss and selection of species from specific
locations, considering exposition of slope, topography and soil characteristics for
maintaining carbon sequestration in soil and forest floor;

– Preparation of a strategy to reduce the risk of pests and pathogens, outlining the
abilities tree species and forest ecosystems to minimize the risk of future biomass
loss;

– The periods of afforestation to be defined precisely considering the changed condi-
tions. The increased amount of precipitation in the autumn andwinter and tempera-
ture inversions, together with short growing periods, could lead to new approaches
in maintaining saplings introduction and replenishment;

– Supporting natural regeneration when the diversity of species and their adaptive
potential is likely to be limited due to the climate changes to ensure sustainable
carbon accumulation in aboveground biomass;

– Carbon inventory in forests with performing additional studies and collecting
database for different parameters of forest stands and soil is recommended for
more accurate calculation of carbon stocks at different levels.

The strategic task of forestry in Zone B is to define targets and actions to ensure
appropriate conditions for survival of a wider range of tree and shrub species.

To improve carbon sequestration and for forest adaptation the recommendations
include:

– Afforestation of non-regenerated woodland and open forest areas, with a view to
increasing carbon stocks in terrestrial ecosystems;

– Anti-erosion afforestation to prevent carbon loss from soil and to increase its
accumulation in aboveground biomass;

– Due to the higher part of matured and over-matured coppice forests, specific
forestry management activities should be implemented for their faster conversion
to high-stem forests;

– In forest management mixed forests of tree species suitable for the specific habi-
tat to have priority. The tree species preferably to be of local origin. This will
ensure better adaptation of forest ecosystems to changing environmental factors
and ensure carbon sequestration in different ecosystem compartments;
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– Newly established forest plantations can include species typical for hot and dry
climates in Southern Bulgaria that improve forest sustainability over the long-term
perspective and store carbon. The choice of species should be limited to areas and
sites with a modern climate close to that predicted for Bulgaria in the future to
ensure optimum carbon accumulation. Also the possibility of an impact on native
biodiversity to be considered avoiding those with invasive threat;

– In forest management the natural regeneration to be a priority. This approach
supports evolutionary adaptation and maintain a diverse stand structure in forests,
as well as contributes to store and increase carbon stocks in above-ground biomass;

– Increase of growing stocks through harvesting intensity, which maintains an opti-
mal stand structure or selective forestry systems, which will ensure a sustained
increase of carbon sequestration in the different components of forest ecosystems;

– Forests will become more vulnerable to fire in the dry spring and summer, espe-
cially in areas that are frequently visited. Developing a fire risk assessment and
providing early warning systems during the high-risk periods will minimize the
risk of carbon losses in case of fires;

– Preservation and enhancement of soil organic carbon after felling through utiliza-
tion of modern forestry practices including technological soil treatment activities,
irrigation activities and the distribution of at least 30%of organicwaste after felling
on the site.

– Conservation and extension of peri-urban forest parks and recreation forests to
increase the carbon sequestration potential of peri-urban areas and provisioning
of variety of cultural ecosystem services.

The strategic task of forestry in Zone C in relation to carbon sequestration can be
defined as: sustainable development and enhanced carbon storage in forest ecosys-
tems.

What are the recommended measures to implement these goals?

– Reducing land-use change related to the conversion of forest into another land-use
type to prevent carbon losses due to land-use change;

– Maintaining the network of protected forest areas to preserve both the primary
structure of the most valuable natural forests and their environmental functions
and ecosystem services (incl. sustainable carbon sequestration);

– Selective management of forests in order to increase carbon stocks in the soil
compared to all other silvicultural regimes;

– Introducing environmental-friendly forms and technologies for conducting har-
vesting activities, cuttings and sanitary felling in forest at watershed or stand
levels, reducing damages in forest ecosystems and landscapes, and minimizing
carbon losses;

– Wider implementation of forest certification;
– Conservation and improvement the conditions in pasture and meadow ecosystems
in mountain areas within the forest territory;

– Anti-erosion afforestation to increase carbon accumulation in forest vegetation
and soils;
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– Prevention of forest fires and the introduction of earlywarning systems tominimize
carbon losses;

– Managing forest plantations on steep slopes to reduce the impact of strong, intense
and long rains causing landslides and erosion to minimize carbon loss. On steep
slopes in areas with higher rainfalls, forestry systems oriented at forming of high-
stem forests could increase the risk of landslides and damages of infrastructure
facilities and should be limited. In such places, as well as in places with difficult
access, adaptive forestry systems to be applied—natural forests, traditional coppice
plantations;

– Prevention and protection of forests from pests and diseases to enhance the
resilience of forest ecosystems, as well as the preservation of the carbon stored;

– Increasing the density of the forest plantations through additional activities to
stimulate natural regeneration and increase of carbon accumulation;

– Carbon accumulated in soils, shrub and tree vegetation of natural forest ecosystems
is in significant quantities, and ways of conserving these stocks must be sought
when developing the forest management plans.

Most of the tree species, which are currently well suited to the soil and climate
conditions of today’s habitats, are likely to continue to be appropriate until themiddle
of the century. Types that are poorly suited to places in the current climate, where
water deficiency is a limiting factor, are likely to become less relevant in the future.
Formany sites in Zones A, B andC, the effect of a changing climate will be expressed
with reduced productivity as a result of projected summer droughts. However, this
does not mean that these species will cease to be functional components of these
forest ecosystems.

Beech (Fagus sylvatica) is vulnerable to moisture deficiency during the growing
season, especially in mature stands formed in shallow, well-drained soils. Oriental
hornbeam (Carpinus betulus) and common chestnut (Castanea sativa) are drought-
resistant species and are considered to be alternative to habitats that will be too dry
for beech in the future. On deeper, clay and well-structured soils, beech will continue
to be a good species in our country, with a view to the good carbon sequestration
potential in forest ecosystems.

Douglas fir (Pseudotsuga menziesii) requires adequate moisture for good growth
on well-drained soils. However, together with Scot’s pine (Pinus sylvestris), it is
considered as relatively resistant to drought and therefore is a suitable species for
carbon capture on fertile soils, and in mixed pine plantations on less fertile soils.

European oak (Quercus robur) and durmast oak (Q. petraea) have a different
distribution, which is partly determined by their requirements for soil moisture. The
European oak is tolerant to the fluctuations of groundwater during summer and
winter. Durmast oak requires good soil moisture in the summer. European oak may
remain a suitable species for habitats characterized by groundwater fluctuations, but
it is likely that a decrease in growth and hence accumulated carbon will be reported
due to the decrease in the presence of water in drier summers.

Ash (Fraxinus excelsior) requires good moisture throughout the growing season,
and high yields must be provided with many fertile habitats with abundant moisture.
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The habitats that are currently growingwell can continue to be appropriate, including
those in riparian and coastal areas. However, any prolonged dry period will seriously
affect this species, especially in places with limited access to moisture and lead
to carbon losses in ecosystems. Forest plantations of this species require special
attention in order to store carbon.

In climate change associated with drought and elevated temperatures, an alterna-
tive approach is for drought-resistant species to occupy shallow and poorly drained
habitats, or those for which soil moisture fluctuation during the growing season is
typical—such as heavy clay soils and chernozems in Northern Bulgaria. For dry and
well-drained soils, there are difficulties in choosing species that in the past have been
limited to individual Pinus species, while deciduous species are now the priority. In
Zone A and Zone B, there is a need for additional research on carbon sequestration
and its dynamics in newly established forests, for the development of recommenda-
tions, national programs and strategies.

Zone D is the optimal area regarding carbon sequestration and storage for forest
vegetation. It is expected that this area will be located in the subzone of spruce forests
in the mountain regions of the country over 1500 m above sea level.

The strategic task of forestry in ZoneD can be defined as:Maintaining the sustain-
ability and productivity of forest ecosystems and maintaining the optimal balance
between supply-demand of ecosystem services provided by forests.

These tasks can be achieved through the following management measures:

– Maintaining the potential of forests to store carbon at watershed or stand level, by
applying appropriate forestry measures, selective forestry, certification, protection
of biodiversity and old forests;

– Protection of forests, which provide specific regulation ecosystem services;
– Protected forests to be preserved. In the long term perspective, natural protected
forests can be a resource for monitoring the effects of climate change, with a wide
range of species in them providing evidence to guide adaptation for selection of
species with higher potential to store carbon;

– Correction of the harvesting periods according to the maximum productivity of
the forests in the conditions of the future climate, combined with fire measures;

– Restricting the urbanization zones in high-mountain areas to ensure maximum
carbon sequestration and storage;

– Stimulating grassland form of land-use, increasing carbon accumulation, protect-
ing the specifics of pastoral ecosystems and biodiversity, with the exception of
steep highland pastures with weak and torn grass and the risk of soil erosion;

– Conservation and improvement of pastoral and meadow ecosystems in mountain-
ous areas characterized by high carbon content and specific biodiversity.

For many areas in Zone D, the effect of changing climate will be related with
increased productivity as a result of predicted elevated temperatures.

Norway spruce (Picea abies), European larch (Larix decidua) and hybrid larch
(Larix eurolepsis) and others are planted in the cooler areas on wetter habitats.
These species can continue to be suitable for loamy and humid locations and in areas
with poor drainage. Because of the warmer climate, productivity will likely increase
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in appropriate locations in Zone D, which will increase carbon stocks in both the
aboveground biomass and the forest floor and soil of the ecosystems formed by these
tree species. Studies on the quality of wood of these species are necessary in the
context of changes in the environment.

Pinus peuce and Pinus heldreichii are spread in high-mountain areas and climate
change is supposed to increase their productivity. Studies on the quality of wood of
these species are needed in the conditions of changed climate and increased biomass
accumulation.

More recommendation and measures could be defined for specific location and
levels, which could contribute for a better management of forests in respect to carbon
sequestration and related ecosystem services.

Conclusions

Forest ecosystems, which are included in the area of Zone A, are very vulnerable
to expected climatic changes in respect to the potential of carbon sequestration.
According to the simulations and analyses on the changes in carbon sequestration
under realistic scenario in the next years, in 2020, negative effects could be expressed
in most of the riparian and floodplain forests in Mizia (Northern Bulgaria), espe-
cially in Dobrudzha region. The negative changes are stronger in 2080, covering
the plain-hilly subzone of oak and xerothermic forests and hill-foothill subzone of
mixed deciduous forests in South border region. In 2050 Zone A includes also Low-
mountain subzone of forests of durmast, beech and fir in Stara Planina Mountain,
Eastern Rhodopes and Pirin sub-regions. Under the pessimistic scenario in 2080
the expected “picture” is quite negative: sustainable tendence of decrease of carbon
sequestration in the whole lower plain-hilly and hilly-foothill zone of oak forests as
well as in the middle mountain zone of mixed forests. Zone A could be qualified as
the most dangerous vulnerability zone under future climate changes with sustainable
decrease of carbon sequestration in forest ecosystems.

Zone B is expected to cover territories within the altitude diapason between 200
and 600 (700)m a.s.l. It includes the northern part ofDanube plain, SouthDobrudzha,
part of Trakia lowland and Black Sea coastal region, without Strandzha. In 2050
Zone B extents its cover up to 600–800 m a.s.l. including Danube plain, Dobrudzha,
foothills of Stara Planina Mountain, Trakia lowland, big part of Sredna Gora and
Strandzha Mountains, and Sofia field. In 2080 Zone B sharply proceeds to Zone A.
Under pessimistic scenario Zone B is not expected.

Zone C is expected to cover small territories in South border region in the Middle
mountainous subzone of beech, fir and spruce forests. The area of alpine pastures,
where no significant changes in carbon sequestration are expected if land-use stays
unchanged, are also referred to this Zone C. In these ecosystems the tendency in
sustainable accumulation of carbon the turf and superficial soil is stable.
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Zone D is optimal for forest tree vegetation regarding their potential to sequester
carbon. This zone is expected to be expanded in the subzone of spruce forests in
mountain regions located over 1500 m a.s.l.
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Erosion Control Service of Forest
Ecosystems: A Case Study
from Northeastern Turkey

Can Vatandaşlar, Mehmet Yavuz and Michael Leuchner

Abstract Erosion is one of the most significant environmental problems in Turkey
and many other regions of the world. Thus, appropriate erosion control services can
help reduce soil loss andmaintain ecosystem services (ES). Forests play a crucial role
in this process as they are very useful in erosion control when properlymanaged. This
chapter depicts a case of erosion control service in a forest ecosystem in northeastern
Turkey by assessing statistical relationships of soil properties with forest inventory
data through field observations, direct measurements and calculated data of growing
stock, basal area, and soil erodibility (K-factor) from 108 forest plots. We found
several significant correlations between those factors and in particular tree density,
basal area, stand age, layered forest structure, stand height, undergrowth, and species
composition along with some ecological parameters proofed to be useful indicators
for a quick assessment of erosion control ES of forests. Erosion rates could be reduced
by increasing the number of trees per unit areawith smart forestmanagement. It seems
that optimum species composition can easily be achieved through the presence of
the broadleaved trees ES indicator. Because mixed forests generally had lower silt
content in their soil, they seem to be less prone to erosion processes. This case
study helped to identify the site-specific key indicators for assessing erosion control
ES as well as potential mitigation strategies for forest ecosystems in northeastern
Turkey. It also showed that a single proxy indicator might not sufficiently represent
such complex processes. Thus, the use of a bundle of indicators may result in more
accurate estimates. For a more general assessment, sound ES indicators still need to
be developed on regional or national level for decision-makers and practitioners to
make wise decisions and proper land allocations.
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Introduction

Ecosystem services (ES) are briefly defined as “contributions of ecosystem structure
and function to human well-being” (Burkhard et al. 2014, p. 5). These services can be
divided into three main categories: (i) provisioning (forest products, fodder produc-
tion, among others), (ii) cultural (e.g., recreational, hunting, bird watching, fishing
as well as aesthetic value of fruit trees and shrubs), and (iii) regulating services (cli-
mate regulation, erosion control, etc.) (Burkhard and Maes 2017). Erosion occurs
as a combined effect of such factors as (i) climate characteristics, (ii) soil type, (iii)
topography (slope and slope length), (iv) vegetation cover, and (v) conservationmea-
sures (e.g., contour farming, terrace, etc.) (Ekinci 2005; GDF 2017). Since humans
can easily modify the latter two, erosion studies generally focus on controlling these
factors. Thus, both vegetation cover and its management play crucial roles in soil
protection. Since forests are those ecosystems with the densest vegetation cover on
Earth, they protect soils against erosion in the best possible way (FAO 1992).

The mountainous topography, climate characteristics, and soil structure of Turkey
make its lands very susceptible to soil erosion bywater. Themean elevation of Turkey
is 1132 m a.s.l., reaching around four times the mean elevation of Europe (GDA
2007). When steep topography is coupled with an irregular rain pattern, various
erosion types (i.e., gully, sheet) at different severities occur in approximately 80%
of the country’s area (Çepel 2007). Ultimately, between 168 million (CDE 2015;
GDEA 2012) and 500 million tons (Çepel 2007; TEMA 2015) of productive topsoil
are estimated to be lost every year as a result of various erosion processes. Therefore,
soil erosion is still the most important environmental problem of Turkey (Kantarcı
1993; Çepel 2007; Günay 2008; Yavuz and Tufekcioglu 2019).

Apart from Turkey, soil erosion poses enormous environmental risks in many
other countries, as well (CEC 2006; Braun et al. 2018). Consequently, 24 billion
tons of productive soil in the world is washed away every year (IASS 2015). Soil
transport of such an amount additionally causes sedimentation in freshwater springs
andmakes themunusable (Carpenter et al. 1998; Tüfekçioğlu et al. 2012; Tüfekçioğlu
and Yavuz 2016). As a result of such hydrological processes, soil erosion influences
a more significant number of population with impacts on the access to drinking
and domestic water, a decrease in agricultural production, land degradation, floods,
landslides, and desertification (Cerdan et al. 2010; Buttafuoco et al. 2012). Such
problems currently adversely influence 1.2 billion people around the world and force
approximately 135 million people to abandon their homelands (MEF 2006).
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All these examples illustrate the vast importance of erosion control service of
ecosystems. Thereby, it is vital to integrate erosion control service of forest ecosys-
tems into management plans as active control over soil resources can be possible
only through proper management practices in forested lands. To this end, erosion
control ES first need to be quantified in a spatially explicit manner. In this way,
forest planners can accurately determine the (i) forestlands that will be designated
for soil protection, (ii) optimum species composition, (iii) silvicultural interventions
required for the stands which will be managed for erosion control purposes, and (iv)
proper harvest scheduling.

Erosion Control Service of Forests

Forest ecosystems provide benefits that can be related to the groups of provision-
ing, cultural, and regulating ES. Regulating services of forest include pollination,
pest control, preserving soil fertility, flood control, global climate regulation, nutri-
ent regulation, water regulation, air quality, noise remediation, and erosion control
(Burkhard and Maes 2017). Amongst them, erosion control service is one of the
most critical regulating ES, particularly in mountainous countries as they signifi-
cantly suffer from soil erosion. Therefore, soil research as well as the combatting
against erosion has been concentratedworldwide as forest vegetation has been under-
stood to have an active role in soil protection since the twentieth century (FAO 1992).
For Utah andMontana, Trimble andMendel (1995) showed that a decrease of canopy
cover to values below 1% increased erosion rates almost 200 times. More recently,
Vatandaşlar and Yavuz (2017) stated that the soil protection performance of a fully
covered Scots pine (Pinus sylvestris) forest was 70 times higher than that of sparsely
vegetated and degraded woodland in the Tortum-North watershed, Turkey. They also
reported that the amount of soil loss in forestlands was 32 times lower than that of
agricultural land use at the same gradient in the same watershed. This protective
effect of the forest cover against soil erosion can be outlined as follows: First, due
to the canopy layer, forest ecosystems dissipate the energy of raindrops before it can
reach the soil surface (Nanko et al. 2004, 2011). Second, they reduce the erosive
effects of rainfall through interception (Levia et al. 2017). Third, forests enhance the
infiltration capacity of the soil by improving soil structure with its roots (Morgan
2005). Lastly, they reduce soil moisture by transpiration (EPA 2013) (Fig. 1). Thanks
to these features, forests are considered as the best ecosystem type on Earth in terms
of erosion control ES (FAO 1992). Thus, accurate setting of forest structure (i.e.,
its composition and configuration) in forest management planning helps foresters to
minimize erosion processes on forestlands.
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Fig. 1 Functioning of
vegetation cover regarding
erosion regulation (EPA
2013)

Spatial Quantification of Erosion Control Service

In contrast to provisioning and other regulating services of forest ecosystems, not
many studies quantified erosion control ES in a spatially explicit manner. In the
limited number of studies reviewed, biophysical quantification is generally made via
three different techniques. These are (i) direct measurements (i.e., field experiments),
(ii) indirectmeasurements (i.e., remote sensingor proxy indicators) and (iii)modeling
(e.g., RUSLE) (Burkhard and Maes 2017). For all three techniques listed above, it
is necessary to use existing ES indicators or to develop new ones. ES indicators are
used to monitor the state and dynamics of ES supply, flow, and demand within a
specific time interval (Vihervaara et al. 2017). In this context, a substantial indicator
base has been developed worldwide in recent years to assess or measure ES.

The quantification of erosion control services was discussed by Guerra et al.
(2014), who estimated the potential (without ES provisioning) and actual soil loss
for South Portugal using RUSLE and calculated the ES provision capacity of the
ecosystem by the difference of these two terms. At this point, land covermanagement
(C) and conservation practices (P) factors played a key role. Then, they mapped the
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mitigation impact of thisESon soil erosion andprovided suggestions like overgrazing
being decreased for the risky areas. In another study, Pamukcu (2015) used various
landscape metrics as well as Revised Universal Soil Loss Equation (RUSLE) and
examined the relationship between these metrics and annual soil loss. A negative
correlation was found between soil loss and percentage of landscape, largest patch
index, and aggregation index especially in broadleaved forests (r=−0.60). Based on
these relationships, the author concluded that an increase in aggregation in forestlands
leads to a decrease in soil loss.

Researchers frommany countries use different indicators in their ESquantification
studies (Table 1). Thesemaybeprimary indicators such as annual soil loss in unit area,
or amount of erosion prevented as well as secondary indicators such as land cover,
slope, or soil erodibility (Egoh et al. 2012). For instance, when specific forestlands
are delineated primarily for erosion control service in Turkey’s forest management
maps at the planning stage, it is only taken into consideration that the slope rate in
the area was over 60%. On the other hand, Koschke et al. (2012) used the run-off
coefficient as an indicator in their extensive study in Eastern Germany. They scored
the indicator values for each land use type according to expert opinions and assigned
these values to related land use types in the map. As the examples demonstrate, there
are many different indicators and threshold values in the literature for the same ES.
Therefore, the indicators used in different countries are illustrated together in Table 1.

Table 1 Indicators used for assessing erosion control service (Yavuz and Vatandaslar 2017)

ES indicators UK EU USA CA AU (VIC) AU (NSW) TR

Soil loss amount ✔ ✔

Soil type (texture)a ✔ ✔ ✔ ✔ ✔

Soil stoniness ✔

Soil color ✔

Soil organic matter ✔ ✔ ✔

Run-off coefficient ✔

Rainfall amount ✔

Elevation a.s.l. ✔

Slope ✔ ✔ ✔ ✔ ✔ ✔

Forest areab ✔ ✔ ✔

ai.e., sandy loam, clay loam, silt, etc.
bThe ratio of forest area which is managed for soil protection to the total forest area
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Case Study from Turkey: Useful Indicators for Assessing
Erosion Control Service of Veliköy’s Forests

Study Area

Veliköy Forest Enterprise is the study area located in Artvin province, northeastern
Turkey (Fig. 2). The elevation ranges between 630 m and 3150 m with an average
elevation 1808 m. Its mountainous lands have a steep topography with an average
slope of 35%. It has a semi-continental climate with 620 mm mean annual precipi-
tation. The temperature ranges from –1.8 to 20.8 °C with an average 10.2 °C based
on the Şavşat weather station at 1100 m altitude (TSMS 2018). It is located in the
Caucasus Biodiversity Hotspot (CEPF 2003) and consists of highly diverse, uneven-
aged mixed temperate forests. The area is dominated by conifers such as Caucasus
fir (Abies nordmanniana subsp. nordmanniana), oriental spruce (Picea orientalis),
and Scots pine (Pinus sylvestris). Deciduous tree species such as chestnut (Castanea
sativa), beech (Fagus orientalis), birch (Betula sp.), hornbeam (Carpinus orientalis),
poplar (Populus sp.), and oak (Quercus petraea subsp. iberica) also exist (Yavuz and
Vatandaşlar 2018). Regarding soil type, moderately deep sandy loam soils are dom-
inant in the study area (Duman 2017).

Fig. 2 Location of the study area and the sampling plots
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Fieldwork and Methods

In the summer of 2018, 108 forested sampling plots were visited in the study area. A
number of field observations and direct measurements were performed at two stages.
The first step consisted of typical timber inventory for forest management planning
purpose. Measured variables were tree height (m), diameter at breast height (cm),
age (years), increment (mm/year−1), canopy closure (%), and the number of dead
trees. Moreover, species composition, stem quality, origin (high forest or coppice),
and silvicultural interventions (if any) were also observed and noted into the inven-
tory sheets. During the second stage, additional measurements and observations
were performed on thickness of litter layer (cm), height (m) and closure of under-
growth vegetation (%), forest structure (even-aged or uneven-aged), regeneration
status, number of snags, number of lying trees, number of tree layers, surface stoni-
ness (%), surface roughness, soil color, soil moisture (i.e., very dry, dry, cool, moist,
and wet), percent slope and slope length (m), and observed erosion type (i.e., rill,
interrill, gully, mass movement). Furthermore, disturbed topsoil samples were col-
lected at 0–15 cm depth in each plot for developing ES indicators. Collected samples
were taken to the soil laboratory for mechanical and chemical analyses. Bouyoucos
(1962)’s hydrometer method was used for the texture (sand, clay, silt content) analy-
sis while the Walkley–Black wet oxidation method was applied for determining the
organic matter content in soil based on Schumacher (2002).

Additional parameters such as growing stock (m3/ha), basal area (m2/ha) and
K-factor (t ha h ha−1 MJ−1 mm−1) were also calculated to be included as useful
indicators. TheK-factor was calculated according to the formulas in (1) and (2) (Torri
et al. 1997, 2002). Each indicator was tested for normality through visual inspection
of their frequency histograms, as well as the kurtosis and skewness values. After
controlling whether they were normally distributed, we assessed the relationships
among the indicators using Pearson’s correlation analysis, independent samples t-
test, and one-way ANOVA. Finally, a large geodatabase was set up in ArcGIS 10.3
for a full understanding of the spatial distribution.

K = 0.0293
(
0.65− DG + 0.24D2

G

)
exp

[

−0.0021

(
OM

fclay

)
− 0.00037

(
OM

fclay

)2

− 4.02 fclay + 1.72 f 2clay
]

(1)

DG =
∑

fi log10(
√
didi−1) (2)

where K is the soil erodibility (t ha h ha−1 MJ−1 mm−1), DG is the decimal logarithm
of the geometricmean of particle size distribution,OM is the organicmatter content in
soil (%), fclay is the clay content in soil (%), fi is themass fraction in the corresponding
size class, di is the maximum diameter of the ith class (mm), and di−1 is the minimum
diameter of the ith class (mm).
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Results

Statistically significant relationships were found between soil- and forest-related
parameters. According to Pearson’s correlation analysis, both K-factor and clay
content in the soil correlated with tree density in forest stands. Other significant
correlations can be seen in Table 2.

Aside from continuous data, there were statistically significant differences
amongst soil- and forest-related categorical data. Independent samples t-test and
ANOVA results showed that many soil properties differed depending on classified
data such as aspect groups, the presence of broadleaved trees or dead trees in the
stands (Table 3). We saw that if there were any broadleaved tree species in a conifer-
ous forest, then the sand content in soil was significantly higher while the silt content
was lower. Conversely, if there were conifers in a broadleaved-dominant forest stand,
the clay content was very high. On the other hand, the presence of common rhodo-
dendron shrub (Rhododendron ponticum) in a stand, a common undergrowth species
in the Eastern Black Sea’s forests, generally came along with high K–factor values
and low clay content. Moreover, litter layer thickness, soil stoniness, and surface
roughness rates statistically differed based on aspect. Namely, stoniness and rough-
ness were higher on the sunny slopes while litter thickness was thinner. Finally, we
analyzed soil types for differences and observed that stand age, tree density, number
of stumps on the forest floor and slope were significant factors affecting soil prop-
erties. Accordingly, tree density was low on loamy sand soils while the stand age
was high. However, forest stands were very young on sandy clay loam and clay loam
soil types. Clay loam soils, additionally, located on more flat sites in our study area.
Regarding the number of stumps, they were highest on the loam soils and lowest on
the loamy sand.

Table 2 Correlation analysis results of biophysical parameters

Soil-related data
(continuous)

Forest-related data
(continuous)

Significant level
(two-tailed)

Pearson’s r value

K-factor
(t ha h ha MJ−1 mm−1)
(soil erodibility)

Tree density (no/ha−1) <0.01 −0.35

Mean stand height (m) <0.01 0.34

Ht. of undergrowth
vegetation

<0.01 0.32

Clay content in soil
(%)

Tree density (no/ha−1) <0.01 0.38

Stand age (years) <0.05 −0.34

Silt content in soil (%) Slope (%) <0.01 −0.34

Basal area (m2/ha−1) <0.05 0.30

Sand content in soil
(%)

Tree density (no/ha−1) <0.01 −0.34

Stand age (years) <0.05 0.31
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Table 3 The results of independent samples t-tests and one-way ANOVA

Forest-related data
(categorical)

Soil-related data
(continuous)

Significant level
(two-tailed)

Test (comparison of
means)

Forest structure
(single canopy vs.
layered forest)

K-factor <0.05 Independent samples
t-test

Presence of
broadleaved trees in a
coniferous forest

Silt content in soil <0.05

Sand content in soil <0.05

Presence of conifers
in a broadleaved
forest

Clay content in soil <0.05

Presence of standing
dead trees

Silt content in soil <0.05

Presence of
Rhododendron
ponticum

K-factor <0.01

Clay content in soil <0.001

Aspect groups
(sunny vs. shadowed)

Stoniness in soil <0.05

Surface roughness <0.01

Litter layer thickness <0.05

Aspect subgroups
(e.g., N, NE, E, S, …)

Top height of the
stands

<0.05 One-way ANOVA

Slope <0.01

Soil type (e.g., sandy
loam, clay loam, silt,
…)

Stand age <0.05

Tree density <0.05

Slope <0.01

Number of stumps <0.01

Conclusion

It can be concluded that tree density, basal area, stand age, forest structure (i.e.,
single canopy vs. layered forest), stand height, undergrowth vegetation, and species
composition along with some ecological parameters such as aspect groups could
be utilized as useful indicators for a quick assessment of erosion control ES of the
Veliköy Forest Enterprise. These indicators can help natural resource managers to
take measures for appropriate land management. Accordingly, the eastern parts of
the study area appear to be more vulnerable to erodibility mainly due to the lower
organic matter content in soil. In contrast, the western parts provide higher capacities
for erosion control ES as they have a dense and mixed forest cover.

Based on the inverse correlation between tree density and K-factor (soil erodibil-
ity), it can be said that erosion rates may be reduced by increasing the number of
trees per unit area with smart forest management skills. Similarly, optimum species
composition can easily be set through the presence of the broadleaved trees ES indi-
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cator. Because mixed forests generally had lower silt content in their soil they seem
to be less prone to erosion processes. However, one should always bear in mind that
these ES indicators are site-specific. Thus, they may not function in the same way
across different regions.

Key Challenges and Smart Solutions

Many researchers from different countries suggest useful indicators for assessing
erosion control performance of forest ecosystems (see section “SpatialQuantification
of Erosion Control Service”). However, these are usually site-specific; thus, they
may change from region to region. Therefore, one should always bear in mind that
a robust indicator for a particular region may not represent the overall situation
for the national level. That is why new and scientifically sound indicators should
be developed primarily for unstudied erosion hotspots. On the other hand, most
regulating services are related to ecological functions involving many processes.
A single proxy indicator (e.g., land use or slope) may not sufficiently describe or
represent such processes (Egoh et al. 2012). Thus, the use of a bundle of indicators
(e.g., land use, canopy cover, and litter layer thickness) may result in more accurate
estimates.

Another difficulty is related to the fieldworks. Due to historical anthropogenic
pressure to nature, forestlands generally have shrunk to remote and mountainous
areas across the world as well as the case study site in Turkey. Thus, fieldwork (for-
est inventory) is generally the most expensive, time-consuming, and labor-intensive
stage of a forestry project. Indeed, it is very exhausting and sometimes impossible to
reach all sample plots due to lack of road and trails. Moreover, dense understory veg-
etation makes walking difficult especially in moist forest sites. Aside from the access
problem, measurement of some indicators requires expertise. Surface roughness, for
example, may not be accurately measured by timber inventory teams. As such, they
should be supported by soil and biodiversity experts on-the-ground. By doing so,
assessment and mapping of all ecosystem services can be possible in a systematical
manner. Therefore, timber inventory teams are periodically surveying all forested
lands of the country while updating the management plans generally every ten years.

Conclusive Remarks

Various forestry regulations are made about soil erosion and erosion control service
of forests in many countries. General awareness is formed in society. The role of
Sustainable Forest Management and ES concepts in the formation of this aware-
ness is undeniable worldwide. To date, we know well that different forest types and
structures serve different soil protection performances. Our duty, as natural resource
managers, is to model these services in a spatially explicit manner and integrate them
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into management plans with the help of numerous useful indicators developed for
different regions as shown for the case study site from Turkey in the present chapter
(see section “Case Study from Turkey: Useful Indicators for Assessing Erosion Con-
trol Service of Veliköy’s Forests”). Thus, both decision-makers and practitioners will
be able to make wiser management decisions and better priority settings than before.
Ultimately, it is considered that the amount of billions of tons of soil loss worldwide
will gradually be reduced.
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