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Preface

This book is the outcome of the conference “Global Environmental Change:
Challenges to Science and Society in Southeastern Europe” organized by the
Scientific Coordination Center for Global Change (SCCGC) at the Bulgarian
Academy of Sciences jointly with the Austrian Science and Research Liaison
Offices Ljubljana and Sofia (ASO). The event was supported by the Federal Ministry
of Science and Research of the Republic of Austria in the framework of its SEE sci-
ence cooperation initiative. Sponsorship was also provided from the Knight-Staneva
Foundation for Sustainability and Future Environments (USA) and the EC FP6
ADAGIO project (www.adagio-eu.org).

The Conference celebrated the anniversary of the founding of the SCCGC in
1997 as National Coordination Center for Global Change (NCCGC). The idea for
such a center evolved at the June 1997 Workshop “Global Change and Bulgaria”
held in the American University in Bulgaria, Blagoevgrad, sponsored by the US
National Science Foundation via the Center for Integrated Regional Assessment
(CIRA) at the Pennsylvania State University. In examining the competencies
Bulgarian scientists would bring to the study of climate change and its impacts,
that workshop identified a number of research priorities and future strategies to be
pursued. The workshop resulted in two publications, Globalnite promeni i
B�lgari�1 and Global Change and Bulgaria.2

The most important future strategy from the 1997 Workshop was the proposal to
the leadership of the Bulgarian Academy of Sciences for formation of the NCCGC,
with the recommendation that it be headed by Academician Dimitar Mishev, direc-
tor of the Academy’s Solar-Terrestrial Influences Laboratory, and membership from
a variety of institutes and other organizations. In July 1997, the NCCGC came into
being and operated under that title until the death of its president, Academician
Mishev, in 2003.

11999. Sofia: National Coordination Center for Global Change, Bulgarian Academy of Sciences,
370 pp. (Todor Hristov, C. Gregory Knight, Dimitar Mishev, Marieta P. Staneva, editors; in
Bulgarian). ISBN 954-90485-1-9.
22000. Sofia: National Coordination Center for Global Change, Bulgarian Academy of Sciences,
350 + viii pp. (Marieta P. Staneva, C. Gregory Knight, Todor N. Hristov, Dimitar Mishev, editors).
ISBN 954-90485-2-7.

v



vi Preface

During that interim, one of the research priorities was initiated, namely a study
of the 1982–1994 Bulgarian drought as an analog of future climate change, realized
as a project coordinated in Bulgaria by Professor Ivan Raev of the Forest Research
Institute and in the US by C. Gregory Knight of the Pennsylvania State University,
with funding from the US National Science Foundation via CIRA. That project also
resulted in two books, Zasuxavaneto v B�lgari�: s�vremenen analog za
klimatiqni promeni3 and Drought in Bulgaria: A Contemporary Analog of
Climate Change.4

The NCCGC played an important role in the creation of the Industrial
Transformation Science Plan of the International Human Dimensions Programme
in 1998–1999. The Centre also co-sponsored a workshop on Integrated Regional
Assessment of Climate Change held in Budapest in 1999 and hosted the Sofia
workshop on Human Dimensions of Global Change in 2000.

Subsequent to the death of Academician Mishev and by decision of the Board
of the Bulgarian Academy of Sciences, NCCGC became the SCCGC in 2003
with Professor Ivan Raev as president. The SCCGC continues until the present
as a consultative and advisory body on global change issues in Bulgaria with
the presidency having been handed from Professor Raev to Associate Professor
Vesselin Alexandrov, director of the Meteorology Department of NIMH, in
May 2006.

In 2007, in recognition of the 10th anniversary of the workshop that had
led to the creation of the SCCGC, plans were begun to organize a conference
on global environmental change issues in the region of Southeastern Europe in
co-operation with the ASO. The conference was held in Park Hotel Moskva,
Sofia, on 19–21 May 2008 with near 120 participants, including 36 from out-
side Bulgaria (Albania, Austria, Bosnia and Herzegovina, Croatia, Cyprus, Czech
Republic, Finland, FYR of Macedonia, Greece, Latvia, Moldova, Montenegro,
Serbia, Slovenia, Romania and USA), which reflected the interest in environ-
mental change issues throughout Southeastern Europe and beyond. There were
four plenary keynotes, eight thematic parallel and poster sessions during the
conference.5

This book is a collection of papers presented in the conference as selected from
presentations and respectively revised for publication. The editors and authors of
contributions hope that the volume will be a way marker on the road of basic and
applied research on climate change and other environmental issues as well as related

32003. Sofia: Bulgarian Academy of Sciences Press, 284 pp. (Ivan Raev, C. Gregory Knight,
Marieta P. Staneva, editors). ISBN 954-90896-1-4.
42004. Aldershot, UK: Ashgate Studies in Environmental Policy and Practice. 336 + xvi
pp. (C. Gregory Knight, Ivan Raev, Marieta P. Staneva, editors). ISBN 978-0754642152.
5For further information refer to http://global-change.meteo.bg/conference_en.htm or refer to
http://www.aso.zsi.at/bg/veranstaltung/2601.html (last accessed on September 4, 2009).
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impacts in Southeastern Europe, and that it will also introduce some of the work
done in this region to the global change community.

Vesselin Alexandrov
Martin F. Gajdusek
C. Gregory Knight
Antoaneta Yotova
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18 Moldovia’s Challenge in the Face of Surface Water
Resource Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Igor G. Sirodoev

19 Long-Term Trends of Lead-210 Concentrations in the
Ground-Level Air in Finland and Bulgaria . . . . . . . . . . . . . 229
Jussi Paatero, Blagorodka Veleva, and Juha Hatakka



Contents xi

Part V From Global to Local and Vice Versa

20 Drought Management Centre for South Eastern Europe . . . . . 237
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Romania, bartokblanka@yahoo.com

Viorel Blujdea JRC – Institute for Environment and Sustainability, Ispra, Italy,
viorel_blujdea@yahoo.com

Lilia Bocheva National Institute of Meteorology and Hydrology, Sofia, Bulgaria,
Lilia.Bocheva@meteo.bg
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Introduction

Vesselin Alexandrov, Martin F. Gajdusek, C. Gregory Knight,
and Antoaneta Yotova

Global change is the term used to encompass a multitude of environmental and
ecological changes of different scale that have been noticed, measured and studied
on the Earth. Global environmental change encompasses the study of issues such
as climate change, biodiversity and species extinction, land use change, changes
in the carbon and water cycles, air quality, etc. Global environmental change is
as old as the Earth because physical, chemical and biological processes have been
shaping and reshaping the planet’s environment since its infancy 4.5 billion years
ago. In recent time, however, humankind has become one of the major driving
forces of environmental change on our planet by diverse activities resulting in cli-
mate change, loss of biodiversity, pollution, desertification and other consequences.
In turn, both individuals and societies are also experiencing the impact of the
changes in their natural environment upon their own social, economic and political
situations.

In the region of South-Eastern Europe, changing weather patterns are creating
droughts, floods, and forest fires. Severe droughts affected most socio-economic
sectors in this region in the twentieth century. Since 2002, floods in Europe have
caused a number of deaths, the displacement of about half a million people, and
cost at least 25 billion Euro as measured by insured economic losses. In addition
to wet weather conditions, poor river basin management contributes to flooding in
South-Eastern Europe. Furthermore, water leakages from distribution networks are
frequent in many South-Eastern European countries. It is common that more than
one third of the supplied water is lost before delivery.

All countries in South-Eastern Europe are parties to the UN Framework
Convention on Climate Change of 1992. Between 2004 and 2007, countries such
as Albania, Bulgaria, Croatia, Former Yugoslavian Republic (FYR) of Macedonia
and Montenegro ratified the Kyoto Protocol. Although the absolute and per capita
contribution of the region to global greenhouse gas emissions is relatively small,
there are significant opportunities for emission reductions. Countries can reduce
their current high energy consumption and energy intensity, lower their reliance on
coal for energy production, increase energy efficiency of the domestic sector, and
invest in renewable energy resources such as solar, biomass, hydro, and wind.

Biodiversity is under serious threat in South-Eastern Europe, particularly in farm-
land, mountain regions and coastal zones. The loss of biodiversity happens primarily

xix



xx Introduction

because of human activities leading to land use changes – including urban sprawl,
infrastructure development, intensification and/or abandonment of the agricultural
sector, as well as to acidification, eutrophication, desertification, overexploitation of
natural resources, and climate change.

The countries of South-Eastern Europe have made substantial progress in devel-
oping legal and policy reforms in the area of environmental protection, most of it
linked to EU accession or membership. However, the establishment of appropri-
ate institutional infrastructures often remains a challenge. Countries of the region
still face lack of sufficient resources and adequate administrative capacity for
adoption and effective implementation of the multilateral environmental agree-
ments. The quality of South-Eastern Europe’s nature and environment is high
but in order to preserve this status, the concept of sustainable development must
be practically integrated into the mainstream economic and social development
policies.

In the last decade, the environmental changes and awareness of their impacts
on society, economy, and local and regional development have become impor-
tant research topics in South-Eastern Europe. Global environmental change and its
implications for the future development in the region are nowadays hot issues for
politicians, and this impetus accelerates the introduction of specific adaptation and
mitigation measures. Climate change is one of the most important public and soci-
ety driven research topics but also one of the very first research issues requiring
a real interdisciplinary, and therefore challenging, approach. During recent years,
global change research and participation of researchers from South-Eastern Europe
in the global change community have grown. Research networks in related fields
emerged recently, driven also by diverse funding schemes, e.g. programmes of the
European Union. The explicit societal demand challenges researchers and their
science communication competencies on the research topics concerned. Thus, it
became necessary to convene a meeting to assess the recent knowledge on global
environmental change and related impacts in South-Eastern European countries.
The international conference “Global Environmental Change: Challenges to Science
and Society in South-Eastern Europe”, held in May 2008 in Sofia, Bulgaria, aimed
to respond this need. The particular interest on the region of South-Eastern Europe
is because recently and in the future, this region will become increasingly sensitive
to global changes. Beyond the work of scientists and actions of governments, civil
society has a major stake in such changes, so the necessity for information exchange
as basis for actions to address resulting stress as well as to exploit new opportunities
is important task.

As main objectives of the above conference, different aspects of the environmen-
tal changes and their impacts are discussed in the next parts of this book. It starts
with the four key-note lectures presented during the conference. In these chapters
of the book, attention is paid to the possibility for numerical experiments with
climatic models and to discovery of local and regional “signature” of the global
climatic changes. The importance of a focused Balkan-region analysis of future cli-
mate change and climate change impacts on a more detailed regional basis than
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undertaken before is considered. Climate change scenarios based on high resolu-
tion climate models for Europe and the possible impacts of climate change due to
changes in extreme weather and climate events for different sectors (agriculture,
water resources, human health, built environment and infrastructure) are discussed.
The last key-note chapter traces the history of the establishment of the Scientific
Coordination Center for Global Change in Bulgaria aiming to ensure research
projects, studies, publications and educational initiatives in the realm of global
change and goal for sustainable development. Research results and lessons learned
are viewed as road markers to assist decision makers and the public particularly in
the face of climate change and planning for sustainability.

Global Change and Climate Change in South-Eastern Europe

In this part of the book, the chapters represent selected research on environmental
changes at global, regional and local scales in the past, present and future includ-
ing assessments of observations, indices and indicators, models, scenarios, trends,
etc. In the first chapter, some issues which are important from the point of view
of the current climate modelling attempts are considered, namely: (i) overview of
the results achieved until the present time; (ii) discussion of the term predictabil-
ity beyond complexity; (iii) consideration of an approach in analysis of the energy
balance equation for the environmental interface and (iv) “chaotic” response of the
environmental interface due to forcing by visible and infrared radiation. The aim
of the second chapter is to estimate regional changes of different type of clouds
associated with climate change in the south-eastern part of Europe. A statistical
method of downscaling is applied to calculate how cloudiness change in parallel
with the increase of hemispherical temperature with 0.5◦K; the regression of local
variables against the hemispherical mean temperature in the recent monotonously
warming period of 1973–1996 is analyzed by the method of instrumental variables.
The next chapter comprises recent achievements and updated research results on
projected climate change in FYR of Macedonia in the twenty-first century, related
to previously elaborated National Communications on Climate Change as an obliga-
tion under the UN Framework Convention on Climate Change. Then, authors from
Bosnia and Herzegovina present the effects of climate changes, such as increase of
average temperature about 0.7◦C in the past 100 years and the annual sum of rain-
falls with no severe changes, finding the existence of very warm and very cold short
periods, and also their consecutive fast changes, over the country’s territory. In the
last chapter of this part, the historical archive of synoptic maps and NCEP/NCAR
reanalysis data files are used for analysis and classification of the synoptic situ-
ations causing torrential precipitation over the territory of Bulgaria; the fields of
air pressure and wind velocity are also considered. A negative trend in the annual
and seasonal precipitation totals associated with an increase in the contribution of
heavy rainfall events to the total precipitation is observed in the country as in some
Mediterranean countries.
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Environmental Impacts

The impacts of global, regional and local environmental changes on natural systems,
such as water resources, forests, and ecosystems, are subject of this part of the book.
The first two chapters present Joanneum research in the field of climate change –
scientific and network activities in Austria and South-Eastern Europe. In the next
chapter, a specific targeted research project CECILIA (Central and Eastern Europe
Climate Change Impact and Vulnerability Assessment) is presented. The project’s
main goal is to provide climate change impacts and vulnerability assessment in tar-
geted areas of Central and Eastern Europe. To assess the impact of climate change
at the regional to local scale, very high resolution Regional Climate Models are run
locally for targeted areas in order to capture the effects of the complex terrain of the
region. Changes in weather patterns and extreme events are addressed within the
project as they affect important economic sectors and welfare of individual coun-
tries in the region. The selected applications of the CECILIA outputs are supposed
toward water resources management, agriculture, forestry, air quality and health.
The next chapter discusses results of the regional studies and feedback gathered
from experts and farmers which show in general that drought and heat are the main
factors having impact on agricultural vulnerability not only in the Mediterranean
region, but also in the central and eastern European regions. Another important
aspect is that the increasing risk of pest and diseases may play a more important
role for agricultural vulnerability than assumed before, however, till now this field
is only rarely investigated in Europe. Review of climate change projections based
on a range of emission scenarios extending up to the end of the twenty-first century
is made in the next chapter. The study area covers South-Eastern European coun-
tries, such as Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Albania and the
FYR of Macedonia. The scenarios exhibit an anticipated increase in the annual air
temperature higher than 5◦C with very slight differences over the region. As result
of the reduction in annual total precipitation rate, the study area could experience a
general decrease in runoff. The demand for water could increase, especially in the
summer. It could cause more keen problems, particularly for energy production from
hydropower in countries like Albania that highly depend on hydropower. The state
of climate changes in Serbia and their consequences: desertification, soil erosion,
torrential floods, as well as the significance and effects of forests on their mitiga-
tion, are subjects of the next chapter. Erosion, erosion sediment and torrential floods
cause numerous damages among which the damage brought to the environment
is increasingly important. It is manifested as landscape degradation, mechanical
and chemical pollution of water in watercourses and storages. With present climate
changes, which have an unfavourable impact on the development of vegetation, the
risk of intensified erosion processes is increased.

Impacts on Socio-Economic Activities

In this part of the book, the impacts of environmental changes on society and econ-
omy, for example impacts on human health, agricultural production, other industrial
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and economic sectors, are illustrated by selected chapters. Chapter 15 outlines the
conceptual framework of the different types of climate change impacts and justi-
fies the necessity of economic impact studies, especially on a local level. Results
of a number of impacts studies at global, European and country level have been
examined, not to give single values of damage or impact of climate change, but
to explore plausible ranges of impacts. The chapter concludes with the expected
results of a research project – CLAVIER (Climate Change and Viability: Impacts
on Central and Easter Europe) aiming at filling the research gap concerning local
level studies related especially to economic impact and vulnerability issues. The
next chapter is devoted to the heavy rains in Albania which are amongst the greatest
problems nowadays, especially on the low and coastal land. These zones very often
are suffering from flooding caused not only by heavy rain but also by poor man-
agement of the urban infrastructure. Human factors are determinant in the frequent
inundation of the coastal zones, as listed in the conclusion of the chapter. To ana-
lyze in details heavy rain and its social impact, the region around Lezha station as a
representative for the coastal northern part of Albania is chosen. The threshold cal-
culation for adverse weather phenomena identification and frequency distribution of
meteorological variables is used as methodological tool. In Chapter 17 of this part,
effects on the red blood cells in children exposed to air pollution are evaluated using
the example of Nish in Serbia. The diagnosis of iron deficiency anemia is made
using the pre-defined criteria. The air concentrations of black smoke, nitrogen diox-
ide, sulfur dioxide and lead in sediment matter are determined for the period from
1990 to 2000. The findings suggest that air pollution could have negative effects
on red blood cells in children. Changes of water covered areas in Moldova during
the transition period are analysed in the next chapter to reveal recent tendencies
and find possible solutions of adaptation to climate change. “Spontaneous” con-
centration of reservoirs and ponds around big cities is found as a distinct feature
of recent change. At the same time, the water-covered area diminished more dras-
tically in initially water-scarce regions. As a result, adaptation measures must be
territorially and typologically differentiated in order to achieve maximum effect and
diminish social vulnerability of the population. Chapter 19 shows an observed trend
which may indicate that the climate is becoming more maritime in northeastern
and especially southeastern Europe. Namely, starting from the mid 1980s, there is
a continuous decrease in the average lead-210 content of ground-level air both in
Finland and Bulgaria, but the decreasing trend is much stronger in Bulgaria com-
pared to Finland. However, the source areas of air masses are not the only factor
to determine the lead-210 content of the air. The effect of the precipitation causing
wet deposition of lead-210 has to be studied too, as the changes in the precipitation
amount can influence the average residence time of lead-210 in the air.

From Global to Local and Vice Versa

The permanent direct and feedback links between global and smaller scale environ-
mental changes and their impacts are discussed in this part of the book as illustrated
by the selected chapters. Chapter 20 argues that in a changing climate, natural
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hazards are more frequent, and it would be reasonable to imply that social and
economic risk is consequently increasing. Assessment of both – natural hazards
and society vulnerability – belongs among the core work objectives of the Drought
Management Centre for Southeastern Europe established in Slovenia. Historical
assessment of drought occurrence and development of a drought monitoring sys-
tem aim at establishment of regional products for estimation of climatological and
actual natural hazards connected to drought. Some aspects of vulnerability have
already been described for some of the countries in South-Eastern Europe. The
next chapter states that one of the most important tasks of the signatory parties
to the United Nations Convention to Combat Desertification (UNCCD) is to adopt
National Action Programmes for combating desertification (NAP). The Romanian
Government has adopted the first NAP in 2000. Following the previous experi-
ence with the limited implementation of this Programme, while confronting with
the severe drought of 2007, it has been decided to proceed with its revision taking
into account that (1) the political will and social impact of a revised NAP relates
directly to the duration and intensity of the natural phenomenon (i.e., drought),
and (2) bringing together a multitude of national authorities presumably concerned
about drought and desertification incurs transaction costs which may easily exceed
those required by the mere elaboration of NAP. Actions and measures proposed
within this strategy may overlap with those provisioned by similar strategies (e.g.,
climate change mitigation/adaptation, water management, etc.), so that the critical
issue of synergistic action comes again to the fore. The next chapter reports that
the UNDP Country Offices in Albania, Bosnia and Herzegovina, Macedonia FYR,
Montenegro, Serbia and the UN Administered Province of Kosovo have developed a
regional demonstration programme around demand-driven projects in nine locations
in the Western Balkans suffering from the legacy of polluting industries and requir-
ing industrial renewal, environmental cleanup and new economic initiatives. The
programme is to achieve improvement of the environmental situation and quality
of life for citizens living in and around polluted areas through least-cost measures,
improved local and national policy dialogue and supply of domestic professional
services in the environmental management sector. While the main focus will be the
physical works needed to mitigate the ecological problems, institutional strength-
ening and capacity building will be an important subject running throughout the
programme. The last chapter presents the project “Integrating Global Environmental
Issues into Bulgaria’s Regional Development Process” initiated in 2006 by the
Ministry of Regional Development and Public Works of Bulgaria and the United
Nations Development Programme. The project’s objective is to build capacities of
respective ministries, district administrations and municipalities for mainstreaming
global environmental issues into the formulation and implementation of regional and
local development, as well as spatial planning policies. It is expected that by the end
of the project, the beneficiaries shall have: adequate skills necessary for effective
mainstreaming of global environmental issues into regional development policies;
access to appropriate systems of training, mentoring, and learning in place to main-
tain a continuous skills upgrade of personnel; a comprehensive set of indicators that
can be used to assess the impact of development and spatial planning at regional,
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district and municipal levels on the achievement of the UN Rio Conventions’ objec-
tives; access to data needed for reporting on progress in terms of impact on global
environmental commitments; and models for update of regional development and
spatial development plans and strategies.

We anticipate that the book chapters will be useful not only for experts and
specialists in the field of global change and related impacts, but also for students
and common people interested in environmental issues, especially in the region of
South-Eastern Europe.
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Chapter 1
Weather and Climate – Difficult
Science Problems

Stoytcho Panchev and Tatiana Spassova

Abstract The classical physics with its fundamental principles and laws is in the
basis of the contemporary weather and climate theories. The weather is defined as
momentary state of the system Atmosphere–Land–Ocean (ALO). In this chapter,
the development of the numerical method for deterministic weather forecasting is
traced out and the main reasons leading to limited predictability are outlined. The
climate is defined as a statistical ensemble of the ALO-system states for a long
enough period of time τc (≈30 years). The role of physics in the climate studies has
two aspects:

1. Quantitative reconstruction of the past climate of our planet;
2. Development of theories and methods capable of reproducing the past climate

events and of predicting future ones.

Special attention is paid to the possibility for numerical experiments with climatic
models and to discovery of local and regional manifestation of the global climatic
changes. The Bulgarian contribution to these current problems of physics and of the
contemporary science in general, is also mentioned.

Keywords Climate · Numerical models · Weather

1.1 Introduction

About forty years ago, the great Russian scientist A. S. Monin (1969) published a
book on physics and weather. Recently, he was a leading author of a review paper
(Monin and Shishkov, 2000) on physics and climate. We share completely the ideas
and concepts of this author concerning the crucial role of the physics in formulation
and solution of the fundamental questions related to the weather and climate in
cognitive and practical aspects. More precisely, we mean the classical physics with
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its general principles and laws, applied to the multi-component system Atmosphere-
Land-Ocean (ALO) of the planet Earth. In this connection, we also mention the
books of McIlveen (1992), Peixoto and Oort (1992) and Panchev (2003).

The study of the processes and the phenomena in the ALO-system goes in two
main directions – instrumental observations (in situ and remote sensing) and theo-
retical (mathematical modeling on physical basis). Now, in the era of space satellites
and powerful computers, both of them undergo unprecedented progress. Hereafter,
we discuss some particular aspects in the development of theoretical studies.

1.2 The Weather

Under the term weather one usually understands the state of the low atmosphere (the
“kitchen” of the weather) at the moment or for a short period of time, over a lim-
ited area. This state is characterized by a set of meteorological fields (or elements)
which are functions of the space-time coordinates (x, y, z, t), such as: wind velocity,
temperature, pressure, humidity, precipitation etc. Very often only one of them is
used as main characteristic of the weather – people say: it is warm, cold, windy,
rainy, etc.

One of the most important scientific and practical problems is the understand-
ing of the laws governing the weather and their application for its forecasting.
No doubt that these are fundamental laws of the classical physics of continuous
media – hydrodynamics, thermodynamics, radiation, water phase transitions, etc.,
with extensive use of mathematical tools.

A century ago, in 1905, V. Berkness formulated the weather forecasting prob-
lem as a mathematical one for solving the system of partial differential equations
(PDE) of the atmospheric thermo-hydro-dynamics at given initial and boundary
conditions. Two decades later, L.F. Richardson realized (by hand!) the first (unsuc-
cessful!) such a numerical weather forecast. Still 20 years later, the first electronic
computer (ENIAC) was used by J. von Neumann for this purpose.

Meanwhile and next, the physical basis of the mathematical prognostic models
was improved; the numerical methods for solving the equations were further devel-
oped; the volume and accuracy of the observational data gathered in the world set
of meteorological stations and by remote sensing (i.e., by space satellites) methods
increased many times and finally, the computers became much more powerful in
memory and speed. It was logically to expect that the quality and duration of the
meteorological forecasts will also increase proportionally. However, this was not
the case!

An improvement was actually observed, but with a clear tendency towards “sat-
uration” – the results did not correspond to the material and intellectual resources
engaged into the problem. In other words, a “horizon of predictability” for deter-
ministic forecasts exists. It was theoretically evaluated as 2 weeks and for now it
has practically reached 1 week. There are at least five reasons for this:

– imperfect physics under the mathematical prognostic models;
– observational and other errors in the initial data;
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– unknown boundary conditions for the regional models over limited area;
– inappropriate numerical schemes for discretization of the equations;
– the equations themselves – nonlinear partial differential, large number, multipara-

metric, etc.

The fundamental explanation, however, came after the 1960s from the theory
of chaos – the crown of the classical physics (Panchev 2001). The ALO-system
is nonlinear and extremely complex with a great number of feedbacks. Even the
simplest mathematical models must be nonlinear. But such completely deterministic
equations with parameters can generate highly irregular, nonperiodic, stochastic-
like solutions with exponential sensitivity to the initial conditions, so that errors in
the latter will grow very rapidly during the model runs. In other words, we have
what is called “chaotic solutions”. After some “term of predictability”, the errors
become large enough to completely compromise the forecast. The understanding
of this fact results in the quite pessimistic conclusion – an ideal and unlimited in
duration deterministic numerical prognosis could never be achieved even if most of
the above mentioned factors were eliminated. This would be possible to some extent
if there were some highly predictable effective reasons governing the weather. But
this is not the case! That is why, the idea to use the solar activity is so debatable.
Most probably, the ALO-system has its internal causes for the irregular weather
variability and limited predictability.

During the last decade, our research interest is in the field of general theory
of nonlinear (chaotic) dynamical systems and their various applications, including
meteorological ones. A number of Bulgarian scientists and groups, mainly in the
frames of international projects and programmes, have contributed to a better under-
standing of the planetary boundary layer physics and dynamics, the ocean dynamics,
etc. This allows more correct formulation of the low boundary conditions in the
numerical weather prediction described above. Now, several weather forecast mod-
els are in operational use in the Bulgarian hydrometeorological service – ALADIN,
ARPEGE, MM5, etc. Results from other models are also used, such as the model of
the European Centre for Medium-Range Weather Forecasts. Some of these models
(ALADIN, for instance) have regional versions with smaller space and time steps,
which better accounts for local terrain peculiarities and conditions, and allows to
improve the weather forecast for the country.

1.3 The Climate

There are many definitions of climate in the popular literature. The physically
rigorous definition for climate reads: “The climate of the Earth is a statistical ensem-
ble from the states of the system ALO (called also Climatic System (CS)) for a
long enough period of time τc”. It is recommended by the World Meteorological
Organisation (WMO) τc = 30 years because for such a period, the mean values
of the climatic fields are relatively stable and representative. For time intervals
τ < τc, one speaks for climatic variability, while at τ > τc – about climatic
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changes (tendencies, trends). Moreover, the above definition permits to speak about
“regional” and “local” climate, “climate of the ocean”, “space weather and cli-
mate”, etc. (Panchev 2003). In these cases, the interactions with other parts of
the system must be considered. Evidently, it is not possible to distinguish sharply
short-period (∼1 year) climate variation from long-period weather fluctuations and
for this reason, terminological mixing exists in the practice.

What is the role of physics in the problem of climate change? Quantitative
diagnosis of the climatic changes during the geological history of the planet is
impossible without knowledge of physical laws. Instrumental measurements have
been made during the last few centuries only due to the physical and engineer-
ing achievements. Physical (radioisotope) methods ensure reliable data for climate
description before this period. On such basis only, an acceptable explanation of the
real climatic changes can be searched for. It is well known that long and short, irreg-
ular in time, glacial and interglacial periods have happened. Their “signatures” have
been seen on the land, ocean bottom and glaciers, including the Antarctic ones.

The knowledge and the understanding of the climate history is a precondition
for development of a reliable theory capable to predict climate future. In essence,
the theory of climate is a statistical dynamics of the CS and is one of the most
challenging theories at present. Two basic goals in development of this theory can
be pointed out:

– Reproduction of past events in the climate history with or without inclusion of
cosmic factors, i.e. solar activity;

– “Prognosis” for the future climate of the Earth accounting for new factors such as
the anthropogenic greenhouse gas emissions. Here, the inverted commas stand to
stress on the new meaning of the word prognosis concerning the climate consistent
with the definition. One has to talk and write about climate perspectives with some
probability or statistical moments, instead of climate prognosis.

Respectively, the modern climate theory goes in two main directions:

– Analysis and interpretation of the real climatic data;
– Development of mathematical models on physical background and numerical

experiments with these models.

The first direction aims at identification of the physical and other factors influ-
encing the climate and their quantitative representation. The second one aims at
bringing the factors together in equations which is not unique operation. This is the
reason for existence of a wide spectrum of models containing from one to several
dozens of equations depending on the purpose of the model and the resources for its
realization. The simplest, so called “point models”, consist of up to three nonlinear
ordinary differential equations of evolutionary type da/dt = ȧ = b − c. Two exam-
ples for such models are given in the Appendix (see also Panchev 2001). They tie
globally averaged quantities such as temperature, CO2 content, ice mass, etc. and
are comparatively simple for solving and analysis. The “heavy” climate models,
such as global circulation models, describe the CS as a whole and consist of large



1 Weather and Climate – Difficult Science Problems 7

number PDEs. Only several national or world meteorological centres operate with
such models (American, European, Canadian, Russian, etc.) because they require
powerful computers, abundant collection of data as well as considerable intellectual
and financial resources.

The problem for “prediction”, or more precisely “perspectives” of the climate
for decades or 1–2 centuries ahead is already a problem not of physics (geophysics)
only but multidisciplinary one. It has demographic and economic aspects related
to the growth of human population on the planet and the increasing influence of
the anthropogenic factor. The physical aspect is, to the great extent, understood
and mastered. As to the other aspects, they are presented in the models in the
form of scenarios, i.e. assumptions on how respective components will change in
the future – staying uncontrolled or being limited by international protocols and
agreements. Under such situation, various climate change models can be created
accounting for both type of aspects and predicting the reaction of the CS depend-
ing on the initial data. Preliminary results concerning the future climate up to the
end of the twenty-second century have been recently published (Dai et al. 2001a,
2001b, 2001c). The authors conclude that global warming of about 2–3◦C could
be expected, against less than 1◦C increase at the end of the twentieth century,
compared to the nineteenth one.

1.4 Conclusions

In the light of the above, a fundamental question arises: when and to what extent one
can believe to the model perspectives for the climate? From theoretical considera-
tions, the answer is: when the model can satisfactory reproduce past events from the
climate history (McIlveen 1992). It is found that only internal mechanisms of the
CS can explain qualitatively its observed behaviour. Moreover, the models predict
more than one stationary climate, different from the present one, so that the CS can
“jump” from one to another stationary state if the physical parameters of the system
change above some threshold value (Monin and Shishkov 1979).

An important feature of the climate modeling research is the possibility for
numerical (computer) experimentation. In such experiments, one can start by
giving various initial conditions like absence or different configuration of the
continents and oceans on the globe, different solar radiation by some reasons, dif-
ferent composition of the atmosphere, absence of biosphere, etc. Different climates
will correspond to each of these cases. Hence, the life on the planet will react
correspondingly.

Finally, the problem for detecting regional and local manifestations of the global
climatic changes is not less difficult. Technically, it is similar to the problem to
distinguish and separate the useful “signal” on the background of the “noise” of
same order. This important problem, however, can be attacked by single scientists
or small research groups. Bulgarian physicists-meteorologists also contribute to find
solutions of this problem with regard to the climate in the region of South-Eastern
Europe, the Balkan Peninsula and Bulgaria in particular.



8 S. Panchev and T. Spassova

As to the weather forecast models, all of them are being constantly improved
and behave very well even for limited area and for a period from 1 week up to 10
days. However, this is correct for relatively stationary synoptic situations. In case
of more dynamic non-stationary situations, the accuracy of these models is usually
worse. For this reason, the extreme events are much more difficult to be exactly
predicted in space, time and intensity. The development and improvement of the
weather forecast models in this sense have to be encouraged.

Appendix

Below, examples for model equations of two dimensionless point climatic mod-
els are given. Even very simple, they could demonstrate quite rich spectrum of
solutions’ behaviour, respectively – quite different climates could result as their
solutions.

(1) The Lorenz model (Lorenz 1984, 1990)

dX|dt = Y2 − Z2 − aX + aF,

dY|dt = XY − bXZ − Y + G,

dZ|dt = bXY + XZ − Z,

(1.1)

where X(t), Y(t) and Z(t) represent the zonally averaged meridional temperature
gradient (or equivalently, the intensity of the westerly wind current) and the
amplitudes of the cosine and sine phases of a chain of superposed large scale
eddies, respectively; aF and G stand for the symmetric and asymmetric external
thermal forcing by the underlying earth surface (land and oceans); a and b are
physical parameters.

(2) The Saltzman-Maasch model (Saltzman and Maasch 1988)

dX|dt = −X − Y ,

dY|dt = −pZ + rY − sZ2 − YZ2,

dZ|dt = −q(X + Z),

(1.2)

where X(t), Y(t) and Z(t) represent the global ice mass, the CO2 content and
mean static stability of the world ocean (i.e. the Brunt-Vaisala frequency)
whereas p, q, r, s are model parameters.
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Chapter 2
Climate Change and the Balkans: Real Concern
or “Useless Arithmetic”

C. Gregory Knight

Abstract The theme of this essay is the importance of a focused Balkan regional
analysis of future climate change and climate change impacts on a more detailed,
cross-national and regional basis than has been undertaken before. The argument
is based on the differences in potential future climate in the Balkans compared to
the European continental area in which the region is typically included and on the
reality that geographical propinquity may be more important than boundaries of
nation states when issues of climate change impacts are considered. Differences
among climate change scenarios and uncertainty in resulting impact patterns are not
grounds for ignoring the importance of regional collaboration on climate change
assessment. Thus the creation of an informal collaborative among Balkan climate
change scientists is proposed.

Keywords Balkans · Climate change · Impacts · Regional assessment · Cooperation

2.1 Introduction

The Intergovernmental Panel on Climate Change process, with its history of four
increasingly sophisticated climate change documents and additional special reports,
has stressed the importance of examining the potential impacts of global climate
change with a focus at the continental scale.1 Regional investigations at the scale
of the European Union have national and sub-national resolution, and fortunately
include non-EU members in the Balkans.2 In 2002, GeoJournal published a special
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issue on climate change in central and eastern Europe with reviews of some relevant
activities in the region, including a summary of national activities up to that time
(Knight et al., 2002; Knight and Staneva 2002). Projects reported in other chap-
ters of this volume include selected Balkan nations and research sites, along with
non-Balkan countries whose prognoses of potential climate futures and impacts vary
widely from those of Balkan areas. Various other climate change programs, from the
US Country Studies Program in the 1990s (Smith and Lazo 2001) to the on-going
activities and reports of the UN Framework Convention on Climate Change,3 focus
on national level assessments with weak linkages, if any, beyond national bound-
aries (exceptions, of course, relate to impacts transmitted by hydrological impacts
in shared international basins).

The work presented in this symposium points strongly to the opportunity and
indeed necessity for attention at the level of the Balkan Peninsula. In this essay
I would like to elaborate this contention, drawing upon the concept of integrated
regional assessment (IRA, elaborated below). Such an assessment for a region like
the Balkans could lead to synergies among researchers in nations tied together by
natural processes as well as shared histories and futures. This chapter, then, is not
a report on climate change science or an impact assessment. It is intended as a
call for collaboration across the Balkan Region to enhance understanding of future
opportunities and threats, as well as of potentials for climate change mitigation and
adaptation. Resilience in the face of challenge may well depend on cooperation and
collaboration across national borders that are artifacts of history and not necessarily
significant environmental boundaries.

My argument and proposal begins with a brief discussion of the “integrated
regional assessment” (IRA) concept, turning subsequently to the climate scenar-
ios that are a core element of such activities. Here we ask the question: if climate
cannot be predicted and if various attempts to do so have results at variance from
one to another, are climate scenarios simply “useless arithmetic?” I will argue that
is not the case, based on understanding of differences among predictions, forecasts,
projections and scenarios, bolstered by recognition that the precautionary principle
may well require action based on uncertainties that will hopefully become more
well-defined as both science progresses and the future unfolds. Unfortunately, by
the time the region and the world as a whole see with certainty what climate change
is doing, trajectories toward disaster may be unavoidable (Giddens 2009). What,
then, could be learned from an integrated regional assessment of climate change
in the Balkans? This question is explored with reference to the meaning of inte-
grated regional assessment and how this process could be integrated into policy and
planning in the region.

3 See http://unfccc.int for details and access to extensive documentation on the emissions,
mitigation and adaptation reports of individual nations.
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2.2 Integrated Regional Assessment

There have been many global analyses of climate change and impacts, the most
prominent of which have been summarized by the Intergovernmental Panel on
Climate Change in its four reports issued to date (IPCC 2007). Similarly, there are
studies at the European scale, an example being the Eurowasser assessment of cli-
mate impacts on water resources (Lehner et al. 2001). At least two projects address-
ing central and eastern Europe are presented in this book, CLAVIER (Chapter 10)
and CECILIA (Chapter 11). All these activities have varying degrees of spatial res-
olution, make use of various global socio-economic scenarios used by the IPCC and
draw upon different ensembles of general circulation model (GCM) results. The
GCM results are not an end in themselves, but a part of a larger process of assess-
ment of climate change impacts, most frequently at a sub-global, regional scale.

There also exists an extensive literature on integrated regional assessment,
including many exemplary studies and a summary volume on IRA (Knight and Jäger
2009). Integrated refers to the use of interdisciplinary knowledge; regional refers to
the special resolutions from local to state, nation and region in which people largely
interact; and assessment refers to the application of science to significant policy
issues. IRAs may originate from the scientific community bringing important issues
to the attention of policy makers; they may arise from concerns of policy makers for
guidance on issues they are addressing. Using terms from Pielke (2007), some of
the underlying science may come from the work of pure scientists working oblivi-
ous of policy issues and others from the work of science arbiters who address their
work to answering challenges from policy makers and stakeholders. A fair amount
of the science will come from issue advocates (and will be contradicted by others
who take a skeptical viewpoint). Preferably, policy will be guided by honest bro-
kers of science, scientists who translate and clarify their relevant work for the policy
community.

IRAs are both a process and product. They are a process of interaction among
scientists, policy makers, stake holders and others who interact to guide the evolu-
tion of a specific project; they are a product in the form of documents and websites
from which findings are disseminated beyond the assessment team to wider publics.

It is common that an IRA begins with documentation of the current status and
trends in a region, followed by analysis of the threats and opportunities under cli-
mate change scenarios. It will address the vulnerability of the region to climate,
including potentials for adaptation and specification of the levels of resilience in
natural and human systems. Since the IRA is strongly driven by assumptions about
global greenhouse gas emissions, which in turn are major forcing functions in cli-
mate models, there are initial socio-economic uncertainties even before any model is
run or impacts suggested. Impacts are identified themselves through models driven
by GCM outputs at relevant scales in time and space, by expert judgment, by ref-
erence to analogous situations in the past or by reference to places with present
climate that is analogous to climate scenarios for the region in question. Important
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outcomes of IRAs are a sense of the degree of anticipated changes and the time
frame in which environment and society will be called upon to respond.

Let us turn, then, to the important role of climate scenarios in the IRA process,
recognizing of course that the global trajectories of emissions, energy use, econ-
omy, population and other factors precede the application of GCMs for assessment
purposes.

2.3 Regional Climate Scenarios

Important dimensions of all the climate change assessment activities men-
tioned are the very different conditions and trajectories anticipated for the
Balkan/Mediterranean area vs. continental northern and eastern Europe. For exam-
ple, the latest IPCC regional analysis of climate models shows a high degree on
consonance in anticipated changes in this region, compared to ambiguity in parts of
Europe within which the Balkans have often been included. If one looks at the pre-
liminary scenarios of CECILIA, regional trajectories are for increasing temperature
and increasing precipitation, a conclusion strongly at variance for scenarios for the
Balkans. Some examples of climate projections and impacts for the Balkan Region
are presented in other chapters in this volume. IPCC summarizes European climate
change scenarios as follows:

Annual mean temperatures in Europe are likely to increase more than the global mean.
Seasonally, the largest warming is likely to be in northern Europe in winter and in the
Mediterranean area in summer. Minimum winter temperatures are likely to increase more
than the average in northern Europe. Maximum summer temperatures are likely to increase
more than the average in southern and central Europe. Annual precipitation is very likely to
increase in most of northern Europe and decrease in most of the Mediterranean area. In cen-
tral Europe, precipitation is likely to increase in winter but decrease in summer. Extremes
of daily precipitation are very likely to increase in northern Europe. The annual number
of precipitation days is very likely to decrease in the Mediterranean area. Risk of summer
drought is likely to increase in central Europe and in the Mediterranean area. The duration
of the snow season is very likely to shorten, and snow depth is likely to decrease in most of
Europe.4

What can we say at the highest level of generality about climate scenarios for
the Balkan Region, drawing upon the last IPCC report? A useful perspective is to
ask most fundamentally about the directions of climate change that could emerge,
and then of course the magnitude, timing, and variability of change resulting from
GCMs. For its latest report, the IPCC considered nineteen GCMs, results of which
were summarized in various maps suggesting directions of climate change and the
proportion of GCMs which concurred on those directions of change (IPCC 2007).

Here five dimensions of modeled change are addressed, in respect to the Balkan
Region – summer and winter temperatures, summer and winter precipitation, and

4 http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter11.pdf; last accessed 10
October 2009
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annual runoff. This is not to ignore other issues such as variability, persistence of
wet and dry periods, growing season length and the like, but rather to paint a broad-
brush picture of changes that could occur across the Balkans and to suggest that for
that region, “we all are in it together” and the issues loom large, not just for nations
but the region as a whole. Of course this is not to say that with increasingly sophis-
ticated methods of downscaling from the rather coarse geographic grids of GCMS
to regional and local levels, nuances of local climate control and other local changes
such as land use will give texture to a wider regional picture. In earlier research, we
suggested that some GCM results for Bulgaria projected “normal” climates by the
end of the 20th century that could be drier than the severe drought that occurred in
Bulgaria and adjacent countries in the 1980s through the mid 1990s (Knight et al.
2004). Even with the relatively simplistic downscaling used at that time, it was
apparent that there would be regional differences even within one country, albeit
in degree of drying, not direction of the change toward aridity.

Using IPCC maps of the five variables mentioned, it seems there is great con-
sistency (more than 90% of the 19 models) in saying that both winter and summer
temperatures could increase significantly, that summer precipitation could decrease
by 10 to over 20%, also with results consonant over 90% of GCMs. No consistent
signal emerged from the GCMs for winter precipitation. The directions of these
patterns appear to be continuous across the Balkan Peninsula, extending south into
Greece, east into Turkey and north into Romania and Moldova.

Runoff represents the complex interaction between climatic dimensions of pre-
cipitation and the atmosphere-surface energy regime. Runoff can decrease due
to less precipitation, more evaporation, and/or changes in the timing of events
and seasons. The IPCC map of modeled changes in runoff clearly shows sharp
and significant decreases in annual runoff across the Balkans on the order of
minus 20–40%, yet again with greater than 90% agreement among GCMs. There
will be local differences in sensitivity to such decreases, of course, but logical
consequences for such changes include threats in agriculture, irrigation, hydro-
electric power, and even potable water during what could be “normal” times, and
even more so during inevitable dry excursions from future average or normal
climate.

In looking at these first order generalizations, it is reasonable to argue that per-
haps world trajectories of greenhouse gases may not take IPCC-specified paths
and change might not be so threatening. One would have to be an accomplished
optimist, however, to assume that global climate will not change at least to some
degree in ways that bring the kinds of trajectories cited, and that superimposing
climate variability on top of these changes could mean that today’s threatening
events become catastrophic in future. Indeed, there seems to be indication that cli-
mate change has been accelerating since the last IPCC report, and that in future
IPCC scenarios representative concentration pathways (RCP) of high greenhouse
gas accumulation once considered unlikely may be moderate in comparison to oth-
ers (Moss et al. 2008). Nevertheless, if all we can generate are scenarios, and not
predictions, and the scenarios are rife with assumptions and uncertainties, why heed
them?
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2.4 “Useless Arithmetic”?

The phrase “useless arithmetic” is borrowed from the title of the 2007 book by
coastal scientist Orrin Pilkey and his daughter, Linda Pilkey-Jarvis. The book’s sub-
title is “Why environmental scientists can’t predict the future.” In their book, the
authors argue that the complexity of realty is so great that no systems model can
predict the future. Thus, they argue, the best scientists can do is give qualitative
judgments about possible futures, given what they refer to as “. . . virtual impossi-
bility of accurate quantitative modeling to predict the outcome of natural processes
on the earth’s surface.”

Factors cited by Pilkey and Pilkey-Jarvis include errors in characterizing pro-
cesses, omission of important processes, inadequate knowledge of initial conditions,
forces not included in the modeling system, scale effects, and non-linearities. We
know that scientists and engineers use models all the time in the design process –
for airplanes, dams, flood controls, traffic flows – and that the systems they design
are, overwhelmingly, successful. That said, it is still reasonable to be skeptical about
models that extend for decades in the future?

Given the indeterminacy of socio-economic process that are driving climate
change, one could agree with the Pilkeys that climate change models may be “use-
less arithmetic,” particularly if policy-makers who would use the work of climate
scientists are overwhelmed by uncertainties: the noise would seem to drown out the
signal! Box and Draper once wrote:

Remember that all models are wrong; the practical question is how wrong do they have to
be to not be useful (Box and Draper 1987: 74)

So how do we address the dilemma of model uncertainty? Part of the issue is
rooted in the confusion among predictions, forecasts, projections, and scenarios.

2.5 Predictions, Forecasts, Projection and Scenarios

In our book on regional assessment of climate change, Knight and Jäger write,
following MacCracken (2001), that

. . . we need to emphasize that integrated regional assessments are not predictions of the
future. It is important to make a clear distinction between the terms prediction, forecast,
projection and scenario. . . A prediction is a statement about the future based on current
conditions and reasonably well-specified methods of anticipating the future. A forecast
connotes prediction whose credibility depends on the person doing the predicting; it also
implies a time frame in which the forecasts can be tested and refined. In contrast to both
prediction and forecast, a projection is based on one of several or many initial conditions
and specification of how those conditions may change in the future. In most climate change
assessments, there are a number of initial assumptions and future trajectories of driving
forces and mitigation actions, all used as input to a variety of different climate models. Such
projections create climate scenarios, neither predictions nor forecasts, as bases for assess-
ment of what could happen in future. General circulation models of the atmosphere are
retrodictions when they account for the climate record; for the future they generate projec-
tions, which can be summarized as scenarios; they are decidedly not predictions. Derivation
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of impacts from these scenarios is similarly of scenario, not prediction, status, whether the
derivations come from loosely linked qualitative analyses or structured mathematical mod-
els. Thus the output of an integrated regional assessment process is neither a prediction nor a
forecast. Rather it is a plausible set of scenarios that could occur under specified conditions
(Knight and Jäger 2009: 10–11).

Climate investigations for the Balkans are not “useless arithmetic.” By providing
bounds on possible future climate within alternative global futures, policy-makers
will have valuable insights for future planning. National policies that will extend
into the future, including those related to structural investments of five decades
or more of technical life, will be better informed in view of the range of climate
futures than relying on past environmental measurements. We must question the
assumption of the stationarity (constancy) assumption underlying probability distri-
butions of weather and hydrological events for water resource engineering (Milly
et al. 2008). Among additional future issues that should be considered are whether
some existing climates will disappear and new ones emerge (Williams et al., 2007),
calling into question whether a region’s future climate has a contemporary analog,
and how internationally shared environmental resources (especially water) might be
managed.

2.6 A Strategy for a Balkan Integrated Assessment

It can be argued that collaboration across the Balkans could provide important per-
spectives for policy-makers as well as the scientific community. A suite of climate
scenarios specified for the region could be helpful to all. These scenarios should
provide methods for localized down-scaling and provide for frequent updating as
the quality of GCMs approved. International collaboration on shared and bound-
ary water basins, mountains, and human activities such as transportation, trade,
and urban dynamics are among many opportunities to capitalize on scarce but high
quality scientific resources across Balkan nations.

2.7 Conclusions and Suggestions

In conclusion, from the volume of activities already underway at the national and
regional level, from expertise shared across the Balkans (as demonstrated by papers
in the symposium, some of which are reported in this volume), from the interest of
extra-Balkan nations and institutions in Balkan futures, and with clear evidence of
shared patterns of potential climate change and impacts in the face of other com-
mon challenges, the potential benefits from a pan-Balkan integrated assessment of
climate futures and impacts is obvious.

Several initiatives could lead to such an activity. First, a self-organizing group
of international scholars could create an open organization linked by a web site and
blog to share research and policy initiatives among Balkan communities. The core of
such a network would include Slovenia, Croatia, Bosnia-Herzegovnia, Montenegro,
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Albania, FYROM, Kosovo, Serbia, Romania, Moldova, Bulgaria, Greece and
Turkey, roughly co-terminus with The South East European Co-operation Process
(SEECP; Republic of Bulgaria. Ministry of Foreign Affairs 2009), not to the exclu-
sion of interested colleagues worldwide. Hopefully, one of the regional institutions
represented in this book will take a lead in establishing such a network. A Balkan
regional assessment activity could emerge from such an activity. Second, a peri-
odic, ad hoc, low-expense gathering could be hosted among participants in different
locations on an annual or biennial basis to enhance collaboration via face-to-face
discussion. Third, interested individuals from within the evolving Balkan climate
change community and more distant collaborators should remain alert for funding
opportunities that could contribute to achieving the longer term goal of an on-going
assessment process for the region.
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Chapter 3
Global Environmental Change
and Related Impacts

Lučka Kajfež Bogataj

Abstract Our common future is at risk because of global change, especially
climate change. In this paper, we describe climate change scenarios based on high
resolution climate models for Europe and the possible impacts of climate change due
to extreme weather, natural disasters, desertification, and other climate events for
different sectors including agriculture, water resources, biodiversity, human health,
environment and infrastructure.

Keywords Climate change · Europe · Impacts · Agriculture · Natural
disasters · Water resources

3.1 Introduction

Global change is a reality and a subject of enormous complexity linking large num-
bers of physical, chemical and biological factors in a planet-wide system. A wealth
of scientific information, including paleostudies of past variability in the Earth’s
environment, observations of current changes, and model-based projections of the
future evolution of the Earth’s system, makes it clear that current changes are more
rapid and profound than in past millennia and will continue for at least the next cen-
tury. Humans have become a significant environmental force, most notably since the
industrial revolution.

Increased population growth together with accelerated human activities and a
rise in economic wealth over the past century have greatly increased resource use,
which has been reflected in agriculture, fisheries, forestry, industry, transport, energy
and urbanisation. This has resulted in multiple and interacting global environmen-
tal impacts, reflected in the current values of greenhouse gas emissions and rising
temperatures. The primary cause of anthropogenic climate change is the gases and
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aerosols that humankind’s activities release into the atmosphere. These gases and
aerosols influence directly the energy balance of our planet by trapping heat, and
indirectly by changing, for example, the way clouds reflect sunlight. Over the next
century, society will increasingly be confronted by the impacts of global change
(e.g. pollution, land use changes, and climate change). Warming will shift climatic
zones by intensifying the water cycle, affecting freshwater availability and human
health.

Global change is evolving in very different ways in different regions of the world.
The effects of global warming, for example, will be felt much differently at the
regional level. Nearly all European regions are expected to be impacted in the future
by climate change.

Central and Eastern Europe could face less summer rainfall, causing higher water
stress. Health risks due to heat waves are expected to increase. Forest productivity is
expected to fall and the frequency of peatland fires to increase. Southern European
countries are very likely to face reduced water supplies, lower crop production, more
wildfires and negative health impacts caused by increased heat waves. Northern
countries are likely to benefit from increased crop yields, forest productivity, and
supplies of food/fish from the North Atlantic. By 2020, most areas in Europe are
likely to face an increased flood risk.

There is much evidence that – considering current climate change mitigation
policies and related sustainable development practices – global greenhouse gases
will continue to grow over the next few decades. A continuation in greenhouse
gas emissions increase would cause further warming and induce many changes
in the global climate system of the future that will be larger than those already
observed. The impacts of climate change will vary greatly based on the development
pathway of an area; estimates of regional population, income and technological
development are strong determinants of vulnerability to climate change. Some
future impacts already appear to be unavoidable, owing to the inertia of the climate
system (Table 3.1).

3.2 Climate Change Scenarios Based on High-Resolution
Climate Models in Europe

The prerequisite for intelligent, effective and efficient adaptation to climate change
is a good understanding of regional impacts. Regional modelling of climate devel-
opment is an essential basis to reach this goal. The use of different high-resolution
climate models linked to impact models enables us to quantify the uncertainties
of predictions and analyse how these uncertainties can be transferred from climate
models into decision models. Major scientific progress has recently been made in
this field.

PRUDENCE – a recent EU project (PRUDENCE 2005) – used four Atmosphere
General Circulation Models (AGCM) and eight Regional Climate Models to quan-
tify uncertainties associated with climate predictions and future impacts of climate
change on Europe. PRUDENCE is providing improved model representation of
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climate change scenarios by utilising high-resolution models (at spatial scales
of ∼50 km) for current (1961–1990) and future (2071–2100) climate scenarios,
characterising the level of confidence in these scenarios, and assessing uncertainty
resulting from model formulation. Future scenarios correspond to the IPCC A2 and
B2 CO2 emissions (IPCC 2001). Global and regional climate models (GC1Ms and
RC1Ms) behave similarly in regards to temperature, except that GC1Ms exhibit a
larger spread. The differences between GC1M and RC1M precipitation responses
for some regions are significant. The spread of precipitation over the summer period
is larger for RC1Ms than for GC1Ms. For both, however, the bias is twice as large as
the response to climate change, when observed climate is used as a cross validation.

Scenarios indicate that European regions will undergo substantial warming in
all seasons in a range of 1–4◦C (B2 scenario) and 2.5–5.5◦C (B2 scenario) by
2071–2100. Over Northern and Eastern Europe, warming has been stronger in
winter, and the reverse happens over Western and Southern Europe, with stronger
increases in summer temperatures (IPCC 2007a). Within Europe, future warming is
estimated to be greatest over western Russia and southern countries (Spain, Italy,
Greece), and less pronounced along the Atlantic coastline.

Across all scenario simulations, the results are in agreement on a general increase
in winter precipitation in Northern and Central Europe and on a general decrease in
summer precipitation in Central and Southern Europe, with the difference being a
bit less marked in central Scandinavia (Raisanen et al. 2004). Over all, temperatures
have seen an annual increase in Northern Europe and an annual decrease in Southern
Europe. Increased Atlantic cyclonic activity could lead to stronger precipitation (up
to 15–30%) in winter over Western, Central and Northern Europe, and anticyclonic
circulation, in turn, to reduced precipitation in winter over Mediterranean regions in
the south (Giorgi et al. 2004). In summer, a blocking situation caused by enhanced
anticyclonic circulation over the northeastern Atlantic could lead to decreases in pre-
cipitation (up to 30–45%) over Western and Central Europe and the Mediterranean.
Precipitation changes for spring and autumn are expected to be less pronounced than
for winter and summer.

Notable changes are also projected for temperature and precipitation extremes in
Europe. According to the IPCC (2007a), yearly maximum temperature is expected
to increase much more in Southern and Central than in Northern Europe. Following
EEA (2004a) projections, cold winters, which occurred on average once every
10 years over the period 1961 to 1990, are likely to become rare in Europe and
will almost entirely disappear by 2080. In contrast, by 2080 nearly every summer in
many parts of Europe is projected to be hotter than the top 10% of hottest summers
in the current climate (EEA 2004a). Under high-emission scenarios, every second
summer in Europe will be as hot or even hotter than 2003 by the end of the twenty-
first century (Goodess 2005). In Southern Europe, these changes are projected to
occur even earlier. This will be accompanied by unstable weather: events of extreme
daily precipitation will increase even in most areas where mean annual precipitation
decreases (Raisanen et al. 2004). The risk of drought is likely to increase in Central
and Southern Europe.
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Uncertainty in future precipitation projections is larger than those for tem-
perature. This applies particularly to regional precipitation patterns and seasonal
distribution of precipitation. But it should be stated that scientific confidence in
the ability of climate models to estimate future precipitation is steadily increasing
(IPCC 2007a).

In many impact studies, two global scenarios are usually selected from the IPCC
Special Report on Emissions Scenarios (SRES), belonging to the A2 and B2 sce-
nario storyline. These choices partly cover the range of uncertainty associated with
the driving forces of global emissions: demographic change, economic develop-
ment, and technological change. In the A2 scenario, where the storyline focus is on
national economy, global greenhouse gas emissions are assumed to increase more
significantly, leading to approximately a tripling of average CO2 concentrations by
the end of this century compared to pre-industrial concentrations. The B2 story-
line focuses on local stewardship and results in approximately a doubling of the
atmospheric CO2 concentration. Those concentration levels translate into the fol-
lowing global mean temperature increases in 2071–2100, relative to 1961–1990:
under scenario A2, an increase of 3◦C, and under scenario B2 a temperature increase
of 2.2◦C.

3.3 Climate Change Impacts in Europe

Europe’s natural environment, its production systems (agriculture, fisheries,
forestry, terrestrial ecosystems) and other key socioeconomic sectors (tourism,
energy, human health care, etc.) are under pressure from environmental change
and socioeconomic development. Climate change creates additional pressure and
the impacts of climate change on the environment and society are being observed
across the region. This is already having an economic impact in Europe, particu-
larly regarding recent extreme weather events. The following chapter discusses key
natural environmental and societal impacts for Europe.

3.3.1 Natural Disasters, Water Resources and Desertification

Even without manmade climate change, society faces a wide range of natural dis-
asters that can have serious social and economic consequences for people and their
livelihoods. Within Europe, more than elsewhere, these threats are becoming greater
as population densities increase. In addition, natural disasters can have negative
environmental consequences, causing destruction to delicate habitats and ecosys-
tems. In the future, extreme events induced by climate change – such as intense
precipitation leading to flooding and landslides – are expected to increase in fre-
quency and magnitude. In addition, poor land management practices combined
with the effects of increased summer continental drying may lead to drought and
widespread desertification, turning previously fertile land into badlands. It is impor-
tant to understand where and how natural disasters might arise and what can be done
to reduce their impact on people and the environment.
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Since 1998, Europe has suffered more than 100 major floods, causing extensive
damage. As illustrated by floods in the summer of 2005 and previous years, dra-
matic inundations are on the rise in Europe, with devastating impacts on human life,
the economy and the environment. The massive flooding of Germany and Poland
in 2002, for example, was the worst since 1845. Scientists predict this is only the
beginning of the trend as climate change accelerates. England was affected by flood-
ing in June and July 2007, Britain’s wettest May–July since record counting began
in 1776. Greater and more intense precipitation has already been observed in many
areas of Europe, and this trend is expected to strengthen in the future. MICE’s study
of the projected climate in 2070–2099 suggests a reduction in intense rainfall over
Southern Europe and an increase over the continent’s northern region.

Flooding is not only on the rise due to climate change, however. The relentless
canalisation of streams and waterways over the last 100 years has combined with
urban exploitation of natural flood plains and marshlands to raise the stakes. Ground
absorption rates have declined; runoff from melted snow and precipitation finds
fewer and fewer natural channels. The result is an increasing incidence of flash
flooding at the local level and catastrophic regional flooding.

According IPCC (2007c) estimates, a 4% increase in the frequency of heavy
precipitation in the mid and high latitudes of the Northern Hemisphere over the
second half of the twentieth century seems to have already taken place. Ironically,
each year since 1990, the average land area and population affected by droughts has
doubled. Water scarcity is a problem affecting at least 14 EU Member States and
around 100 million inhabitants in 26 river basin districts throughout Europe. Based
on the results of trend analysis for the last 40 years, long dry periods in summer
increased in most parts of Central Europe, the UK and southern Scandinavia, and
long dry periods in winter increased in Southern Europe.

Water is critical, and impacts have a cascade effect. Changes in water demand
strongly depend on economic growth and societal development, as well as evolving
needs in other sectors. Economic sectors projected to be most affected are (EEA
2007b): agriculture (increased demand for irrigation), energy (reduced hydropower
potential and cooling water availability), health (worsening water quality), recre-
ation (water-linked tourism), as well as fisheries and navigation. There are poten-
tially serious impacts on biodiversity. Other serious effects could include flooding
in Central Europe, lack of hydropower, health and ecosystem concerns in northern
countries, and water scarcity in southern countries.

Alcamo et al. (IPCC 2007b) predict that the percentage of area under high water
stress in Europe is likely to increase from 19 today to 35% by the 2070s, and the
additional number of people affected by the 2070s is expected to be between 16
and 44 million. The most vulnerable areas will be those already water-stressed, and
developing regions lacking water management systems which could act as buffers
to increasing variability in water quality and quantity. There are only a few studies
on the impacts and economic costs of these changes.

Several countries in Eastern Europe show signs of accelerated desertification:
Hungary, Romania, Moldova, Bulgaria, Ukraine, and Southern Russia (Fig. 3.1),
which all fall into the category of European areas with less precipitation. They
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Fig. 3.1 Map of Europe with
zones of desertification

have all experienced exhaustive land exploitation during the twentieth century.
Economic mismanagement of agriculture in communist times was usually compen-
sated by developing additional acres of land. Unlike Romania and Bulgaria, which
are blessed with mountain ranges and thus able to store some water during spring-
time, Hungary, Moldova and Ukraine depend almost entirely on rivers. The need to
divert rivers for industrial use not only affects agriculture, but also causes land to
become less fertile. To sum up, traditionally low levels of precipitation plus water
waste due to agriculture and industry all contribute to desertification. The conse-
quences are several and uniformly negative for people living in these areas. Fertile
lands will become less available, increasing economic pressure on remaining land,
and accelerating the process of desertification. People will move permanently out
of these areas, increasing migration pressure within and out of these countries. The
urban population will have to import more expensive food from Europe, render-
ing locally produced goods more expensive and less competitive, which will further
increase economic problems.

3.3.2 Agriculture

Agriculture is one of the biggest uses of European land, and as such is highly
dependent on environmental conditions. Food production is still the major focus of
agriculture and Europe is one of the world’s largest and most productive suppliers
of food and fibre (in 2004, 21% of global meat production and 20% of global cereal
production). As European agriculture is highly intensive, weather remains the main
source of uncertainty for crop yield assessment and crop management (Metzger
et al. 2004).
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The wide-ranging impacts of climate change have been documented in Europe
over the last decades. For instance, the European heat wave of 2003 had major
impacts on agricultural systems by decreasing the quantity and quality of harvests,
particularly in Central and Southern Europe. The very high air temperature and
solar radiation resulted in a notable increase in crops’ water consumption. This,
together with a summer dry spell, resulted in an acute depletion of soil moisture and
lowered crop yields. Throughout Europe, the main sectors hit by extreme climate
conditions were the green fodder supply, the arable sector, the livestock sector and
forestry. Potato and wine production were also seriously affected. More than 26,000
fires were recorded in Portugal, Spain, Italy, France, Finland, Austria, Denmark and
Ireland. It is estimated that some 70,000 hectares of forest (not including agricultural
areas) burned. The summer of 2003 caused additional side effects, felt the next year
in the form of soil erosion and flooding, winter sowing problems, and the budding
of trees (COPA COGECA 2003).

Over the last few years the EU has financed several large research projects on
regional climate modelling and impact assessment. In particular, some projects
(PRUDENCE, PESETA) have produced high-resolution maps with projected
changes in climate variables, such as mean temperature and precipitation, and
projected impacts, e.g. agricultural yields. These maps are very useful for pol-
icy making and awareness raising purposes (Fig. 3.2). They illustrate what can be
expected in Europe by the end of the century, according to the IPCC scenario, if no
action is taken to reduce GHG emissions, and global mean temperature increases by
about 3.4◦C.

Fig. 3.2 Simulated crop yield changes (%) by 2080s according to two different models – (left)
HadCM3, (right) ECHAM4 (European Commission 2007)
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These maps are all based on IPCC SRES scenario A2. Results are impacts shown
in the JRC-funded PESETA study (http://peseta.jrc.es). Maps with projections of
future changes in temperature and precipitation are based on DMI/PRUDENCE data
(http://prudence.dmi.dk), and processed by JRC within the PESETA study. Changes
are projected for 2071–2100 relative to 1961–1990.

Climate change in Europe will very likely negatively impact ecosystem factors
such as soil fertility, water availability, climate regulation potential and biodiversity,
among others. Existing pressures on the already burdened natural environment of
Europe may increase (Table 3.2). Furthermore, impacts may be unevenly distributed
between the north (some positive, some negative) and south (nearly all negative).
For example: the extent of forested land is expected to expand in the north and
retreat in the south. Climate change will increase net primary productivity and total
biomass in the north while reduced water availability is likely to decrease forest
growth in Central Europe, and accelerate tree mortality in the south. On the other
hand, the capacity of Europe’s social systems to cope with climate change is high
and is expected to continue rising. Adaptive capacity will vary between countries
based on their different socioeconomic levels.

Changing climate, drier conditions and rising temperatures in the Mediterranean
region and parts of Eastern Europe may lead to lower yields. Bindi and Moriondo
(2005) predicted a general reduction in agricultural crop yields in the Mediterranean
region, under IPCC SRES A2 and B2 scenarios by 2050, even when the fertilising
effect of increased CO2 is taken into account (Table 3.3). Similar yield reductions
have also been estimated for Eastern Europe, with increased variability in yield,
especially in the steppe regions (Maracchi et al., 2004).

Climate-related increases in crop yields are mainly expected in Northern Europe.
For example, wheat yield increases are projected to be +2 to +9% by year 2020, +8
to +25% by year 2050 and +10 to +30% by year 2080 (Olesen et al., 2007; Audsley
et al. 2006; Alexandrov et al., 2002). Another example is a sugar beet yield increase
of 14–20% by the 2050s in England and Wales (Richter and Semenov 2005).

Uncertainties in the projection of future precipitation complicate estimates of
future yield gains or losses. This is particularly true for Southern and South-Eastern
Europe, where water will be a critical factor for agriculture in the future. In these
areas, model results diverge to a great extent, depending on the scenarios in use
and the model itself. For Central and Northern Europe, where water supply is less
critical, projections are relatively robust.

Increased drought risk associated with global warming and a negative impact
on water resources are among major concerns (Fig. 3.3). Several recent studies
highlight the challenges that result from changes in water availability and water
quality (EEA 2004b, 2005a,b; IPCC 2001, 2007c; Schröter et al., 2005). Under
climate change conditions, it is expected that demands for irrigation will further
rise, aggravating competition with other sectors whose demands for water are also
projected to increase. In addition, an expected lowering of the groundwater table
will make irrigation more expensive, which, in turn might have to be limited to
cash crops. Extreme weather events such as heat waves will impact peak irrigation
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Table 3.3 Changes of crop yields (%) for some Mediterranean regions by 2050 (modified from
Bindi and Moriondo 2005)

A2 B2 A2 B2

Without CO2 With CO2

C4 summer
N-W 0.2 5.8 4.2 8,8
N-E −4.4 −2.5 −0.6 0.2

Legumes
N-W −24.9 −13.4 −14.4 −4.9
N-E −18.6 −8.1 −7.2 1.0

C3 summer
N-W −21.8 −10.4 −12.4 −2.9
N-E −15.6 −6.9 −5.4 1.0

Tubers
N-W −10.4 −4.2 4.9 7.5
N-E −22.5 −6.8 −9.3 4.4

Cereals
N-W −11.0 −3.5 −0.3 4.7
N-E −6.8 3.7 4.4 12.5

N-W = Portugal, Spain, France and Italy; N-E = Serbia, Greece and
Turkey

Fig. 3.3 Ensemble mean soil moisture changes in the Mediterranean between the periods
1961–1990 and 2070–2099 in spring and summer under the IPCC SRES A2 and B2 scenarios
(PRUDENCE 2005)
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requirements. As evaporative demand increases due to higher temperatures, it is
expected that capillary rise will increase salinization of soils, having a major impact
on irrigation management.

Overall, European food and fibre production is not expected to be greatly altered
by climate change. However, greater differences will arise between countries. To
sum up, it will be warmer in the north and drier in the south, rainfall will inten-
sify, there will be an increased frequency in extremely hot days or seasons implying
benefit to the north, and detriment to the south. This may worsen current resource
issues: e.g., greater water shortages and heat stress in south, and more flooding
in central, northern and mountainous regions. Furthermore it may aggravate cur-
rent environmental problems (e.g., desertification in south; soil leaching in north).
Taken together, the above implies a south-to-north geographical shift of climate
resources in Europe, increasing the difference in resource endowment between
the north and south of Europe. Policies might therefore be needed to support
development in southern Europe, if the challenge of climate change is greatest
there.

In the global context, Europe faces less negative effects than most other parts
of the world, implying an opportunity to increase Europe’s share of world food
production. From an international viewpoint, it may be necessary to increase food
production in Europe in order to maintain global food security.

3.3.3 Biodiversity

Biodiversity is the complex web of life on Earth and includes humans and our social
and economic systems. Biodiversity also includes the genetic differences within
each species – for example, between varieties of crops and breeds of livestock.
Despite its overriding importance to our survival, biodiversity is being lost at a rate
that is without precedent.

Biodiversity and ecosystems are important for maintenance and regulation of
atmospheric quality (for example, they provide atmospheric oxygen and remove
carbon dioxide), protection and cleansing of fresh water, marine productivity, soil
formation and protection, erosion control, pollution breakdown etc. Human activity
can upset the finely balanced interactions that keep ecosystems relatively stable.
Human impact on ecosystems and climate change are already changing biodiversity
worldwide.

Europe has a rich and varied biodiversity, which is feeling the pressure of expand-
ing population, industrial technologies and transport, compounded by intensive
exploitation of natural resources by industry, agriculture and fisheries.

Climate change will seriously affect biodiversity. Paleontological studies suggest
that warmer phases in the Earth’s history correlate with lower levels of biodiver-
sity. If average global temperatures increase 3.4◦C by 2100, it could cause the
disappearance of 10–48% or more of the Earth’s land surface.

Climate change presents specific dangers for the unique mountain ecosystem of
the Alps. It is becoming very clear that some negative impacts of climate change
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can no longer be avoided. Warming in the Alps is anticipated to be twice as high as
the European average.

3.3.4 Manmade Environment and Infrastructure

The manmade environment, including infrastructure, is also vulnerable to climate
change, mainly through extreme events (floods and storms) as well as through
increased heat waves and drought. The first two have a high potential for damage,
while the latter are potentially important in relation to subsistence. Predicting the
future effects of extreme events is difficult. First, there is less confidence in climate
model predictions for such events. Second, exposure is likely to increase due to
changes in economic development, which increases the value and density of human
and physical capital (EEA 2007a).

Storms are currently the costliest weather catastrophes in the developed world
and they are likely to become more powerful in the future as the oceans warm and
provide more energy to fuel storms (Stern 2006). Cost effects will be magnified for
extreme storms, which are expected to disproportionately increase costs in relation
to an average storm. ABI estimated that wind-related insurance losses from extreme
European storms will increase by at least 5% to EUR 25–30 billion. Some estimates
indicate that the cumulative contribution of changing climate and socioeconomic
development are likely to double worldwide economic losses due to natural disasters
every 10 years.

Some preliminary estimates (ABI 2005) indicate that annual flood losses in
Europe could rise to EUR 100–120 billion (10-fold) by the end of the century
(though flood management could reduce this). Besides projected growth in direct
damage to settlements and infrastructure, an increase in the number and severity
of flood events will affect large parts of European industry and power generation
located in flood prone areas. This may create competitiveness concerns due to an
increased risk of business interruption.

Looking at other events, the total loss of the hot summer of 2003 in France,
including power generation, stress on the transport system, stress on forests and
other ecosystems including fires, reduced wine production and decreased agricul-
tural productivity, has been estimated at 0.1–0.2% of the GDP, equivalent to 15–30
billion euros. The summer of 2003 is also estimated to have increased claims by
20% in the United Kingdom, with estimated impacts of GBP 30–120 million and
damage to transport infrastructure (rail buckling and road damage) of GBP 40 mil-
lion (EEA 2007a). Other studies also predict likely future trends in other parts of
Europe and show potentially strong increases in future economic costs.

Adaptation will be able reduce costs and disruption caused by extreme weather
events such as storms, floods and heat waves, however at higher temperatures, the
cost of adaptation will rise sharply and residual damages will remain large. The
additional costs of creating new infrastructure and buildings more resilient to cli-
mate change in OECD countries could range from 0.05 to 0.5% of GDP each year,
with costs likely rising parallel to the higher temperatures expected in the future
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(Stern 2006). It is likely that increased claims due to losses induced by more frequent
and intense climate change events or increased difficulty in their prediction will
probably translate into increases in risk premiums, and/or increases in the levels of
uninsured assets.

3.3.5 Human Health

The big environmental issues threatening human health in the world today are cli-
mate change, ozone depletion, ecological degradation and biodiversity loss, water
degradation, acid deposition, local air pollution and land degradation. Climate
change poses significant risks to the right to good health. The World Health
Organisation states that global warming may already be responsible for more than
160,000 deaths a year from malaria and malnutrition; a number that could double
by 2020 (WHO 2003).

Climate change will impact human health in many ways. It will affect the inten-
sity of a wide range of diseases – vector-borne, water-borne and respiratory. In the
Pacific, changes in temperature and rainfall will make it harder to control dengue
fever. In Australia, there is a risk that the range and spread of tropical diseases and
pests will increase. A warmer climate will provide a more hospitable environment
for disease-carrying mosquitoes. Climate change is already having a tangible effect
on human health. The spectrum of illnesses and diseases is changing in Europe
too; allergies increased and infectious diseases spread. Heat waves place a great
strain on older people with cardiovascular diseases. Furthermore, climate change
is likely to facilitate the spread of some infectious diseases, since the living condi-
tions of animals carrying such diseases are improving. Climate change will place
an additional burden on health systems, especially in EU regions that already suffer
from shortages and poor supply in the health sector. Alongside heat and infectious
disease warning systems already in place, it is essential to raise public aware-
ness of existing dangers and prepare those who will be affected for the impacts
of climate change as fully as possible in order to ensure the best possible health
protection for the population. As climate change is a global problem it is essential
to have a global cooperation network with a view to sustainable adaptation of health
systems.

We can conclude that for most sectors, distribution of effects will be strongly geo-
graphical (spatial) across Europe, including economic effects. While there is a range
of positive and negative economic effects across sectors and regions, there appears
to be a significant trend towards more negative impacts in Southeastern Europe and
the Mediterranean, especially in relation to energy demands, agricultural productiv-
ity, water availability, health effects, summer tourism and ecosystems. Future trends
in economic, social, institutional, and technological development in these regions
also needs to be taken into account. Many impacts can be avoided, reduced or
delayed through mitigation, but adaptation is also necessary. It is very likely that
anthropogenic climate change will result in net damage costs into the future and can
impede nations’ abilities to achieve sustainable development pathways.
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3.4 Conclusions

Undoubtedly humanity is already managing the planet, but in an unconnected and
haphazard way driven ultimately by individual and group needs and desires. As a
result of the innumerable human activities that perturb and transform the global
environment, the entire planet is being pushed beyond its natural operating domain.
Many of these global changes are accelerating due to a rapidly growing world
population.

Our common future is at risk from climate change. Behind the summary numbers
lies a story of multiple, interacting, and worsening harms. A 2ºC change will be bad
enough; changes beyond that point become increasingly perilous. Even in the short
run, the impact of climate change will be disproportionately bad for countries which
have had the least to do with adding carbon to the atmosphere. It is vital to create
institutions to address equity and provide relief as quickly as possible, before food
and water problems in the developing world reach critical levels. Waiting to see if
things really turn out as badly as predicted will mean we miss the last chance to
ensure that future generations inherit a liveable world.

Europe’s climate will continue to change over the coming years with impacts
on EU economy and society ranging from water, agriculture, forestry, industry and
biodiversity to urban life. Current scenarios and impact studies use relatively crude
spatial and temporal resolutions. Despite a growing number of country-level case
studies, current knowledge of impacts is still incomplete and does not allow for a
careful, detailed comparison across regions. Differences in assumptions often make
it difficult to compare studies. Only a few studies provide a consistent picture,
based on uniform assumptions of climate, socioeconomics, etc. and many studies
extrapolate between regions. There is a need for consistent European studies.

Therefore, in addition to avoiding and reversing climate change through reducing
emissions of greenhouse gases, there is an urgent need to ensure that we are able
to adequately adapt to climate change, which is complex. It involves considering
impacts on a range of sectors, organizations and people. Major advances are needed
to understand the economics of adaptation to global change, as well. Adaptation will
entail complex behavioural, technological and institutional adjustments at all levels
of society, and not all population groups will be equally capable of adapting. Such
analysis is complicated by the strong link between adaptation and socioeconomic
scenarios and development.

The impacts of climatic changes will hit local and regional levels in different
ways. The majority of adaptive actions therefore need to be decided and under-
taken at local, regional and national levels. Priorities are to integrate climate change
impacts and adaptation into sectoral planning, to improve capacities to address
extreme weather events and include climate change aspects into long-term invest-
ments. Adaptation needs the participation of all stakeholders involved in policy,
business or service which are or will be affected by climate change. The scientific
community should help in this process by mitigating the misconception that adap-
tation strategies and subsequent actions are always expensive to implement and that
non-action is a cheaper alternative.
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Chapter 4
Science, Society and Action

Marieta P. Staneva

Abstract This chapter traces the history of the National Coordination Center for
Global Change in the Bulgarian Academy of Sciences (NCCGC, now the Scientific
Coordination Center for Global Change, SCCGC), highlighting its decade of exis-
tence. It presents a brief overview of the ensuing research projects, studies, books,
publications and educational initiatives, which are the result of intensive and fruitful
collaboration in the realm of climate change and sustainable development among the
Pennsylvania State University, the US National Science Foundation (NSF), insti-
tutes of the Bulgarian Academy of Sciences (BAS) and Bulgarian universities.
Significant achievements of this collaboration were establishment of the NCCGC
by BAS in 1997 as well as the books “Global Change and Bulgaria”, and “Drought
in Bulgaria: A Contemporary Analog of Climate Change”. Other outcomes are
computer-based climate and hydro-economic models in a geographic information
systems (GIS) framework for the Struma and Yantra River basins, which would
assist decision makers with planning in Bulgaria to reduce negative impacts and vul-
nerability of the country in the face of climate change. Research results and lessons
learned are viewed as road markers to assist decision makers and the public in the
face of climate change and planning for sustainability. The chapter urges further
contributions of the SCCGC to Bulgarian climate challenges.

Keywords Drought · Climate change · Bulgarian society · Decision makers

4.1 Introduction Through a Retrospective Lens

The conference leading to this book was initiated to mark one decade since the
founding of the National Coordination Center for Global Change in the Bulgarian
Academy of Sciences. Looking back helps us realize how far Bulgaria has come.
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Coincidentally the years of 2007–2009 marked other important anniversaries. Two
decades have passed since the first civil protest in the name of protecting citi-
zen health in Ruse city that was being endangered by cross-boundary pollution
of chlorine leaks along the Bulgarian-Romanian border on the Danube River.
A commemorative exhibit was organized in September of 2007, revealing known
and previously unknown facts about the courage of the people of Ruse, especially
its women and mothers of young infants, and their leading organizers and spokes-
men, who were prominent individuals: a woman sport coach, a writer, an artist,
a historian, a poet, and a journalist among others (Obshtestvonet 2009). One can-
not help but notice that scientists were missing from this important scene of action
among the rest of the intellectuals. It was not easy to stand up against the then com-
munist authorities and to demand clean air for the city of Ruse – for its children
and adults alike. Women from the landscaping department of the city and mothers
with their infants in strollers were in the front lines during the demonstration. Some
archives displayed in the exhibit twenty years later revealed that the director of the
Ruse branch of the Inspectorate for Hygiene and Epidemiology wrote a memo to
the higher authorities pointing out that the amount of chlorine measured in the air
above Ruse on 23–24 May 1982 was four to five times the then permissible level.
It is painful to realize how many years it took the citizens of Ruse to collect their
courage, go out in the street and demand responsibility from the local politicians
during those difficult and frightening times. It was only in the years of “glasnost”
and “perestroika” that the suppressed and dormant forces in the society could be
unleashed at last.

A year later – in the autumn of 1989 – another big environmental protest shook
the foundation of the established regime. An international environmental event was
taking place in the capital city of Sofia, and during those days the citizens organized
a civil protest against a megalomaniac hydro-derivation in the Rila Mountains on
26 October 1989 (Omda 2008). The semi-legal movement Ecoglasnost was at the
center of the event with one of the leading figures being Petar Beron, an ecologist
from the Bulgarian Academy of Sciences. Those beginnings of public expression
were swept with enthusiasm and euphoria, as well as naïveté, as noted in a com-
memorative essay by leading organizers and participants two decades later. The
nostalgia is tinged with deep disappointment comparing how much courage was
to be had then, and how soon those same people split along political lines, and
how the public did not venture enough during the time of transition to stop expan-
sion of the very same project and other construction detrimental to the environment
(Bakalov 2008). As we all know, political changes swept the country shortly after
the above event, and life became heavily politicized after 10 November 1989.
Among mushrooming parties and shifting governments, the life for the ordinary
citizen was often unpredictably impacted by economic ups and downs, when sur-
vival and making ends meet was the norm of the day. Those processes are well
captured and analyzed by Cellarius (2004) and Sardamov (2007), the latter look-
ing at the disillusionment of the Bulgarian society in the past and very recent
years.
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4.2 Why Bulgaria and Why Research Amidst
Economic Turbulence?

It was during those hard times of the beginnings of transition that Penn State faculty
members Knight and Staneva spent a year in Bulgaria 1994–1995 under aegis of a
Fulbright visit to the new American University in Bulgaria. Their research interest
focused on climate change and water resources, which was additionally stimulated
by the events surrounding the severe water crisis in the country during the fall
and winter of 1994. The core of their research interest and the societal upheaval
leading to the “water war” (Staddon 2004) encouraged research for more knowl-
edge about the evolving drought, water management, society and water culture, and
related policy-making in Bulgaria. They visited many regional Water and Sewer
companies (ViK) trying to understand the management side at the local level and
the need for applicable research for decision makers. Frequent interactions with the
National Water Council – then the highest governing body for water – brought inter-
esting understanding of the whole dynamics of water issues in the country which
was undergoing severe economic, political and drought stress. Another direction of
Knight and Staneva’s activities was devoted to contacting researchers from various
institutes of the Bulgarian Academy of Sciences and universities in the attempt to
build bridges among them and prepare grounds for an extensive work on global
change. All this was happening while the water crisis was evolving, with contradic-
tions and various viewpoints occupying media’s attention (Fotev 2004a, b). Knight
and Staneva visited the Rila Mountain site where the people from Sapareva Banya
were trying to stand up against the government and powerful construction firms,
demanding that local interests should not be ignored for the sake of diverting water
to the capital city of Sofia.

The first immediate result from the research interest in water resources was a
review of the water situation in Bulgaria (Knight et al. 1995) followed by a spe-
cial issue of GeoJournal (Knight and Staneva 1996a, b). Another important part of
their work was the application of Geographic Information Systems (GIS), used for
the first time in Bulgarian research – the Struma river GIS-based model for water
resources and climate change scenario (Knight et al. 2001).

In the course of their work in Bulgaria, Knight and Staneva met multiple times
with NGO representatives and government officials, among them the Ministry of
Environment and Water and the Ministry of Regional Development and Public
Works. In their quest to build climate change awareness and engage stakehold-
ers and decision makers, they talked to members of Parliament and met with
the President of the Parliament. They personally took copies of their published
books to district and university libraries. It was not difficult to notice the polit-
ical polarization of the water issues in the city of Sofia at that time. The head
of the National Water Council, Prof. Dimitar Mandajiev, was fired; he had called
for water rationing in the capital much earlier in time. Although limited water
rationing in Sofia households might have been less stressful a year or two ear-
lier, it still might have had unfortunate political outcomes for those in power.
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It is easy to look back now and judge that many other activities and research attempts
could have been carried out to benefit future scientific knowledge – interviews with
governmental officials at the time of the water crisis or surveys studying the public
opinion during those harsh waterless times. Thus it was not only a tireless scien-
tific quest for knowledge and understanding of the water and drought situation in
Bulgaria, but also the strong civil responsibility of scientists to take a message to
present and future decision makers to learn from those lessons surrounding the water
crisis.

During 1994–1995, Knight and Staneva had worked closely with Prof. Todor
N. Hristov who was then director of the Institute of Water Problems in the
Bulgarian Academy of Sciences. A year later CIRA (The Center for Integrated
Regional Assessment) at Pennsylvania State University, USA, received approval
from NSF that it could subsidize research activities in Bulgaria and a con-
ference on global change. Hristov was invited to be the local coordinator for
the conference on global change that would be held in Bulgaria in summer
1997.

Several scientific events and publications are characteristic for the early 1990s.
Bulgaria participated in the U.S. Department of Energy’s Country Studies Program
(USCP), creating an inventory of greenhouse gas emissions and potential mitiga-
tion, as well as examining vulnerability as part of a national climate change action
plan. It was noticeable that Bulgaria had already marked the beginning of some
integration among very few scientists from several fields of study. It was also obvi-
ous that intensive integration among institutes and scientists representing a wide
range of disciplines was weak and almost missing, a result of the strong division
among disciplines at all levels of education and research. It was understandable that
it would take special effort to bring scientists from different fields together, so the
intent of the 1997 conference was to plant the roots for further cross-institutional
cooperation on global change research. The respective authors were encouraged
to select one or two co-authors from different institutions whose expertise would
extend the scope of the working papers as well as help in building bridges across
institutions.

The other goal of the 1997 conference was to identify future research fron-
tiers of mutual interest between CIRA and Bulgarian researchers, as well as within
the Bulgarian community and between Bulgarians and other international research
groups. In late December 1996 and early January 1997, Knight, Staneva, and Hristov
commissioned nine working papers for the conference, inviting senior authors from
the Bulgarian community to take leadership in each area. The topics that brought
coauthors together represent the main presentations and later on the chapters of the
book “Global Change and Bulgaria” (Hristov et al. 1999). Some of them are related
to greenhouse gas emissions and mitigation; climate variability and change; hydrol-
ogy; agriculture and climate change; forestry; economics; demographics and social
changes; data and information sources; and politics and institutions. Each writing
team also received copies of pre-conference reviews so that appropriate comments
could beincluded in the conference discussions. It has to be mentioned again that
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all these efforts were taking place during a time of severe economic crisis, deep
politicization and frequently changing governments. At that time the participation
of the broad public was still gathering momentum and slowly becoming visible in
the society.

The civil society had just started to evolve and the linkages and communication
among NGOs, scientists, lay public and decision makers were obscured by other
forces – political polarization with frequent political changes, and everyday pres-
sures of economic survival. A survey done in 1998 points that climate change does
not rank among the highest on the list of Bulgarians. The pressing needs of the day
were very different, on a family scale (O’Connor et al.1999).

The scientific community, the politicians and the lay public were functioning as
separate entities without effective interaction and communication on crucial envi-
ronmental issues. The scientists seemed to continue acting within disciplinary and
institutional boundaries and could not reach effectively to the public in order to bring
their scholarly explorations in the light and impact policymaking. Forests have been
depleted, rapid and often unregulated development was taking place leading to envi-
ronmental devastation in vulnerable and fragile areas, the number of vehicles had
been increasing – primarily second hand-ones with high levels of emissions – and
traffic jams started occurring in many cities.

4.3 Founding of the NCGC After the 1997 Conference

A defining event took place in the summer of 1997 during the global change con-
ference. The theme of the conference was “Bulgarian-American Conference on
Global Change and Bulgaria” and it was held 17–19 June 1997 in the campus
of the American University in Blagoevgrad, Bulgaria. The integrated efforts of
scholars across a wide range of disciplines led to a petition to the leadership of
BAN to establish what would become the NCCGC under the leadership of the
late Academician Dimitar Mishev. Shortly thereafter, the BAN Council established
the National Coordination Center for Global Change in the Bulgarian Academy of
Sciences on 2 July 1997. This action surpassed the organizers’ greatest expectations
of possible outcomes. The more immediate goal of identifying research opportu-
nities had also been realized, resulting in on-going discussions for future research
collaboration and support. Research priorities defined collaboratively included four
major areas: analysis of greenhouse gas emissions and mitigation; climate change
forecasting, especially at the regional level; analysis of impacts of climate change
on natural ecosystems; and analysis of the human dimensions of climate change
in Bulgaria. The conference summarized climate change research about emissions,
climate variability and change, hydrology, agriculture, water resources, economics,
demographics, data acquisition, and policymaking. The resultant publication laid
the foundation of a future collaborative and intensively integrative project focused
on drought.
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4.4 Bulgaria in the International Climate Change Community

The 1997 conference called for a number of organizational tasks to be under-
taken, including establishing the coordinating council in the Bulgarian Academy
of Sciences and developing an agenda for Bulgaria to participate in international
activities especially in the global change research community in Central and East
Europe and Russia. It was the existence of Bulgarian NCCGC that put the country
in a much better position among international climate change scientists and opened
doors for broader interactions. Programs and organizations like START (The Global
Change SysTem for Analysis, Research and Training) and IHDP (the International
Human Dimensions Programme) assisted with Bulgarian participation in important
global change activities. The introduction of the present book elaborates on many
successful outcomes of the functioning of NCCGC. The NCCGC was renamed
by BAS after the death of Academician Mishev in 2003, becoming the Scientific
Coordination Center for Global Change.

4.5 Drought Book

The conference of 1997 marked an important undertaking – a seminal project
on drought during the 1980s and 1990s exploring impacts on environmental ele-
ments, society, economy, and human health in view of the drought as an analog of
future climate change, including climate scenarios. Bulgarian scientists enthusias-
tically embraced Knight’s suggestion of this study. The project coordinator on the
Bulgarian side was Prof. Ivan Raev, then director of the Forest Research Institute
in BAS. It was only two years earlier that the country experienced the peak of a
severe drought with a difficult time of extreme water rationing. It was considered
that if it were not for the collapse of the economy, the water crisis would have
been disastrous. The irrigation systems were no longer in use, industry shut down
and water use dropped. Even with a collapsed economy, the city of Sofia could
not avoid water rationing because the water in the Iskar reservoir was severely
depleted due to different causes such as water mismanagement, drought, and a leak-
ing water supply system, plus various political and economic maneuverings that
triggered a deepening water conflict. What could be learned from the dynamics
of the drought and its impact that could inform planning for climate change, par-
ticularly when climate scenarios pointed to a future normal climate that could be
as dry as the historic drought (Knight and Staneva 2003). As a result of the col-
laborative research, two versions of a book were published: a Bulgarian version
published by BAS and launched on 28 November 2003 (Raev and Knight 2003) and
“Drought in Bulgaria: A Contemporary Analog for Climate Change” was published
in Great Britain (Knight et al. 2004). Designed to provide useful recommendations
to policymakers, the book is an example of extensive collaboration across disci-
plines. It explores a breadth of drought processes and impacts including various
natural systems as well as economic and social dimensions. Special attention was
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paid to climatology and hydrology, water resources and management, forestry, agri-
culture, societal issues, human health, media and culture, and the challenges of data
gathering.

The working hypothesis was structured around climate scenarios with the idea
that Bulgaria might experience the extremes of 1993–1994 as a future norm. That is
why one of the major contributions of the book is in the recommendations extracted
from the lessons learned during the drought and its negative impacts on nature and
society – an attempt to cast a bridge to the present and future generations of deci-
sions makers in order to make Bulgaria less vulnerable in the face of climate change
(Raev and Knight 2003). What could be done better in the future in order to avoid
a replica of the response or inaction at the time? Climate change projections warn
about significant vulnerability of the country thus the need for profound response –
adequate planning and action. For example, introducing drought resistant crops is
imperative (Alexandrov and Slavov 2004) as well as increasing the altitude of the
planted coniferous forest (Raev and Rosnev 2004).

The November 2003 launching of the Bulgarian book, accompanied by pre-
sentations by the leading authors and coordinators, attracted considerable atten-
tion. It took place in the main building of BAS. Governmental officials were
present among the scientists, and media did its share with sensational publica-
tions. The following day a popular newspaper 24 Hours reported on the event
and included an archival photo featuring the public protest against the infamous
Rila diversion project, “Djerman-Skakavitsa” and police’s reaction in Sapareva
Banya during the water crisis of 1994–1995. The title of the newspaper report
was loaded with startling words and messages: drought, rats and hepatitis threaten
Bulgaria from 2010. Newspaper Novinar was more truthful to the purpose of the
event.

4.6 Bulgaria and Climate Change: A Decade of SCCGC

When we look back at the beginning of a decade of climate change scientific activ-
ity it is inevitable to point out that Bulgaria has made important strides in the realm
of research and collaboration. It has been stated in the introduction of the present
book that Bulgaria’s scientific climate change community has achieved significant
progress in the international arena with the existence of the SCCGC. The gov-
ernment of Bulgaria has also fulfilled its obligation ratifying international climate
change documents, scientists were participating in numerous collaborative projects,
and the NGOs were becoming more influential. It is evident that the intensity of
the work on governmental level has been gathering momentum as part of Bulgaria’s
effort to become a European Union (EU) member. The years following the country’s
membership to EU are even greater proof that the forces for cohesion and conver-
gence exerted by the European powers are a call for action coming from outside the
country via the supranational organization and its various directives. On the other
hand the NGO activities are targeting policy decisions more effectively, energizing
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greater numbers of citizens and trying to bring a stronger message to the politi-
cians. Certainly many of the NGO activities were part of EU-assisted initiatives
as well.

Climate change action days and educational events have been quite significant
during recent years. An exhibit “Energy Revolution 2005” elaborating on the topic
of climate change organized by Green Peace in collaboration with NGOs toured
several big cities in the country (Blue Link 2005). It is striking to see an exhibit that
is vastly informative, global in scale but skillfully targeting participation and action
on individual level. Yet this laudable effort lacked regional content, which could
have made it much more focused and effective. How easy it could have been to
use illustrations from the book on drought under different climate change scenarios
for Bulgaria (Steuer and Knight 2004). An addition to the exhibit bearing a local
focus could have been done within a broader regional context – bringing together
information from scientific studies done by researchers from Bulgaria and from the
Balkans. If the scientific and NGO community failed to do its share by preparing
appropriate regional contents to be added to the Green Peace climate change exhibit,
then a similar exhibit could be planned for the future under the auspices of SCCGC.
This would be an appropriate idea for productive collaboration of Balkan scientists
in the climate change community.

Another similar lost opportunity for effective impact and source for collabora-
tion occurred during the chain of interesting activities marking the climate change
action day in several recent years. The Climate Action Day in 2007, for exam-
ple, represented a long list of very informative and engaging initiatives (Blue Link
2007). How unfortunate that such an impressive event aiming at fulfilling a wonder-
ful agenda did not seem to involve the scientific community – it is not mentioned
among the supporting organizers. It is as if the scientists are not part of the action,
and the regional focus is also missing, which could have been a major contribution
for bringing the message to the lay public about the vulnerability of Bulgaria in
the face of climate change. One should ask the same question over and over again –
where were the scientists, to what does local research contribute, who does it benefit,
why is coordination of efforts and synergy missing?

Some of the recent years and especially the summer of 2005 have brought
extreme natural phenomena to the country, and the media turned its attention
again to scientists and scientific sources. Regretfully, in such an extensive mate-
rial and interview taken by Nikolov (2005) there is no mention of SCCGC as a
Bulgarian focal point of climate change research and communication to the public
and politicians.

The imperative need for coordination is exhibited by the fact that another con-
ference with international participation and similar themes was held shortly after
the SCCGC conference during 5–6 June 2008 at the University of Architecture,
Civil Engineering and Geodesy with many scientific, education and business orga-
nizers: Sofia University – Biology Department, Forestry Institute at BAS, Technical
University, Bulgarian Chamber of Commerce, National Tourist Board to name a
few (Youth Informational Consulting Center 2008). This conference “Ecology and
Environment: Regional and National Problems and Trends” was held under the
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auspices of the President of Bulgaria and its closing session voted a memorandum
to the legislative and executive authorities.

If we look at the broader recent picture of Bulgarian society we see that govern-
mental and non-governmental interests and projects show a new direction towards
alternative energy, and the stride to energy efficiency is a continuing effort (Blue
Link 2008; Za Zemiata 2008). A concern about drought and water resources, and
agriculture under changing climate is obvious as well (Bulgaria 2008b; Ecomedia
2009). In January 2009, the Ministry of Environment and Water closed a com-
petition for projects “Development of River Basin Management Plans” under the
Operational Program “Environment 2007–2013” (Bulgaria 2008a). It would be
regrettable if research results and developed hydro-economic models and man-
agement tools from Struma and Yantra River in the framework of GIS were not
utilized. The GIS based Struma river hydrological model, mentioned earlier, was
expanded upon in the project WATERMAN to include trans-boundary management
of water resources (an EU-Copernicus program with participation from Bulgaria,
Germany, Macedonia, Greece, Italy and USA). Another collaborative, multilayered
river project developed a complex special hydrological-economic decision-support
system, REKA (River Environmental Knowledge and Assessment). The system has
three components BISTRA (Basin Impacts Simulated Transport from Rural Areas),
VODA (Validation and Optimization for Decision Analysis) and PLAN (Protection
Location and Action Network). Scenarios could be generated under different eco-
nomic, climate, hydrological, pollution and other conditions, and choices for making
decisions could be assessed by stakeholders for best management of water resources
(Knight et al. 2002; Carmichael et al. 2002; Hamlett et al. 2001).

A very recent insightful effort for communication with future politicians and
members of Parliament was undertaken by the environmental organization “Za
Zemiata” in collaboration with other NGOs in early July of 2009 (Velichkova 2009).
Questionnaires were handed to those running for Parliament targeting their stance
on energy, climate change and other environmental problems. Most of the answers
show nuanced concerns about the nuclear power station and the need for alterna-
tive energy sources. There do not seem to be statements by those future members
of Parliament and government about their understanding of climate change or its
impacts on local and regional scale. Was there input by scientists who have worked
on climate change locally, and why the local or regional perspective had not been
brought to the attention of the eventual future politicians? A questionnaire could eas-
ily become an educational tool, and an important occasion for effectively impacting
policy makers may have been overlooked. It would have been appropriate to use
some of the recommendations of the book on drought and ask the political can-
didates for their opinion and readiness for action under a scenario similar to the
drought years of 1982–1994.

Are institutions and lay public alike considering scientific guidance in their
day-to-day or long term planning in any sector of the economy and society? Missed
opportunities are important indicators for future action which could be taken by
SCCGC – preparing a pamphlet about the regional climate change scenarios for the
policy makers and lay public, round table discussions with politicians on climate
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change scenarios, training sessions and similar activities beyond basic and applied
scientific research. Looking a decade back and ahead into the future one could pause
to ask the question: Does the science-politicians-society dialogue remain a Gordian
knot in Bulgaria? Can the SCCGC do more?
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Chapter 5
Climate Modelling Beyond the Complexity:
Challenges in Model-Building

Dragutin T. Mihailovic

Abstract Among the most interesting and fascinating phenomena (that are
predictable) are the complex ocean/atmosphere/land dynamical system called
weather and its long time average climate. This complex dynamical system can
be described in a simplified manner by the following features: (a) it evolves in
time according to a set of rules; (b) the present conditions determine its future;
(c) the rules governing them are usually non-linear; and (d) there may be many
interacting variables describing it as a whole. It is widely accepted that the climate
and the chemical composition on the Earth have been and are maintained at the
steady state by the presence of life itself. Therefore, the climate can be considered
through modelling processes on the environmental interface that is defined as an
interface between two either abiotic or biotic environments which are in relative
motion, exchanging energy through biophysical and chemical processes and fluctu-
ating temporally and spatially regardless of its space and time scale. This interface
as a complex system is a suitable area for occurrence of the chaotic irregularities in
temporal variation of some physical or biological quantities describing their inter-
action. In this paper we consider some issues which are important from the point of
view of the current climate modelling attempts. We deal with the following points:
(i) overview of the results achieved until the present time, (ii) discussion of the term
predictability beyond the complexity and (iii) numerical investigation of the system
of two coupled logistic representing energy exchange of two interacting environ-
mental interfaces relevant for providing insight into the properties of the Earth’s
climate.
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5.1 Introduction

5.1.1 A Short Overview

Among the most interesting and fascinating phenomena that are predictable are the
chaotic ocean/atmosphere/land system called weather and its long time average cli-
mate. While weather is not predictable beyond a few days, aspects of the climate
may be predictable for years, decades, and perhaps longer (Keller 1999). These two
phrases clearly summarise the current opinion and state in climate modelling com-
munity that deals with the aforementioned subjects. However, the question of the
weather and climate modelling and predictability has been initiated on early 1960s
of the twentieth century, which was elaborated in pioneering works by Edward
N. Lorenz (1962, 1963a, b, 1964). He was the first person in the scientific world
who explicitly pointed out the following points related to the nonlinear dynamics
in atmospheric motion: (i) question of prediction and predictability, (ii) impor-
tance of understanding the nonlinearity in modelling procedure, (iii) demand for
discovery of chaos and (iv) careful consideration of sensitivity of differential equa-
tions in modelling system on initial conditions. Subsequent three decades after
appearance of these papers, have been characterised by strong interest for pre-
dictability of weather and climate on theoretical and practical level. The following
topics have been set in the focus: (1) dynamics of error growth; (2) linear and non-
linear systems (normal modes and optimal modes, nonlinear geophysical systems
and scale selection in error growth); (3) predictability of systems with many scales;
(4) limit of predictability; (5) weather predictability (growth of errors in GCMs
based on Lorenz’s analysis); (6) predictability from analogs (targeted observations);
(7) climate predictability (predictability of time-mean quantities, predictability of
the second kind) and potential predictability; (8) seasonal mean predictability
and (9) El Niño-Southern Oscillation (ENSO) chaos, predictability of coupled
models and decadal modulation of predictability (Krishnamurthy 1993; Hartmann
et al. 1995; Lorenz 1969, 1982; Shukla 1981, 1985; Simmons and Hollingsworth
2002; Lorenz and Karry 1998; Shukla et al. 2000; Zwiers et al. 1998; Jin et al.
1994; Kirtman and Schopf 1998). Because the focus of our paper is complexity
and predictability in climate modelling, this overview we finish with the com-
ment by Orell (2003): “Prediction problems have been described by Lorenz as
falling into two categories. Problems that depend on the initial condition, such
as short- to medium-range weather forecasting, are described as predictions of
the first kind, while problems that depend on boundary rather than initial con-
ditions, such as, in many cases, the longer-term climatology, are referred to as
predictions of the second kind. Both kinds of prediction will be affected by error
in the model equations used to approximate the true system (Hunt 1999; Collins
2002)”.
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5.1.2 Predictability Behind the Complexity

Earth’s atmosphere has evolved into a complex system in which life and climate
are intricately interwoven. The interface between Earth and atmosphere as a “pul-
sating biophysical organism” is a complex system itself. The term complex system
we use in Rosen’s (1991) sense as it explicated in the comment by Collier (2003):
“In Rosen’s sense a complex system cannot be decomposed non-trivially into a set
of part for which it is the logical sum. Rosen’s modelling relation requires this.
Other notions of modelling would allow complete models of Rosen style complex
systems, but the models would have to be what Rosen calls analytic, that is, they
would have to be a logical product. Autonomous systems must be complex. Other
types of systems may be complex, and some may go in and out of complex phases”.
Also, we will explain in which sense the term complexity will be used in further
text. Usually, that is an ambiguous term, sometimes used (e.g., Rosen 1991) to refer
to systems that cannot be modelled precisely in all respects. However, following
Arshinov and Fuchs (2003) the term “complexity” has three levels of meaning:
(1) there is self-organization and emergence in complex systems (Edmonds 1999),
(2) complex systems are not organised centrally, but in a distributed manner; there
are many connections between the system’s parts (Kauffman 1993; Edmonds 1999),
(3) it is difficult to model complex systems and to predict their behaviour even if one
knows to a large extent the parts of such systems and the connections between the
parts (Heylighen 1997; Edmonds 1999). The complexity of a system depends on the
number of its elements and connections between the elements (the system’s struc-
ture). According to this assumption, Kauffman (1993) defines complexity as the
“number of conflicting constraints” in a system, Heylighen (1996) says that com-
plexity can be characterized by a lack of symmetry (symmetry breaking) which
means that “no part or aspect of a complex entity can provide sufficient information
to actually or statistically predict the properties of the others parts” and Edmonds
(1996) defines complexity as “that property of a language expression which makes
it difficult to formulate its overall behavior, even when given almost complete
information about its atomic components and their inter-relations”. Aspects of com-
plexity are things, people, number of elements, number of relations, non-linearity,
broken symmetry, non-holonic constraints, hierarchy and emergence (Flood and
Carson 1993).

Generally, predictability refers to the degree that a correct forecast of a system’s
state can be made either qualitatively or quantitatively. For example, while the sec-
ond law of thermodynamics can tell us about the equilibrium that a system will
evolve to, and steady states in dissipative systems can sometimes be predicted,
there exists no general rule to predict the time evolution of systems far from
equilibrium, etc. chaotic systems, if they do not approach some kind of equilib-
rium. Their predictability usually deteriorates with time. To quantify predictability,
the rate of divergence of system trajectories in phase space can be measured
(Kolmogorov-Sinai entropy, Lyapunov exponents).
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Lorenz (1984) discussed several issues in the predictability of weather systems.
According to him predictability is defined as the degree of accuracy with which it is
possible to predict the state of weather system in the near and also the distant future
(predictability in Lorenz’s sense). In this paper is assumed that weather predictions
are made on the basis of imperfect knowledge of a weather system’s present and past
states. This rather general statement is comprehensively elaborated by Hunt (1999).
He described the fundamental assumptions and current methodologies of the two
main kinds of environmental forecast (i.e., weather forecast); the first is valid for
a limited period of time into the future and over a limited space-time “target”, and
is largely determined by the initial and preceding state of the environment, such as
the weather or pollution levels, up to the time when the forecast is issued and by its
state at the edges of the region being considered; the second kind provides statis-
tical information over long periods of time and/or over large space-time targets, so
that they only depend on the statistical averages of the initial and “edge” conditions.
Environmental forecasts depend on the various ways that models are constructed.
These range from those based on the “reductionist” methodology (i.e., the combi-
nation of separate, scientifically based, models for the relevant processes) to those
based on statistical methodologies, using a mixture of data and scientifically based
empirical modelling. For example, limitations of the predictability in the world of
atmospheric motions are concisely discussed in paper by James (2002). In this paper
is numerically considered the predictability of a forced nonlinear system, proposed
by Lorenz, as a compelling heuristic model of the mid-latitude global circulation.

The above insight of the predictability underlined in the context of the “environ-
mental predictability” (primarily linked to the climate change issues), we finish with
the question: Can we significantly “improve” the weather/climate predictions com-
paring to the level they currently reached? The answer can not be strictly elaborated
with either yes or no. An optimistic and acceptable attitude, that prefers option yes,
is concisely written down by Hunt (1999) as the phrase: “We concluded that philo-
sophical studies of how scientific models develop and of the concept of determinism
in science are helpful in considering these complex issues”. If we give advantage to
the option no then we do not close the door for the first option. It only means that
there exists limitation of the modelling attempts on an epistemological level. To
show that, we will use the Gödel’s Incompleteness Theorem about Number Theory
(Gödel 1931). Basically it says that no matter how one tries to formalise a particular
part of mathematics, syntactic truth in the formalisation does not coincide with the
set of truths about numbers. In other word Gödel’s Theorem shows that formalisa-
tions are part of mathematics, but not all of mathematics. There are many ways to
look and “read” Gödel’s Theorem. One exclusive way is offered by Rosen (1985).
According to him the first thing to bear in mind is that both Number Theory and
any formalisation of it are both systems of entailment. It is the relation between
them, or more specifically, the extent to which these schemes of entailment can be
brought into congruence, that is of primary interest. The establishment of such con-
gruencies, through the positing of referents in one of them for elements of the other,
is the essence of the modelling relation. In a precise sense, this theorem asserts
that a formalisation which all entailment is syntactic entailment is too impoverished
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in entailment to be congruent to Number Theory, no matter how we try to estab-
lish such congruence. This kind of situation is termed complexity by Rosen (1977).
Namely, in this light, Gödel’s Theorem says that Number Theory is more com-
plex than any of its formalisation, or equivalently, that formalisations, governed by
syntactic inference alone, are simpler than Number Theory, governed by syntactic
inference alone, are simpler than Number Theory. To reach Number Theory from
its formalisations, or more generally, to reach a complex system from simpler one,
requires some kind of limiting processes.

Let us return to the question we were asking ourselves after we shortly had con-
sidered climate modelling (i.e., predictability) beyond the complexity. To our mind
there is a significant space for “improvement” of models and their capabilities to
provide good forecasts. It can be done only if the modelling attempts are directed
towards the following steps: from structures and states to processes and functions;
from self-correcting to self-organising systems; from hierarchical steering to par-
ticipation from conditions of equilibrium to dynamic balances of non equilibrium;
from single trajectories to bundles of trajectories; from linear causality to circular
causality; from predictability to relative chance; from order and stability to insta-
bility, chaos and dynamics; from certainty and determination to a larger degree of
risk, ambiguity and uncertainty; from reductionism to emergentism and from being
to becoming.

In this paper we first address two issues that, to our mind, are important for
providing insight into climate modelling. These are (i) an approach in analysis of
the energy balance equation for environmental interface and (ii) chaotic response of
environmental interface on forcing by visible and infrared radiation.

5.2 Chaotic Response of Environmental Interface on Forcing
by Visible and Infrared Radiation

5.2.1 An Analysis of Energy Balance Equation
for Environmental Interface

The complexity of the climate modelling is concisely described by Zeng et al. (1990)
on the following way: “It is now widely accepted that Earth is a complex system
which consists of the biota and their environment. These two elements of the system
are closely coupled: the biota regulates the environment (e.g. climate on a plan-
etary scale) and, in turn, the environment restricts the evolution of the biota and
dictates what type of life can exist as a consequence of Darwinian natural selection.
Changes in one part will influence the other, being opposed by negative feedback or
enhanced by positive feedback, and this may lead to oscillation or chaos in the sys-
tem. Therefore, in order for climate models to predict the consequences of changes
caused by human activities (e.g., the increase of greenhouse effect the biota should
be included in the model. On the other hand, the biota and the environment of the
Earth are so complex that this system, or even a single aspects of feedback in it,
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cannot yet be adequately described by simple mathematical equations” (underlined
by D.M). In this paper they developed a simple model, referred to as daisy world to
illustrate the Gaia concept, in which feedbacks from the biosphere minimise fluctu-
ation in climate conditions. They found that periodic, and even chaotic, states can
exist when the parameter controlling the feedback between biota and environmental
temperature is changed. This is a good background for the issue we will deal with
in this section.

We are considering here the Earth’s surface as an “environmental interface”,
defined as an interface between the two either abiotic or biotic environments which
are in a relative motion exchanging energy through biophysical and chemical pro-
cesses and fluctuating temporally and spatially regardless of its space and time scale
(Mihailovic and Balaž, 2007). This definition broadly covers the unavoidable mul-
tidisciplinary approach in environmental sciences and also includes the traditional
approaches in sciences that are dealing with the environmental space. For this inter-
face, visible radiation provides almost all of the energy received by itself. Some of
the radiant energy is reflected back to space. The interface also radiates some of the
energy received from the sun. The quantity of the radiant energy remaining on the
environmental interface is the net radiation, which drives certain physical processes
important to us. Since all of the energy transfer processes occurs in the finite time
interval, the energy balance equation at any environmental interface can be written
in terms of finite differences of ground and air temperatures and then, under some
conditions, further transformed into the logistic equation (Mihailovic et al., 2001).

Our basic equation is the energy balance equation. Since all of the energy transfer
processes occur in the finite time interval we shall immediately write this equation
in terms of finite differences i.e. in the form of difference equation

DTi = Fn (5.1)

where D is the finite difference operator defined as DTi = (Ti, n+1 − Ti, n)/Dt,
Ti is the environmental interface temperature, n is the time level, Dt is the time
step, Fn = (Rn − Hn − En − Sn)/ci is defined at the nth time level, R is the net
radiation, H, and E are the sensible and the latent heat, respectively, transferred by
convection, and S is the heat transferred by conduction into deeper layers of under-
lying matter while ci is the environmental interface soil heat capacity per unit area.
Equation (5.1) is also written in the finite difference form from an additional reason.
It can be explain if we follow comprehensive consideration by van der Vaart (1973)
about replacing given differential equations by appropriate difference equations in
modelling of phenomena in physical and biological world. According to him, many
mathematical models for physical and biological problems have been and will be
built in the form of differential equations or systems of such equations. With the
advent of computers one can been able to find (approximate) solutions for equa-
tions that used to be intractable. Many of the mathematical techniques used in this
area amount to replacing the given differential equations by appropriate difference
equations, so that extensive research has been done into how to choose appropriate
difference equations whose solutions are “good” approximations to the solutions
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of the given differential equations. In Eq. (5.1) the sensible heat is calculated as
CH(Ti − Ta)where CH is the sensible heat transfer coefficient and Ta(t) is the gas
temperature given as the upper boundary condition. The heat transferred into under-
lying soil matter is calculated as CD(Ti − Td) where CD is the heat conduction
coefficient while Td(t) is the temperature of deeper layer of underlying matter that is
given as the lower boundary condition. Following Bhumralkar (1975) and Holtslag
and van Ulden (1975) the net radiation term can be represented as CR(Ti − Ta)
where CR is the radiation coefficient. According to Mihailovic et al. (2001), for
small differences of Ta and Td, the expression for the latent heat can be written in
a formCLf (Ta[b(Ti − Ta) + b2(Ti − Ta)2]/2). Here CL is the latent heat transfer
coefficient, f (Ta) is the gas vapour pressure at saturation and b is a constant charac-
teristic for a particular gas. Calculation of time dependent coefficients CR, CH, CL

and CD can be found in Monteith and Unsworth (1990). After collecting all terms
in Eq. (5.1) we get

DTi = A(Ti, n − Ta, n) − A2(Ti, n − Ta, n)2 − A3(Ti, n − Td, n) (5.2)

where A1 = [CR − CH − CLbf (Ta)]/ci, A2 = b2f (Ta)/(2ci) are coefficients
also depending on Dt. With Dtp = 1/(A1 − CD/ci) we indicate the scaling
time range of energy exchange at the environmental interface including coeffi-
cients, that express all kind of energy reaching and departing the environmental
interface. For any chosen time interval, for solving Eq. (5.2), there always exists
Dtp, l = min [Dtp(ci, CR, CH , CL)] when energy at the environmental interface is
exchanged in the fastest way by radiation, convection and conduction. If we define
dimensionless time τ = Dt/Dtp, l and use lower boundary condition, Td, n =
Ta, n − (ci/CD)DTa, then Eq. (5.2) after some transformations takes the form of
the logistic equation, i.e.

�a+1 = β�n(1 − �n) (5.3)

where the symbols introduced have the following meaning: � is the dimensionless
quantity (Mihailovic et al., 2001) while logistic parameter β = 1+τ can take values
in the interval 1 < β < 4.

5.2.2 Interacting Environmental Interfaces

Under the aforementioned conditions Eq. (5.3) represents energy exchange at the
uniform environmental interface. However, in the nature usually we encounter mix-
ture of two or more environmental interfaces, for example grid-cell surface covered
by the different land covers. They will interact by exchanging the energy between
them. More generally the model of p coupled maps we introduce takes the form
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where εi is the coupling parameter while i = 1, 2, 3, . . . , p.
From the reason of simplicity we consider the case when p = 2, ε1 = ε and

ε2 = 1– ε. Then, using Eq. (5.3), with f (xn+1
1 ) = �

(1)
n+1 = sβ�

(1)
n (1 − �

(1)
n ) and

f (xn+1
2 ) = �

(2)
n+1 = β�

(2)
n (1 − �

(2)
n ), we have the system of two linearly coupled

logistic maps having the form

�
(1)
n+1 = (1 − ε)sβ�

(1)
n+1(1 − �

(1)
n+1) + εβ�

(2)
n+1(1 − �

(2)
n+1) (5.5)

�
(2)
n+1 = (1 − ε)β�

(2)
n+1(1 − �

(2)
n+1) + εsβ�

(1)
n+1(1 − �

(1)
n+1) (5.6)

where �(1) and �(2) are physical quantities in the logistic equations (Eq. (5.3)) which
are applied on the areas with fractional covers ε and 1–ε, respectively, while s is
the parameter taking a value between 0 and 1. Note that system (5.5)–(5.6), in the
case of s = 1, is completely symmetric with respect to exchange of the variables
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�(1) ↔ �(2), due to our choice of symmetrically coupled identical subsystems. The
interesting is the case of s �= 1. In the following we fix the logistic parameters above
and below critical value β = 3.56994 for β, and sβ, respectively.

The asymptotic behaviour of a series of iterates of the map can be characterised
by the largest Lyapunov exponent which, at any initial point �x0 in an attracting
region, is defined by

λ = lim
N→∞

{
ln

[∥∥D(N) (�x0) /N
∥∥]}

(5.7)

where
∥∥D(N)

∥∥ is the norm of the derivative matrix, �xn comes from general vector
mapping while N is the number of the last iterate. We calculated the Lyapunov
exponent λ to see the behaviour of the coupled maps given by Eqs. (5.5) and (5.6)
depending on different values of coupling parameter ε. Figure 5.1 shows Lyapunov
exponent for the coupled maps as a function of ε ranging from 0 to 1. Each point was
obtained by iterating many times from the initial condition to eliminate transient
behaviour and then averaging over another 50 000 iterations starting from initial
condition �(1) = 0.20 and �(2) = 0.25 with 500 ε values.

This simple analysis, where we consider only Lyapunov exponent, shows a very
interesting features of two coupled logistic maps representing interaction of two
environmental interfaces through exchange of energy between them. For, example
it is seen from Fig. 5.1 that the region with positive Lyapunov exponent, respect
to ε, is more emphasised when the one logistic map has lower values of the logistic
parameter. Moreover, when the logistic parameters are close each other (violet line),
the Lyapunov exponent is always positive expressing the fact that the considered
dynamic system is in the chaotic regime for any value of ε.

Fig. 5.1 Lyapunov exponent of the coupled maps as a function of coupling parameter ε ranging
from 0 to 1 for parameter values with different the logistic parameters. The logistic equation with
the logistic parameter β = 4.0 is coupled with the logistic equation having the following logistic
parameters: sβ = 0.15 β; 0.25 β; 0.50 β; 0.75 β and 0.95 β
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5.3 Conclusion

We considered some issues which are relevant for climate modelling. First, we
gave a detailed overview of literature related to this subject. Second, we consid-
ered the climate modelling in the light of Gödel’s Theorem that says that Number
Theory is more complex than any of its formalisation; further we clearly under-
lined the Rosen’s definition of complexity and predictability. Third, we gave an
example of analysis of the energy balance equation for environmental surface that
provides insight into the properties of the Earth’s climate. To illustrate this anal-
ysis we performed numerical investigation of the system of two coupled logistic
maps, representing energy exchange of two interacting environmental interfaces. It
has been done by calculating the Lyapunov exponent as a function of the coupling
parameter. It seems that further analysis of this system could be useful providing
insight into the properties of the Earth’s climate.
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Chapter 6
Changes in Different Type of Clouds
in South-Eastern Europe in Association
with Climate Change

Blanka Bartók

Abstract The aim of the presented study is to estimate regional changes in different
cloud types in association with climate change in South Eastern Europe. A statistical
method of downscaling is applied to calculate how cloudiness changes parallel to
an increase in hemispheric temperature of 0.5◦K. The regression of local variables
against hemispheric mean temperature is analysed using the method of instrumental
variables in the recent monotonously warming period of 1973–1996. The changes in
total cloudiness and in different types of clouds (Ci, As, Ac, Cb, Cu, Sc, St and Ns)
are both positive and negative, displaying a regional distribution. To find out the
geographic distribution of these changes, they are enrolled in clusters and analysed
in relation to geographic latitude, longitude and altitude. The results obtained show
that total cloudiness, as well as Ac, Cb, Sc and St cloud types have a significant cor-
relation to geographical longitude, while only cirrus clouds changes have a negative
correlation to geographical longitude, and only cumulus cloud changes statistically
depend on altitude.

Keywords Climate change · Cloudiness · Statistical downscaling

6.1 Introduction

Cloudiness plays a main role in the radiative balance of the atmosphere, thus
changes in this component of the climate system require detailed analyses. At the
same time, different cloud types have different influences on the climate system,
which can lead to modifications of even opposite signs.

Regional changes in cloudiness associated with climate change represent one of
the most uncertain aspects of predicting climate change. The complexity of variation
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in cloudiness derives, on one hand, from the fact that cloudiness is a local variable
associated with anthropogenic activities. On the other hand, the formation of clouds
is related to weather situations and geographic factors, such as orography, distance
from oceans, etc.

The study presented in this paper aims to analyze changes in the following types
of clouds: cirrus, altostratus, altocumulus, cumulonimbus, cumulus, stratocumulus,
stratus, nimbostratus (Ci, As, Ac, Cb, Cu, Sc, St and Ns) and total cloudiness in the
case of a 0.5◦K increase in northern hemispheric temperature. The targeted study
area is the South Eastern part of Europe situated between 40◦N and 50◦N latitude
and between 20◦E and 30◦E longitude (Fig. 6.1).

Fig. 6.1 Study area with meteorological stations marked

6.2 Data

Surface-based cloudiness data used in the study are taken from the “Extended Edited
Cloud Reports Archive” (Hahn and Warren 1999). The studied region is represented
by 104 stations (Fig. 6.1) with statistics taken for the period 1973–1996 as the
monthly average amount of total cloud cover is given in percentage of the sky and
then separately given for eight cloud types (Ac, As, Ci, Cb, Cu, Ns, Sc and St). Data
of northern hemispherical temperature anomalies was reanalysed and published by
Jones et al. (Jones 1994).
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6.3 Methods

6.3.1 Method of Instrumental Variables

To calculate changes in local cloudiness in parallel with northern hemispheric tem-
perature changes, a statistical downscaling method is applied, namely the method of
instrumental variables. Using this method, the regression coefficient is calculated
between local variables (cloudiness) and global variables (northern hemispheric
temperature anomalies). The criteria for an instrumental variable are:

– non-zero correlation with observed values of the independent variable;
– no correlation to errors of the independent variable;
– no correlation to residuals of regression in the dependent variable.

In case of an instrumental variable, Z, linear regression coefficient (b) could be
estimated as the proportion of appropriate covariance values:

b = Cov(Y , Z)

Cov(X, Z)

For independent variable X, hemispheric mean temperature is selected. The
instrumental variable for cloudiness is the sequence of years in the 24-year
warming-up period (1973–1996) exhibiting high (r = 0.796) correlation to hemi-
spheric temperature anomalies and strong (+0.021 K/year) warming trends.

The applied method yields an undistorted point estimation of the regression
coefficient, but it is rather difficult to establish significant criteria for these estima-
tions, which is a disadvantage compared to classical regression estimations requiring
longer time series. The present approach – developed due to a lack of very long data
series – is a combination of that applied by Groisman, Vinnikov and co-workers
(overview by Vinnikov 1986) and that suggested by van Loon and Williams (1976).
The former uses the application of instrumental variables in estimating regression
coefficients of linear connections between hemispheric and regional variables. The
latter analyses geographic distributions of local trends in appropriate 30 and 40 year
periods from past series when global variables exhibited definite trends.

6.3.2 Cluster Analysis

For analyzing local effects on the behaviour of cloudiness, changes in cloudiness
are enrolled in clusters for each type of cloud. The hierarchical cluster method is
applied where the number of clusters is five and clusters are determined by the Ward
method (Ward 1963) with Euclidean distance using the Statistical Package for the
Social Sciences (SPSS) Windows software.
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6.4 Results

6.4.1 Changes in Cloudiness Associated with Climate Change

In this section, variation in local cloud cover is calculated in relation to a 0.5◦K
hemispheric mean temperature increase through the method of instrumental vari-
ables for the period 1973–1996. Figure 6.2 shows the behaviour of total cloudiness

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i)

Fig. 6.2 Changes in total cloudiness (a) and in different type of clouds (altocumulus-b,
altostratus-c, cumulonimbus-d, cumulus-e, stratocumulus-f, nimbostratus-g, cirrus-h and
stratus-i) in absolute % in the case of 0.5◦K northern hemispheric warming at the 104 meteo-
rological stations which represent the study area



6 Changes in Different Type of Clouds 69

and of the eight types of clouds separately (Ci, Ac, As, St, Sc, Ns, Cu and Cb)
in relation to the temperature increase at the 104 stations located within the study
area (Fig. 6.1). The given period is characterized by a 0.21 K/decade warming
trend. Changes in cloudiness are given in absolute percentiles (100% being equal
to an overcast situation). These changes, occurring within a 0.5◦K hemispher-
ical mean temperature increase, have the following spatial differences: changes
with both positive/increasing and negative/decreasing signs appear within the
investigated area.

Total cloudiness follows a mainly negative change (77% of cases) on average by
–3.2% absolute percentage (Table 6.1). The maximum negative change is –15.54%.
An accentuated decrease is characterised in the case of altostratus, by –1.84% on
average (72% of cases), in the case of cirrus by –4.61% (81% of cases), of nimbo-
stratus by –2.03% (85% of cases), of stratocumulus by –2.1% (61% of cases) and
of stratus by –3.45% (78% of cases). Only altocumulus exhibited an increase of
5.41%, showing positive change in 76% of all cases. In the case of cumulus and
cumulonimbus, average change normally has a small positive value; the proportion
of negative and positive changes were around 50%, thus they do not represent an
accentuated changing trend on average.

Table 6.1 Average changes (%) of different cloud types associated with climate change in South
Eastern Europe

Ac As Ci Cb Cu Ns Sc St Tc

Mean 5.41 −1.84 −4.61 1.57 0.42 −2.03 −2.10 −3.45 −3.02
Max. 30.81 8.32 12.00 15.20 13.22 3.36 12.09 13.46 8.35
Min. −11.46 −12.96 −24.61 −9.50 −5.46 −8.28 −23.45 −14.91 −15.54
Stdev. 7.37 3.78 6.12 4.38 3.14 2.24 6.35 4.65 4.13
Negative

cases %
24 72 81 45 45 85 61 78 77

Positive
cases%

76 28 19 55 55 15 39 21 23

6.4.2 Spatial Distribution of Changes in Cloudiness

In Section 6.4.1, absolute changes in different types of clouds are determined
through the method of instrumental variables. The results show a spatial distribu-
tion of positive and negative changes (Fig. 6.2). A cluster analysis is applied to
find out how the different ranges of change are distributed over the study area.
Figure 6.3 shows five clusters in the case of total cloudiness changes and further
in the case of three types of clouds showing significant correlation to geograph-
ical position. Table 6.2 contains average changes in percentage for each cluster,
automatically defined by SPSS software. Table 6.3 shows correlation coefficients
between the clusters (changing for each type of cloud) as well as for geographical
latitude and longitude, and altitude. To calculate correlation between clusters and
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(a) (b)

(d)(c)

Fig. 6.3 Distribution of the cloudiness changes enrolled in 5 clusters in the case of total cloudiness
(a) and different types of clouds (stratus-b, cirrus-c, cumulus-d) associated with climate change in
the South Eastern part of Europe

other parameters, cluster numbers are reclassified corresponding to maximum and
minimum values. For example, cluster number 1 will represent a cluster from the
lowest range of values.

Table 6.2 Average values (%) of cloudiness changes for the 5 automatically generated clusters in
the case of total cloudiness and for the 8 types of clouds presented in Fig. 4.3

Clusters

1 2 3 4 5

Tc 2.76 −1.05 −3.37 −5.85 −9.73
Ac 1.58 7.77 −5.32 14.43 27.23
As 0.86 −1.94 −5.33 5.75 −10.05
Ci 1.24 −3.25 −8.83 8.23 −20.61
Cb −0.74 3.73 7.82 12.94 −8.43
Cu 0.71 3.00 −1.21 −4.34 11.44
Ns 3.03 −0.07 −1.58 −6.78 −3.21
Sc 0.55 6.00 −3.72 −9.42 −19.15
St 0.27 −10.91 −6.54 −3.52 12.68

In the case of total cloudiness, only cluster number 1 represents positive change,
the other four clusters indicate stations with decreasing cloudiness (Table 6.3). The
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Table 6.3 Statistical relationship between cloud clusters and altitude, longitude and latitude
(significant correlations marked)

Ac As Ci Cb Cu Ns Sc St Tc

H 0.00 –0.04 0.01 0.07 –0.21 0.06 0.16 0.14 0.05
Long. 0.16 0.03 –0.20 0.03 0.03 –0.08 –0.13 –0.05 0.06
Lat. 0.25 –0.13 –0.01 0.36 –0.05 –0.12 0.26 –0.28 0.33

distribution of positive changes depends on geographic latitude (Fig. 6.3a) as the
northern part of the area is characterized mainly by positive changes. The statisti-
cal relation between the clusters and latitude is significant, with 95% probability
as shown on Table 6.3. As a consequence, an increase in total cloudiness can be
detected in the northern part and a decrease of cloudiness – in the southern part of
the region. The same positive significant correlation can be detected between geo-
graphic latitude and altocumulus, cumulonimbus and stratocumulus clouds, which
indicates a decrease of these types of clouds in the southern part of the region, the
figure being inverse in the northern parts. At the same time, stratus clouds have a
negative significant correlation with latitude, decreasing in parallel with higher lat-
itudes and showing an increasing trend in southern parts opening to the Black Sea
(Fig. 6.3b).

The relation between geographic longitude and cloud change is not as obvious
as in the case of geographic latitude and cloudiness; only cirrus clouds show a sig-
nificant negative correlation with geographic longitude (Table 6.3), which means
more cirrus clouds in the western part of the region and less cirrus clouds in the
eastern part (Fig. 6.3c). The relation of cloudiness and orography is evident only in
the case of cumulus clouds; they show a significant negative correlation, indicating a
decrease in cumulus clouds with altitude in parallel with global warming (Fig. 6.3d).

6.5 Conclusions

In this study, regional changes in total cloudiness and a further eight types of clouds
(Ac, As, Ci, Cb, Cu, Ns, Sc and St) in the south-eastern part of Europe are calculated
in association with climate change. In the case of total cloudiness, the sign of change
is mainly negative, meaning there is less cloudiness parallel to a 0.5◦K increase in
northern hemispheric temperature. Altostratus, cirrus, nimbostratus, stratocumulus
and stratus clouds show the same behaviour as total cloudiness, i.e. a decrease with
the warming climate. In contrast, altocumulus clouds show a high positive value,
indicating an increasing trend with global warming. Cumulonimbus and cumulus
follow the same trend as altocumulus, but with lower values.

Negative trends in regard to total cloudiness in the region fully coincide with
related empirical and model estimations. In the neighbouring Carpathian basin,
Mika (1988) found a significant increase in the duration of sunshine in the summer
half of the year parallel to global warming, corresponding to a decrease in visual
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cloudiness, and no significant changes in the half year of winter. This estimation is
based on a regression technique used on local series for over 70 years.

On the other hand, contemporary Global Circulation Models (GCMs) unequiv-
ocally indicate a few percent decrease in the annual mean total cloudiness between
model years 2080–2099 vs. 1980–1999 (Meehl et al. 2007). Though GCMs
are not capable of simulating individual cloud types, it is pointed out in the
above-cited chapter of the IPCC report that less cloudiness is expected practi-
cally in the whole troposphere at given northern latitudes between the two time
slices.

Differences in above-established trends between strati-form and cumuli-form of
clouds can be interpreted using general physical considerations. A decrease in the
first group might be connected to decreased relative humidity parallel to unequivocal
warming. At the same time, convective clouds gain extra energy from the increasing
vertical lapse rate yielded by maximum near-surface warming with a vertical profile
cooling in the stratosphere (Trenberth et al. 2007).

The three analysed geographic factors, namely altitude, latitude and longitude
partially explain the spatial distribution of changes in different cloud types. Total
cloudiness, Ac, Cb and Sc show a significant positive correlation to geographic lati-
tude within the study area. In the case of St, the correlation with geographic latitude
is also significant but negative. Only the change in cirrus clouds exhibits a negative
correlation with geographic longitude, and only changes in cumulus clouds depend
statistically on altitude. Any attempt to explain these differences, however, would
require regional climate modelling of the given area.

Acknowledgment The author hereby expresses most sincere thanks to Dr. János Mika at the
Hungarian Meteorological Service for providing the idea of the study and method development.
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Chapter 7
Research on 21st Century Climate Change
in the Republic of Macedonia

Suzana Alcinova Monevska and Pece Ristevski

Abstract This chapter comprises updated results from research on projected cli-
mate change in the Republic of Macedonia in the course of the twenty-first century
in relation to the previously set-out National Communications on Climate Change,
an obligation under the United Nation Framework Convention on Climate Change.
The results displayed here deal with air temperature and precipitation analysis
on a seasonal and annual basis according to various emission scenarios for the
years 2025, 2050, 2075 and 2100. Emission scenarios IS92a and IS92c as well
as HadCM2, UKTR, UKHI-EQ, CSIRO-EQ and CCC-EQ models (for the First
National Communication) and emission scenarios SRES A1T, A1Fl, A1B, and
B1 (for the Second National Communication) are used. Projections are based
on interpolated values from four selected Global Circulation Models (GCMs),
namely CSIRO/Mk2, HadCM3, ECHAM4-OPYC3 and NCAR-PCM, whereas for
local projection regarding different climatic regions of Macedonia, the method of
empirical downscaling is applied.

The GCMs directly involving output on projected climate change in the Republic
of Macedonia show a more intensive increase in air temperature in the summer sea-
son over the winter season and much higher values of expected temperature change
in the country than the expected global temperature change. In general, almost no
change in precipitation is expected for the winter season, but quite a strong decrease
is expected in summer precipitation. Local projections for climate change indicate
that different climatic regions in the country will respond differently to large-scale
climate changes.

Keywords Climate change · Climate change scenarios · National communication
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7.1 Introduction

The Republic of Macedonia ratified the United Nations Framework Convention on
Climate Change (UNFCCC) on 4th December 1997. As a party to the convention,
there is an obligation for regular preparation of national communications on cli-
mate change. The first national communication on climate change was prepared
in 2003 in accordance with guidelines set by the Conference of the Parties for
countries not included in Annex I of the convention. From March 2005 to March
2008, the Second National Communication on Climate Change was elaborated,
in which the part dedicated to climate observations and research consists of the
following:

– Basic characteristics and factors influencing climate in the Republic of Macedonia
(Filipovski et al. 1996; Lazarevski 1993);

– Analysis, interpretation and comparison of long-term climatological data for the
periods 1961–1990 and 1971–2000;

– Climate variations in the period 1926–2005 based on average air temperature data
for measuring sites Skopje, Stip, Bitola, Prilep, Demir Kapija, Lazaropole and
Ohrid;

– Climate variations in the period 1926–2005 based on annual precipitation values
for measuring sites Skopje, Stip, Bitola, Prilep, Demir Kapija, Lazaropole and
Ohrid.

Both national communications also comprise elaboration of different scenarios
for changes in main climatic elements – air temperature and precipitation – in the
twenty-first century.

7.2 Climate Change Scenarios for the Territory of the Republic
of Macedonia in the First National Communication
on Climate Change

Six climate models are used for investigation of climate change in the twenty-first
century according to software package MAGICC SCENGEN and MAGICC (ver-
sion 2.4 of 2000), published by the Intergovernmental Panel on Climate Change
(IPCC), with which assessment of average values and values of low and high cli-
mate sensitivity are performed (Ministry of Environment and Physical Planning
2003). The climate models used in the analysis are: HadCM2 and UKTR of the UK’
Hadley Center, UKHI-EQ of the Meteorological Service of the UK, CSIRO1-EQ
and CISIRO2-EQ of the Australian Scientific Investigation Institute, and CCC-EQ
of the Canadian Climate Center. On the basis of the above-mentioned IPCC sce-
narios, predictions of main climate elements (air temperature and precipitation) are
made for the following years in the twenty-first century: 2025, 2050, 2075 and 2100.
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Climate change scenarios for Macedonia are made supposing that the current
policy of increasing the CO2 concentrations will be kept (Bergant 2006). Two pro-
jections of socioeconomic development (emission scenarios) have been chosen –
IS92a and IS92c – whereby IS92a is “the best estimation” scenario of climate sensi-
bility and IS92c is a scenario of “low” climate sensibility. Research results are given
in the tables below. Significantly worse results are obtained according to the IS92a
emission scenario: average annual increase of air temperatures is in the range of
between 2.5◦C in 2075 and 3.2◦C in 2100. For the same scenario, the average sum
of precipitation will decrease between –3% in 2075 and –4% in 2100 compared to
the 1961–1990 period. With regard to emission scenario IS92c, the average annual
air temperatures will increase in a range of 1.6◦C in 2075 to 1.7◦C in 2100, and the
average sum of precipitation will decrease between –2.2% in 2075 and –2.4% in
2100 in comparison to the 1961–1990 period.

Tables 7.1 and 7.2 present the results of expected air temperature changes for
two characteristic emission scenarios (IS92a and IS92c) as they show expected
values for the twenty-first century in spring (March, April and May), summer
(June, July and August), autumn (September, October and November) and winter
(December, January and February) months respectively. Annual average air tem-
perature increases will appear in the ranges of around 0.8◦C (in spring), 1.1◦C
(in summer), 1.0◦C (in autumn) and 1.0◦C (in winter) for 2025; around 1.4◦C
(in spring), 1.9◦C (in summer), 1.8◦C (in autumn) for 1.8◦C (in winter) for 2050;
around 2.6◦C (in spring), 3.5◦C (in summer), 3.3◦C (in autumn) and 3.2◦C (in win-
ter) for 2100. These results are obtained on the basis of emission scenario IS92a,
whereas according to emission scenario IS92c, average air temperatures in 2100
will increase in the range of around 1.4◦C (in spring), 1.9◦C (in summer), 1.8◦C (in
autumn) and 1.7◦C (in winter).

Precipitation in the twenty-first century for emission scenarios IS92a and IS92c
will change as shown in Tables 7.3 and 7.4. According to the six above-mentioned
models of climate change for the twenty-first century, decreases in precipitation
will appear in the spring, summer and autumn, while in the winter precipitation
quantities will increase. Decrease and increase amounts presented in Tables 7.3 and
7.4 are in respective ranges given in percentage of average sums during the period
1961–1990. It can be noted that the most significant changes will appear during
summer months according to emission scenario IS92a.

7.3 Results of Climate Change Scenarios According
to the Second National Communication on Climate Change

To prepare the Second National Communication on climate change, calculations
were made to estimate main meteorological variables for the entire territory of the
Republic of Macedonia for the years 2025, 2050, 2075 and 2100. The method of
statistical downscaling has been applied for regional estimations of climate change.
Long-term quality data records have been selected from different meteorological
stations for climate and geographical regions (Ministry of Environment and Physical
Planning 2008).
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7.3.1 Results of Direct GCM Output for the Entire Territory
of the Country – First Estimate

Projected changes in average daily air temperature (◦C) and precipitation (%) for
Macedonia are based on direct GCM outputs interpolated for the geographic loca-
tion 21.5◦ E and 41.5◦ N covering the period 1961–1990. Values are presented
separately for different seasons and are based on projections of results from four
GCMs (CSIRO/Mk2, HadCM3, ECHAM4/OPYC3, NCAR-PCM) scaled to six
emission scenarios (SRES A1T, A1Fl, A1B, A2, B1, and B2). The mean values are
calculated across different emission scenarios and different GCMs; low/high values
are respectively minimum/maximum across different scenarios and averaged across
different GCMs.

As a first estimate of expected climate change over the territory of the entire
country, the results of selected GCMs are interpolated for the geographic location
21.5◦ E and 41.5◦ N, i.e., approximately the middle of the country. The results
of such an approach, called direct GCM output, show the highest increase in air
temperature up to the end of this century to be in the summer season, together with
the most intensive decrease in precipitation. In the case of precipitation, practically
no change is expected in winter but a decrease is predicted in all other seasons.
Details on direct GCM output projections can be found in Table 7.5.

A stronger air temperature increase in summer compared to other periods of the
year could be related to the expected decrease in precipitation, because precipitation
has a cooling effect on near-ground temperature in the summer months. The aver-
age temperature is likely to increase if precipitation decreases, and the temperature
range is also likely to enlarge in the case of less precipitation and more sunny days.
One has to also be aware that providing precipitation changes in percentages, which
is common in climate change studies, has some caveats. Changes for the summer
period might seem more dramatic in comparison to those for autumn and spring
due to the fact that there is already little precipitation in most regions of Macedonia
in the summer months. Consequently, the same absolute change presented in abso-
lute values for summer and autumn can result in a much different relative value
presented in %.

In the case of direct GCM output, additional projections for changes in scalar
wind speed (in m/s) and incident solar radiation (Srad, in W/m2) have been
performed (not shown here). For both variables, relative expected changes are
very small, practically not exceeding 10% in any direction, when considering the
expected range. A minor increase in Srad is expected in all seasons, with the high-
est being in the summer. The generally small increase in incident solar radiation in
all seasons corresponds to projected precipitation changes also showing the highest
decrease to be in summer. Less precipitation means more clear days and thus more
solar radiation reaching the ground. Practically no change is expected in wind speed
over Macedonia according to direct GCM output for the four GCMs.

The direct GCM output method only provides a rough description of expected
climate change in the twenty-first century in Macedonia and mostly deals with
changes in average conditions over the entire country. The spatial variability of
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meteteorological parameters, as well as heterogeneous climate regions and coun-
try topography should also be kept in mind. Thus, the direct GCM output approach
can present a benchmark for more detailed and complicated methods like empirical
downscaling for the purpose of regional projection of future climate change.

7.3.2 Results of the Empirical Downscaling Method

Generally, the results of empirical downscaling show a greater increase in air tem-
perature in winter and summer and less decrease in precipitation in winter than
results estimated with GCMs. Projections for temperature and precipitation are
compatible for the other seasons. The obtained values are based on results from
projections of four GCMs (CSIRO/Mk2, HadCM3, ECHAM4/OPYC3, NCAR-
PCM) scaled to six emission scenarios (SRES A1T, A1Fl, A1B, A2, B1, and B2)
and presented separately for different seasons with regards to the reference period
1961–1990. Again, mean values are calculated as averages across different emission
scenarios and different GCMs.

7.3.2.1 Southeastern and Central Parts of the Republic
of Macedonia/sub-Mediterranean Climate Regions

When empirical downscaling projections for the region of southeastern Macedonia –
with prevailing sub-Mediterranean climate represented by stations Gevgelija and
Nov Dojran, and for central parts of Macedonia – with combinated continental
and sub-Mediterranean climate, represented by stations Veles, Skopje–Petrovec,
Strumica and Štip, are compared, a less intensive temperature change is evident
for the first region in the winter, becoming more intensive in summer and autumn.
Changes in air temperature in the spring are comparable in both sub-regions and the
highest increase in air temperature is expected in summer. The differences between
winter and summer increases in air temperature are especially evident for the south-
eastern region. Expected changes in precipitation are similar for both sub-regions as
practically no change in precipitation is expected in the winter season and a decrease
in precipitation looks likely in all other seasons (Table 7.6).

7.3.2.2 Southern and Southwestern Parts of the Republic
of Macedonia/Continental Climate Region

Both the southern (represented by stations Bitola and Prilep) and southwestern (rep-
resented by stations Ohrid and Resen) parts of Macedonia are under prevailing
continental climate influences. Climate change projections for these two regions
are quite different, although the areas themselves are not far from each other. In
the case of the southern region – represented by Bitola and Prilep – precipitation
projections are very similar to regions with prevailing or partial sub-Mediterranean
climate influence.
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Almost no change in precipitation is expected in winter and and a slight decrease
is foreseen for the other seasons, the strongest being in summer. Slightly stronger
temperature changes are expected for this region compared to regions with a sub-
Mediterranean climactic influence. Differences are especially evident in projections
for the winter period. Contrarily, projections of temperature changes for the south-
western region – represented by Ohrid and Resen – are much lower than those for
the region represented by Bitola and Prilep. A slight increase in precipitation is
even expected for winter with an evident decrease in other seasons. The different
response of these two regions to large-scale climate variability could be related to
the proximity of large water bodies (lake Prespa and lake Ohrid) for the Resen and
Ohrid stations (Table 7.7).

7.3.2.3 Eastern Part of Republic of Macedonia/Continental Climate Region
and Northwestern Part of Macedonia/Alpine Climate Region

Berovo and Kriva Palanka stations are representative of the eastern part of
Macedonia, with a prevailing continental climate influence. The annual pattern of
expected temperature change in this region is similar to the pattern for the continen-
tal region in southern Macedonia, but the intensity of change is slightly lower. A
comparison with Bitola and Prilep stations shows a slight increase in precipitation
expected in the winter but a decrease in all other seasons, relatively most intense
for the summer. An increase in the daily air temperature range is also expected for
summer and autumn.

For all three climate sub-types under mountainous influence (moun-
tain/continental, sub-alpine, alpine) found in the northwestern part of Macedonia
and represented by the Lazaropole, Popova Šapka and Solunska Glava stations,
projections for changes in air temperature and precipitation are very similar. An
increase of a few percent in precipitation by the end of the twenty-first century is
expected in winter and a more intense decrease in all other seasons. The expected
air temperature change is the strongest in this region of the country. The highest
increase in air temperature is expected here in summer but the difference between
seasons is not large (Table 7.8).

7.4 Comparison of Direct GCM Output Results

Estimates for temperature and precipitation changes in the twenty-first century are
more dramatic than estimates based on the IS92a and IS92c emission scenarios. The
direction of expected changes (e.g., strongest increase in air temperature and great-
est precipitation decrease both occurring in summer) is the same, but their intensity
is different. The difference is probably related to the fact that IS92 emission sce-
narios proposed by the IPCC in 1995 are more optimistic than SRES scenarios
proposed in 2001. This can also be seen in projections for global temperature change
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Fig. 7.1 Results comparison for different GCMs and scenarios

based on IS92 emission scenarios, which are lower than those based on SRES sce-
narios. Another reason could be different GCMs used in both studies (Fig. 7.1).

7.5 Conclusion

Evidently, valuable research has been carried out in the Republic of Macedonia
under the UNFCCC in order to provide estimations for future changes in cli-
mate conditions for the twenty-first century. Significant progress has been achieved
through the Second National Communication, in which not only general assess-
ments of climate change for the territory of the entire country have been made in
accordance with the latest GCMs and emission scenarios but also, first estimations
for regional changes of basic climate parameters have been made.

The direct GCM output projected for Macedonia shows more intensive increases
in air temperature in summer than in winter. Expected air temperature changes in the
country during the twenty-first century are much higher than expected global tem-
perature changes, but the results of our study are consistent with studies available
for regions that include Macedonia. In general, almost no change in precipitation
is expected for the winter season on the territory of Macedonia but quite a strong
decrease is foreseen in the summer precipitation.

Local projections for climate change indicate that different climatic regions of
Macedonia will respond slightly differently to large-scale climate changes. The con-
tinental climate region in southwestern Macedonia – close to the Ohrid and Prespa
lakes – seems to have the weakest response to large-scale climate change in the sense
of absolute temperature and precipitation changes, whereas the northwestern part –
being under prevailing mountain/alpine climactic influences – shows the strongest
response.

The differences obtained in GCM results show the need for further investigation
and application of various methods and tools (e.g., PRECIS, dynamic downscal-
ing, etc.) and for a critical review of present results about future climate change
for the Republic of Macedonia. Although projections of local climate change are



90 S.A. Monevska and P. Ristevski

a step forward to achieving necessary knowledge about how different sub-regions
of the Republic of Macedonia might respond to large-scale climate change, the
many remaining uncertainties in respect to obtained data must be considered before
such results are used in impact studies for human health, agriculture, forestry, bio-
diversity, water resources, energy management, etc. (Houghton et al. 2001; IPCC
1998, 2000)

References

Bergant K (2006) Climate Change Scenarios for Macedonia, Review of Methodology and Results,
University of Nova Gorica, Slovenia.

Filipovski G et al. (1996) The Characteristic of the Climate–Vegetation–Soil Zones (Regions) in
the Republic of Macedonia, Macedonian Academy of Sciences and Arts, Skopje.

Houghton JT et al. (2001) Climate Change. The Scientific Basis, Cambridge University Press,
Cambridge.

IPCC (1998) A Special Report of IPCC Working Group II, The Regional Impacts of Climate
Change, Cambridge University Press, Cambridge.

IPCC (2000) A Special Report of IPCC Working Group III, IPCC Special Report on Emissions
Scenarios, Cambridge University Press, Cambridge.

Lazarevski A (1993) Climate of Macedonia, Kultura, Skopje.
Ministry of Environment and Physical Planning (2003) Macedonia’s first national communication

under the United Nations Framework Convention on Climate Change, Skopje.
Ministry of Environment and Physical Planning (2008) Macedonia’s second national

communication under the United Nations Framework Convention on Climate Change, Skopje.



Chapter 8
The Impact of Climate Change
on the Precipitation Regime in Bosnia
and Herzegovina

Dženan Zulum and Željko Majstorović

Abstract For the study presented below, observations from four stations in B&H
(Sarajevo, Mostar, Tuzla and Bjelašnica) were considered. In order to examine dif-
ferences from the past, and thus the progress of climate change, and since the station
in Sarajevo has had unremitting terms from 1901 until now, data for the periods
1901–2006 and 1951–2006 are used for this station whereas for the other stations,
only data from the period 1951–2006 are used. Maximum daily precipitation, i.e.
one daily, two daily, three daily and five daily maximum precipitation incidents are
studied. As well, maximum 10- and 5-year values and short-term rain for the above
periods are examined. It is interesting to join the linear trends in these periods and
thus ascertain increases in values, while at the same time there has been an increase
in periods of drought. The situation is only different at the Bjelašnica station, where
there has been a decrease in these values. Such results are especially startling for the
year 2007, when through April-September, more extreme warm and extreme cold
periods were observed, followed by drought and extreme precipitation events.

Keywords Linear trend · Climate change · Drought · Precipitation regime ·
Temperature

8.1 Introduction

Dominated by mountainous and hilly terrain, and drained by major rivers to
the north (Sava) and east (Drina), Bosnia & Herzegovina has a climate that is
as variable as the rest of the former Yugoslav federation, with moderate con-
tinental climatic conditions generally the norm. The climate features hot sum-
mers and cold winters. In higher elevations of the country, summers tend to
be short and cold while winters tend to be long and severe. Along the coast,
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winters tend to be short and rainy. In July, the mean temperature is 22.5◦C.
January’s mean temperature is 0◦C. Annual rainfall averages roughly 62.5 cm.
The southern area of Herzegovina benefits from a Mediterranean climate, with an
annual precipitation of 61–80 cm while the Central and Northern areas of Bosnia
and Herzegovina has an Alpine climate with precipitation ranging from 150 to
249 cm.

In previous studies (e.g. Majstorović et al. 2004, 2005, 2008) some effects of
climate change in Bosnia and Herzegovina are discussed, namely: – an increase in
average temperature of about 0.7oC over the past 100 years; – no essential change
(only ± 5% in the past 100 years depending on the region in the country) in the
annual sum of rainfall. However, the existence of very warm and very cold short
periods, and their consecutive fast exchanges have been documented, and this phe-
nomenon has a negative effect on human health. The above-mentioned effects also
impacts changes in the precipitation regime.

8.2 Data and Method

In the last decades the territory of Bosnia and Herzegovina was observed signifi-
cant weather variability followed by the very warm and very cold short periods. It
impacts on the regime of temperatures and precipitation. The decade 1997–2006
has been the warmest in the last 50 years for Bosnia and Herzegovina (B&H), and
2007 is the 5th warmest year since meteorological observations in the country were
initiated (Hodžić and Voljevica 2008). These facts are important not only because
of the high temperatures themselves, but because they indicate the existence of very
warm and very cold short periods. Similar oscillations can be detected in terms of
precipitation. To study these phenomena, data from the weather stations presented
in Table 8.1 are used:

Table 8.1 Weather stations used in the study

Weather station Latitude (ϕ) Longitude (λ) Altitude (m)

Mostar 43◦ 21′ 17◦ 48′ 99
Sanski Most 44◦ 46 16◦ 42′ 158
Sarajevo 43◦ 52 18◦ 26′ 630
Tuzla 44◦ 33 18◦ 42′ 305
Bjelašnica 43◦ 43 18◦ 16′ 2,067

The impact of climate changes in the precipitation regime of Bosnia and
Herzegovina is studied through linear trends in corresponding graphs (Figs. 8.1 and
8.2). Maximum precipitation for 1, 2, and 5 days in the period 1951–2006, with an
overview of the year 2007, is examined. The index of De Martonne was calculated,
as well.
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Fig. 8.1 Maximum precipitation in Sarajevo for 1, 2, and 5 days in the period 1951–2006, during
different seasons

Fig. 8.2 Maximum precipitation in Bjelašnica for 1, 2, and 5 days in the period 1951–2006, during
different seasons
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8.3 Results

Annual and seasonal results are presented in Tables 8.2 and 8.3. Analyses of the
precipitation regime indicates large increasing trends in precipitation intensity for
most of Bosnia and Herzegovina, except for the region around station Sanski
Most. Increases in precipitation intensity are observed for the region around sta-
tions Bjelasnica and Mostar (Mediterranean climate area), which could relate to an
increased number of cases of Mediterranean air masses passing over the Dinarydes
mountain. Table 8.3 shows an increasing trend in precipitation intensity for most
parts of the country in the summer and autumn.

Table 8.3 shows also a decreasing trend in precipitation intensity for most parts
of the country in the winter period, except in the region of Bjelasnica station. Large
variability in precipitation regimes is seen. These findings are in harmony with the
present world processes of global warming.

Drought periods are studied using the De Martonne Index (Table 8.4) for the
period 1997–2006 and 2007 with average values of the same parameter from the

Table 8.2 Annual linear trend of maximum precipitation for 1, 2, and 5 days in the period
1951–2006

Sarajevo Bjelašnica Mostar Sanski Most Tuzla

1 day 0.004575 0.307675 0.007925 –0.11613 0.060775
2 days 0.09645 0.556775 0.11745 –0.14405 0.1031
5 days 0.072925 0.7733 0.062325 –0.1665 0.127725

Table 8.3 Seasonal linear trend of maximum precipitation for 1, 2, and 5 days in the period
1951–2006

Sarajevo Bjelašnica Mostar Sanski Most Tuzla

Spring
1 day −0.0621 0.3515 0.2607 −0.153 −0.0831
2 days −0.0617 0.4637 0.2847 −0.1676 −0.0673
5 days −0.0868 0.6646 0.1858 −0.2671 −0.155

Summer
1 day 0.0312 0.1064 −0.0031 −0.1853 0.1897
2 days 0.0791 0.204 0.1757 −0.2753 0.2383
5 days 0.0768 0.2823 0.0597 −0.4608 0.2449

Autumn
1 day 0.1183 0.399 0.037 −0.135 0.1578
2 days 0.3199 0.8565 0.2248 −0.097 0.2879
5 days 0.3463 1.143 0.3893 0.0215 0.4256

Winter
1 day −0.0691 0.3738 −0.2629 0.0088 −0.0213
2 days 0.0109 0.7029 −0.2154 −0.0363 −0.0465
5 days −0.0791 1.0033 −0.3855 0.0404 −0.0046
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Table 8.4 De Martone index for different months from 1997 to 2007

Year III IV V VI VII VIII IX

Sarajevo
1997 37 88 29 20 33 23 9
1998 41 49 21 41 15 24 55
1999 44 58 30 31 40 33 47
2000 46 27 33 9 20 6 32
2001 42 74 34 54 26 28 121
2002 30 71 40 19 30 38 101
2003 2 20 22 38 25 3 38
2004 40 67 51 35 56 16 32
2005 69 43 54 35 44 61 49
2006 114 45 29 35 47 75 19
2007 55 11 51 23 25 10 75

Sanski Most
1997 38 87 30 46 41 27 25
1998 38 57 56 31 18 17 86
1999 22 63 34 45 46 13 52
2000 50 29 32 11 40 1 36
2001 39 69 16 65 21 3 141
2002 19 100 80 24 13 52 90
2003 29 14 25 17 26 9 59
2004 67 94 38 48 34 14 46
2005 58 37 40 30 42 62 39
2006 80 78 42 42 9 73 19
2007 56 9 74 38 19 31 102

Mostar
1997 7 94 28 10 13 26 7
1998 9 66 47 22 7 21 135
1999 80 92 36 28 31 20 31
2000 38 33 22 5 24 5 26
2001 93 66 14 20 10 1 97
2002 26 65 39 15 23 61 82
2003 0 34 27 19 9 7 36
2004 112 71 70 29 10 35 22
2005 102 59 38 12 37 49 73
2006 83 46 31 31 7 46 53
2007 93 7 38 19 8 3 42

period 1961–1990. The results show unusually large numbers of drought periods,
ranging inside these from moderate to extreme drought. The De Martonne Index
is low in the summer season, especially for the southwestern area of Bosnia and
Herzegovina.

8.4 Conclusions

An analysis of the precipitation regime indicates a large increasing trend in precipi-
tation intensity for most of Bosnia and Herzegovina. This is especially characteristic
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in the summer and autumn seasons. Evidently, there is an increased intensity in
precipitation (rain showers) causing increased runoff and soil moisture deficit.

Study results allow us to conclude that climatic change in the last decade
(1997–2006) has led to increased water requirements for crop growth and greater
soil water deficit, as well as greater demand for larger quantities of suitable irriga-
tion water. Inside decade values, the presence of cold and warm short periods as
well as large variability in precipitation regimes are found. These findings are in
agreement with the current international process of global warming (Morell 2001,
Climate changes, Personal communication; Salinger 2005).
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Chapter 9
Climatological Analysis of the Synoptic
Situations Causing Torrential Precipitation
Events in Bulgaria over the Period 1961–2007

Lilia Bocheva, Ilian Gospodinov, Petio Simeonov, and Tania Marinova

Abstract Variations in heavy and extreme precipitation are interesting to study
as these events cause considerable damage and loss of life worldwide each year.
The upward tendency of damages caused by natural disasters supports the idea
that extreme events associated with the effects of climate change, such as torren-
tial precipitation, are occurring with greater frequency. The same tendency is being
observed in Bulgaria over the last decade of the twentieth century. Namely, there
have been negative trends in annual and seasonal precipitation totals, but an increase
in the contribution of heavy rainfall events to total precipitation. This pattern has
also been observed for other Mediterranean countries.

In this chapter, a comparative analysis of some very extreme precipitation events
is carried out using all available data for torrential precipitation (considered to be
rain events totaling ≥ 100 mm/24 h at one station) from the meteorological net-
work of the National Institute of Meteorology and Hydrology (NIMH) for the period
1961–2007. An increase of about 30% in the mean annual number of days with tor-
rential precipitation is found for the period 1991–2007 versus the period 1961–1990.
NIMH’s historical archive of synoptic maps and NCEP/NCAR reanalysis data files
are used for analysis and classification of synoptic situations causing torrential pre-
cipitation over the country. Respective fields of air pressure and wind velocity are
also considered.

Keywords Bulgaria · Synoptic analysis · Torrential precipitation

9.1 Introduction

Studies of monthly, seasonal and yearly precipitation at local and global scales show
certain trends in time over many regions of the world (Dai et al. 1997; Easterling
et al. 2000). The trends are globally positive through the last century although some
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areas have been characterized by negative trends. In most areas of the world, trends
in common rainfall have the same sign as the trends in amounts of 1-day heavy rain.
In Bulgaria, decreases in total seasonal and yearly precipitation have taken place
(Alexandrov et al. 2004; Sharov et al. 2000), however an increase in extreme daily
rainfall has also been observed (Bocheva et al. 2006, 2009).

Extreme precipitation events in Bulgaria are rare and local phenomena usu-
ally registered at one or more neighboring stations but not on a regular basis.
Precipitation amounts equal to or greater than 100 mm/24 h measured at a cer-
tain station are not always connected with similar amounts at neighboring stations
because they are usually produced by small scale weather phenomena and local
severe convective storms. For these reasons, the existing meteorological network
is not always suitable for observation of extreme weather events. During the last
5 years, a series of hazardous events, most often associated with severe convective
storms and heavy rainfall, have affected Bulgaria. They have caused local floods,
significant property damage and loss of life and have thus had a considerable impact
on the Bulgarian economy.

The aim of investigations presented here is to study monthly and seasonal distri-
bution of torrential precipitation events over the territory of Bulgaria. Precipitation
totals equal to or greater than 100 mm/24 h at one station – nearly two times
above the average monthly precipitation amount for all Bulgarian meteorological
stations – are considered in the analysis. Classification by season and region of
synoptic situations displaying this type of precipitation are made.

9.2 Data

Analysis is carried out on the basis of data about torrential precipitation events from
the meteorological database of the Bulgarian National Institute of Meteorology and
Hydrology (NIMH) for the period 1961–2007. Records from as many as 542 syn-
optic, climatological and rain-gauge stations, in which regular observations were
completed during this whole period or part of it, are considered (Fig. 9.1). The
period was chosen because instruments and methods of measurement for daily pre-
cipitation amounts were the same in all stations: the measured daily precipitation
total was taken at 7.30 a.m. local time with classic ground-level precipitation gauges.
Data from automatic stations were not included in this study.

In order to better present variations in extreme precipitation events, monthly and
annual distributions of days with torrential precipitation over the whole country for
two periods are summarized first: 1961–1990 (basic period) and 1991–2007, then
once again for each of the decades 1961–1970, 1971–1980, 1981–1990, 1991–2000
and 2001–2007. The number of meteorological stations has changed during the
entire investigation period, growing from 333 stations in 1961 up to 542 in 1992
and then dropping to 432 today (Fig. 9.2). A summary of the mean annual and mean
monthly number of days with extreme precipitation for the whole country for two
periods, 1961–1990 and 1991–2007, is made. Brief statistical analysis is applied
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Fig. 9.1 NIMH meteorological network in Bulgaria: synoptic (squares), climatological (triangles)
and rain-gauge (circles) stations

Fig. 9.2 Annual number of days with precipitation totals ≥ 100 mm/24 h, compared to the number
of meteorological stations for the period 1961–2007

for the assessment of variability and possible differences in torrential precipitation
from long-term data series. The Poisson distribution and corresponding nonpara-
metric tests are applicable to such discrete samples of large-scale heavy rain days.
Synoptic situations leading to such torrential 24-h precipitation are analysed using
the NCEP/NCAR reanalysis data files and EUMETSAT images.
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9.3 Torrential Precipitation in Bulgaria Between 1961 and 2007

During the 47-year period under study, annual distribution of the number of days
with precipitation equal to or greater than 100 mm/24 h, registered in at least one
station, showed a tendency to increase (Fig. 9.2). The mean annual number of days
with hazardous precipitation during the period 1991–2007 is 5.5, with a standard
deviation of 3.7, which in comparison with the 1961–1990 period – (4.2±2.4 days),
presents an increase in mean annual extreme rainfall days of about 33% (Table 9.1).
The comparison of mean annual numbers of days with torrential precipitation calcu-
lated for each decade (see Fig. 9.2 and Table 9.1) shows that the biggest contribution
of heavy precipitation is due to the most recent period (2001–2007). While over the
previous four decades the mean annual number of days has been almost the same
(about 4 days), during the last 7-year period it has risen to about 7 days, representing
an increase in the number of days with danger-inducing precipitation of about 80%.

Table 9.1 Statistical comparison between all samples of the average number of precipitation days
(daily precipitation ≥100 mm at least in one station) using Poisson distribution for each previous
decade (1) and one recent (2001–2007) (2) data set

No of sample

1
Mean
μ1 1 Min 1 Max

2
Mean
μ2 2 Min 2 Max 1, 2 χ2

p teil
probability

(μ2–μ1)/
μ1 (%)

1961/70 vrs
2001/07

3.8 0 7 7.4 1 14 10.03 0.0015 94.7

1971/80 vrs
2001/07

4.2 1 8 7.4 1 14 7.61 0.0058 76.2

1981/90 vrs
2001/07

4.3 0 9 7.4 1 14 7.07 0.0078 72.1

1990/00 vrs
2001/07

4.1 1 7 7.4 1 14 8.17 0.0043 80.5

1961/90 vrs
1991/07

4.1 0 9 5.5 1 14 4.33 0.0374 33.4

The inter-annual distribution of the mean number of days with extreme precip-
itation is presented in Fig. 9.3. A shift in the maximum distribution of heavy rain
days for the two investigated periods can be found. During the period 1961–1990,
the greatest number of heavy rain days took place in December and June. However,
in more recent periods, such precipitation events occurred more frequently in July
and September, when their increment rising by about 75–100%. On one side, there
is an increase in the frequency of heavy rain episodes in all months from May to
November in the period 1991–2007. On the other side, there is a recent tendency for
decrease in extreme precipitation days during winter and especially during spring
months (March and April). These results were also confirmed by Cavazos (2000)
and Bocheva et al. (2009), supporting the downward trend of annual precipitation,
and more particularly of winter precipitation over the Balkans, as obtained by
Alexandrov et al. (2004), Sharov et al. (2000) and Sahsamanoglou et al. (1997).
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Fig. 9.3 Inter-annual distribution of the mean number of days with extreme precipitation

9.4 Weather Patterns Associated with Torrential Precipitation
in BULGARIA

9.4.1 Autumn–Winter Patterns (October–March)

The areas most likely to receive torrential precipitation in these months are located
in the West and East Rhodope Mountains.

9.4.1.1 West Rhodopes

In the region of the West Rhodopes, there is typically a large amount of rain or
snow from the southwest mid-troposphere jet (SW-jet) traveling through Bulgaria.
Alongside the jet, rapid Mediterranean cyclones pass through the country. They
are either warm or cold depending on the exact geographic position of the waves
alongside the thermal front associated with the SW-jet. The precipitation is mostly
dynamic in nature due to the interaction of antagonistic cold and warm air masses
additionally forced together by orography. The most typical structure is given in
Fig. 9.4.

9.4.1.2 East Rhodopes

In the region of the East Rhodopes, it is typical to have large amounts of rain
(and rarely snow) when a southern jet (S-jet) passes over Bulgaria. This is usu-
ally associated with a stationary or slowly moving deep Mediterranean cyclone to
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Fig. 9.4 H500 (grey scale) and SLP (white contour). 08.01.1985 12 h GMT

the southwest of Bulgaria, or with a cut-off cyclone in the same position. These
are warm cyclones. The precipitation is mostly convective in nature due to forced
convection through dynamic convergence together with orographic forcing and
neighboring, relatively warm, sea waters. The most typical structure is given in
Fig. 9.5. It is a very well pronounced pattern.

9.4.2 Late Winter–Early Spring (February–May)

At this time of year, the area most at risk for violent weather is the south-
western mountainous corner of Bulgaria. Such weather is mostly associated with
a stationary or cut-off cyclone centered over Serbia-Albania-Greece which usu-
ally has a cold core. It can also be associated with an anti-cyclonic belt over
Central Europe. The dominant mid-troposphere flow over Bulgaria comes from
the southeast. This configuration brings precipitation of a mixed nature – both
convective and dynamic. However, considerable amounts of rain or snow are
definitely due to convection in late winter and early spring over mountainous trig-
gers. The most typical structure is given in Fig. 9.6. It shows a less pronounced
pattern.



9 Climatological Analysis of the Synoptic Situations 103

Fig. 9.5 H500 (grey scale) and SLP (white contour). 12.12.1990 12 h GMT

Fig. 9.6 H500 (grey scale) and SLP (white contour). 30.03.1990 00 h GMT
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9.4.3 Late Spring–Early Summer (May–July)

In these months, the most at-risk area for torrential rain is the northwestern part of
the country.

9.4.3.1 Central West and Northwestern Bulgaria

In these areas, convective precipitation is generally associated with a southwestern
mid-troposphere flow over Bulgaria. Alongside such flow, meso-scale convective
systems are generated over mountainous ridges, which then migrate northeastwards.
Usually, there is a cyclonic area over Central Europe. The most typical structure is
given in Fig. 9.7.

Fig. 9.7 H500 (grey scale) and SLP (white contour). 06.06.2004 00 h GMT

9.4.3.2 Central Northern Bulgaria

In this region, a weather pattern favoring heavy rain usually comes from a complex
synoptic-scale structure. The result is favorable conditions for convergence in the
central part of northern Bulgaria. The Stara Planina chain serves as a convection
trigger within a mid-troposphere southern flow. The most typical structure is given
in Fig. 9.8.
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Fig. 9.8 H500 (grey scale) and SLP (white contour). 12.06.1994 12 h GMT

9.4.4 Late Summer–Autumn (July-November)

9.4.4.1 East Bulgaria and the Black Sea Coast

During these months, the area most in danger of torrential rains is eastern Bulgaria,
especially the Black Sea coast. The southeast corner of the country is at particularly
high risk, nearly always because of Black Sea cyclones. They are either station-
ary cut-off cyclones associated with a high-pressure belt over Central and Eastern
Europe or part of a series of Mediterranean cyclones generated at the bottom of a
deep trough over Eastern Europe. The large amounts of precipitation are due to the
relatively warm waters of the Black Sea. The Strandzha region is particularly endan-
gered if the cyclone is centered over Asia Minor. The most typical structure is given
in Fig. 9.9.

9.4.4.2 The Mountainous Part of Southwestern Bulgaria and Other Central
Parts of the Country

A cyclonic structure of intermediate size between a full synoptic scale cyclone and
a meso-scale convective cyclonic system moves from the west to the east through
the country. It is usually a cut from the polar front and is self-sustained through
day-time convection. The neighboring warm sea water provides moisture. The most
typical structure is given in Fig. 9.10a, together with corresponding infrared (IR)
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Fig. 9.9 H500 (grey scale) and SLP (white contour). 25.10.1975 00 h GMT

satellite image – Fig. 9.10b. It is a well-pronounced pattern, but the endangered area
varies significantly from case to case.

9.5 Conclusions

The analysis of torrential precipitation events registered in the meteorological net-
work of NIMH for the period 1961–2007 leads us to the conclusion that the annual
distribution of days with precipitation ≥100 mm/24 h, observed at least in one sta-
tion, reveals an upward trend. Similar results have been obtained by Nastos and
Zerefos (2008), i.e. positive trends in extreme daily precipitation (totals exceeding
30 mm and 50 mm) in the eastern and southeastern regions of Greece during the
period 1957–2001.

In Bulgaria, the mean annual number of days with torrential precipitation dur-
ing the period 1961–1990 is 4.2 (±2.4) days – about 33% less in comparison
with the period 1991–2007. The greatest number of heavy rain days for the period
1961–1990 is observed in December and June. In recent decades (1991–2007), this
kind of precipitation more frequently occurs in July and September. The increase in
the number of heavy rain days is about 75–100%. An increase in the frequency of
heavy rain events from May to November is noted over the period 1991–2007, too.
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Fig. 9.10 (a) H500 (grey scale) and SLP (white contour) 06.08.2007 00 h GMT; (b) Meteosat IR
satellite image 06.08.2007 12 h GMT
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Contrarily, recent tendencies showing a decrease in extreme precipitation days have
been observed during winter and especially spring months (March and April).

Extreme precipitation events over Bulgaria are clustered in space (by region) and
time (by season) and the recognized clusters are associated with weather patterns.
This first attempt at synoptic classification can be the basis of further investigations
on the influence of climate changes on frequency and intensity increases in torrential
precipitation events in different regions of Bulgaria. The obtained results can be of
help in the development of methods for middle and long-range forecasting of such
events as well as for assessment of the most probable damages.
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Chapter 10
A Summary of Sector and Region Specific
Economic Impact and Vulnerability Assessments
by Case Study in Bulgaria, Romania
and Hungary

Franz Prettenthaler and Judith Köberl

Abstract This paper summarises the main economic findings of an interdisci-
plinary EU project (FP6) which studied the impacts of climate change in Hungary,
Bulgaria and Romania. Economic impact assessments were carried out at region and
sector specific case study levels. Results suggest positive economic impacts related
to climate change on agriculture in the Bulgarian case study region, whereas no
clear message about impact direction could be derived for the Romanian region
under investigation. The studied climate change impacts on tourism are tenden-
tially negative in the regions considered within the single tourism case studies. The
conducted energy case studies also suggest (small and sometimes insignificant) neg-
ative economic impacts of climate change within specific configurations assumed.
Vulnerability of the public sector has been assessed by analysing the countries’ risk
transfer mechanisms with respect to damages from extreme weather events.

Keywords Climate Change · Economic Impact Assessment

10.1 Introduction

The nations in Central and Eastern Europe (CEE) face triple challenges, with
ongoing economic and political transition, continuing vulnerability to environmen-
tal hazards, and long-term impacts of global climate change. The overall aim of
EU FP6 project CLAVIER (CLimate ChAnge and Variability: Impact on Central
and Eastern EuRope)1 was to make a contribution to strategies in an attempt to
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successfully cope with these challenges. Three representative CEE countries were
studied in detail: Hungary, Romania, and Bulgaria.

Within the framework of CLAVIER, ongoing and future climate changes were
analysed in great detail based on existing data and climate projections to fulfil the
need for a local and regional impact assessment. Researchers from six countries
and different disciplines investigated links between climate change and its impact
on weather patterns, air pollution, extreme events, and water resources. This paper
summarizes some main findings of the final step of this interdisciplinary project, and
contains an evaluation of economic impact on agriculture, tourism, energy supply
and the public sector. Knowledge gained through achievement of scientific goals
within meteorological, climatological and hydrological building blocks of these
projects was the basis for our work as economists.

Economic impact assessments were undertaken at a region and sector specific
case study level; based on climate simulations, potential physical impacts for
selected case study regions were estimated and translated into economic impacts.
Principally, the potential impacts of climate change were estimated by applying cli-
mate simulations resulting from the regional climate model REMO (Jacob 2001;
Jacob et al., 2001; Jacob and Podzun 1997) for IPCC emission scenario A1B (as of
now referred to as REMO-A1B). However, at least one case study investigating the
same sector additionally conducted economic impact estimations based on simula-
tions resulting from the regional climate model LMDZ (Hourdin et al., 2006) for
IPCC emission scenarios A1B and B1 (as of now referred to as LMDZ-A1B and
LMDZ-B1, respectively).

It is important to stress that the results of each case study below are only valid for
the presented case study area and cannot be transferred to other regions. However,
the methodology applied is transferable.

10.2 Agriculture

10.2.1 Bulgaria

The Bulgarian agriculture case study investigated potential economic impacts of
climate change on agriculture in the North-East region. For this purpose, crop mod-
els for wheat, barley, maize and sunflowers were developed, whereby statistical
relationship was calibrated by means of multiple linear regression using selected
meteorological parameters as predictors and crop yields as predictands. Impact sce-
narios were developed on the basis of three different climate scenarios. Agricultural
production figures resulting from average scenario yields for 2021–2030 were
entered into a regionalized input-output table in order to derive the economic impact
of investigated climate caused crop yield changes on total agricultural output as well
as on the regional economy.
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10.2.1.1 Main Results

As Figure 10.1 shows, results suggest that the average impact of climate change
on crop yields during 2021–2030 will be positive or neutral under the three scenar-
ios investigated with only one exception – maize under scenario REMO-A1B. The
highest negative impact amounts to a yield reduction of 10% (maize under scenario
REMO-A1B), the highest positive impact to a yield increase of 16% (barley under
scenario LMDZ-A1B).

Fig. 10.1 Projected yields (tons per hectare) in the future 2021–2030. Note: Climate change
impact is illustrated by differences in yields projected under climate scenario REMO-A1B,
LMDZ-A1B or LMDZ-B1 compared to yields projected under the baseline scenario

The estimated economic impact of investigated climate caused changes in crop
yields on gross agricultural output and total regional output are positive under
all three scenarios (see Table 10.1). However, these favourable results should be
regarded with some caution, as due to the inequity in the variation of some climate
variables the positive impact of climate change could be overestimated.

Table 10.1 Economic impact of climate caused crop yield changes on gross agricultural output
and total regional output in Bulgaria’s North-East region

Scenario

Baseline REMO-A1B LMDZ-A1B LMDZ-B1

Gross agricultural output
(mil. Leva)

2,164.40 2,915.00 3,219.99 3,110.67

Gross agricultural output
(mil. C)

∼ 1,340.87 ∼ 1,495.04 ∼ 1,651.46 ∼ 1,595.39

Difference to the baseline
scenario (%)

− +11.50 +23.16 +18.98

Total regional output (mil.
Leva)

30,414.03 31,005.67 31,615.65 31,397.03

Total regional output
(mil. C)

∼ 15,598.67 ∼ 15,902.11 ∼ 16,214.95 ∼ 16,102.83

Difference to the baseline
scenario (%)

− +1.95 +3.95 +3.23
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Main adaptation measures recommended for the North-East region include the
introduction of drought-resistant crop varieties and moisture-saving technologies,
improvements in data collection and provision at the regional scale, as well as
improvements in the agricultural insurance system.

10.2.2 Romania

The Romanian agriculture case study focused on studying potential economic
impacts of climate change on agriculture in the North-West region. For this pur-
pose, crop models for wheat, barley, maize, potatoes, lucerne and clover were
developed, whereby the statistical relationship was calibrated by means of multiple
linear regression using selected meteorological parameters as predictors and crop
yields as predictands. Impact scenarios were developed on the basis of three differ-
ent climate scenarios. Agricultural production estimates for average scenario yields
in 2020–2030 were applied to a regionalized input–output table in order to derive
the economic impacts of investigated climate caused crop yield changes on total
agricultural output as well as on the region’s economy.

10.2.2.1 Main Results

As Figure 10.2 illustrates, results show that the average impact of climate change
on single crop yields strongly depends on crop type as well as climate scenario.

The estimated economic impact of investigated climate caused changes in crop
yields on gross agricultural output and total regional output is positive in the
LMDZ-B1 scenario, negative in the REMO-A1B scenario and almost neutral in
the LMDZ-A1B scenario (see Table 10.2).

Fig. 10.2 Change in crop yields in the North-West region in 2020–2030 compared to reference
period 1975–2000 according to different climate scenarios. Note: Climate change impact is illus-
trated by differences in yields projected under climate scenario REMO-A1B, LMDZ-A1B or
LMDZ-B1 compared to yields projected under the baseline scenario
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Table 10.2 Economic impacts of climate caused crop yield changes on gross agricultural output
and total regional output in Romania’s North-West region

Scenario

Baseline REMO-A1B LMDZ-A1B LMDZ-B1

Gross agricultural output (mil. lei) 13,192 12,401 13,137 14,963
Gross agricultural output (mil. C) ∼3,669 ∼3,449 ∼3,653 ∼4,161
Difference to the baseline scenario (%) − −6.00 −0.42 +13.42
Total regional output (mil. lei) 116,624 115,833 116,569 118,395
Total regional output (mil. C) ∼32,434 ∼32,214 ∼32,419 ∼32,926
Difference to the baseline scenario (%) − −0.68 −0.05 +1.52

Due to the differences between climate models for future yield projections and
because of territorial differences within case study area borders, it is difficult to draw
a uniform conclusion with respect to an adaptation strategy.

10.2.3 Comparative Conclusion

Whereas the economic impact of investigated climate caused changes in crop yields
on the region’s gross agricultural output as well as on the whole region’s economy
is positive in the case of the Bulgarian North-East region under all three applied cli-
mate scenarios, economic impacts in the case of the Romanian North-West region
Romania are differential, depending on the climate scenario applied. Thus, uncer-
tainty is too high to say whether the agricultural sector and regional economy of
Romanian North-West region will be positively or negatively influenced by climate
change induced crop yield differences.

10.3 Tourism

10.3.1 Bulgaria (Winter Tourism)

This section summarizes the results of a case study also presented in more detail in
another chapter of this book (see Mishev, Mochurova). The Bulgarian tourism case
study aimed at investigating the potential economic impacts of climate change on
winter tourism for the ski resort Borovets, located in Samokov. By means of regres-
sion analysis, the relationship between tourism performance (in terms of overnights
in Borovets) during the winter season (October–March) and meteorological parame-
ters (the number of snow days and snow height) was studied. Impact scenarios were
based on climate simulations from the regional climate model REMO 5.7 for the
A1B emission scenario.
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10.3.1.1 Main Results

The economic impact of a changing climate on winter tourism in Borovets, as
quantified by the regression analysis carried out, is negative, but almost negligible.
The reasons for this outcome are 2-fold:

• Although there is a stable downward trend in the number of snow days and in
snow height, even in the period 2021–2050 ski zones will on average still have
enough snow for skiing, according to the REMO-A1B scenario.

• It was not possible to quantify the effects of more intensive cyclic development
in snow cover, which is expected to lead to a higher frequency in snow-deficient
years for the period 2021–2050. However, with existing patterns of planning
ski vacancies in advance this could cause a real sharp decline in the number of
tourists and thus is of economic importance for the resort.

Short-term adaptation measures relate to the economic agents of the resort, which
should engage in diversification of services offered to tourists. Long-term measures
involve the municipalities, which should try to diversify economic activities and not
rely so extensively on winter tourism.

10.3.2 Hungary (Summer Tourism)

The Hungarian tourism case study focused on analysing potential economic impacts
of climate change on summer tourism at Lake Balaton and in Veszprém, respec-
tively. In order to analyze the relationship between tourism performance and climate
during the main season (July and August), multiple regression analyses were
performed using selected meteorological parameters (amongst others, mean air
temperature) as predictors and tourist arrivals as predictand. Impact scenarios were
developed for the periods 2016–2025 and 2041–2050 on the basis of three different
climate scenarios.

10.3.2.1 Main Results

Depending on the climate scenario, the impact of changing monthly mean air
temperatures on tourist arrivals and expenditures vary slightly in their extent, but
show the same trend. In the case of Lake Balaton, regression results suggest weak
positive effects for the periods 2016–2025 and 2041–2050 compared to the ref-
erence period 1995–2006, indicating climate will cause an increases in tourist
expenditures of about 1% to 2%. For Veszprém, however, regression results show
slightly negative effects for the two investigated future periods compared to the ref-
erence period, suggesting climate caused decreases in tourist expenditures of up to
about –2%. However, it is important to stress that effects of extreme events have not
been considered with the applied method.

Additional qualitative impact assessment shows that the number of days at
which some portion of the population feels discomfort (measured by the Thom’s
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Discomfort Index2) is expected to increase during the main season (July and August)
according to the REMO-A1B scenario. However, there are some aspects mitigating
the problem of rising uncomfortable days:

• The northern Adriatic Sea, which Lake Balaton directly competes with, is
predicted to face similar problems.

• Lake tourism in the region under investigation could benefit from the fact that
the increase in the number of uncomfortable days is expected to be higher in
Budapest than at Lake Balaton.

• Rising air temperatures are expected to lead to a longer peak season and
increasing numbers of trips outside the usual season.

Thus, by using the partially positive effects of climate change, the tourism
industry in the region could even benefit from climate change.

10.3.3 Romania (Summer Tourism)

The Romanian summer tourism case study investigated the potential economic
impacts of climate change on summer tourism at the Black Sea Coast (Constanta
County). In order to analyze the relationship between tourism performance and
climate at the Black Sea coast during the main season (July and August), regres-
sion analysis was performed using mean air temperature (and its squared term) as
predictors and the number of overnight stays as predictand. The impact scenario was
developed on the basis of climate scenario REMO-A1B. Using input-output anal-
ysis, potential impacts of investigated climate-caused changes in overnights at the
Black Sea coast on the national economy were assessed.

10.3.3.1 Main Results

Input-output analysis suggests that a reduction in tourism demand at the Romanian
Black Sea coast, as indicated by regression analysis due to an increase in mean air
temperature as predicted by the REMO-A1B scenario, will lead to a production loss
at the national level of 0.7% in 2020 compared to 2005. This result highlights the
importance of regional adaptation measures.

10.3.4 Romania (Winter Tourism)

The Romanian winter tourism case study focused on investigating the poten-
tial economic impacts of climate change on winter tourism at the ski resorts

2The Thom’s Discomfort Index (THI) includes the parameters air temperature and relative
humidity (see e.g. Tzenkova et al., 2003).
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Sinaia (Prahova) and Predeal (Braşov). To analyse the relationship between tourism
performance and climate during the winter season (November–April) at the men-
tioned resorts, regression analyses were carried out using selected meteorological
parameters as predictors and selected tourism indicators as predictands. An impact
scenario was developed for the periods 2020–2025 and 2045–2050 on the basis of
the REMO-A1B climate scenario.

10.3.4.1 Main Results

In the case of Sinaia, regression results suggest that changing mean air temper-
atures as simulated by the REMO-A1B scenario for the periods 2020–2025 and
2045–2050 compared to the reference period 2002–2007 will cause a decrease in
tourist expenditures of about 0.5 and 1.1%, respectively. A more negative impact
of changing mean air temperatures is indicated for Predeal, where climate change
as simulated by the REMO-A1B scenario is expected to cause reductions in
tourist expenditures of about 4 and 9%, respectively. However, it is important to
stress that effects of extreme events have not been considered within the applied
method.

In order to minimize the negative impacts of climate change on the tourism sector
in the area under investigation, it is recommended to integrate climate change issues
into local and regional tourism policies as a tangible point and at the same time to
diversify recreational offers in general.

10.3.5 Comparative Conclusion

The results of single case studies suggest that climate change tendentially impacts
tourism in the regions under consideration in a negative way.

10.4 Energy Supply

10.4.1 Bulgaria (Nuclear Power)

The Bulgarian energy case study investigated the potential economic impact of
climate change on nuclear power production at the Kozloduy Nuclear Power
Plant (KNPP), located in the North-West region. In order to assess potential
economic impacts of climate change as simulated by three different climate sce-
narios, comparative analysis, scenario analysis and descriptive statistical methods
were applied. Since ordinary (normal) climate-related conditions do not have
any influence on electricity production and do not affect the safety of nuclear
units and nuclear waste, analysis focused on the impact of extreme weather
events.
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10.4.1.1 Main Results

Investigation of maximum and minimum daily temperatures, the heat wave dura-
tion index, maximum precipitation and the precipitation intensity index as projected
in the three different scenarios for the period 2021–2050 leads to the conclusion
that projected climate change will not influence the safety of the KNPP, as
expected extreme events are within design capacity limits for the power plant.
However, climate change is expected to diminish cooling efficiency during summer
months and hence lead to decreased energy production. More precisely, the num-
ber of unfavourable days per year (days with low cooling efficiency at KNPP, i.e.
T > 30◦C) is projected to increase between 1.6 and 5 times in the period 2021–2050
when compared to the period 1961–1990 according to the three climate scenarios
(see Table 10.3). Nevertheless, expected physical and economic impacts of cli-
mate change on nuclear energy production are low in all scenarios. Taking only
unfavourable days during the summer months (June–August) into account, yearly
economic losses of KNPP due to climate change are expected to range from about
C 5.4 million to C 7.4 million (see Table 10.4). The expected decrease in elec-
tricity production only accounts for a small portion of KNPP’s total production in
2007, namely about 1%. Hence, expected economic impacts are insignificant at both
regional and national levels.

Regarding adaptation, better planning with respect to regular annual mainte-
nance – for which a unit has to be shut down – is recommended by choosing
the hottest periods of the year for this activity, when cooling efficiency is low
anyway.

Table 10.3 Average number of days per year with T > 30◦C

REMO-A1B LMDZ-A1B-L LMDZ-B1-L

1961–1990 33 14 14
2021–2050 52 53 72

Difference + 58% + 279% + 414%

Table 10.4 Expected yearly losses at KNPP caused by climate change in 2021–2050

Decreased electricity
production Economic losses

Scenario

Average number
of days per year
with T > 30◦C in
summer months
(days)

Absolute
(GW.h)

Share of total
production
2007 (%) (in 1,000 BGN) (in 1,000 C)

REMO-A1B 43 100.4 0.7 10,568.26 ∼5,404
LMDZ-B1 59 137.7 1 14,500.64 ∼7,414
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10.4.2 Hungary (Wind Energy)

The Hungarian energy case study focused on investigating the potential economic
impacts of climate change on the energy production of a wind farm in Győr-Moson-
Sopron. To this end, annual energy yields were calculated based on statistical
relations between modelled daily wind speeds and observed power outputs (10 min
mean values) of the wind turbines, taking into account annual turbine failure and
wake-losses of the wind farm. Furthermore, the effects of climate change on air
density and wake-losses were investigated. Impact assessment was carried out on
the basis of the REMO-A1B scenario.

10.4.2.1 Main Results

Comparing 10-year averages of scenario period 2021–2030 and reference period
2003–2012, mean annual energy yields are expected to be insignificantly reduced
by −1.5% due to changing wind speeds. However, significant (significance <0.05)
changes are expected to occur later in the future (Figure 10.3, left panel). The trend
of air density for the scenario and reference period is small (−0.03%) and statis-
tically insignificant. Minor (between ∼0.0 and −1.0%), but statistically significant
changes (based on 10-year moving averages) may arise after 2028 (Figure 10.3,
right panel). The wake losses of the wind farm show complex behaviour: they
are supposed to depend on both direction and velocity of approaching air flows.
Nevertheless, since regional climate simulations (REMO-A1B) do not indicate cli-
mate change effects on wind direction, and since expected changes of wind speeds
are insignificantly small between the scenario and the reference period, the impact
on energy yield should also be negligible within the given configuration. In conclu-
sion, the potential economic impacts on wind farming in Győr-Moson-Sopron are
expected to be tendentially negligible.

Fig. 10.3 Climate change effects (black) (relative difference to reference period 2003–2012) and
their significance (grey). Note: Changes in the wind farm’s mean annual energy yield calculated
from daily wind speeds and current observed technical availability of wind turbines (left panel)
and changes in mean annual air density (right panel) are shown
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An analysis of the region’s adaptive capacity shows a relatively high adaptation
potential for Győr-Moson-Sopron: adaptation is affordable both in terms of tangible
and intangible assets.

10.4.3 Romania (Hydropower)

The Romanian energy case study focused on investigating the potential eco-
nomic impacts of climate change on hydropower production at the Vidraru
Hydropower Plant (part of the Hidroelectrica Company) and on evaluating the
regional vulnerability of Argeş County (NUTS III), where the plant is located.
An analysis of potential climate change impacts on hydropower production was
carried out by investigating the system’s behaviour within the reference period
(1961–1990) and using the obtained results as well as climate change predictions
to develop impact scenarios for a future period (2021–2050). Simulations of future
climatic and hydrological conditions were based on REMO-A1B simulations and
the hydrological model CONSUL.3

10.4.3.1 Main Results

Based on the relationship between measured energy and inflow data at Vidraru
Reservoir (determined by means of regression analysis) and inflow projections
according to the A1B scenario, it is estimated that Vidraru hydropower plant annual
electricity production will decrease slightly in 2021–2050 compared to the refer-
ence period 1961–1990 (< 5% decrease in annual energy production). However, as
the share of the Vidraru hydropower plant in the annual electricity output of the
Hidroelectrica Company lies below 3%, the national significance of climate change
caused impacts on electricity production at the Vidraru hydropower plant is small.
Nevertheless, climate change should be embodied as a priority in policy making for
the hydropower sector in order to realise integrated adaptation, considering major
climatic threats.

10.4.4 Comparative Conclusion

All three energy case studies suggest small (and sometimes insignificant) negative
economic impacts of climate change within the specific configurations assumed
in each case study (regarding the region under investigation, the applied cli-
mate scenario, the type of electricity production, the period investigated and the
meteorological parameters considered).

3The hydrological model was developed by the Romanian National Institute of Hydrology and
Water Management.
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10.5 Public Sector

A well-implemented plan describing how to spread economic risks from extreme
events within society and/or transfer them from victims to financial markets is a
fundamental adaptation measure that will crucially decide how disturbing impacts
from climate change will be for society. By examining the institutional setting of
risk transfer in Bulgaria, Hungary and Romania, and looking into the funds used to
deal with such emergencies, the public sector case study aimed at gaining insights
into public sector vulnerability to extreme events. Contrary to the other three sec-
tors investigated, the public sector’s vulnerability was studied at a national level.
Improvement potentials were identified based on an analysis of the desired elements
for an efficient risk transfer mechanism (Prettenthaler and Albrecher 2009).

10.5.1 Bulgaria

In Bulgaria, insurance against natural hazards is voluntary. Due to long and com-
plicated procedures, little confidence exists in the private insurance market. Thus,
catastrophe insurance penetration regarding natural hazards is quite low. Only about
7% of Bulgarian homeowners are insured against damages arising from natural dis-
asters (Gurenko et al., 2008). Because of low insurance penetration, the Bulgarian
government has provided financial assistance to uninsured homeowners following
floods in recent times. However, this is a strategy the Bulgarian state cannot afford,
since financial preparedness to cope with major disasters is quite low. Thus, sev-
eral proposals involving reforming the risk transfer scheme have appeared recently,
ranging from the installation of a national catastrophe insurance pool similar to the
Romanian or Turkish scheme, to participation in the regional catastrophe insurance
program the World Bank is preparing for South Eastern (and Central) Europe.

Major improvement potentials in the current scheme

• Establishment of a (well-coordinated) risk partnership between insurers, state and
citizens

• Generation of a bigger risk collective (e.g. through the introduction of mandatory
elements)

• Establishment of explicit rules for the handling of objects with very high damage
frequency

10.5.2 Hungary

In Hungary, insurance penetration against floods, which represent the natural hazard
the country is mostly at risk of, is quite high. However, coverage offered by private
insurers is extremely limited and people living in poor areas that are highly exposed
to floods often have no access to private insurance. Since 2003, a state fund has
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existed for homes situated in highly exposed flood plains, which have difficulty
getting private insurance coverage.4 Homeowners whose dwellings are located in
risky regions may contribute to the fund. In turn, they are entitled to indemnification
in case of damage. However, as the fund is mainly financed by the state budget,
public sector vulnerability remains.

Major improvement potentials in the current scheme

• Establishment of a (well-coordinated) risk partnership between insurers, state and
citizens

• Creation of socially acceptable premiums for 100% coverage (premium rates
of state-offered flood insurance increase with decreasing value of buildings and
seem rather expensive for small dwellings)

10.5.3 Romania

In Romania, a concrete reform process regarding a financial risk transfer mechanism
with respect to natural hazards is in progress at the moment. Work is being done to
establish a national catastrophe insurance pool founded through the affiliation of
insurance companies. Moreover, household insurance against certain natural risks,
namely earthquakes, floods and landslides, is expected to become mandatory by
1 January 2010. The whole system of mandatory household insurance will be guar-
anteed by the state, acting as a reinsurer of last resort. At the moment there are still
unresolved problems with respect to the new system. However, if these problems are
successfully solved, the new system is likely to increase adaptation capacity consid-
erably and thus decrease vulnerability of the public sector and society as a whole; at
the moment household insurance is still voluntary, and only 11–12% of the 8 million
homes in Romania are insured (Cracea 2009).

Major improvement potentials in the planned scheme

• Better incentives for individual risk prevention (e.g. through the introduction of
risk-based premiums and deductibles)

Acknowledgment The authors wish to thank other authors of individual case studies for their
contributions: Plamen Mishev, Antonaneta Golemanova, Nedka Ivanova, Milkana Mochurova and
Todor Kaloyanov for the Bulgarian case studies, Dan Balteanu, Ana-Irina Dinca, Diana Dogaru,
Carmen Dragotă, Bianca Dumitrescu, Monica Dumitraşcu, Dana and Mihai Micu, Camelia
Surugiu, Marius Matreata, as well as Boróka Bíró, Emese Szocs and Maria Vincze for the
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4See Law 58/2003 regarding the Wesselényi Miklós Flood and Inland Water Compensation Fund.
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Chapter 11
Cecilia – EC FP6 Project on the Assessment
of Climate Change Impacts in Central
and Eastern Europe

Tomas Halenka

Abstract The presented EC FP6 Project CECILIA is studying climate change
impacts in Central and Eastern Europe based on the dynamical downscaling, i.e.,
nesting of a fine scale limited area model (or Regional Climate Model, RCM) within
the Global Climate Models (GCMs). Global Climate Models (GCMs) can reproduce
climate features on large scales, but their accuracy decreases when proceeding from
continental to regional and local scales because of the lack of resolution. This is
especially true for surface fields, such as precipitation, surface air temperature and
their extremes, which are critically affected by topography and land use. However, in
many applications, particularly related to the assessment of climate change impacts,
the information on surface climate change at regional to local scale is fundamental.
In the region of Central and Eastern Europe the need for high resolution stud-
ies is particularly important. A resolution sufficient to capture the effects of these
topographical and associated land-use features is necessary. Therefore, 10 km res-
olution has been introduced in the presented project CECILIA for regional climate
modelling in targeted areas of Central and Eastern Europe to provide satisfactory
resolution in local impact studies covering key sectors of the region like hydrology,
water quality, and water management, air quality issues, agriculture and forestry.
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11.1 Introduction

Although the broad response of global climate to increased greenhouse gas con-
centrations is well established, many unknowns remain in the regional details of
projections of future climate change. The floods and droughts which occurred in
recent summers in the region highlight the importance of the hydrologic cycle and
water management in Elbe and Danube river catchments in response to the occur-
rence of precipitation extremes. In summer of 2002 the Czech Republic experienced
some of its worst floods in history with the Vltava river inundating Prague causing
severe and widespread damage. The 2003 heat wave, one of the severest heat waves
on record in central and western Europe causing both human losses (Kysely 2004)
and extensive damage to human activities and natural ecosystems, demonstrated the
importance of the health impacts of extreme conditions that could also lead to con-
siderable changes in air quality, both regionally and in major urban centres. The
possibility of changes in the frequency and intensity of these extreme events is one
of the most dreaded manifestations of anthropogenic climate change. A number of
studies have linked the occurrence of these extreme events to anthropogenic forc-
ings (Beniston and Stephenson 2004; Schär et al. 2004; Pal et al. 2004; Meehl et al.
2004; Meehl and Tebaldi 2004). Impacts on agriculture and forestry affecting the
economy of countries in the region are extensively studied as well (Menzel et al.
2006, 2003, Hafner 2003, Gobron et al. 2005).

While coupled atmosphere-ocean general circulation models (AOGCMs) provide
basic information on the development of the climate change, their horizontal resolu-
tion is still too coarse to describe in detail processes affecting extreme events at the
regional scale (Gates et al. 1996). In order to regionally enhance the AOGCM infor-
mation a number of regionalization techniques have been developed (Giorgi et al.
2001). One of them is the use of limited area regional climate models (RCMs) nested
in driving fields from reanalysis or GCMs similarly as previously done in numeri-
cal weather prediction for decades (Giorgi and Mearns 1999). The main advantage
of this method is that it can reach with the same or even less resources horizontal
grid intervals of a few tens of km and thus RCMs can provide improved simulation
of extreme events (e.g. Huntingford et al. 2003; Frei et al. 2003). During the last
decade RCMs have been increasingly used to examine climate variations at scales
that are not resolved by global models. For Central Europe domain after the floods
in 2002 Halenka et al. (2006) tested the ability of RCM to reproduce precipitation
extremes. To the extent that they produce realistic climate simulations, such models
can be powerful tools in the study of regional climate impacts.

Thus, the aim of the EC FP6 project CECILIA (Central and Eastern Europe
Climate Change Impact and VulnerabiLIty Assessment), starting on June, 1, 2006,
and extended till 31 December 2009 (for list of partners see Table 11.1), is to assess
the impact of climate change at the regional to local scale for Central and Eastern
Europe (CEE).using very high resolution simulations in order to capture the effects
of the complex terrain of the region. In this region of Central and Eastern Europe the
need for very high resolution studies is particularly important. This region is char-
acterized by the northern flanks of the Alps, the long arc of the Carpathians, and



11 Cecilia – EC FP6 Project on the Assessment 127

Table 11.1 List of partners

Participant name
Participant
short name

Charles University, Prague, Czech Republic CUNI
The Abdus Salam ICTP, Trieste, Italy ICTP
Météo-France, Toulouse, France CNRM
Danish Meteorological Institute, Copenhagen,

Denmark
DMI

Aristotle University of Thessaloniki, Greece AUTH
Czech Hydrometeorological Institute, Prague, Czech

Republic
CHMI

Institute of Atmospheric Physics, Prague, Czech
Republic

IAP

Swiss Federal Institute of Technology Zurich,
Switzerland

ETH

University of Natural Resources and Applied Life
Sciences, Vienna, Austria

BOKU

National Meteorological Administration, Bucharest,
Romania

NMA

National Institute of Meteorology and Hydrology,
Sofia, Bulgaria

NIMH

National Institute of Hydrology and Water
Management, Bucharest, Romania

NIHWM

Hungarian Meteorological Service, Budapest, Hungary OMSZ
Forest Research Institute, Zvolen, Slovakia FRI
Warsaw University of Technology, Warsaw, Poland WUT
Eötvös Loránd University, Budapest, Hungary ELU

smaller mountain chains and highlands in the Czech Republic, Slovakia, Romania
and Bulgaria that significantly affect the local climate conditions. A resolution suffi-
cient to capture the effects of such topographical and associated land-use features is
necessary as illustrated in Fig. 11.1, where comparison of model topography repre-
sentation in resolutions of 50 and 25 km used for EC FP6 project ENSEMBLES
to the resolution of 10 km introduced in CECILIA project is presented in the
detailed view on the Czech Republic. Additionally, the central internal objectives
of CECILIA are to improve regional climate scenarios and their localization for cli-
mate impacts models, and comparing these results against the results of previous
and ongoing projects to assess the added value of dynamical downscaling at very
fine scales (Table 11.1).

These goals are achieved using very high resolution RCMs run locally for tar-
geted areas. Changes in weather patterns and extreme events are addressed within
the project as they affect the important sectors for the economies and welfare of
individual countries in the region. Uncertainties are evaluated by comparing results
with those from previous projects (PRUDENCE, ENSEMBLES). The selected
applications of the CECILIA outputs are supposed toward water resources and man-
agement, agriculture, forestry, air quality and health. In addition, CECILIA will
improve the access of CEE researchers to information and facilities for climate
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Fig. 11.1 Detail of topographical features seen in ENSEMBLES’ 50 km resolution (upper left)
and 25 km (upper right) and 10 km for CECILIA proposal (bottom panel)

change research by providing an efficient use and access to the results of previ-
ous and ongoing EC projects which the proposed research will benefit greatly from,
e.g.:

• “Modelling the Impact of Climate Extremes (MICE)”
• “Statistical and regional dynamical downscaling of extremes for European

regions (STARDEX)”.
• “Prediction of Regional scenarios and Uncertainties for Defining EuropeaN

Climate change risks and Effects” (PRUDENCE)
• “ENSEMBLE-based Predictions of Climate Changes and their Impacts”

(ENSEMBLES)
• “Quantifying the Climate Impact of Global and European Transport Systems”

(QUANTIFY).

Thus, CECILIA is integrating world leading European expertise in regional cli-
mate modelling with high resolution impact studies to provide new policy relevant
information on climate change and its interactions with society at the regional scale.
It will also feed into adaptation and mitigation strategies in targeted areas.
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11.2 Key Issues

Emphasis in CECILIA project is given to application of regional climate mod-
elling studies at a resolution of 10 km for local impact studies in key sectors of the
region. From the viewpoint of climate change scenario production two time slices
are planned, for 2020–2050 and 2070–2100. The high spatial and temporal resolu-
tion of national observational networks and of regional model experiments will feed
into investigations of consequences for weather extremes in the region. Statistical
downscaling methods for verification of the regional model results will be developed
and applied, and assessments of their use in localization of model output for impact
studies will be performed. The objectives will be achieved through the following
tasks:

• To collect, assess and make available for first local impact studies the scenarios
and climate simulations produced in previous relevant projects where available
(WP1).

• To adapt and develop very high resolution RCMs for the region (10 km grid
spacing) and perform regional time-slice nested runs driven by ERA40 data and
by GCMs for selected GHG change scenarios (WP2).

• To verify the model results, compare RCM and statistical downscaling results,
analyze and develop the methods for verification, particularly at local scales, to
provide the scenarios (WP3).

• To estimate the effect of global climate change on extreme events in the region,
including the assessment of the added value of high-resolution for the simulation

WP1: 
Assessment and 
provision of climate 
change information for 
downscaling and 
impacts

WP5:
Climate change impacts 
in hydrology and water 
management

WP6:
Climate change impacts 
on agriculture and 
forestry sectors

WP7:
Climate change impacts 
on air quality and health

WP2: 
Regional climate 
modelling experiments

WP3:
Statistical 
downscaling, 
localization, 
validation, and 
scenario construction

WP4:
Climate change 
and extreme events

Fig. 11.2 Interactions between the workpackages
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of the relevant processes and feedbacks. To evaluate uncertainties in regional
projections by comparing results from previous projects (WP4).

• To assess (using high resolution downscaling results) the impacts of climate
change on the hydrological cycle and water resources over selected catchments;
the effects of climate change on the Black Sea (WP5).

• To study (based on the high resolution downscaling results) the impacts of climate
change on agriculture and forestry, carbon cycle and selected species (WP6).

• To study (based on the high resolution downscaling results) the impacts of cli-
mate change on health and air quality (photochemistry of air pollution, aerosols)
(WP7).

The overall structure and dependencies within the project are given in Fig. 11.2.

11.3 Expected Impact

Although the response of global climate to increased greenhouse gas concentrations
is well established, many unknowns remain in the regional details of projections
of future climate change. Thus, the central objectives of CECILIA are to improve
regional climate scenarios and their localization for climate impacts models, and
comparing these results against the results of previous and ongoing projects to assess
the added value of dynamical downscaling at very fine scales. Several key issues
connected with climate change have become of interest in recent years, such as the
occurrence of extremes or effects on air quality, with potentially severe impacts on
the quality of life, health and safety. The occurrence of these extreme events, in some
cases causing loss of human life and extensive damages or costs, is affected by the
relation between extremes and climate change which can be better explored using
high resolution climate modelling. Results will allow us to evaluate the vulnerability
of different sectors in the regions. CECILIA will help to identify and exploit pos-
itive impacts. It will provide demonstrations of the use of these tools in important
economic, environmental or social sectors where the impacts of climate change are
likely to be felt.

Climate change represents a major factor affecting the global and European envi-
ronments. Natural ecosystems will become stressed if climatic zones shift at a faster
rate than the ecosystems can migrate. Changing availability of natural resources
such as water supply may adversely affect the sustainability of European activi-
ties. A more stressed environment will be even more vulnerable to natural hazards.
CECILIA with high resolution climate simulation can help anticipate and ameliorate
the adverse impacts on the local environment and natural resources of the targeted
regions. It can also provide mitigation information to reduce the hazards concern-
ing these important factors. Concerning the environment, CECILIA, similarly as the
EC project QUANTIFY, will provide a platform for reducing the gap between cli-
mate change and air quality sciences, putting together traditional aspects of climate
change impacts and impacts on air quality.
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This project brings very high resolution localization of climate change scenarios
into the targeted areas of CEE, with the added value of climate scenarios produced
locally. This will provide necessary policy relevant information concerning the local
adaptation and/or mitigation measures. Moreover, it will provide know-how and
tools which can be further used for the analysis of the climate change development
and climate change impacts on different sectors of the society in the target region.

11.4 Preliminary Results

In framework of a review of previous available results (PRUDENCE project) first
estimates of climate change signal for targeted regions were publicised and pre-
sented to end-users (see Fig. 11.3). More detailed analysis as well as the comparison
with other results (IPCC 4AR model results) are under preparation for publication.
Analysis in Fig. 11.4 reveals that the data from recent database of CMIP3 ensem-
ble exhibits significant warming in northeastern Europe during winter whereas in
Mediterranean in summer, for precipitation the area of no significant changes is
moving across the Central Europe depending on seasons with significant drying in
Mediterranean in summer and increase of precipitation in northern Europe during
winter.

Fig. 11.3 Change of temperature (◦C – left column) and precipitation (% – right column) in 2071–
2100 relative to 1961–1990 in the CECILIA target areas for emission scenarios A2 (bottom panels)
and B2 (upper panels). (ICTP provided analysis)
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Fig. 11.4 Change of temperature (◦C – left column) and precipitation (% – right column) in 2071–
2100 relative to 1961–1990 in the CECILIA target areas for emission scenario A1B in winter
(upper panels) and in summer (bottom panels) for the CMIP3 global models (IPCC 4AR). (ICTP
provided analysis)

Although used as the first stream of data, the coarse temporal and spatial reso-
lution makes CMIP3 difficult for use in impact part of our project. The best tool to
start and validate the impact studies is the FP5-PRUDENCE database in daily reso-
lution and in 50 km, which is closer to what needed for CECILIA, in Fig. 11.5 it can
be seen reasonable consistency of these data with the new results. Averages for each
country of the region (according to the political boundaries at 50 km resolution)
have been calculated for targeted countries with model responses for each model
and SRES-A2 scenario, in Fig. 11.5 provided for temperature and precipitation as
an example for Bulgaria.

11.5 CECILIA Experiments

For CECILIA high resolution simulations six regional climate models covering
Central Europe (Czech Republic – two models), Hungary (two models), Romania
and Bulgaria have been prepared for present day climate simulation as well as cli-
mate change scenarios in a high horizontal resolution (10 km) on the domains shown
in Fig. 11.6. The main objective is to produce simulations on targeted domains
for a past period (1961–1990) driven by ERA40 reanalysis, for a reference period
(1961–1990) and two GCM driven scenario time slices (2021–2050 and 2071–2100)
based on AR4-A1B GCM projections. CUNI, ELU and NMA are using RegCM (Pal
et al. 2007; Elguindi et al. 2006), CHMI, OMSZ and NIMH are using ALADIN-
Climate (Huth et al. 2003). In Fig. 11.7 the climate change signal under scenario
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Fig. 11.5 Temperature response (◦C) and precipitation response (mm/day) of the PRUDENCE A2
simulations over the Bulgaria for four seasons. (Based on Meteo France results)

A1B for surface temperature is presented as an example from CUNI simulations
for Central Europe, driven by ICTP RegCM@25 km run for EC FP6 ENSEMBLES
Project (forced by ECHAM5 run for A1B scenario). The warming of about 1◦C and
about 3◦C clearly seen in Central Europe for mid-century time slice and end-of-
century time slice, respectively, is consistent with the results of IPCC AR4 GCMs,
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Fig. 11.6 Domains of simulations for individual partners in targeted regions

the annual patterns formed by increased warming to the north and east during winter
and spring seasons while enhanced warming towards the Mediterranean and Eastern
Europe contributing mainly in summer.

11.6 Conclusions

The general aim of CECILIA is to improve Europe’s ability to assess the conse-
quences of global climate change at the local scale, and on this basis to assist to
formulate more precise response strategies and more scientifically based negoti-
ating positions. Such an effort will assist in the successful implementation of the
FCCC (Framework Convention on Climate Change) and the Kyoto Protocol, for the
negotiations in the post Kyoto process and in regulations to mitigate the possible
consequences of climate change as concluded by IPCC. Very high resolution and
better regional predictions are required to guide long term planning in sectors such
as agriculture and energy. Results of simulations generated within the project will
be available for other interested institutes in Europe, with the possibility of use in
national projects on climate change impacts over the targeted areas.

Links with related projects (ENSEMBLES, CLAVIER, COST 734 – CLIVAGRI,
QUANTIFY) were established through an active information exchange, some of
these links are based on real cooperation and participation of some partners in
these projects. The results of the climate change simulations generated within the
CECILIA project will be available for other interested institutes, universities and
research centres in Europe. Climate change impact data will be used for further
impact research and policy studies and the results of these studies will be available
as well. Both the reports and data generated during the project might contribute to
the development of the next IPCC assessment report and the results will be shared
and intercompared with other projects (ENSEMBLES, CLAVIER, COST 734, etc.).
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Fig. 11.7 Climate change signal for surface temperature in CUNI RegCM@10 km A1B sim-
ulations driven by RegCM@25 km runs for ENSEMBLES project (forced by ECHAM5 A1B
scenario run) in terms of annual mean for mid-century time slice (2021–2050, upper panel) and
end-of-century time slice (2071–2100, bottom panel)

There is one important point of the CECILIA dissemination and exploitation
strategy, i.e. communication with end-users, stakeholders or policy makers to pro-
vide the necessary and reliable information directly as well as having the feedback to
the project, especially from end-users for impact studies. By the end of the project,
a final workshop will be held to present and disseminate its results. An important
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point of innovation consists in the fact that very high resolution climate informa-
tion will allow application in integrated climate change impact studies, which will
in turn provide for the first time necessary policy relevant information for decision
makers and local authorities in the region. For more details on the progress in the
CECILIA EC FP6 project see the project website http://www.cecilia-eu.org.
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Abstract Through a change in climatic conditions and variability, for example,
certain extreme weather events (heat waves, droughts, etc.) are likely to occur more
frequently in different spatial and time scales in future. Since agriculture is one the
man’ activities more dependant on weather behaviour, the impact on risks of agri-
cultural production is indeed one of the most important issues in climate change
assessments. Therefore an early recognition of risks and implementation of adapta-
tion strategies is crucial as anticipatory; precautionary adaptation is more effective
and less costly than forced, last minute, emergency adaptation or retrofitting. Results
of climate change impact and adaptation studies often show considerable different
results, depending on the spatial scale of regionalisation. However, for a decision
maker, only a high spatial resolution of related study results is useful as it can rep-
resent local conditions and its spatial variability much better. This paper is based on
the findings of the ADAGIO project (adagio-eu.org), which was focused on regional
studies in order to uncover regional specific problems. In this context a bottom-up
approach was used beside the top-down one of using scientific studies, involving
regional experts and farmers in the evaluation of potential regional vulnerabilities
and adaptation options. Results show, for example, that production risks, such as
increasing drought and heat, are reported for most European regions. However, the
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of the dominating agroecosystems and prevailing socio-economic conditions.
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12.1 Introduction

Global climate change will lead to shifts in climate behaviour and causes man-
ifold impacts on ecosystems in the next decades. In particular, climate change
will have significant effects on regional agricultural production (e.g., Alexandrov
et al. 2002; Trnka et al. 2007, 2008), which has been considered as the
most weather-dependent among all the human activities. Negative impacts on
agricultural production could be avoided or reduced significantly by applying
appropriate adaptation measures (e.g. in farm technology) supported by avail-
able impact models, as well as forecasts and warning systems for decision-
making. This will secure sustainable agricultural production in the future as
well.

Through a change in climatic conditions and variability, for example, extreme
weather events (heat waves, droughts, etc.) will occur more frequently in different
spatial and time scales in future. Since agriculture is one the man activities more
dependant on weather behaviour, the impact on risks of agricultural production is
indeed one of the most important issues in climate change assessments. On the
other hand potential adaptation measures can provide a big potential to reduce risk
and potential losses. As agriculture is an important economic factor in many coun-
tries, changing risk or potentials for agricultural production due to climate change
will have a number of economic and socio-economic consequences (e.g. CAgM
1992, 1993; WMO 1995, 1997), such as loss of income in agriculture and food
industry, significant higher costs for water and production techniques (e.g. irrigation
systems), losses in the agroindustry.

Therefore an early recognition of risks and implementation of adaptation strate-
gies is crucial as anticipatory; precautionary adaptation is more effective and less
costly than forced, last minute, emergency adaptation or retrofitting (EEA 2004;
ANL 1994; Parry and Carter 1998; Eitzinger et al. 2007). Moreover climate change
may be more rapid and pronounced than current estimate suggest and there is a risk
for under-adaptation. Immediate benefits can be gained by better adaptation to cli-
mate variability and extremes. At the policy level immediate benefits can be gained
from removing policies and practices that result in ineffective adaptation. Finally
climate change brings opportunities as well as threats, where potential benefits can
be realised or increased by adaptation. All the above mentioned factors are very
important to recognise as early as possible to ensure sustainable agricultural pro-
duction systems and a living rural environment, especially for decision makers in
their regional environments, including farmers.

Compared to the manifold potential impacts of climate change on agroecosys-
tems, potential adaptation measures are even more complex because of the high
number of options available through the human factor. Results of climate change
impact and adaptation studies often show considerable different results, depending
on the spatial scale of regionalisation. However, for a decision maker, only a high
spatial resolution of related study results is useful as it can represent local conditions
and its spatial variability much better.



12 Vulnerabilities and Adaptation Options of European Agriculture 141

12.2 Main Vulnerabilities of European Agricultural Regions

Regional studies and gathered feedback from experts and farmers show in general
that drought and heat is the main factor having impact on agricultural vulnerability
not only in the Mediterranean region, but also in the Central and Eastern European
ones, except the north-eastern part of Europe (Russian regions). Another impor-
tant aspect is that the increasing risk of pest and disease damages due to fast shifts
of their occurrence may play a more important role for agricultural vulnerability
as expected. However, till now this field is only rarely investigated in Europe. An
important fact is also that there are increasing regional differences in the crop pro-
duction potential in Europe due to climate change and that positive or negative
impacted agricultural systems can vary in a relatively small spatial scale, depending
on the specific limiting environmental conditions such as climate or soil conditions
(especially in complex terrain).

12.2.1 Central European Region

In Central Europe agricultural production regions in Austria, Poland and Czech
Republic were analysed regarding local vulnerabilities. Austria is characterized by
small farm structures and big regional differences within short distances in the type
of the prevailing agricultural production systems (mainly permanent grassland and
dairy production, arable crop production and orchard as well as wine farming). This
is caused by topographical conditions (Alpine region) and its impacts on regional
climate, especially on temperature and precipitation conditions. These facts are also
the reason why regional vulnerabilities in agriculture vary in a wide range within
Austria. In recent studies it was shown that the more humid and cool alpine regions
dominated by permanent grassland would increase their production potential, while
the warmer and drier regions, dominated by arable crop production would face more
drought and heat stress, having mostly negative impacts on production potential of
summer crops. In this aspect not only the interannual variability of crop yields are
expected to increase but also the differences between soils with high and low soil
water storage capacity (increasing regional crop yield variability). Grassland domi-
nated regions, which currently are close to the climatic limit regarding precipitation
and grassland water balance, will face significant increase of production risk due to
increasing drought and heat frequency. An example is shown in Figs. 12.1 and 12.2
showing the change of grassland regions under “low” production risk (of grass-
land and related dairy production) under climate scenarios in Austria and Czech
Republic. Additionally the terrain (mean slope) and soil conditions are shown in
Figs. 12.1 and 12.2, as adaptation options are limited in regions where soils or
topography do not allow to change to arable crop production.

The most serious threat for Polish agriculture under future climatic conditions is
considered to be the shortage of water. Based on historical sources it may be stated
that the frequency of droughts in Poland is increasing. The Ministry of Agriculture
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Fig. 12.1 Grassland dominated regions of different terrain and soil conditions (grey scales) with
currently “low” production risk in Austria and Czech Republic, based on critical limits of mean
grassland water balance (–80 and –50 mm) from June to August

Fig. 12.2 Grassland dominated regions with “low” production risk in Austria and Czech Republic
under the 2050’s ECHAM A2 (extreme) scenario, based on the same conditions as in Fig. 12.1
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and Rural Development assessed that as a result of drought in 2006 the biggest
losses were found in meadows and pastures, mainly the 2nd and 3rd cuts – 40 to
100% losses, spring cereals – 20 to 60 % losses, winter cereals – 15 to 50% losses,
rape – 15 to 45% losses, potatoes and sugar beets – 20 to 60% losses, vegetables –
30 to 60% losses. According to most climate scenarios, this type of extreme phe-
nomena will occur more and more often and may be increasingly intensive. Thus
situations similar to that in 2006 will have an increasingly adverse effect on agri-
culture. The forecasted warming will promote also a more intensive development
of insects, which will cause their increasing distribution and population size, while
for the same reason a more extensive development may be expected for fungal dis-
eases and other plant diseases, especially in south-western Poland. A considerable
weakness of Polish and Czech agriculture, not connected directly with climatic
factors, results from traditional production methods maintained since the former
socio-economic conditions. Even after the transformation in the 1990s, apart from
the elimination of state ownership, the situation has not changed much. In the driest
(south-east) regions of Czech Republic, for example, there is a lack of irrigation
infrastructure and introduction of drought prone crops is relatively slow, so the
farm economy often suffers from excessive dryness of the region. Especially pol-
ish agriculture is still dispersed and traditional to a considerable degree and requires
in-depth structural transformations. Under such conditions the implementation of
countermeasures for climatic changes may turn out to be problematic. Thus it is nec-
essary for the agricultural policy of Poland in these countries to include the effect of
climatic changes on agriculture.

12.2.2 Mediterranean Region

In the Mediterranean region selected areas of Spain, Italy, Greece and Egypt were
investigated. Climate Change effects in Spain will posses e.g. new constraints on
Castilla and Leon agriculture (selected region in Spain), as have been estimated
from several assessments. Increment in the irrigation requirements and less available
water could be expected. Besides, cereal cropping might be damaged by heat and
water stresses in the spring, as well as vernalisation changes due to temperature
increments in the winter. Moreover, high temperatures could significantly reduce
wine quality. The farmers were asked by questionnaires about the Climate Change
effects on their farms. About 39% of the farmers think there will be “Strong” effects,
same percent consider there will be “Considerable” effects and 22% of them expect
“Some” effects. None of the consulted farmers think that Climate Change will bring
“no effect” to Castilla and Leon agriculture. The increment of pests and diseases is
the worse climate risk identified by the regional farmers in this area.

In Italy the rainfall development under climate scenarios is uncertain.
Considering the average all over Italy, there is a decrease of 5% per century in
the annual precipitation amount, mainly in the spring season (−9% per century).
The current prediction of General Climate Models downscaled with statistical or
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dynamical methods for the end of this century expect a reduction of summer precip-
itations in Southern Italy and little changes in Northern Italy with a small increase
for the winter rains. Concerning the temperature, the scenarios show an increase
quite uniform among the regions up to 5–6◦C in Southern Italy in the summer
months. Particularly large yield decreases are therefore expected for spring-sown
crops (maize, sunflower and soybeans). For autumn-sown crops the impact is more
geographically variable. Tubiello et al. (2000) found that, taking in account the posi-
tive effect of increased CO2 and without adaptation of management and genotype, in
Emilia Romagna the wheat and maize yield could decrease by 5–15%, soybean and
barley yields by more than 20% and sorghum yields by more than 50%. In Puglia
wheat yields are expected to decrease by 30–50%, sorghum yields by 10–30%. No
productive changes were reported for sunflower.

The temperature increase could expand the suitable area for plants requiring high
temperature such as grapewine, citrus and olive. The same can be expected for the
cultivation of durum wheat and for most vegetables such as lettuce, fennel and cab-
bage for winter as well as spring cultivation, and melon. For the perennial crops,
however, in the current production areas the yield variability (fruit production and
quality) is expected to increase under global change scenarios. Such an increase in
yield variability could have negative effects on the quality of products (fruit wine
etc.) and, at the same time, could determine a higher economic risk for growers.

Olive is a typical Mediterranean crop particularly sensitive to low temperature
and water shortage, thus both the northern and southern limits of cultivation are
conditioned by the climate. Early flowering, determined by higher temperatures in
winter period, can expose the plants to late frost risk if low temperatures occur. In
the last decade in Northern part of Italy significant events of freezing took place
with negative consequences in fruit and cereal sectors. However, the risk of damage
to fruit trees caused by early autumn frosts is likely to decrease.

Actual trends in Greece show that olive, vine and winter cereals have higher
adaptive capacity to lower precipitation and dry periods than cotton, maize, rice,
tobacco and other industrial plants, which currently show an increase in agricultural
area. Also many crops, especially maize and cotton, will need additional irrigation
water resources under warmer and drier conditions. These characteristics could also
mean a further increase of these crops in the coming decades, since especially their
low requirements on time resources, while providing profit, could make them a more
popular choice. For example, high quality wines and olive products are produced in
Greek islands under very dry conditions, sometimes on marginal soils, and two of
their most common diseases are associated with humidity, where drier conditions
could lead to less frequent occurrence of them. Structural change in agriculture is
known since the 1950s. If the farm profitability will decrease (such as due to climate
change), areas with smaller farm size and no alternative income sources than agri-
culture may face population movements. Flatland agricultural areas close to major
roads and urban centres, where agricultural farm size is 5 ha or generally larger than
farm sizes in mountain regions, show a trend, which could be applicable for the
future: part time farmers have more suitable conditions, since a shift to extensive
production (e.g. from cotton to gardening products) is better suitable for a part time
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income. Too small farm size is a major cause of vulnerability, which influences
profitability and it is an issue of governmental and organizational studies as well
as actions. High profit crops, such as tobacco and cotton, show a decrease or huge
reduction lately: the economic dependency of whole farming communities to these
crops, creates the need for alternative crops with similar net profit levels, or the
creation of local alternative sources of income.

12.2.3 Eastern Europe

In Eastern Europe, regions of Bulgaria, Russia, Serbia and Romania were investi-
gated during the ADAGIO project. Agriculture is one of the most important sectors
of the Bulgarian economy. Much of the Bulgarian population is occupied in it; how-
ever, the sector forms a relatively small share of the GDP. Bulgaria has excellent
natural conditions for the development of agriculture. Cultivated agricultural land
covers 48% of the total territory of the country. The favorable climate for vari-
ous cultures, the fertile soils and long standing traditions in the sector, low labor
cost, the presence of colleges and high schools on modern farming training can sup-
port a promising development of this sector. However, agriculture is in a crisis at
present. Most of the farms are small and do not have at their disposal significant
financial means. Various European funds are not enough efficiently used. The state
must intervene to get out quickly of the crisis in this important structural sector
of the Bulgarian economy. A survey shows that due to climate change in Bulgaria
in the twenty-first century, main vulnerabilities of the agricultural sector will be
expected for: (a) spring agricultural crops, due to the expected precipitation deficit
during the warm half-year; (b) crops cultivated on infertile soils; (c) crops on non-
irrigated areas; (d) arable lands in south-east Bulgaria, where even during the present
climate, precipitation quantities are insufficient for normal growth, vegetation and
productivity of agricultural crops.

Most vulnerable areas have been described, based on assessment of spatial and
temporal trends in air temperature, precipitation, groundwater table, soil mois-
ture evaporation, duration of warm season, dates of snow cover melting, weather
extremes and agricultural production in last 25 years over European part of Russia.
The main vulnerabilities of selected regions for Russia’s agriculture under climate
change were identified as follows:

North-West Russia:

• Increasing vulnerability of crops to insect pests and diseases including new
occurrences for NW Russia;

• Availability of new, more southern weeds in crops;
• Increasing risk of snow mold on winter crops;
• Potential increase in risk of rotting out and water logging to winter crops due to

increasing winter precipitation and warming;
• Dry spell hazards in early summer leading to reduced fertilizer efficiencies and

need for additional irrigation.
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Central Russia (and the same for Middle Volga area):

• Increase of ice crust and frost killing
• Impact of dry winds
• Spring and summer droughts
• Heat waves
• Water and wind erosion
• Floods

Lower Volga Region:

• Increase of frequency and duration of droughts
• Impact of dry winds
• Heat waves
• Water and wind erosion

The northern part of Serbia, where the province of Vojvodina was investigated,
has one of the best natural agricultural production potentials in Europe. Main limit-
ing factors that influence yield and quality of agricultural crop production are: low
winter temperatures, late spring frosts, hail, temperature fluctuations during winter
period, high summer temperatures and drought. Late spring frosts in Serbia cause
significant damages in the majority of fruit species. Annual yield fluctuations occur
as a result of frost damages of flowers, young fruits, especially in peach, apricot and
plumbs. The whole territory of Serbia is often struck by thunderstorms with hail.
Hail protection exists but does not always work, so damages occur. Droughts occur
frequently in summer months (July, August). Lately, droughts have been occurred
during the October–February period. Lack of winter precipitation threatens the pro-
duction of winter cereals, maize, sugar beet, rapeseed. Wheat and barley yields are
reduced by drought as well as increased temperatures in June. High temperatures in
July (over 35◦C) reduce pollination in maize and soybean. Increased temperatures
in the month of March speed up vegetation so late frosts damage the fruits, sugar
beet, etc. Lack of winter precipitation combined with summer droughts decreases
the production of all crop species.

The most vulnerable agroecosystems in Romania are crop farming dominated by
cereals (winter wheat – Fig. 12.3 – and maize) and crop farming for oilseed crops in
South of Romania. The vulnerabilities detected in the dominating agroecosystems
are:

• The small areas of agriculture exploitations (mainly in counties with low average
income)

• Reduced number of crops (winter wheat, maize, sunflower)
• Decreasing level of water availability that is not counter balanced by introduc-

ing management practices for water conservation in dry farming (winter water
harvesting, minimum tillage, using new cultivars fitting better with the climate
changed conditions)

• Conservative attitude of rural population
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Fig. 12.3 High resolution
map on the relative change of
winter wheat production
potential in Romania
1961–1990 vs. 2041–2050
(most dark areas represent
regions with reduced yield
potential)

Probably on a short and medium time horizon (2020) changes in rural space
induced by introducing CAP and aggregation of land will be more important than
the changes induced by climate changes.

12.3 Main Adaptation Options of Vulnerable European
Agricultural Regions

In the European Union (27 countries) the number of agricultural holdings totals
about 14.5 million. These farms manage 172 million hectares, or 61% are arable
land. About 69% of the holdings in the EU (27) cultivate less than 5 ha. As already
mentioned there is a wide range of variation of agricultural structural parameters
between the EU countries, which have to be considered in the assessment of regional
vulnerability and adaptive capacity. For example, there is a large range of mean farm
size, land use and farm types. Main differences can be observed between western
and eastern (former soviet union) countries in the number of different farm types
per country and only partly by mean farm size. These structural variations overlap
with climatic regions of Europe, which combination strongly influence production
conditions.

12.3.1 Central European Region

The Central European region covers a wide range of climates ranging from cool and
humid (e.g. alpine region) to warm and semiarid/humid (mostly lowland areas) of
the transition of continental type to Atlantic and to Mediterranean type of climate.
The ADAGIO countries Poland, Czech Republic and Austria can be considered as
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representative for that region. This region also covers a wide and distinctive dif-
ference in farm structure and socio-economic conditions, mostly caused by the
different historical socio-economic as well as political developments of the west-
ern (Austria) and eastern (Poland, Czech Republic) countries. Potential adaptation
options of the relevant agroecosystems are affected by both conditions.

In all countries of Central Europe all main arable crop production regions are
affected by increasing drought conditions and water shortage during the sum-
mer period, which leads to several recommended adaptation options regarding the
protection and efficient use of the agricultural water resources.

Agricultural grasslands (in combination with dairy farming) in regions below
approximately 800 mm annual precipitation were shown as most vulnerable to
the warming trend in Central Europe (see above), which comprise relatively large
regions in Central Europe. Because of the fact that grassland production systems are
much less flexible than arable farming systems regarding to a change in production
techniques it is considered as the most critical sector and emphasis has to be paid on
developing feasible adaptation options. For example, for regions, where a change
to crop production or other alternatives by changing land use is difficult due to ter-
rain or soil conditions, there are only few potential adaptation options possible for
farming alternatives.

Perennial cropping systems, such as orchards and vineyards, will be probably
mostly affected by changed pest and disease occurrence in Central Europe, which
leads to the conclusion that adaptation measures should focus on this topic. Also
adaptation options to avoid soil erosion and to improve crop management are a
critical frequently reported issue for perennial crops.

Adaptation options mostly recommended in the Central European region are:

In the short term:

• Soil water conservation techniques (mulching, reduced and minimum tillage)
• Improving irrigation scheduling (e.g. by using agrometeorological stations)
• Change to heat tolerant cultivars
• Change cultivars and crops according temperature demands
• Change sowing date and shift timing of field works
• Improving and introducing monitoring systems for pest and diseases
• Adaptation in crop rotation (e.g. more winter crops)
• Ensure frost protection methods (and for hail in some regions)
• Effective insurance system (ideally supported by government)
• Adapting animal stables for heat waves, ensuring power generation and increas-

ing hygienic measures for farm food production (e.g. milk production)

In the midterm:

• Improving or establishing irrigation infrastructure
• Breeding of adapted cultivars (e.g. for higher water use efficiency and heat stress)
• Increasing crop diversification (farm and regional scale)
• Increasing storage capacities (fodder storage)
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• Change of land use and/or production system (e.g. cereals to maize, grassland to
vineyards, grassland or crops to energy biomass production)

• Landscape structure improvements for reducing evapotranspiration (by lowering
the wind speed, in some flat semi-arid regions)

• To ensure higher market price stability for agricultural products (which sig-
nificantly can improve sustainable planning and implementation of adaptation
options) by using appropriate tools (e.g. political measures, ecological farm-
ing, establishing regional food production and local markets, develop marketing
concepts, such as “terroir” characteristics for wine quality aspects).

Mostly named limitations of adaptation options in Central Europe, related to
socio-economic conditions are structural changes, which are mainly driven by eco-
nomic reasons rather than by climatic ones. Among these are a strong decrease of
income per work unit (esp. Poland), too small farm sizes (Austria, Poland) or com-
plex terrain limitations and high production costs (Austria). Too low income at small
farms (esp. related to family business) leads to abandoning small farms (Austria,
Poland) or reduction of agricultural used land (Poland) in all regions. Farmers of
small farms are often also less educated in agricultural production (often part time
depending on other incomes) leading to a decreasing success or interest in farming.

The adaptive capacity of small farms seems to be better in well developed coun-
tries with better infrastructure or well established local markets such as in Austria,
where already many small farms could successfully change to ecological produc-
tion or alternatives and niches. Eastern countries (see also Section 12.3.2) are much
less flexible in that sense, probably also by the missing political support, low finan-
cial resources, not well developed infrastructures, fewer possibilities of additional
incomes beside agriculture at the same location.

Main other limitations in Central Europe are related to bad existing or destroyed
infrastructure (esp. irrigation systems) and less financial resources for improvements
in the former socialistic countries. Often too less water is available in the region for
additional irrigation (partly an infrastructure problem), also in the “western” coun-
tries of Central Europe. Other limitations are too high costs of certain adaptation
options, terrain and soil restrictions, no (or still no) market for the specific product.
Market price uncertainties lead to increasing risks for sustainable implementation of
adaptation measures; especially those which are related to investments (e.g. change
of land use or production system). In several cases labour and time pressures are also
limiting the implementation of adaptation options (such as a change to ecological
farming in Austria).

12.3.2 Eastern European Region

Bulgaria, Serbia, Romania and Russia, representing Eastern Europe, are character-
ized by various climatic conditions from continental climate in the European part of
Russia to mild climate in South Bulgaria, which is very near to the Mediterranean
region. Agriculture in these countries is still in the transition of the market economy
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as a result of social and political changes during the last 20 years. The potential
adaptation measures of the respective agroecosystems are influenced by the specific
climatic conditions (see Section 12.2.3) and strongly limited by the prevailing socio-
economic conditions. However, there are significant differences in the agricultural
structure and the conditions of the agricultural infrastructure between these coun-
tries. In Bulgaria and Romania a main problem is the decrease of rural population
(which is an effect of EU-membership of the past years), leading to a lack of man
power, land abandonment and finally to a further weakening of agricultural infras-
tructure. In Bulgaria and Russia especially the (past) large farm sizes infrastructure,
still not adapted to the new market system, is an additional problem. Serbia seem
to be still have the best working agricultural system in these countries; however, in
several sectors modernization and financial support is strongly needed to improve
future competition strengths in the agricultural sector.

As an example, the situation of irrigation infrastructure in Bulgaria can be
described as follows:

Actual problems and irrigation history in Bulgaria:

• Irrigation activities in Bulgaria have a long tradition dating back to the fifteenth
century when first rice production along the Maritza River and, later, vegetable
and fruit growing were supported by means of irrigation.

• Irrigation is very important for Bulgarian agriculture, but until the end of the
Second World War only a small part of the land was irrigated.

• During the1960s, the state initiated an extensive program to increase irrigated
areas. Since cooperatives dominated the organisational form, irrigation systems
were designed to supply water to large production units.

• The main sources of water supply were large dams, located in the mountains, and
rivers. Groundwater was used as a complementary source.

• In 1990, the total irrigated land was about 1,200,000 ha (25% of the arable land
in Bulgaria).

• The land restitution process was slow and contradictory.
• At the end of land reform in the year 2000, Bulgarian farm structure was

dominated by three groups: small subsistent farms operated by people close
to retirement, cooperatives, most of them in bad financial situation, and large
commercial farms.

• The number of middle-size family farms remained small.
• During transition, the amount of water used for irrigation in Bulgaria has sharply

declined.
• In addition, the share of actually irrigated areas to those that can be irrigated

is low.
• Large sections of existing irrigation systems lie abandoned, and the ones still in

use are barely maintained.
• Crops, such as wheat and barley, have replaced more water intensive crops,

including vegetables, rice and maize.
• Irrigation, until recently a major water user in Bulgaria, has been drastically

affected.
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• Uneven distribution of Bulgaria’s natural water resources over time and space
makes irrigation necessary to reduce production risk and insures that the
common-pool resource retains continuous in high economic importance.

• Yet, the irrigation systems were built to serve large production units during social-
ism and do not meet the needs of the huge number of small-scale landowners that
emerged following the land restitution process.

• Moreover, facilities have largely deteriorated; property rights on the infrastruc-
ture are ambiguous and water loss in the irrigation systems amounts to 70%
owing to no maintained facilities and water stealing.

Beyond the socio-economic shortcomings, most adaptation options in Eastern
European agriculture are directed to an improved water management of cropping
systems (except the North-Western part of Russia). Improving irrigation systems
and infrastructure, water harvesting methods, adapting crop rotation, changing cul-
tivars or cropping pattern and others are often recommended to increase efficient
water use, production as well as production stability in agriculture. An improved
pest, disease and weed management is a common recommended adaptation measure
for all regions in Eastern Europe.

Table 12.1 gives an overview reported examples of the various recommended
adaptation options for different (climatic) regions in Eastern Europe.

12.3.3 Mediterranean Region

In general, one of the most important effect of climate warming is the increase
of the evaporative demand of the atmosphere. Consequently, an increase of irri-
gation requirement is expected for the next decades of this century. However,
this effect is counterbalanced by the shortening of phenological cycle length for
most determinate plants. Therefore several studies indicated only relatively low
increases of irrigation demand and in several cases also a reduction at the seasonal
scale.

Advancing the sowing time reduces the risk to have higher irrigation require-
ments with low values of water use efficiency. Optimization of sowing/transplanting
time (advancing for spring crops – delaying for winter crops) and the select-
ing varieties and/or species among those available at present are the most
feasible and fast adaptation options to reduce the negative effects of climate
change.

However, the main factor that characterizes the Mediterranean region is proposed
adaptation strategies concerning irrigation and, in general, the water requirements of
the cropping systems cultivated. The optimization of amount and time of irrigation
and/or other water management practices is the main way to increase the water
use efficiency at farm/regional level. The adaptation at farm/regional scale to new
technologies to schedule the irrigation, of advanced procedures based on remote
sensing information and structural enhancement for using urban depurated water are
the mostly proposed strategies of adaptation. In same cases, such as for the Nile delta
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in Egypt, particular adaptation options are related to sea level rise, such as “switch
of agricultural cropping to aquaculture” with positive impacts on the national food
security, but inducing new environmental pressure on the natural resources on the
region.

12.3.3.1 Adaptation Options in Short Term

Change of cultivars is an often named easy option of adaptation of climate change.
The criteria taken into consideration would be based on more appropriate ther-
mal time and vernalisation requirements; increased resistance to heat waves and
increased resistance to drought. Cultivars with higher thermal time requirement and
consequently with longer growing cycle, represent an adaptation measure in order
to reduce the negative impact of climate change.

Change of crops has to be established with the same criteria of changing culti-
var. This option was considered for grassland systems changing to annual fodder
crops. In cropping systems based on cereals and industrial crops, where a reduc-
tion of the availability of irrigation water can be expected, an increasing cultivation
of winter wheat or other winter cereals can be recommended instead of summer
crops. In Northern Italy, for example, there is an increasing substitution of soft win-
ter wheat by durum winter wheat and this tendency could increase in the future.
In vegetable rotations, above all in Southern Italy, a shift toward winter vegetables
(lettuce, fennel, cabbage) is expected as well.

The optimization of water use in agricultural production is the most important
factor to reduce the negative impact of climate warming on local water resources,
i.e. improving irrigation scheduling. To optimize the amount and time of irriga-
tion means to reduce the water losses by deep percolation and soil evaporation.
Giving water at the right moment avoids water stress for the plants and drainage
losses of water and nutrients. The recommended irrigation scheduling methods are
the evapotranspirometric method, monitoring of the water status of soil and plant
with tensiometers, FDR and TDR technology, deficit irrigation and partial root
drying.

Localized irrigation methods, such as drip or microsplinker irrigation, are very
common in the Mediterranean countries for tree crops (vineyards, citrus and par-
tially olive) and also vegetables (tomato, water melon, lettuce, cabbage, etc.). In
Northern Italy the prevailing methods are still sprinkler, flood or furrows irriga-
tion. New recommended methods are for example low energy precision irrigation
(LEPA), Ultra Low Drip Irrigation (ULDI) with 0.1–0.2 l h–1, irrigation with
photovoltaic energy and sub-irrigation.

The potential productivity of more humid zones in the Mediterranean region is in
general expected to increase due to longer vegetation periods. If advanced sowing
time is applied, it is appropriate to recommend changes in fertilisation schemes in
annual crops and perennial systems, such as grassland and trees, and in particular
vineyards. Fertirrigation is also an important opportunity.

Tillage practices and soil cultivation methods (e.g. mulching systems or reduced
soil cultivation, minimum tillage) have important effects on soil water conservation
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and can protect the soil against soil erosion by water and wind. The introduction of
relevant methods are expected to be useful especially for cropping systems based
on cereals with particular reference for winter wheat and maize, as well as in hilly
terrain.

Other options to reduce soil water losses include soil mulching with white syn-
thetic or, preferably, vegetal material as crop residues from the previous cultivation.

Where there is limited availability of water of good quality for irrigation, saline
waters represent an important resource. This is typical in several areas of Southern
Italy with particular reference to coastal areas of Adriatic and Ionia Sea. In general
this water comes from not very deep groundwater of unconfined or perched types
and represents the only available resource of water in these areas. In other cases,
the farmers generally use the water from irrigation networks, often coming from
rivers (such as in Spain or Egypt) and water from wells when the first option is not
available.

There are recommended significant changes in crop protection methods (pest,
diseases and weeds) for any crops. The economic benefit of monitoring and protec-
tion is different in function of many factors. Especially for arable cropping systems
it is an important option and it becomes strategically very fundamental for tree and
vegetables crops like vineyards, orchards and vegetables such as tomato.

12.3.3.2 Adaptation Options in Midterm

Breeding of new varieties and increasing cultivar diversification is a most important
task concerning appropriate thermal time and vernalisation requirements, increased
resistance to heat waves and drought, increased resistance to new or expected dan-
gerous pests, diseases and weeds and in general improved productivity or yield
stability.

The structural enhancement of irrigation efficiency is another important factor for
countries such as Italy, Greece and Spain. In general in many areas improvements of
canalisation systems are required in order to reduce the relevant water losses which
can add up to 40–50% in some places.

Changes in farming systems such as the noted and expected tendency of partly
substitution of food production by energy production, considering that several
crops are suitable for different type of biofuels and a northward expansion of high
productive crops.

For tree crops the temperature increase will expand the suitable growing areas for
plants requiring high temperatures such as grapewine, citrus and olive. The same can
be recommended for the cultivation of winter durum wheat in substitution of soft
winter wheat in some locations such as in Northern Italy. Also a shift to vegetables
in winter and spring cultivation such as lettuce, fennel, cabbage and melon can be
recommended for the warmer future climate.

Significant increases of water use efficiency can be obtained by introducing of
new technologies to schedule irrigation. Remote sensing information should be
applied in order to improve the land cover classification (very important for water
resources planning), the assimilation of leaf area index (LAI) and shallow soil water
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contents in order to support estimation of regional soil/crop water balance and to
schedule the irrigation at watershed scale with daily temporal resolution.

Finally, structural enhancements at regional scale should be directed to use depu-
rated urban water. This is an important question that needs additionally legislative
support because national (or European) law is very restrictive for depurating this
type of waters with very low contamination thresholds values requiring high costs
for cleaning these waters (Table 12.2).

Table 12.2 Overview of the most feasible adaptation options in the Mediterranean region

Adaptation options that are feasible in short
term

Adaptation options that are feasible in
midterm

Optimization of sowing/transplanting time
(advancing for spring crops – delaying
for winter crops); cropping activities

Selecting varieties and/or species among
those available at present with more
appropriate thermal time and
vernalisation requirements and/or with
increased resistance to heat waves and
drought

Optimization of amount and time of
irrigation and/or other water management
practices such as drainage

Optimization of fertiliser rates to maintain
grain or fruit quality

Applying available technologies to
conserve soil water (no tillage, minimum
tillage, reduced soil cultivation, mulching
systems)

Using water resources of low quality (saline
waters)

Improve the effectiveness of pest, disease
and weed management practices

Constitution (with traditional or innovative
breeding methods), evaluation and
introduction of new varieties

Structural enhancement of irrigation
efficiency and changes in farming
systems

Adoption at farm/regional scale of new
technologies to improve irrigation
scheduling for obtaining high water use
efficiency

Adoption of advanced procedures based on
remote sensing information in order to
optimize the use of water resources at
regional scale

Structural enhancements at regional/farm
scale for using urban depurated water

Particular adaptation strategies for Egypt (Nile
delta)

Improvements of the current irrigation and
drainage system

Switch cropping activates to aquaculture

Environmental controlled production
techniques

12.4 Conclusions

The results of the ADAGIO project show a complex picture of the vulnerabilities and
potential adaptation options to climate change in agriculture in different European
regions. Although dominating risks, such as increasing drought and heat, are similar
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in all regions, the vulnerabilities in the different regions are very much influenced
by characteristics of the dominating agroecosystems and prevailing socio-economic
conditions. This is even more significant for potential adaptation measures at the
different levels, which have to reflect the regional conditions.

Further needs to improve adaptation options for the future in most venerable
regions of Europe concern especially an improvement and wider implementation
of effective irrigation systems and methods (e.g. microsprinkler and drip irrigation;
an increase of supplemental irrigation for normally rainfed crops) and improvement
of irrigation infrastructure, including using of new water resources such as waste
waters or repair leaking of pipes.

The most important challenge for irrigated agriculture will be to save water and
to increase the water use efficiency in the whole irrigation chain. One of the reasons
to increase the water use efficiency is linked to economical aspects because the
competition with the other productive and/or social sector will determine an increase
of water price in the future.

In rainfed agriculture water conservation techniques are increasingly important to
reduce drought risks of crops in Europe. Measures such as reduced soil cultivation,
no- or minimum-tillage, mulching systems or adapting crop rotation have further to
be investigated in detail in the context of crop rotations, soil conditions and climatic
regions to develop optimized recommendations for local applications.

Much emphasis has to be paid to develop recommendations for adaptation mea-
sures for permanent grassland systems and dairy production, as low flexible systems
will be most affected by climate warming and dryer conditions. In general, but espe-
cially for perennial crops, further research is strongly needed for improved pest,
disease and weed management, i.e. to develop infrastructures for an early recogni-
tion of risks (e.g. monitoring systems) and proactive measures of spatially shifting
occurrences according to the shifts in agroecological zones which will appear during
the next decades.

In the midterm crop breeding for more stress tolerant crops and a wider crop and
cultivar diversification has to be forced in order to reduce yield risks. Beside these
measures, conditions for less variable market prices of agricultural products should
be established, based on concepts such as regional food production or ecological
farming in order to ensure sustainable agriculture and successful implementation of
adaptation measures to climate change.

Acknowledgments This study is supported by the EU-Project “Adaptation of agriculture in
European regions at environmental risk under climate change” (ADAGIO – www.adagio-eu.org).

References

Alexandrov V, Eitzinger J, Cajic V, Oberforster M (2002) Potential impact of climate
change on selected agricultural crops in north-eastern Austria. Glob Change Biol 8(4):
372–389.

Argonne National Laboratory (ANL) (1994) Guidance for Vulnerability and Adaptation
Assessments. U.S.C.S.P. USA, 205 pp.



160 J. Eitzinger et al.

Commission of Agricultural Meteorology (CAgM) (1992) Monitoring Assessment and Combat of
Drought and Desertification. WCP/CAgM, Report No. 47, WMO/TD 505, Geneva 112 pp.

Commission of Agricultural Meteorology (CAgM) (1993) Report of the RA II Working Group on
Agricultural Meteorology, Part IV: Drought and Desertification. Report No. 52, WMO/TD-No.
524, pp. 1–43.

Eitzinger J, Utset A, Trnka M, Zalud Z, Nikolaev M, Uskov I (2007) Weather and climate and
optimization of farm technologies at different input levels. In: Sivakumar MVK, Motha R.
(eds) Managing Weather and Climate Risks in Agriculture, Springer, Berlin.

European Environmental Agency (EEA) (2004) Impacts of Europe’s changing climate: An
indicator based assessment. EEA Report No 2/2004.

Parry M, Carter T (1998) Climate Impact and Adaptation Assessment. Earthscan Publication Ltd,
London.

Trnka M, Eitzinger J, Semeradova D, Hlavinka P, Balek J, Dubrovsky M, Kubu G, Stepanek P,
Thaler S, Zalud Z (2008) Expected changes of agroclimatic conditions in Central Europe. Clim
Change (submitted).

Trnka M, Muska F, Semeradova D, Dubrovsky M, Kocmankova E, Zalud Z (2007) European Corn
Borer life stage model: Regional estimates of pest development and spatial distribution under
present and future climate. J Ecol Model (207): 61–84.

Tubiello FN, Donatelli M, Rosenzweig C, Stockle CO (2000) Effects of climate change and ele-
vated CO2 on cropping systems: Model predictions at two Italian locations. Euro J Agron
12:179–189.

World Meteorological Organization (WMO) (1995) The Global Climate System Review. No. 819,
150 pp.

World Meteorological Organization (WMO) (1997) Climate, Drought and Desertification. Geneva,
WMO No. 869.



Chapter 13
Projection of Climate Change for South East
Europe and Related Impacts

Eglantina Bruci

Abstract This paper reviews climate change projections based on a range of
emissions scenarios extending up to the end of the twenty-first century. The
study area covers South East European countries, such as Croatia, Bosnia and
Herzegovina (B&H), Serbia, Montenegro, Albania and the Former Yugoslavian
Republic of Macedonia (FYROM). Low- and high-resolution projections of future
changes in temperature and precipitation are analyzed. Scenarios exhibit an
expected increase in annual air temperature of more than 5◦C with very slight dif-
ferences over the region. The annual temperature is likely to increase by 5.3◦C over
Serbia and northern Croatia, 5.4◦C over Bosnia and Herzegovina (B&H), rising to
an increase of 5.5◦C through inland parts of Montenegro, as well as northern and
central parts of Albania, and 5.3◦C in the FYROM. Coastal areas are likely to be
less warm (a very slight change indeed) than those in the rest of study because of
the equalizing effect of the sea. Less total precipitation, with an irregular pattern
of change, is likely throughout the study area for the 2080s. A reduction of about
16–20% is expected in the northern part of Croatia and 13–16% along the coast,
rising to about 22% through Montenegro and Serbia. The expected reduction will
intensify over Albania (around 25% in the north, 21% in the central region, 24% in
the south, and 20% in the coastal area) and Macedonia. As a result of the reduction
in annual total precipitation, the study area could experience a general decrease in
runoff and demands for water could increase, especially in summer. It could cause
serious problems in hydropower energy production in countries like Albania which
depend heavily on hydropower.
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13.1 Introduction

Warming of the climate system is unequivocal, as has become evident from observed
increases in global average air and ocean temperatures, widespread melting of snow
and ice, and the rising global average sea level (IPCC 2007). The world’s aver-
age surface temperature has increased by around 0.74◦C over the past 100 years
(1906–2005). A warming of about 0.2◦C is projected for each of the next two
decades (IPCC 2007).

What are the likely projections for the future? The study area in this paper covers
South East European countries, such as Croatia, Bosnia and Herzegovina (B&H),
Serbia, Montenegro, Albania and the Former Yugoslavian Republic of Macedonia
(FYROM).

13.2 Method

Low- and high-resolution projections of future climate have been analyzed in order
to understand the level of detail and variation among them. Analysis consists of
assessing:

• likely annual changes in temperature and precipitation for the 2080s (years
2070–2100) running MAGICC for different IPCC scenarios, with HAD300 as
the global circulation model (GCM).

• likely annual changes in temperature and precipitation for the 2080s, running
MAGICC for the same scenario A2ASF under different GCMs.

High-resolution regional data (with horizontal resolutions of 50 km) for actual
climate and climate change projections are provided by the Hadley Centre.1

The expected changes are calculated as deviations from the mean value (with
a 1961–1990 referral baseline) for temperatures, and in percentage for the other
elements.

Analysis continues with the assessment of expected annual and seasonal changes
for the 2080s for different climatic elements such as air temperature at 1.5 m, total
precipitation, specific humidity, relative humidity, potential evaporation, soil mois-
ture content, and wind speed. The trend of these changes is evaluated over the study
area. This paper reviews analysis for only two factors; air temperature at 1.5 m and
precipitation.

1(The Hadley Centre’s version of the RCM (HadRM3P) is based on HadAM3H, an improved
version of the atmospheric component of the latest Hadley Centre coupled AOGCM, HadCM3,
run under the SRES A2 emission scenario).
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13.3 Expected Climate Changes

A climate change projection is the difference between a model simulation of the
present climate2 and the model climate projection for a period (in this note generally
taken to be the period 2071–2100) in the future, under a specific emissions scenario.

13.3.1 Low-Resolution Projections of Future Climate

13.3.1.1 Use of Different Scenarios

To analyze expected changes in temperature and precipitation for the 2080s (years
2071–2100), MAGICC is run for different IPCC scenarios (AIM, A2ASF, B1
IMA, B2MES, A1FI, A2AIM, A2A1MI, AVE, A1B), with HAD300 as the Global
Circulation Model.

Patterns of temperature change are similar in all scenarios, with a warming every-
where over the study area which increases in A1FIMI, A1BAIM, and A2ASF. The
least warming is projected by A2AIM, A2A1MI, B1MES, and B2MES (Fig. 13.1).

Quite the reverse pattern is seen when analyzing expected changes in the pre-
cipitation total. All scenarios used lead to a relatively high decrease (higher than
−9%) in annual precipitation totals (Fig. 13.2) over the study area. Quite a different
situation – with plenty of precipitation – is expected in northern Europe.

Fig. 13.1 Annual temperature changes (◦C) for the 2080s, for different climate scenarios, region
Europe

2In this report, the period 1961–1990 is considered to be the climatic baseline.
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Fig. 13.2 Expected annual precipitation changes (%) for the 2080s, HAD300, different climate
scenarios

Taking these results into consideration, it might generally be concluded that dif-
ferent scenarios project different changes, but in every case the tendencies are the
same, a likely increase in temperature and decrease in precipitation.

Analysis shows that the highest increases in annual average temperature are pro-
jected by A2ASF, A1BAIM, B2AIM (respectively 4.3, 4.0, and 3.8◦C), and the
lowest by B2MES, and A2AIM (2.3 and 2.7◦C). As for precipitation, scenarios
A1FIMI, B1MES, and A2AIM project the highest decrease in annual precipitation.
It is also better to make climate projections for a range of SRES emissions scenarios
in order to reduce uncertainty.

13.3.1.2 Use of Different Global Circulation Models

An analogue situation is observed by analyzing outputs generated by running
MAGICC/SCENGEN for A2ASF with different GCMs. Likely changes are pre-
sented in Fig. 13.3 (changes referred to in the gridbox with latitude 40.0N – 45.0N
and longitude 20.0E – 25.0E). It is clearly shown that global climate mod-
els used, which contain different representations of the climate system, project
different patterns and magnitudes of climate change for the same period in
the future when using the same concentration scenarios. Thus, expected annual
changes in temperature over the study area vary from +2.5◦C to up to more
than +4.5◦C. As for annual precipitation, its total is expected to drop from −3%
to more than −9%. The greatest warming scenario is projected by HAD300
and ECH498, and the largest precipitation decreases by ECH395 (about −29%)
(Fig. 13.3).
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Fig. 13.3 Future changes in
annual temperature and
precipitation under different
GCMs for the 2080s, gridbox:
40.0N – 45.0N;
20.0E – 25.0E

13.3.2 High-Resolution Projections of Future Climate

The main conclusion in Section 13.2.1 is that in general projected tendencies are for
a likely increase in temperature and decrease in precipitation. It is to be stressed that
because of the low resolution in every case, land appears to warm at the same rate
as the sea. Even large islands such as Corsica, Sardinia and Sicily are not seen. The
situation seems to be rather different when RCM (HadRM3P) is used.

The following analysis takes into consideration not only future temperature and
precipitation projections, but also some other closely related elements.

13.3.2.1 Air Temperature (at 1.5 m)

Annual Changes

The study area is likely to become warmer for the 2080s (Fig. 13.4). The sce-
nario/model exhibits an expected increase in annual air temperature of more than
5◦C over the region. The differences from one gridbox to another are very slight.
So we may notice that temperature is likely to increase by 5.3◦C over Serbia and
north Croatia, 5.4◦C over Bosnia and Herzegovina (B&H), reaching a value of 5.5◦C
through inland parts of Montenegro, and north and central parts of Albania and
5.3◦C in the FYROM. Coastal areas are likely to be less warmer (by a very slight
amount) than the rest of the study areas, because of the homogenizing effect of the
sea. Thus, change is likely to be slightly lower along the Croatian coast. It might
vary from 4.7◦C to 4.9◦C along the Albanian coast. Projected annual changes over
the study area (located within the lilac block) are about 1◦C higher than for those
from the above-mentioned GCMs.

Winter

A very similar pattern of increase is likely for winter air temperatures (Fig. 13.5).
We can expect warmer winters in the region. An increase about 4.8◦C is expected in
the northern part of Croatia and about 4.0◦C along the coast. An average increase of
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Fig. 13.4 Projected changes for the 2080s, annual temperature (◦C)

about 4.5◦C over the Serbian territory with slight variations moving from north (N)
to south (S) (4.3–4.6 ◦C) or west (W) to east (E) (4.3–4.6 ◦C). B&H might be
slightly warmer than Serbia. Almost uniform temperature changes are expected over
the territories of B&H and Montenegro, 4.7 and 4.9◦C respectively, with slight,
non-significant changes from N to S or W to E. Winter temperatures are expected
to increase about 5◦C in the north and 3.8◦C in the southern part of Albania. An
increase about 4.5◦C in winter temperatures is expected over Macedonia as well.

These changes are expected to have a strong influence on snowmelt, which will
likely take place much earlier. Snow and ice are likely to decrease in mountain
areas, with consequences for the timing and amount of runoff in river basins, as
well as for winter tourism. As a result of increasing air temperatures in winter, the
risk associated with damaging frosts will be reduced. It will allow for expansion of
winter cereals and probably other winter crops.

Spring

Higher warming than in other seasonal scenarios, observed in GCMs, is expected
for spring by the 2080s. Under the A2 ASF emissions scenario, HAD300 projects
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Fig. 13.5 Projected changes for the 2080s, winter temperature (◦C)

increases in spring temperatures varying from 2.5 to 3.5◦C. Regional model
projections show – as for winter – an average increase in air temperatures of 4.3◦C
throughout the entire Croatian territory. This is expected to rise slightly more as
one moves eastward to the northern part of Serbia (4.4◦C). A warming of around
4.5◦C (with very slight changes from place to place) is likely for B&H. A likely
warming reaching 4.8◦C is expected for southern Serbia, 5.0◦C for Montenegro and
up to 5.6◦C for north and northeastern Albania. Inland from Albania, temperatures
are projected to increase from between 3.5 and 4.6◦C, with that amount increasing
slightly for Macedonia, which may see changes of up to 4.8 ◦C.

Increasing spring temperatures will accelerate soil temperature increases and
extend suitable zones for summer crops as well as lengthening their growing season.

Summer

A dramatic situation over the study area is expected for the summers of the 2080s
(Fig. 13.6). Warming greater than 7.0◦C is projected, varying from 7.3◦C in Croatia
and Montenegro to 7.5◦C to east Albania on the Macedonian border. Summer values
are higher than respective spring values in GSM-driven scenarios.
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Fig. 13.6 Projected changes for the 2080s, summer temperature (◦C)

Such a situation is likely to result in increases in frequency or intensity of extreme
weather events (heat waves). It is known that the relationship between averages
and extremes is often non-linear. For example, a shift in average temperature is
likely to be associated with much more significant change on very hot days. The
disproportionate increase in the frequency of extreme events is not limited to the
frequency of very hot days but could occur with many other climate extremes. It
will have drastic consequences on all socioeconomic systems.

Autumn

In autumn, as in other seasons, increases in temperatures are expected (Fig. 13.7),
with the highest rises taking place in northern Croatia (5.2◦C), northern Serbia, and
B&H (around 5.0◦C). In the rest of study area, with very minor differences, an
increase of around 4.8◦C is expected.

13.3.2.2 Total Precipitation

How will rainfall change as the climate changes? This is a key question that could
have a substantial impact on society and the natural environment, as it can directly
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Fig. 13.7 Projected changes for the 2080s, autumn temperature (◦C)

affect the availability of fresh water, the quality of potable water, and cause both
drought and floods. Usually the only measure cited for rainfall is amount. Yet most
of the time it does not rain. A little thought makes it clear that we also need to be
concerned with how it rains: the frequency, the intensity or rainfall rate, how hard
it comes down, as well as the amounts (Trenberth). Examining rainfall rates and
how they change with climate change is more important and fruitful than simply
examining precipitation amounts in understanding what is happening.

In fact, the general term precipitation also includes snow and other forms of
precipitation in addition to rain. The patterns are very complicated. The following
analysis is limited to assessment of likely changes in precipitation rates, but as they
are calculated in percentages, the evaluation is valid for precipitation totals as well.

Annual Changes

It is not possible to distinguish regularity through analysis of graphs showing
expected changes and gridded data of total precipitation rates.

Overall the study area is predicted to have less total precipitation for the 2080s.
It must be pointed out that the pattern of changes appears to be quite irregular, thus
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we may expect a reduction of about 15% for western Croatia (Pazin and Rijeka
areas), 16–20% for northern Croatia and 13–16% along the coast. The reduction
grows to about 22% in Montenegro. Serbia is also expected to see less precipitation,
with a reduction of around 7–16% in northern and 21% in central parts. The south
and southwest of the country are likely to have decreasing rates of up to 18 and
21% respectively. Reduction continues through Bosnia and Herzegovina in a N–S
direction (17% in the north, 20% in central regions, 23% in the south) with slight
to no significant changes in the W–E direction. Expected reduction values continue
to intensify for Albania (around 25% in the north, 21% in central areas, 24% in the
south, and 20% on the coastal) and Macedonia (with a reduction of around 25% for
the central part, varying from 20 in the north to 28% in the south and southeast, and
26% in the southwest).

As result of the reduction in annual total precipitation rates, the study area could
experience a general decrease in runoff. Demands for water could rise, especially in
summer. It could cause more serious problems in hydropower energy production in
countries like Albania which depend heavily on hydropower.

Winter

Winter patterns of changes in total precipitation are rather different (Fig. 13.8).
So, we may expect an increase in winter precipitation rates in the northern part
of Croatia varying from 4 to 16% moving in a W–E direction. The northern and
northwestern parts of Serbia can also expect higher rates of precipitation, about 4
and 12% respectively. It is likely to drop by about 13% in central parts of the coun-
try, 16% in the southwest and 10% in the east. A similar pattern of change will
prevail in B&H. Total precipitation rates are likely to increase in the northern and
northeastern parts (13%). They will start to lessen moving south, reaching negative
values in the very southern part (−8%). The rest of study area is expected to see a
reduction only in the total winter precipitation rate. Montenegro can expect a lower
rate, around 12% over the territory, varying from 14 to 8% from N to S, and 7 to
17% from W to E. Albania will have a greater reduction in the northern mountain-
ous area (about 20%) than in southern part (about 7%), while the Albanian coast can
expect a lower rate, about 9%. Penetrating inland, the situation will deteriorate and
reach values of −20% in eastern Macedonia. Moving in a N–E direction, changes
in the precipitation rate will change from −6 to −26%.

It should be pointed out that with expected higher average winter temperatures,
more precipitation is likely to fall in the form of rain rather than snow, which will
increase both soil moisture and run off. The increase in total precipitation rates may
induce soil erosion, depending on the intensity of rain episodes.

Spring

In contrast to winter, spring patterns of total precipitation rates show a decrease
over the study area. The main trend is towards an intensified decrease moving in a
N-S direction as well as E-W. The lowest decrease in spring rates is likely to occur
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Fig. 13.8 Projected changes for the 2080s, winter total precipitation rate (%)

in northern Serbia. Moving south, such a decrease might intensify, reaching up to
16%. In the central part of the country, the reduction is expected to vary from 7%
to 11 in a W-E direction. An average of about 12% less precipitation is expected in
northern Croatia, and a decrease varying from 10 to 25% is likely along the Croatian
coast (moving in a NW-SE direction). An average decrease of 14% over B&H (from
−12% to −20% moving in a N–S direction, and −15 to −11% going from W to E)
might occur in Albania, and FYROM will likely experience the highest reductions,
around −27% over the territories shifting up to −30% in southern Albania.

With higher average temperatures, faster snow melt in spring is likely to
aggravate springtime flooding.

Summer

Summer projections seem to be extremely problematic. Figure 13.9 shows likely
changes in summer totals for the 2080s. The yellow line refers to a reduction of
−50%. Thus a high decrease is expected in Croatia: around 60% in the northern part
and 62–67% moving along the coast from NW to SE. A similar situation is likely
to endure on Serbian territory: an average decrease of around 52%, with the highest
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Fig. 13.9 Projected changes for the 2080s, summer total precipitation rate (%)

value W (58%) and the lowest NE (40%). Projections for B&H speak of an average
decrease of around 60%, with the highest value W (64%) and the lowest S (54%).
Montenegro should experience a summer with 50% less total precipitation, with
slight variations over the territory. The decrease is expected in a range of 50–66%
going N–S and from 64 to 46% in the W–E direction for Albania. For the FYROM,
a decrease of about 50% over the territory (with slight differences) is expected.

Autumn

Expected autumn patterns of precipitation are rather different from projections for
other seasons. By analyzing the data of expected changes for the 2080s, results show
a very slight increase is likely for NW Croatia, but otherwise decreases varying
from between 10 and 4.5% are expected N–S in the northern part and 17% along
the coast. Serbia is divided into two parts, the southwest with more precipitation (an
increase in precipitation rates from +1 to +7%) and the other area (N-NE-SE) with
a decrease of up to 11%. Decreases (between 8 and 20%) are likely in the W-SW
of B&H, followed by increases heading east (up to 2% in the NE). Montenegro can
expect an average decrease of 17% over its territory, varying from 1 to 23% moving
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N–S, and 23 to 10% in the W–E direction. A similar conclusion can be drawn for
Albania, with an average decrease of 16% over its territory, varying in the central
part from 18 to 22%. FYROM will endure an increase in its central area (from +3 to
+ 5%), otherwise it will see a decrease reaching up to 14% in the west and east, 3%
in north and 5% in south.

It is known that increased moisture content in the atmosphere favors stronger rain
and snow events, thus increasing the risk of flooding (Trenberth).

13.3.3 Impacts of Likely Changes in Climate

• There is projected to be a general drying over the study area in summer. This
is ascribed to a combination of increased temperature and potential evaporation
which is not balanced by increases in precipitation.

• Expected changes in surface air temperature and humidity are projected to result
in increases in the heat index (which is a measure of the combined effects of
temperature and moisture).

• More hot days and heat waves are very likely over nearly all the study area. These
increases are projected to be greatest in areas where soil moisture decreases occur.

• Recent investigations show that increasing temperatures will be followed by an
increase in the probability of extreme events and a higher intra-annual variability
of minimum temperatures. More frequent and severe droughts with greater fire
risk are likely.

• Increases in daily minimum more than in maximum temperatures are likely to
occur over nearly all land areas.

• Frost days and cold waves are very likely to become fewer.
• Warming and population growth could increase annual heat-related deaths in

those aged over 65 and contribute to the spread of vector-borne, water-borne and
food-borne diseases.

Water resources

• Generally, higher temperatures lead to higher potential evaporation and decreased
discharge (which also is a function of precipitation, storage, and topography).
The storage of water in soil serves as a buffer; in winter and spring increasing
precipitation normally generates higher discharge because the buffer is full and
evaporation is low. During the summer, storage is reduced by evapotranspiration
and must be refilled before discharge begins.

• As contributors to hydrological systems, snow and ice – and their potential
changes in warmer global climate – will have profound impacts on streams and
rivers. Higher temperatures will shift the snowline upwards and seasonal patterns
of snowfall are likely to change with the snow season beginning later and ending
earlier.

• Decreases in total precipitation rates combined with higher evaporative demand
will probably result in less river flow (run-off).
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• The hydropower industry must factor into its electricity generating considerations
the probability that winter runoff is likely to increase and spring runoff probably
decrease, especially in the countries dependent on hydropower (as in Albania).

• Water resources for irrigation, cities, industry and environmental flows are likely
to be further stressed due to projected growth in demand and climate-driven
changes affecting supply.

• Warmer average and extreme temperatures will enhance the demand for
freshwater and water for irrigation purposes, especially for soils with low water-
storage capacities. If precipitation declines, countries such as Albania will face a
substantially increased risk of summer water shortages.

Water supply

• Numerous public supplies depend on groundwater (e.g. in Albania); any decrease
in winter recharge could have serious implications. Reduced runoff would also
negatively affect cooling of electric-power and industrial plants.

• Anticipated climatic changes in Albania are likely to dramatically increase the
risk of summer water shortages. Significant increases in storage capacity would
be needed to maintain existing water and energy supplies.

• Water quality may deteriorate because there would be less river flow to dilute
contaminants (IPCC, 1997).

Agriculture

• Increasing temperatures will promote the development rate of all winter crops
such as wheat, which might face extreme events and a higher intra-annual vari-
ability of minimum temperatures leading to a higher probability of crop failure
from frost damage. More hot days and a decline in rainfall or irrigation could also
reduce yields.

• Temperature increases in spring and summer will accelerate the course of crop
development more crucially for short cycle crops sown in spring than for winter
crops.

• The total growing season may be reduced for some crops. Cereal harvest dates
may occur sooner. Lack of cold days could reduce vernalisation effects and
consequently lengthen the first part of the growing season for winter cereals.

• Warmer winters can reduce the yield of stone fruits which require winter chill-
ing (moderate coldness) and livestock may be adversely affected by greater heat
stress.

• Summer crop yields can be affected by a shortened crop cycle and reduced time
to assimilate water supplies, as well as a shorted grain-filling period. On the other
hand, improvements in the rate of dry-matter production could be expected from
enhanced CO2 concentrations.

• In forestry, CO2 benefits may be offset by decreased rainfall, increased bushfires
and changes in pests.

• In cities, changes in the average climate and in sea levels will affect build-
ing design, standards and performance, energy and water demands, and coastal
planning.
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Energy demand

• Increases in surface air temperatures are projected to lead to increases in “cooling
degree days” (a measure of the amount of cooling required on a given day once
temperatures exceed a given threshold). On the other hand, warmer winters would
reduce “heating degree days” and the demand for heating energy.

• Such a tendency would enhance the urban heat island effect and connected heat
stress. Increased demand for irrigation water would augment the demand for
energy.

• Potential direct effects of projected climate change will have further indirect
effects on food security and human health.

It is imperative to integrate adaptation actions into development policy and plan-
ning at every level. This will incur incremental adaptation costs relative to plans that
ignore climate change. But ignoring climate change is not a viable option – inaction
will be far more costly than adaptation (Stern Review, Box 2).

Further research is needed to conduct an accurate assessment of climate impact
on natural and socioeconomic fields for the SEE region. Research and development
efforts over the coming decades may make current techniques more efficient or more
widely applicable and may provide new techniques.
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Chapter 14
Forests in Serbia as Factor of Soil and Water
Protection Against Degradation in the
Conditions of Global Climate Changes

Stanimir Kostadinov

Abstract Forests in Serbia cover 27.3% of the country’s total area which is
considerably less than the 41.1% projected by the Spatial Plan of 1996. In addition
to providing timber and other forest products, forests are increasingly important as
environmental protectors and help mitigate global climate changes. Forests as well
provide a powerful means to protect soil and water from all types of degradation,
the primary ones being erosion and sedimentation. In Serbia, as a consequence of
natural characteristics, and also due to inadequate soil and land management, soil
erosion is a very significant problem, as well as the torrential floods which follow.
Water erosion processes are the dominant processes in hilly and mountainous parts
of the country, south of the rivers Sava and Danube, whereas in the Autonomous
Province of Vojvodina in the country’s north, the dominant process is wind erosion.
Erosion, erosion sediment and torrential flooding cause extensive damage, increas-
ingly negative for the environment. Problems manifest as landscape degradation,
as well as mechanical and chemical pollution of water in watercourses and storage
areas. Under current climate change conditions, which have an unfavourable impact
on the development of vegetation, the risk of intensified erosion is increased.

This paper presents an overview of climate change in Serbia and its consequences:
desertification, soil erosion, torrential flooding, as well as the significance and effect
of forests in mitigating these changes.

Keywords Climate changes · Forests · Soil and water degradation · Soil erosion

14.1 Introduction

Based on current climate change discussions, including effects in various areas,
most scientists worldwide have accepted the fact that human activities, primar-
ily the burning of fossil fuels as well as systems of land use, have influenced
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climate change. The climate is changing and will continue to change as a result
of rising concentrations of greenhouse gases in the atmosphere. However, the
speed and consequences of climate change in the twenty-first century are not clear,
especially on a regional scale, although they will probably be serious. According
to different scenarios and reports, climate change will essentially influence nat-
ural systems and key environmental resources (water resources, forests, coastal
regions), and thus impact the economy. Consequently, there is great interest in
effectively finding and synthesising information on the speed of future climate
change and the effects of change on environmental systems. Without reliable
information as a basis for further activities and decision-making, we may face
considerable risks which are unfavorable for natural resources and for future
generations.

Forest ecosystems belong to those natural systems likely to suffer unfavorable
effects of climate changes in almost all parts of the world. During the 1970s, discus-
sions began on the potential of forests for global climate change reduction and the
importance of this potential has been accepted in numerous international discussions
and analyses. Since then, there is great interest in defining and quantifying the role
of forests in climate change especially when mechanisms for international coopera-
tion have been established. Consequently, forest management will have an important
role to play in climate change processes in the course of the twenty-first century. In
Serbia, following the recommendations of the IPCC report, prepared according to
a demand by the Science and Technology advisory organ for the UN Framework
Convention on Climate Change (UNFCCC) in 2005, a 5-year programme on adapt-
ing and intensifying national activities in this field was adopted. The UNFCCC
signatory countries are obliged to carry out a detailed analysis of climate changes
effects on forest ecosystems and to suggest adaptation measures. The countries send
their national reports to organs of the convention.

14.2 Climate Change in Serbia and the Effect of Forests

14.2.1 Temperature and Precipitation Trends in Serbia

A statistical analysis of long-term annual air temperature data series (for the period
1951–2000) shows that the territory of Serbia can be divided into two parts: in the
area north of the Kragujevac–Zaječar line there is a positive temperature trend, and
south of this line, there is a negative temperature trend (see Fig. 14.1). But despite
global trend lines, the last two decades of the twentieth century should be taken into
account because of the extremely high increase in annual air temperature registered
throughout the entire territory of Serbia. The average increase in the 10-year running
mean for the period 1990–2000, in relation to lowest mean values for the period
1976–1985, is about 0.6–0.8ºC (or 0.4–0.5ºC per decade) with a maximum increase
of 1.0ºC (0.6ºC per decade) in eastern Serbia (Timočka Krajina) (Spasov et al.,
2002).
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Fig. 14.1 Spatial distribution of air temperature trends (ºC) in Serbia, 1950–2000

With regard to annual precipitation, results show the linear trend to be negative;
this is more distinctive in the southeastern regions of Serbia, and less distinctive in
the northern half of Vojvodina (see Fig. 14.2). In the utmost north (Palić), slight
increases in annual precipitation totals are indicated, as well as in high altitude
areas, such as Zlatibor mountain. It should be noted that at Palić and Zlatibor
(two distant and different localites regarding altitude andtopographical conditions),
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Fig. 14.2 Spatial distribution precipitation trends (mm) in Serbia, 1950–2000

minimum mean values per decade for annual precipitation are registered for the
period 1956–1965, unlike for the rest of the 15 analyzed localites, where the abso-
lute minimum is recorded for the period 1986–1995. On the other hand, during the
above-mentioned 50-year period, there has been a general decrease in annual pre-
cipitation throughout the Republic (except in the higher mountainous areas of West
Serbia). (Spasov et al., 2002).
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Linear regression coefficients of the trend show the greatest decrease in rainfall is
affecting eastern and southern Serbia, i.e. – 3.8 mm annually in Timočka Krajina and
2.2 mm annually in the south of the Republic. Rainfall has decreased over the above
period by 26 and 16% respectively. The total average drop in annual precipitation for
the whole territory of Serbia is about 8.6%. The greatest part of the above decrease
in rainfall has taken place during the second half of the study period, especially
during the last two decades of the twentieth century.

14.2.2 Forests in Serbia

The goal of afforestation in Serbia is to increase woodland areas from 27.3 to 41.4%
and improve the existing situation. The basic strategy for achieving this goal is ratio-
nal investment in forests which provide optimal multifunctional usage of habitation
and component potentials. According to data from the National Forest Inventory of
2009, 29.6% of Serbian territory is under forest, with an increase in forested areas
taking place from the period 1979 until now. Table 14.1 presents the afforested area
in Serbia (Spatial Plan of Serbia 1996). Based on this data, it is clear that the percent-
age of forests is considerably below the optimum and the percentage of cropland –
larger than what is optimal for relief conditions in Serbia. This, combined with
Serbian geomorphological features, has contributed to the development of inten-
sive water erosion in central parts of the country. The percentage of forest cover in
Vojvodina is only 6%, which increases the risk of severe wind erosion. These condi-
tions dictate that practically all of the territory of Serbia is under erosion processes
of different intensities (from low to excessive erosion).

Table 14.1 Afforested area in Serbia

Total
area
(km2)

Area under forests
1993 Optimum

afforested
area (%)Area ha %

Republic 88.361 2,412.940 27.3 41.4
Central

Serbia
55.968 1,837.417 32.8 49.8

Kosovo 10.887 429.121 39.4 52.7
Vojvodina 21.506 146.402 6.8 14.3

Source: Spatial Plan of Serbia (1996)

14.3 Soil Erosion and Sediment Transport in Serbia

Serbia is located in the central part of the Balkan Peninsula and covers 88,361 km2.
The territory consists of two different regions: the large Vojvodina plain to the
north and the hilly and mountainous area to the south, with the Danube and Sava
rivers representing the border between them. The geomorphological features of
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the Serbian territory are strongly related to soil erosion processes: wind erosion
predominates in the northern plain province of Vojvodina (see Table 14.2), and
water erosion in the southern region. As already mentioned, practically all of the
Serbian territory is under erosion processes of different intensities. The share of
certain categories of erosion intensity, i.e. erosion intensity in stream channels and
in watersheds, according to S. Gavrilović’s classification, is analysed below based
on the erosion map prepared using S. Gavrilović’s method (Gavrilović 1972) (see
Table 14.3).

Sediment transport related to gross erosion (total erosion) is also considerable.
The total average annual gross erosion in Serbia amounts to 37,249,975.0 m3 and
the specific annual gross erosion amounts to 421.57 m3×km-2, whereas annual
sediment transport is 9,350,765.0 m3 and specific annual sediment transport is

Table 14.2 Distribution of wind erosion in Serbia

Erosion
processes
intensity

Area

Category km2 %

I Excessive
erosion

2,888.0 3.27

II Intensive erosion 9,138.0 10.34
III Medium erosion 19,386.0 21.94
IV Weak erosion 43,914.0 49.78
V Very weak

erosion
13,035.0 14.75

Total 88,361.0 100

Source: Kostadinov et al. (2006)

Table 14.3 Distribution of water erosion processes in Serbia

Erosion categories

Area
Severe and
excessive Medium

Weak and
very weak

Region km2

Vojvodina 21.506 588 3.750 10.242
Central

Serbia
55.968 320 420 4.010

Central
Serbia +
Vojvodina

77.474 908 4.170 14.252

Kosovo and
Metohija

10.887 – 285 582

Total Serbia 88.361 908 4.455 14.834

Source: Kostadinov and Spasov (2006)
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105.80 m3×km-2 (Kostadinov et al., 2006). Soil erosion provokes very serious soil
and water degradation.

Due to expected climate change, an increased necessity for erosion control, tor-
rent control and terrain melioration may appear in the near future, because erosion
and torrents will increase social problems which in turn will seriously impact econ-
omy, forestry and water management. Based on research results and numerous
discussions worldwide, the influence of global climate change and other dynamic
changes in the environment (which could be of equal if not greater importance) are
pointed out. Soil degradation is not often mentioned in the context of global climate
change, but it could have much worse consequences (Fig. 14.3).

Fig. 14.3 Effect of afforestation of bare land in the Vlasina river watershed

As global climate change occurs, it is almost certain that at our geographic
latitudes, the following can be expected in the near future:

– increase in air temperature;
– decrease in precipitation;
– aggravation of physical characteristics of soil;
– increased tendency of soil erosion;
– decrease in vegetation’s protective role;
– worsening conditions of natural and artificial revival of vegetation (Ðorović and

Kadović 1997).
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All these changes will have a direct and indirect influence on the intensification
and spread of erosion processes of all kinds. i.e., sheet erosion will considerably
spread in all forms because of the increased tendency of soil erosion. A decrease
in total precipitation and higher climate contrasts will increase areas potentially at
risk for deep erosion, primarily because of the aggravation of infiltration ability and
the loss of general macro porosity. Alongside this, erosion control and biological
protection measures as well as all forms of natural and artificial revival of vegetation
will be considerably hindered and expensive.

14.4 Effect of Forest Cover on Stream Flow, Soil Erosion and
Sediment Transport in Mountainous Watersheds

Studies were caried out in three small experimental watersheds in western Serbia:
Dubošnički Potok, Lonjinski Potok and Ðurinovac Potok, situated on the territory
of the community Ljubovija. All three experimental watersheds are tributaries of
the river Drina and are torrential streams. Main watershed parameters are given
in Table 14.4 (Kostadinov 1996). The parent rock is the same in all the three
watersheds, i.e. a sandy-schistose series consisting of metamorphosed sandstones,
phylites, agrilloschists and more rarely sericites, green schists, quartz breccias,
quartzites and marbles. The soil in the three watersheds is acid brown soil on schists
(skeletoid).

Land use is different in the three experimental watersheds. As can be seen,
70.35% of the area in the Lonjinski Potok watershed is under well-stocked forest,
the number drops to 48.52% for the Dubošnički Potok watershed and to 39.5% for
the Ðurinovac Potok watershed. The type of cover in all the three watersheds has the

Table 14.4 Parameters of watershed areas

Parameters Symbol
Dubošnički
Potok

Lonjinski
Potok

Ðurinovac
Potok

Watershed area F (km2) 1.2464 0.7656 0.544
Watershed

perimetre
O (km) 5.25 3.60 3.55

Watershed length Lgl (km) 2.48 1.40 1.40
Drainage density G (km·km–2) 3.26 2.38 4.04
Mean elevation

of the
watershed area

Nsr (m) 487.90 363.90 299.70

Mean slope of
the watershed
area

Isr (%) 47.24 38.87 43.59

Stream-bed slope It (%) 18.37 18.94 12.63
Erosion

coefficient
Z 0.56 0.34 0.49
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same characteristics, namely significant areas are covered by very degraded forests
transformed into thin brushwood of eastern hornbeam, ash and oak within which
very strong rill erosion occurs.

As a result of different degrees of forest cover, erosion processes of different
intensities develop in the watersheds. The most intensive processes of erosion occur
in Dubošnički Potok (Z = 0.56, medium erosion), then in Ðurinovac Potok (Z =
0.49, medium erosion) while the weakest processes of erosion occurs in Lonjinski
Potok (Z = 0.34, weak erosion). Z denotes the coeficient of erosion in a watershed
or in an erosive area, according to Gavrilović (1972).

14.4.1 Precipitation and Runoff

Table 14.5 presents annual values of rainfall and runoff (Kostadinov et al., 1998).
Symbols in the table denote: P – annual precipitation depth in mm, MQ – annual
specific discharge in l·s–1km–2, Qmax – maximum discharge observed in a year in
m3s–1, Qsp – maximum specific discharge observed in a year in m3s–1km–2, n –
number of days in a year when a stream went dry.

14.4.2 Rainfall, Discharge and Sediment Transport

Table 14.6 presents the annual values of rainfall, specific discharge and sediment
transport for the period 1980–1991 (Kostadinov et al., 1997). Symbols in Table 14.6
denote: P – annual rainfall in mm, MQ – annual specific discharge in l·s–1km–2

,
MR – annual specific transport of suspended sediment in m3km–2yr–1, MV – annual
specific transport of bedload in m3km–2yr–1, MG – annual specific transport of total
sediment in m3km–2·yr.

14.4.3 Discussion of Results

Study results show that forest cover has a considerable effect on formation of the
runoff regime of a watershed. With all the other conditions being equal or similar
(rainfall, relief, parent rock, soil), there is a balanced regime of runoff in Lonjinski
Potok (70% of the watershed area under well-stocked forest) whereas the torrents in
Ðurinovac Potok (39.5% of watershed under forest) and Dubošnički Potok (48.5%
under forest) have an unbalanced regime of runoff. The runoff in these two water-
sheds is discontinuous with large intervals of drought and discharge occurring
mainly in the form of flood waves. The unbalanced regime is also confirmed by data
on maximum discharge (Qmax and Qsp). The average annual height of maximum
specific discharge in Lonjinski Potok is 5.1 times lower than that in the Ðurinovac
Potok and 2.30 times lower than that of the Dubošnički Potok watershed.



186 S. Kostadinov

Table 14.5 Annual characteristics of runoff

Name of
watershed Year P(mm)

MQ
(l·s–1km–2)

Qmax
(m3·s–1)

Qsp

(m3·s–1)·km–2 n

Dubošnički
Potok

1980 1,020.3 13.74 0.456 0.366 24
1981 984.5 10.45 0.376 0.307 98
1982 794.8 5.90 0.174 0.140 7
1983 687.3 1.75 0.174 0.140 137
1984 705.5 12.80 0.456 0.366 49
1985 509.5 4.14 0.174 0.140 104
1986 722.6 4.47 0.965 0.774 191
1987 873.0 4.99 1.050 0.842 205
1988 602.1 2.15 0.028 0.022 185
1989 747.1 2.12 0.203 0.163 214
Average 764.7 6.25 0.406 0.326 121.4

Lonjinski
Potok

1980 1,054.7 12.44 0.073 0.095 0
1981 911.2 10.16 0.073 0.095 0
1982 829.6 7.78 0.055 0.072 0
1983 768.0 5.64 0.073 0.095 5
1984 946.1 14.58 0.360 0.470 0
1985 651.3 8.63 0.073 0.095 5
1986 612.2 3.76 0.040 0.052 0
1987 995.5 11.73 0.428 0.559 0
1988 737.1 8.26 0.073 0.095 0
1989 875.2 9.83 0.334 0.435 5
1990 700.0 3.52 0.028 0.036 41
1991 828.4 6.34 0.040 0.052 5
1992 1,020.0 7.74 0.018 0.024 41
1993 509.0 7.70 0.040 0.052 13
1994 463.0 2.13 0.011 0.014 99
1995 972.0 7.26 0.040 0.052 0
Average 804.6 7.97 0.110 0.143 13.4

Ðurinovac
Potok

1981 1,011.2 12.19 0.124 0.228 91
1982 779.6 9.14 0.980 1.801 185
1983 734.1 5.84 0.153 0.281 232
1984 906.1 10.42 0.720 1.323 206
1985 591.3 4.51 0.074 0.136 197
1986 703.0 5.03 0.450 0.827 228
1987 674.6 4.83 0.900 1.654 220
1988 889.1 14.82 0.227 0.417 208
1989 916.6 14.04 0.300 0.551 174
1993 570.4 2.62 0.052 0.096 230
1994 630.6 0.80 0.124 0.228 257
1995 929.4 8.11 0.670 1.232 175
Average 778.0 7.70 0.398 0.731 200.2

Study results also show that the degree of forest cover in hilly-mountainous
watersheds significantly affects the type and intensity of erosion processes as well
as sediment transport. The specific mean annual transport of total sediment in the
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Table 14.6 Annual characteristics of rainfall and sediment transport

Name of
watershed Year P(mm)

MR
(m3·km–2)

MV
(m3·km–2)

MG
(m3·km–2)

Dubošnički
Potok

1980 1,020.3 57.91 225.10 283.01
1981 984.5 81.55 30.91 112.46
1982 794.8 76.46 34.86 111.32
1983 687.3 28.26 14.69 42.95
1984 705.5 254.22 52.45 306.67
1985 509.5 44.33 256.65 300.98
1986 722.6 32.67 33.76 66.43
1987 873.0 316.01 464.55 780.56
1988 602.1 3.31 0.00 3.31
1989 747.1 106.98 57.99 164.97
Average 764.67 100.17 117.10 217.27

Lonjinski
Potok

1980 1,054.7 16.03 0.00 16.03
1981 1,011.2 38.01 0.00 38.01
1982 779.6 48.16 0.00 48.16
1983 768.0 40.26 0.00 40.26
1984 906.1 64.31 0.00 64.31
1985 591.3 13.46 0.00 13.46
1986 612.2 3.01 0.00 3.01
1987 995.5 119.84 0.00 119.84
1988 737.1 90.98 0.00 90.98
1989 875.2 32.63 0.00 32.63
1990 700.0 12.97 0.00 12.974
1991 1,159.0 101.49 0.00 101.49
Average 849.16 48.43 0.00 48.43

Ðurinovac
Potok

1981 1,011.2 44.27 110.98 155.25
1982 779.6 101.47 76.82 178.29
1983 734.1 10.78 0.00 10.78
1984 906.1 24.64 18.83 43.47
1985 591.3 11.87 22.31 34.18
1986 703.0 30.85 63.53 94.38
1987 674.6 129.44 263.26 392.70
1988 889.1 152.38 295.46 447.84
1989 916.6 72.75 123.34 196.09
Average 800.62 64.27 108.28 172.55

Lonjinski Potok (70% of watershed under well-stocked forest) is 4.5 times lower
than in the Dubošnički Potok (48.5% under forest) and 3.5 times lower than in the
Ðurinovac Potok (39.5% under forest). Such a degree of forest cover in a watershed
dominates the energy potential of the watershed (relief) and the erosion activity
of rainfall; this is proven by the example of the Lonjinski Potok watershed. These
figures confirm that forest cover is a powerful means of flood peak control (water
conservation), soil erosion intensity and sediment transport in a small mountainous
watershed.
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14.5 National Forest Programme in Serbia

In Serbia, afforestion of 1.1 million hectares is anticipated to be realised between
2015 and 2050. Due to the climate change, plant production must be adjusted to new
conditions (i.e., a decrease in precipitation and increase in air temperature). Climate
change may cause considerably larger damage to woodlands also because of strong
winds, drought and forest fires in the future. For example, there were five forest
fires on 12 hectares in 2003, while in 2007, 482 fires were registered, damaging an
immense 34,000 ha of woodland. Fire damage affects not only wooden material and
ground flora but also the structure and production abilities of soil for a long period
of time. Such soil is much more prone to erosion.

Afforestation in Serbia takes place at a rate of 3,000 ha/year, but plans are in place
to intensify this work by an order of three times, with a set objective of 100,000
hectares of new woodland by 2015. Afforestation and tree planting, which would
protect fields, is planned for an area of 40 km2 by 2015. Due to increased levels of
environmental pollution caused by industrial and infrastructural development, plant-
ing of protective (emissions reduction) forests in industrial zones and near roads is
necessary.

As part of biological protection measures and other ecological improvements,
including agricultural land use, the following changes are anticipated by 2015 in
Serbia (Kadović and Medarević 2007):

– afforestation of shallow, erosion prone furrows VI class quality and parts of
furrows under excessive erosion II – V class quality on 200 km2;

– afforestation of low productive grass-land IV, V, VI i VII class quality on 337 km2;
– exclusion from production of 337 km2 of various agricultural lands in order to

afforest areas around collective basins, roads of greater importance and other
sources of air pollution;

– afforestation of areas around cities, which would decrease agricultural land for
50 km2, and active area of 36 km2 in the form of barren and ash soil.

The expected effects of afforestation would be:

– reduced greenhouse effect because 600,000 tones of carbon would be absorbed;
– 400,000 m3 of annual wood production or 10,000,000 euro per year;
– reduced negative effects of water and wind erosion and slides;
– reduced negative effects of polluting emmissions;
– increased agricultural production;
– better living conditions in urban areas;
– increased employment;
– significant advancement of environmental quality as a whole.

The following is part of the main goals of the Spatial Plan in Serbia and refers to
water usage and protection:
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– improvement of water ecosystems by protecting swamps and other water areas
(natural fish spawning in riversides) by revitalizing damaged natural vegetation in
these zones;

– protection from water and wind erosion in order to prevent mechanical silting of
water reservoirs, mechanical and chemical pollution of water streams using tech-
nical and biological measures, in Vojvodina (from wind erosion) – by afforesting
for protection purposes.

As part of an environmental protection plan, land protection is suggested, includ-
ing determining agricultural land requiring re-cultivation, afforestation, erosion
control as well as hydro-technical and agrotechnical melioration. Afforestation for
the purposes of protection around roads, water reservoirs, settlements, industrial
zones and agricultural land is anticipated as well. In order to protect flora and fauna
(especially species that migrate), it is necessary to provide connections between
vegetation corridors and nearby forest and swamp areas to enable migration (traffic
corridors and such).

14.6 Conclusion

Woodland areas in Serbia equal 27.3% of the total territory, which is considerably
less than the optimum woodland size of 41.4%. Insufficient afforestation is one of
the reasons for intensive degradation of soil and water (water and wind erosion) in
Serbia. Studies conducted in experimental watersheds in Serbia confirm that forests
are powerful when it comes to obtaining a balanced runoff regime and successful
erosion control.

Forests in Serbia, as well as in other ecosystems, are under the influence of global
climate change over the last decades, and could face even greater danger accord-
ing to some climate change scenarios. In order to mitigate the influence of climate
change in Serbia, it is necessary to improve existing woodland, to afforest greater
areas to reach optimum woodiness (41.4%) and to afforest areas around cities and
industrial zones. An increase in woodland areas would reduce soil erosion, sed-
iment transport and all damages caused by these processes to agriculture, water
management and other branches of the economy.
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Chapter 15
Impacts of Climate Change on Tourism

Plamen Mishev and Milkana Mochurova

Abstract This paper outlines the conceptual framework of differing climate change
impacts and justifies the necessity of economic impact studies, especially at a local
level. Results of a number of global impact studies (regarding international tourist
flows and expenditures), as well as those conducted at both European and country
levels (about both summer and winter tourism) have been examined. The purpose is
not to give single values to damage or the impact of climate change, but to explore
the plausible range of impacts. This paper also presents a new research project –
CLAVIER (Climate Change and Viability: Impacts on Central and Eastern Europe)
funded by the 6th Framework Programme and aimed at filling in the research gap
concerning local level studies, especially those related to economic impact and
vulnerability issues.

Keywords CLAVIER project · Climate change · Economic impact · Europe ·
Tourism

15.1 Introduction

A warming trend throughout Europe has been well established (+0.90◦S for
1901–2005), with the recent period showing a trend considerably higher than the
mean trend. Precipitation trends are variable and the number of extreme weather
events has been increasing. According to the Fourth Assessment Report by the
Intergovernmental Panel on Climate Change (IPCC), the wide-ranging impacts of
changes in the current European climate have been documented for the first time:
retreating glaciers, longer growing seasons, shifting ranges for animal species, and
health impacts due to a heat wave of unprecedented magnitude. Nearly all European
regions are anticipated to be negatively affected by some future impact of climate
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change, which will pose challenges to many economic sectors (Alcamo et al., 2007).
According to research carried out by UNWTO (2007), CO2 emissions from inter-
national tourism – including all forms of transport – accounted for less than 5% of
the world total, or 1,307 million tonnes in 2005.1 Emissions from tourism are far
below those of many other sectors, such as agriculture, with 15% of global emis-
sions. Apart from transport emissions, tourism is a relatively clean activity – one
that governments around the world encourage as an alternative to heavy industry.
A clean environment and favourable weather conditions are crucial to visitor sat-
isfaction and are a fundamental factor for the development of a tourism sector.
Therefore, tourism is more a victim than a vector of climate change. The purpose of
this paper is to outline the current sensitivities and future impacts of climate change
on tourism activities in Europe based on the results of existing studies and to present
a new research project – CLAVIER.

15.2 Impacts and Global Trends

Climate impact is the consequence of climate change on natural and human systems
(IPCC 2001). Depending on adaptation considerations, one can distinguish between
potential and residual impacts. Impacts can generally be described quantitatively by
changes in biophysical indicators (e.g., the primary productivity of an ecosystem,
snow cover depth) or by socioeconomic indicators (e.g., revenues from ski tourism,
effects on gross domestic product) (Füssel and Klein 2006). Potential economic
impacts could be defined as a function of the exposure of human (socioeconomic)
systems and their sensitivity to climatic stimuli. Most of these impacts in turn have
economic costs. These economic costs of climate change are often known as the
“costs of inaction”, and they provide very important information for policy debate
on adaptation and aid in identification of key areas of concern (EEA 2007).

Most publications are dedicated to biophysical impacts only. There are few stud-
ies on economic impact, including impacts on tourism, and these have mainly been
conducted on a global or regional scale. For example, a study by Bigano et al. (2006)
simulates the effects of development and climate change on tourism. The model
predicts shifts in international tourist flows towards higher altitudes and latitudes.
Climate change could negatively affect countries and regions that depend heavily on
tourism income and could benefit places that are currently not popular with tourists.
The authors use a statistical model (Hamburg Tourism Model, version 1.2.), the
goal of which is to describe, with a high level of geographic breakdown, tourist
behaviour in reaction to climate change, both in terms of changes in (domestic and

1 Transport accounts for 75% of all emissions by the tourism sector, with aviation making up
about 40% of all tourism transport emissions, road transport 32% and other forms of transport 3%.
Accommodation represents about 21% of total tourism sector emissions. Emissions from tourism
are also predicted to grow rapidly, with an increase of 152% predicted between the years 2005 and
2035 without concrete action to reduce them.
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international) numbers and in terms of changes in expenditure decisions.2 First, the
authors construct a matrix of tourism flows from one country to the next. Second,
they perturb this matrix with scenarios of population, income, and climate change.
Third, resulting changes in average length of stay and expenditures are computed.

Currently, the OECD countries and Central and Eastern European regions dom-
inate tourism, drawing over half the world’s tourists and having only a fraction
of the world’s population. However, their share has been declining over the last
20 years, and will continue to do so. According to the Hamburg Tourism Model, for
most of the twenty-first century, tourism will be predominantly Asian. The pattern
of receipts from domestic and international tourists is different. The OECD first
expands its market. The model predicts that after 2030 other regions, particularly
Asia, will capture a larger share of the market. While the world aggregate number
of domestic tourists hardly changes due to climate change, individual countries may
face dramatic impacts that rapidly grow over time. According to the model, currently
colder countries will see an increase in domestic tourism; warmer countries will see
a reduction. Aggregate international tourism is expected to fall because of climate
change, reaching a maximum decrease of 10% below the scenario without climate
change by around 2025, and edging towards zero after that. Aggregate international
tourism will fall because more tourists will stay in their home countries, particu-
larly those from Germany and the UK, who constitute a large part of international
tourism. By 2100, international arrivals may fall by up to 60% of the base value or
increase by up to 220% of the base value for individual countries. Climate change
increases the attractiveness of cooler countries, and reduces that of warmer ones.
According to the model, world aggregate expenditures hardly change, first rising
slightly and then falling slightly. The relationship between the current climate and
impacts of climate change, however, is much more noisier for expenditures than for
international arrivals and domestic tourists.

15.3 Expected Impacts in Europe

The Hamburg Tourism Model predicts drastic differences for countries throughout
the world; a closer look at the expected impact in Europe is necessary. Continental
studies, as well as those covering specific regions (mainly the Alps and the
Mediterranean) show effects on both summer and winter tourism. The major effects
expected are summarised in Table 15.1.

There are no specific studies covering economic impacts on the tourism sector in
Bulgaria, however we can draw some general conclusions from the table above. It is
quite probable that traditional mountain winter resorts at low altitudes and summer
destinations at the Black sea will suffer from negative tourism trends, while new

2 See the paper on http://papers.ssrn.com/sol3/papers.cfm?abstract_id=907454 (accessed 30
March 2009)
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Table 15.1 Potential effects of climate change on economic activity in the tourism sector

Geographic location
Main climatic
drivers

Expected potential impacts
on economic activity

Level of
confidence

Nordic regions,
Eastern Europe

Rising
temperature,
changes in
precipitation

Positive impact on tourism
demand

Medium

Mediterranean
regions, costal
resorts

Rising
temperature,
changes in
precipitation,
sea level rise

Negative impact on tourism
demand during summer

Medium

Rising temperature
in summer

Negative impact on tourism
demand during summer,
positive impact in spring
and autumn

Medium-low

Low altitude
mountain resorts

Rising
temperature,
changes in
precipitation

Negative impact on winter
tourism activities

Medium-high

High altitude
mountain resorts

Rising
temperature,
changes in
precipitation

Possible positive impact on
snow-related activities

Medium

Source: Adapted from ETUC (2007) p. 22

destinations in the countryside offering alternative forms of tourism and summer
mountain vacations might benefit from climate change.

The expected adverse effect on beach tourism at the Black Sea is also con-
firmed by the PESETA project.3 The project makes a multi-sectoral assessment of
the impacts of climate change in Europe for the 2011–2040 and 2071–2100 time
horizons, first by assessing physical impacts and second by giving them a monetary
value. However, the purpose of the study is not to provide single values regarding
damages or impacts related to climate change, but to explore the plausible range of
impacts. The tourism study aims at modelling major flows of tourism in Europe,
explicitly considering the influence of climate (EC 2007b).

Coastal tourism, a dominant segment of the tourism market, has a marked sea-
sonal and spatial concentration. In the PESETA project, climatic suitability for
general summer tourism purposes is expressed using an index, the Tourism Climate
Index (TCI), comprised of climate features temperature, humidity, sunshine, rain
and wind. According to the TCI, some regions are seeing their climatic attrac-
tiveness improve in summer, while other regions (such as the Balkans) are facing

3 PESETA (Projection of Economic impacts of climate change in Sectors of the
European Union based on boTtom-up Analysis) – see details and preliminary results on
http://peseta.jrc.es/index.html (accessed 30 March 2009).
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deterioration. The TCI for the Black Sea is projected to decrease by four degrees
from excellent (TCI: 80–100) to acceptable (TCI: 40–60). Project results indicate
significant shifts in climatic suitability for tourism, with the belt of excellent summer
conditions moving from the Mediterranean towards northern Europe. In the shoul-
der seasons (spring and autumn), TCI scores are generally projected to increase
throughout Europe. The authors point out that the results only provide projections
of climatic suitability patterns, not of the economic significance of climate change
for tourism. The study is based on only one emissions scenario and one climate
scenario; it does not take into account extreme weather events.

Winter tourism is a special topic of research interest. Studies show that there is
a statistically significant trend in snow-cover reduction on the Alps in recent years.
A number of authors are studying the impact of climate change on winter tourism,
especially in Austria and Switzerland.

Breiling and Charamza (1999) have studied seasonal snow cover depths related to
altitude and have developed a regionalised model for Austrian snow conditions. The
snow model covers three steps. In the first step, the authors modelled the relation of
snow to temperature and precipitation at each snow station under consideration. In
the second step they modelled the best fit of all stations to a regional dependence on
snow cover and altitude. In the third step they used a scenario for temperature and
precipitation change and computed a new snow-cover depth. Then they researched
the altitude at which this snow-cover depth is found today. At about 2,000 m alti-
tude a warming of 2◦S does not seem problematic concerning snow quantities. The
authors predict that with this degree of warming almost half of the annual values of
snow will remain in the range of 1965–1995 values. Thus, Austria could occasion-
ally experience good winter seasons, but could not count on their regular appearance
as in 1965–1995. In fact, according to the authors, it is the frequency of good and bad
seasons that will determine the future of resorts. Developments in Austrian winter
tourism and skiing infrastructure over the last 30 years have changed in accordance
to decade temperature variation. The period 1965–1985 was a relatively cold one.
At that time an expansion in the number of ski lifts occurred. The period 1985–
1995 was considerably warmer. Most winter resorts had snow problems during this
time, many of them serious ones. Artificial snow making became popular. Breiling
and Charamza point out that just 0.8◦C warming necessitated strong adaptation.
The impact of 2◦C of warming could leave only a few locations suitable for winter
tourism and skiing – those at high altitudes.

The impact of snow-deficient winters at the end of the 1980s on the winter
tourism industry in Switzerland have been examined by Koenig and Abegg (1997).
The study shows that ski resorts in lower areas suffered severe consequences. The
authors assess the snow-reliability of ski areas assuming a 100-day rule. This rule
states that to profitably operate a ski area, snow cover sufficient for skiing (i.e.
30 cm) should last at least 100 days per season (between the first of December
and the end of April). Various studies have shown that most Swiss ski areas above
1,200 m have matched the 100-day rule in the past and that a minimum altitude
of 1,200 m (“line of snow-reliability”) is required in order to operate a financially
viable ski business under current climate conditions in Switzerland. If significant
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atmospheric warming were to take place (+2◦C) the snowline in the Central Alps
would rise by 300 m. Studies show that 85% (195 of 230) of the ski areas in
Switzerland are currently snow-reliable. If climate change should occur as outlined
above, the number of snow-reliable ski areas would drop to 144 (= 63%). The corre-
sponding figures for single ski lifts are 40% (currently snow-reliable) and 9% (in the
face of a 2◦C increase) respectively. Even harsher consequences can be expected at
the regional level. This is likely to threaten the regionally balanced economic growth
in Switzerland which winter tourism has provided.

A number of studies also cover other climate-related consequences that are likely
to affect tourist flows, e.g. water shortages in the southeast Mediterranean, threats
to cultural heritage, biodiversity (see the summary in EEA, 2007).

15.4 CLAVIER Project

Central and Eastern European (CEE) countries face triple challenges, with ongo-
ing economic and political transition, continuing vulnerability to environmental
hazards, and longer-term impacts of global climate change. Literature reviews
have shown that although there are useful studies at the European level, there is
a lack of studies based on detailed regionalized climate models for CEE (incl.
Bulgaria), especially those considering the economic impacts of climate change.
The CLAVIER project (Climate Change and Viability: Impacts on Central and
Eastern Europe) was developed with an aim to fill this research gap and thus
make a contribution to the development of successful coping mechanisms for these
challenges.

The CLAVIER project is supported by the European Commission’s 6th
Framework Programme as a three-year Specific Targeted Research Project, run-
ning from 2006 to 2009 under the thematic sub-priority “Global Change and
Ecosystems”. Researchers from six countries and different disciplines are investi-
gating links between climate change and its impact on Central and Eastern Europe
(CEE). Three representative countries are studied in detail: Hungary, Romania und
Bulgaria.

The project is coordinated by the Max Planck Institute for Meteorology
in Germany. Bulgarian partners include the University of National and World
Economy and the National Institute for Meteorology and Hydrology at the
Bulgarian Academy of Sciences.

CLAVIER addresses the following three scientific goals:

• Investigation of ongoing and future climate change and associated uncertainties
in Central and Eastern European Countries (CEEC);

• Analyses of possible impacts of climate changes in CEEC on weather patterns
and extreme events, air pollution, human health, natural ecosystems, forestry,
agriculture and infrastructure, as well as water resources;
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• Evaluation of the economic impact of climate changes on CEEC economies, con-
centrating on the four economic sectors of agriculture, tourism, energy supply and
the public sector.

Within the framework of CLAVIER, ongoing and future climate change is being
analysed in great detail based on existing data and climate projections in an effort
to fulfil the needs of local and regional impact assessments.

One of the main objectives of the CLAVIER project is to evaluate the eco-
nomic impact of climate change in Hungary, Romania and Bulgaria on tourism,
agriculture, energy and the public sector. The University of National and World
Economy is taking part in the WP4, with the task of investigating climate change
impact on winter tourism in the resort of Borovets, and on regional development
in the resort area. Interrelations at a local level between climatic parameters and
social and economic variables are being studied using regression analysis, and by
applying input–output methodology an assessment is being made on how impacts
at the municipal and regional levels are transformed within the national economy.
Adaptation possibilities regarding the public sector will also be analysed.

Partners in Romania and Hungary are also engaged in tourism impact studies.
They will study the impact of climate change on tourism at Lake Balaton, winter
tourism in the Carpathians and summer tourism in Constanta County.

The University of National and World Economy will also study the economic
impact on agriculture and energy, including the agrarian sector in northeastern
Bulgaria and nuclear power production, as well as vulnerabilities at a national
level.

15.5 Conclusion

While the world aggregate number of domestic tourists will hardly change due to
climate change, individual countries may face dramatic impacts that grow rapidly
over time. A number of studies have shown that climate change could negatively
affect countries and regions that depend heavily on incomes from tourism and could
bring benefits to places that are currently not popular with tourists.

The economic and societal relevance of climate change for tourism will depend
crucially on adaptation strategies. This first requires more detailed studies regarding
the economic cost of climate change and the cost of adaptations at the local level
(regional, municipal, tourist resort), while the second calls for the development of
new policy frameworks at European4 and regional levels. Despite the scale of the
challenges, sufficient information is available to begin to act immediately.

4 See the discussions questions raised by the Green paper on adapting to climate change in Europe
(EC, 2007a).
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Chapter 16
The Social Impact of Heavy Rains in Albania

Liri Muçaj, Eglantina Bruci, and Vangjel Mustaqi

Abstract Heavy rains in Albania are among the greatest problems currently fac-
ing the country, especially in low and coastal lands. Such zones often suffer from
flooding caused not only by heavy rain but also by infrastructure mismanagement
of cities located in these areas. It means that human factors are also determining
damage caused by frequent inundation of coastal zones.

To analyze heavy rain and its social impact in detail, long-term observations from
the Lezha station, representing the coastal northern part of the country, are con-
sidered. The heavy rainfall of 22 September 2002 over the whole territory caused
substantial flooding in several areas of Albania, especially in the Lezha zone. The
monthly total rainfall of 368.7 mm recorded in September 2002 has remained the
highest value since 1951 for all monthly records in Albania. The recorded maximum
24-h precipitation of 219 mm is also the highest value. The threshold calcula-
tion for adverse weather phenomena identification and frequency distribution of
meteorological variables are used as methodological tools for the study.

Keywords Albania · Heavy rain · Social impact

16.1 Introduction

The studied zone lies on the northern coastal part of Albania along the Adriatic Sea
almost 10 m above sea level (Fig. 16.1). According to the climate classification of
Albania, this area belongs to the North Mediterranean field zone (Jaho et al., 1975),
characterized by dry summers and mild winters with abundant rainfall. Based on
average data from all stations located in and around this zone (Jaho et al., 1975), its
main climatic characteristics can be summarised as following:
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Fig. 16.1 Map of Albania
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• the mean annual temperature is 15.0◦C, the maximum absolute temperature –
40.4◦C (4 July 1981) and the minimum absolute temperature – 10◦C (24 January
1963);

• the average long-term rainfall is 1,320 mm and the recorded 24-h maximum
intensity is 219 mm (21 September 2002);

• the mean wind speed is 3.7 m/s but the maximum speed reaches values of up to
40 m/s.

Frequent flooding in this zone caused by heavy rain episodes is compounded by
bad management of city and area infrastructure.

16.2 Data and Methods

Heavy rain time series from 1951 to 2006 for the Lezha and surrounding sta-
tions are analysed. The data – recorded by pluviometer and pluviographs – are
used to build the series showing 24 h maximum intensity. The Gumbel distribu-
tion method is applied to calculate expected values for different return periods in
order to find thresholds for heavy precipitation (Radinović 1997). The function of
Gumbel distribution is

F(x) = exp [ − exp ( − y)]

where y = α∗ (x–u), x represents precipitation values, F(x) the probability of
overpassing the x value, and α, u are distribution parameters.

16.3 Analysis of Results

16.3.1 Annual Precipitation

The long-term average value of annual precipitation registered for the 1951–2006
period in the Lezha zone is 1,320 mm. It varies from 740 mm up to 1,900 mm (in
2003 and 1960, respectively) indicating the considerable fluctuation in rainfall totals
from 1 year to the next compared to the long-term average (the normal average)
(HMI 2006). In Fig. 16.2, which displays the interannual course and the long-term
average of precipitation, the year 2003 may be distinguished as the driest year. The
precipitation total registered for this year accounts for only 60% of the long-term
average. It reconfirms the World Meteorological Organization (WMO) statement
that 2003 ranks third as the driest and warmest year in Europe for the past 100 years
(WMO 2003). It is also clearly evident in Fig. 16.2 that values generally remain
above the mean long-term average up to 1981, after which values lower than the
long-term average are registered. Annual precipitation totals show generally a trend
towards decrease during the relatively short period of 1981–2006.
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Fig. 16.2 The interannual distribution of precipitation for Lezha

16.3.2 Heavy Rain

Heavy rain can be considered a natural disaster when its intensity and frequency
are far from normal, or it is widespread. This depends on the duration and level
of destructiveness of the phenomenon. To calculate the threshold identifying heavy
rain events, frequency distribution of the maximum value of precipitation is used.
According to the level of destructiveness, adverse weather phenomena may be
divided into categories as follows (Radinović 1997):

• Extraordinary (e) – adverse weather phenomena which are not destructive and
only in extreme cases influence human life and human activities. The threshold
above which heavy rain becomes an extraordinary event is the 24 h precipitation
maximum, with a reoccurrence possibility of once in 2 years;

• Dangerous (d) – weather phenomena which directly affect human life and mate-
rial goods. The threshold over which heavy rain becomes a dangerous event is
the 24 h maximum of precipitation with a reoccurrence possibility of once every
5 years;

• Catastrophic (c) – weather phenomena which affect an extremely large area or
reach the absolute intensity maximum at some stations. The threshold over which
heavy rain becomes a catastrophic event is the 24 h maximum of precipitation
combined with a reoccurrence possibility of once every 20 years.
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16.3.3 September Precipitation

Before analysing the 24 h maximum precipitation for 22–23 September 2002, the
distribution of monthly precipitation in September throughout the period 1951–2006
is calculated. Figure 16.3 presents the distribution of September precipitation, the
long-term average precipitation (98.1 mm) and the 5-year moving average. The data
series displayed in Fig. 16.3 shows that:

• there are 3 years in the September series (1972, 1998, 2002) with very high
precipitation, up to 3.8 times greater than the long-term average;

• the 368.7 mm of precipitation registered in 2002 is the highest not only for this
year but for the whole long-term series of September values;

• there is no significant trend, only variability, in September precipitation. The
driest period seems to be 1979–1992, and the wettest ones 1971–1978 and
1993–2002;

• the lowest value of precipitation registered is 2.0 mm in 1985.

16.3.4 Rainfall on 22–23 September 2002

The highest recorded value of 368.7 mm in September 2002 was mainly due to
heavy rainfall on 22 and 23 September. As a consequence of the heavy rainfall

Fig. 16.3 Yearly distribution precipitation total in September for Lezha
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Fig. 16.4 Annual distribution of 24 h precipitation max. for Lezha

(max 24 h precipitation level up to 219 mm on 22 September), the Lezha zone was
totally flooded. It should be emphasised that on this day almost the entire territory
was struck by heavy rain. For example, precipitation values at various stations for
that day are as follows: Koplik – 200.5 mm, Puke – 107 mm, Kukes – 92 mm,
Korçe – 62 mm, Tirane – 40.5 mm, Cerrik – 52.0 mm, etc. Moreover, on this date,
the 24 h absolute precipitation maximum for the territory was near to or greater than
the long-term absolute maximum. The heavy rainfall caused substantial flooding
not only in the Lezha zone but also in other areas of Albania. In some mountain-
ous areas, heavy rain caused bridges to collapse, roads to be blocked, and triggered
landslides, creating serious supply problems for internal and remote villages, which
had trouble obtaining food and other commodities. In total, 26,000 ha of arable land
were flooded and the overall loss for affected families and the country’s infrastruc-
ture was estimated to be around USD 17 million, representing a very serious loss
for Albania (Albanian Red Cross 2002).

Figure 16.4 shows the interannual distribution of 24 h absolute maximum precip-
itation for the Lezha area. It is evident that absolute maximums vary considerably
year to year during the 1957–2006 period. Two years, 1970 and 2002, stand out
because of very high 24 h absolute maximums of precipitation – 220 and 219 mm
respectively. The lowest value of this indicator, 47 mm, is observed in 2 years –
1987 and 1988.

In order to find a rule in the annual distribution of 24-h absolute maximum pre-
cipitation in the long-term series, the respective values for 2002 are analyzed in
parallel (Fig. 16.5); the monthly average of long-term precipitation is presented as
well. As can be seen in this figure, there is no rule regarding monthly distribution
of the 24 h absolute maximum of precipitation, which means that the 24 h absolute
value could happen every month. As well, the annual course of the 24 h absolute
maximum does not follow the annual course of monthly precipitation, for which the
highest value of precipitation is recorded during winter and the lowest in summer.
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Fig. 16.5 Monthly course of 24 h absolute precipitation max. for Lezha

Moreover, it can be seen that in the long-term series, almost equal absolute maxi-
mum values of 24 h precipitation are registered for October 1970 (220.3 mm) and
September 2002 (219 mm).

16.3.5 Maximum Precipitation with Different Return Periods

In the sectors of construction, hydrotechnics, agriculture, etc., the 24-h absolute
maximum of precipitation, as well as maximum precipitation with different return
periods are widely used parameters. The maximum intensity of precipitation within
a short time interval, which is the most important characteristic of precipitation,
is calculated as well (Muçaj et al. 1985). Table 16.1 presents the year-long maxi-
mum intensity and maximum intensity of precipitation on 22 September 2002. The
absolute maximum intensity in the long-term series occurred on 22 October 1970.
Considering the 24-h maximum intensity of precipitation for the 1957–2006 period,
the greatest peaks are recorded on 22 October 1970 and 22 September 2002. Even
if the difference in 24-h values between these 2 years is negligible, the value of
220.3 mm recorded on 22 October 1970 is still the highest figure. The maximum
intensity of precipitation up to 12 h in duration is greater on 22 October 1970, while
that for a time duration of more than 12 h is greater on 22 September 2002.

The time series of 24 h maximum precipitation for the Lezha station over the
1957–2006 period is used to find out the expected value of different return periods
over a 24 h interval. Results are presented in Table 16.2. It is clear that in the study
area, the expected value for the 100-year return period is 239 mm, for the 50-year
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Table 16.2 Expected 24-h precipitation for different periods

Return period (year)

T 2 5 10 20 50 100

mm 93±7 132±11 158±14 182±17 215±21 239±25

return period 215 mm, etc., which means that precipitation in the amount that fell
on 22 September 2002 (219 mm) could be expected once every 54 years.

As mentioned above, the evaluation of thresholds, determining that a heavy rain
is an extraordinary, dangerous or catastrophic event, is based on the 24 h maximum
value of precipitation for the return period once in 2, 5 and 20 years respectively. In
Table 16.2, precipitation values for categories in which heavy rain becomes a catas-
trophic phenomenon are presented. The thresholds are: normal situation – when
the 24 h value of precipitation is below 93 mm, extraordinary – when it is more
than 93 mm, dangerous – when it is more than 132 mm, and catastrophic – more
than 182 mm. The heavy rains of 22 September 2002 (219 mm) thus belong to
the catastrophic category. Also, based on the long-term series of 24-h precipitation,
only 3 cases have been catastrophic events, 7 cases – dangerous, and 13 cases –
extraordinary.

16.4 Social Impact

The Lezha area is vulnerable to flooding not only as a consequence of heavy
rain but also because of bad management regarding infrastructure in the city and
the surrounding area. Floods which have caused considerable economic damage
occurred in January 1963, February 1966, January 1968, October 1970, January
1986, November 1992, August 1995, and September 2002 (HMI 2006). It is evi-
dent that the number of floods in the Lezha zone, especially in the last 15 years, is
higher than the number of catastrophic and dangerous cases of heavy rains. As men-
tioned, flooding of the area is also caused by damage from hydro-technical works.
For example, on 15–16 March 2000, although only 17 mm of rain fell in Lezha city
and 30–40 mm over the Lezha region, the media declared that flooding was caused
by heavy rain. Keeping in mind the classification of heavy rain types, it must be dis-
tinguished whether such a flood is a natural disaster or not. Human induced factors
that can worsen a flooding situation include:

• reduced capacity of sucking pumps at draining stations in lowland areas;
• broken dikes in almost all affected areas;
• uncontrolled migration and settlement of people in lowland areas of the prefec-

ture of Lezha during the past decade without proper infrastructure provided by
authorities;

• electricity cuts influencing effective functioning of water pumps.
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16.5 Conclusion

Results from the study presented in this chapter can be summarised as follows:

• Precipitation of 368.7 mm on 22 September 2002 in the Lezha zone is the highest
not only in 2002 but over the whole long-term series for September precipitation
since 1951;

• The 24 h absolute maximum intensity of precipitation – 219 mm in September
2002 – is almost equal with that of 220.3 mm in 1970;

• A heavy rainfall, such as that which occurred on 22 September 2002, has the
probability to occur once every 54 years;

• The thresholds for amounts of 24 h precipitation distinguishing it as extraordi-
nary, dangerous or catastrophic are 93, 132 and 182 mm respectively;

• Human-induced factors aggravate the flooding situation to a large degree.

Based on the above, it can be concluded that human influence is the main factor
aggravating the flooding situation. Thus, local stakeholders must be responsible for
proposing new development plans for the zone with a focus on city infrastructure
and the energy sector, as well as for an increase in the level of public awareness
regarding realization of environmental policy.
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Chapter 17
Effects of Chronic Exposure to Urban Air
Pollution on Red Blood Cells in Children

Maja Nikolić and Dragana Nikić

Abstract Air quality has become a dominant factor in relation to environmental
change in the last decades. The study presented in this chapter aims to indicate the
significance of air quality monitoring, with special attention to children as a segment
of the population at greater risk. In the study, the city of Niš is examined with regard
to the effect of chronic exposure to urban air pollution on red blood cells in children.
It is a pilot retrospective study including 354 schoolchildren aged 11–14 years. The
group of exposed children (n = 215) attend school in a city area with a high level of
air pollution while the children in the comparative group (n = 139), designated as
the non-exposed group, attend school in an area with a lower level of air pollution.
The diagnosis of iron deficiency anaemia is made using pre-defined criteria. The
concentrations in air of black smoke, nitrogen dioxide, sulfur dioxide and lead in
sediment matter are determined for the period from 1990 to 2000. The red blood cell
count and average amounts of hemoglobin in blood levels of the exposed children
differ significantly from those of the non-exposed children. Also, the prevalence
of anaemia in children exposed to higher levels of air pollutants is significantly
higher than in the non-exposed children. These findings suggest that even relatively
low levels of air pollution have negative effects on red blood cells in children and
increase the risk of anaemia occurrence.

Keywords Air pollution · Children · Iron deficiency anaemia · Red blood cells

17.1 Introduction

Many epidemiological studies indicate that the impact of urban air pollution on
the burden of illness in the world’s cities is large. In the last decade, air pollution
has become a much more important topic of research in South Eastern Europe as
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the research into environmental changes increases. Exposure to different outdoor
pollutants is associated with acute or chronic health effects, especially in sensitive
members of the population (Bates 1995). Children are at high risk of developing
illnesses from air pollution because of their pulmonary physiology – they have
higher ventilatory rates per minute (400 mL/min/kg in newborns compared to
150 mL/min/kg in adults). Children also breathe through the mouth much more than
adults and because of this the risk of pulmonary exposure to respirable airborne par-
ticles, otherwise filtered in the upper airway, increases. A higher cardiac pulse rate
and the extent of tissue perfusion allow for more rapid exposure to toxins absorbed
into the blood. Although air pollution has long been thought to exacerbate minor
acute illnesses in children, there is increasingly strong evidence that air pollution is
associated with non-trivial increases in infant mortality (Bobak and Leon 1992) and
chronic disease in children (Samet and Maynard 2005).

Air pollution is a source of many substances which may enter the human blood-
stream through the nose, mouth, skin and digestive tract. Most air pollutants reach
the blood very quickly without previous bio-transformation, and it has been shown
that they produce harmful effects on the blood, bone marrow, spleen and lymph
nodes. However, investigations into the consequences of air pollution on blood have
been minimal. The study presented below aims to show the importance of air quality
monitoring, with special attention to children as a risk population. In the study, the
effects of chronic exposure to urban air pollution on red blood cells in children from
the city of Niš are examined.

17.2 Methodology

17.2.1 Study Area

The city of Niš is situated in southeastern Serbia (altitude 190 m) and covers a
surface area of about 597 km2. It is the second-largest city in the country and
according to the latest census it has about 350,000 inhabitants. The whole city
area is located in a valley, which is closed on three sides. The dominant wind
direction is northwest and it diverges in a way which obstructs natural airing. Niš
has a moderate continental climate with an average annual temperature of about
11.2◦C. Temperature inversions are frequent and there are more than 100 wet days
per year.

Up to the early 1990s, Niš was an industrial city. The dominant sources of
air pollution have been industry and heating. During the 1990s, Niš, along with
the whole country, underwent a very difficult period of economic sanction, war
and poverty. The annual income per capita began to decline starting in 1989
and reached the bottom in 1993 at 1390 US$ (The World Bank Group 2008).
In the same period, a great number of refugees migrated to Niš. All these fac-
tors have significantly influenced the health status of the population (UNICEF
2001).
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17.2.2 Study Population

The study is comprised of children aged 11–14 years (n = 354), non-smokers,
citizens of Niš. The group of exposed children (n = 215) attends school in a city
area with a high level of air pollution (School 1) while the children of the com-
parative group, designated the non-exposed group, attend school in an area with
less air pollution (School 2). School 1 is located in an urban area with major traffic
roads surrounding the school building and School 2 in a residential area, far from
the main street. All children live at a distance of 0.5 km from the measuring site.
The exclusion criteria are any acute or chronic illnesses (to avoid bias in red blood
cell results) and residence within the studied area for less than 10 years prior to the
study (to guarantee significant and homogenous exposure to local air pollution).

Parents were informed about the aims, performance and expected results of the
study, which took take place in the two schools. The parents agreed with involve-
ment of their children in the study and were requested to fill in an original structured
questionnaire. Data regarding demographic characteristics, parents’ smoking habits,
parental education levels, density of habitation (number of people living in one
room) and mode of heating were collected. The procedure was approved by the
Regional School Authorities of Niš (Serbian Ministry of Education).

Venous blood was analysed for hemoglobin concentrations and total red blood
cell numbers at the Primary Health Care Center laboratory in Niš. The presence of
anaemia is diagnosed according to the following criteria: hemoglobin of < 120 g/l
and an erythrocyte count of < 4.3 × 1012/l.

17.2.3 Air Pollution Monitoring

The Serbian National Monitoring Network Program has conducted air quality con-
trol since 1992 in 82 sites where 20 pollutants are monitored. However, air pollution
monitoring in Niš started in 1965 at two sites where daily concentrations of sulfur
dioxide, black smoke and sediments were measured. During the investigated 11-year
period, concentrations of black smoke, nitrogen dioxide (NO2), sulfur dioxide (SO2)
and lead (Pb) in sediment matter were determined in 24-h samples of air collected
from January 1990 to December 2000. Sampling equipment was placed 1.5 m above
floor level at two sampling sites near the school buildings. Sampling sites were
selected to ensure diversity regarding the outdoor environment.

The ambient level of black smoke concentrations was measured by reflection.
Sampling was performed by means of a pump operating with a flow rate of 1 L/min
through Whattman N◦1 paper filters. At the same time, the air concentration of
sulfur dioxide was measured by bubbling a certain volume of air through a solu-
tion of potassium tetrachloromercurate. Sulfur dioxide in the air stream reacts
with the solution to form a stable monochlorosulfonatomercurate complex. During
subsequent analysis, this complex was brought into reaction with acid-bleached
pararosaniline dye and formaldehyde, yielding intensely colored pararosaniline
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methyl sulfonic acid. The optical density of this substance is determined spectropho-
tometrically at 548 nm and is directly related to the amount of collected sulfur
dioxide. The total volume of air samples was determined by flow rate and sam-
pling time. The concentration of sulfur dioxide in ambient air was calculated and
expressed in μg/m3. The lowest detectable limit is 1.7 μg/m3.

Ambient nitrogen dioxide was collected with a pump containing triethanolamine
in its tube and the exact amount of the reacted nitrogen dioxide was determined
using standard spectrophotometry. The minimum detectable limit of the method
is determined to be 2.0 μg/m3. Lead in sediment matter was collected with
an absorbed solution of sulfuric acid and detected by graphite furnace atomic
absorption spectrometry. The lowest limit of detection is 0.5 μg/m3.

17.2.4 Statistical Analyses

A statistical package – Statistical Package for the Social Sciences (SPSS
Version 8.2, SAS Institute, Inc., Cary, North Carolina, US) was used for data analy-
sis. Variables in hematological parameters were analysed with T-test. Air pollution
data was analysed using the Mann-Whitney U-test. Statistically significant dif-
ferences in anaemia incidences in children exposed to different and substantial
concentrations of air pollutants were analysed using a Pearson’s chi-squares test
with P value of less than 0.05 required for statistical significance.

17.3 Results

The baseline characteristics of the studied population are reported in Table 17.1.
There are no statistically significant differences in age between the two groups.
Also, there are no statistically significant differences in parents’ smoking habits,
parental education levels, density of habitation and mode of heating between the
two groups (Table 17.2).

Table 17.1 Distribution of children by gender and agea

Characteristics
of children Total (n = 354) Exposed (n = 215)

Non-exposed
(n = 139)

Male/female n 174/180 101/114 73/66
Age, yr (mean ±SD) 12.96±1.54 12.78±1.56 12.95±1.52
11 yr, n 109 60 49
12 yr, n 107 54 53
13 yr, n 79 55 24
14 yr, n 59 46 13

aNo statistically significant differences between the two groups.
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Table 17.2 Characteristics of examined schoolchildren

Home environment
Exposed
(n = 215)

Non-exposed
(n = 139) Significance

Parental education levelb

Elementary
Above elementary

15%
85%

31%
69 %

n.s.

Parental smoking habitb

YES 43% 45% n.s

Density of habitationa (person/room)

Mean ± SD 0.82 ± 0.32 0.88 ± 0.29 n.s.

Wood or coal heatingb 20.0% 15.8% n.s.

at-test.
bchi-square test.
n.s.– Not statistically significant.

The results of air pollution measurements are summarised in Fig. 17.1. The aver-
age concentrations of monitored outdoor air pollutants are below those in current
World Health Organization guidelines. However, all air pollutant concentrations
measured between 1995 and 2005 at the site near School 1 are higher compared
to concentrations of the same pollutants measured at the site near School 2. This
difference is statistically significant (P < 0.05).

The red blood cell count of the exposed children (4.16±0.32) differs significantly
from that of the non-exposed group – 4.48±0.29 (t = 9.53; P < 0.001). Also, there

Fig. 17.1 Levels of air pollution studied between 1990 and 2000



216 M. Nikolić and D. Nikić

are statistically significant differences in the red blood cell count between girls and
boys of exposed and non-exposed groups (Fig. 17.2). In both sexes, the mean value
of hemoglobin blood levels is significantly higher in children of the non-exposed
group than those in the exposed group (Fig. 17.3).

In the group of children exposed to higher concentrations of air pollutants,
29.8% are anemic. In School 2, the percentage of childreb with anaemia is much
lower (7.9 %). The chi-square test (χ2 = 22.85, P < 0.01) confirms that there is

Fig. 17.2 Red blood cell count in exposed and non-exposed groups

Fig. 17.3 Hemoglobin levels in exposed and non-exposed groups (P < 0.001)
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a significant difference in the frequency of anaemia in children exposed to higher
concentrations of air pollution compared to those exposed to lower concentrations.
The values of relative risk are more than 1 (RR = 3.75; 95% CI: 2.06–6.88).

17.4 Discussion

Several epidemiological studies on population risk groups (pre-school children,
pupils, pregnant women and elderly) were performed from 1991 to 2005 in the
city of Niš, confirming that air pollution has many effects on human health (Nikić
et al. 2005, 2008; Nikolić et al. 2005, 2008; Stanković et al. 2006). However, few
studies investigate exposure to ambient air pollutants and its relation to anaemia.
Iron deficiency anaemia, which is associated with diminished cognitive function,
changes in behavior, delayed infant growth and development, decreased exercise
tolerance and impaired immune function in children, is a very serious public health
problem in many countries (Dallman 1982). The problem may be particularly
important for poor children who are already at increased risk of delayed develop-
ment (Miller 1998). Special attention should be paid to low-income and minority
children in less developed countries because they face increased health risks.

The results of the investigation presented here show that even relatively low
levels of air pollution, after long-term exposure, correspond positively to the occur-
rence of anaemia in children. Analysis of data obtained reveals a significant decrease
in the number of red blood cell and hemoglobin concentrations in association with
higher air pollution concentrations and long exposure.

A decrease in hematocrit and hemoglobin in association with NO2 exposure
was observed previously (Posin et al. 1978). Small but significant decreases in
hemoglobin and hematocrit in adults are observed immediately after 2.5 h of expo-
sure to 1 or 2 ppm of NO2 in the air. Mechanisms may involve red blood cell
membrane changes, methemoglobin formation, or cellular redistribution within cir-
culation. Future studies on NO2 exposure should consider assessment of red blood
cell membranes, reticulocyte counts and methemoglobin levels. Children might be
more susceptible to red blood cell effects from nitrogen dioxide exposure.

Lead poisoning is an important environmental health hazard (Bellinger et al.
1987). Highly toxic lead can also damage erythrocyte membranes, resulting in
anaemia in humans. Lead interferes with many biochemical systems, particularly the
heme biosynthetic pathway. Sensitivity to lead is higher in children then in adults.
Lead ions inhibit enzymes that catalyze reactions for biosynthesis of hemoglobin,
thus lead poisoning causes anaemia.

Although concentrations of sulfur dioxide and black smoke have been signifi-
cantly decreasing over the last 10 years worldwide, the present air concentrations
in the city of Niš are still an important threat to children’s health. It is difficult to
determine whether the measured pollutants, alone or in combinations, are solely
responsible for the observed health effects in children. It is also not clear which
pollutants are more responsible for anaemia in children. Little is known about
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possible adverse effects resulting from exposure to complex mixtures of chemicals.
An analytical cross-sectional study by Ziaei et al. of 2005 shows that neonates born
to mothers exposed to carbon monoxide air pollution have increased due to circulat-
ing absolute nucleated red blood cell counts compared to those of a control group.
It is speculated that exposure to increased levels of ambient carbon monoxide dur-
ing pregnancy may contribute to the occurrence of hypo-oxygenation. Differences
in results may be due to the combined effects of air pollution and the levels of these
parameters.

Further study is needed to disentangle this interaction and underlying mecha-
nisms. Moreover, the balance of evidence remains that outdoor air pollution has
a modest effect on the occurrence of anaemia in schoolchildren. Exposure to air
pollution may increase the risk of anaemia in children through several mecha-
nisms. The biological mechanisms by which air pollutants may interfere with the
process of red blood cell production are reflected in the synthesis of hemoglobin,
the forming of red blood cells and their life-expectancy. Toxic materials from the
air can cause significant damage to red blood cells, such as reduced hemoglobin
concentrations and lower numbers of erythrocytes and hematocrit, thus leading to
anaemia.

Present study results are similar to previously uncovered effects of air pollu-
tion on the red blood cells of children (Nikolić et al. 2008). Naturally, other factors
(genetic disposition, nutrition habits, etc.) contribute to detected low concentrations
of hemoglobin and the prevalence of anaemia. The limit of this study is that only air
pollution as a risk factor for anaemia has been analysed.

Air pollutants in the environment damage cell immunity and change the intensity
and course of iron metabolism in the body, resulting in iron-deficient anaemia with
very low hematocrit and hemoglobin values. A recent study determined the rela-
tionship between exposure to particulate matter, measured as PM10, and changes
in hemoglobin concentrations, hematocrit (packed cell volume) and red blood cell
count. Plasma albumin was also measured and it was found that the decrease in
haemoglobin is caused by increased peripheral sequestration of red blood cells
rather than generalized haemodilution. The study suggests that particulate air pol-
lution, or a very closely associated confounding factor, has the potential to affect
cardiovascular events. As mentioned earlier, children’s exposure to air pollution is
a special concern because their immune system and lungs are not fully developed.
When exposure begins, different responses are evident in children than those seen
in adults.

17.5 Conclusions

In conclusion, it can be summarized that even relatively low levels of urban air
pollution have a negative impact on red blood cells in children and are hazardous to
their health. Undoubtedly, a decrease in immunity and an increase in the incidence
of many diseases are also connected to poverty within the children’s population.



17 Effects of Chronic Exposure to Urban Air Pollution on Red Blood Cells 219

Taking into account that there are cities in Serbia with measured air pollutant levels
higher than in Niš, it would be useful to conduct epidemiological studies in these
cities, too. The use of unleaded gasoline has been a positive step, but alone it will
not solve the problem.

This is the first study to describe the relationship between air pollution levels and
anaemia associated variables among Serbian children in peer-reviewed literature.
The obtained results are a baseline for further analytical epidemiological research.
The correlation between red blood cell reduction and chronic high levels of air pollu-
tion is strong, but more confirmation studies are necessary. On the basis of already
obtained results, it may be concluded that air quality monitoring is useful for the
population groups at risk. This study may help in the design of standards for air
quality in Serbia and points to the need for a reduction in limit values for pollutants
considered here.
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Chapter 18
Moldovia’s Challenge in the Face of Surface
Water Resource Changes

Igor G. Sirodoev

Abstract Processes of global environmental change have had various effects upon
Moldova within the last decades, both positive and negative. However, it appears
that negative effects prevail, especially regarding availability of water resources
during the vegetation-growing period. The impact of economic transition has had
a diminishing effect on the availability of water resources. Combined with climate
change trends, this double effect threatens national economy and food security, and
increases the vulnerability of the population to such change. In this paper, special
attention has been paid to analyzing changes in water-covered areas during the
transition period in order to reveal recent tendencies and find possible adaptation
solutions to the issue of climate change. “Spontaneous” concentration of reservoirs
and ponds around big cities was found to be a distinct feature in recent evolutions.
At the same time, in initially water scarce regions (such as in the southern part of the
country) the water-covered area has diminished even more drastically (by more than
40% in extreme cases). Adaptation measures must be territorially and typologically
differentiated in order to achieve maximum effect and diminish social vulnerability
of the population.

Keywords Adaptation · Climate change · Republic of Moldova · Surface water
resources · Water covered areas

18.1 Introduction

Assuring access to natural resources and possibilities for non-discriminatory devel-
opment for future generations represents a major focus of international community
activities. How these attempts are focussed depends on specific conditions in
individual regions or countries. Moldova has its own particular needs in this regard.
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Taking into consideration recent basic food price trends on international markets,
the issue of food security should become one of the Moldova government’s major
concerns in the near future. Because of a lack of expensive export goods (natural
resources like oil or gas, hi-tech industry products or expensive services), Moldova
can only maintain its food security at an adequate level by relying on domestic food
production.

Agricultural productivity in Moldova is linked to two main natural factors:
soil fertility and local climate conditions. On one hand, the fertility capacity of
Moldova’s soils depends on many factors and is quite fragile, but it has a very strong
base in the wide spreading of chernozems with a high concentration of humus.

On the other hand, Moldova’s agroclimatic capacity is sensitive to variabilities
in humidity. Under normal climatic conditions, non-irrigated agriculture is possible
over the entire territory of the country; however, it is very vulnerable to drought.
Both recent trends in weather evolution and climate projection results reveal warm-
ing and drying-up processes. This points to the possibility that droughts such as the
one suffered by Moldova in 2007 – one of the most severe in the country’s modern
history (according to governmental assessments) – may become normal by the end
of the current century.

Under these conditions, irrigation is strongly recommended to maintain agricul-
tural productivity at a necessary level. Irrigation in Moldova was quite developed
in the past, especially by the end of the Soviet period, mainly in the southeast and
south. However, as a result of economic decay and transition almost all irrigation
structures have been abandoned. In the mid 1990s, in only 5–6 years, irrigated areas
decreased by more than 80 times, and now constitute (according to government
agency “Apele Moldovei”) just 1.7% of the previously irrigated area. Due to the
double effect of recent and actual economic and natural processes on the availability
of water for agriculture (including natural humidity and artificial watering), produc-
tivity of the country’s main crops – wheat and corn – has decreased over the last
years by almost 5%, At the same time, the use of water for irrigation purposes has
been decreasing by 9% annually, while the volume of water used for watering every
hectare of irrigated field has been decreasing by 8% per year. In addition to these
dramatic data, relative water losses during irrigation have increased from 13 to 25%
in the last 10 years (Sirodoev and Knight 2007b).

Territories in which irrigation structures were maintained have not suffered as
much from the disastrous effects of drought. Thus extending irrigation structures
must be a major consideration in order to maintain national food security at an
adequate level.

Within this issue, water sources are one of the greatest concerns. The ground-
water has quite a high mineralization level and requires partial demineralization
before use. The country’s two biggest rivers (Dniester and Prut) represent more than
90% of available water resources. However, their stream flow depends largely on
climate change and it is assessed that as early as the 2020s, their water availability
will diminish by 18–25% depending on greenhouse gas emission scenarios. At the
same time, availability of water from local rivers will diminish even more drastically
(Sirodoev and Corobov 2005; Lalikin and Sirodoev 2004).
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On the other hand, climate variability and change processes in Moldova are of
such a nature that using surface water in irrigation is favoured. In fact, warming and
drying-up processes manifest not so much in rising average annual temperatures and
diminishing annual precipitation amounts as through seasonal changes. Temperature
has risen the most in winter, while other seasons have been less affected. Moreover,
annual precipitation amounts remain almost the same, but their nature and sea-
sonal distribution are changing. The warm season has become much drier, while
the cold season is slightly wetter. At the same time, the proportion of extreme
precipitation, such as heavy showers, is rising while the proportion of snowfall is
diminishing. Future climate projections suggest these trends will be accentuated
over time (Corobov and Nicolenco 2004). Under these conditions, retaining exces-
sive runoff becomes a necessity for reasons other than just irrigation. In agriculture,
capture of this runoff will be first used for redistribution of precipitation between
the seasons and, in extreme cases, between wet and dry years.

Securing water resources may become essential for Moldavian agriculture, and,
in a worse case scenario, lack of it could be very damaging for national economic
development. Within the issue of securing water resources, maintaining and extend-
ing reservoir and pond systems will play an essential role. But how has the state of
reservoirs and ponds changed?

18.2 Methods and Data

Analysis of the change in surface water resources was undertaken using change
detection methodology relying on remotely sensed data. Raw data was extracted
from Landsat5 imagery acquired in 1992/1993 (NASA 2003) and 2004 by pixel
values. In order to avoid errors produced by shifting images of different time slices,
we did not operate with absolute change values, but with “change balance”, repre-
sented by the difference between an increase and a decrease in water-covered areas
(lakes, reservoirs and ponds) summarized by territorial units. For the purposes of
this article we used administrative-territorial units (raions).

18.3 Results and Discussions

As proven by remote-sensing analysis, territories have reacted differently to change.
Several characteristics emerge from the distribution analysis of change balance (see
Fig. 18.1 (left)). First of all, the presence of a certain middle axis in the distribution
of growing areas is obvious. It can be explained by equidistance from the main
rivers: inner regions rely primarily on local water reserves rather than on transferred
supplies. That is why raions located farther from big rivers better maintain their
local water storage systems, while raions neighbouring big rivers base their water
supply system on in-stream withdrawal.
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Fig. 18.1 Absolute (left) and relative (right) changes in water-covered area by raions

Three cores of positive change along the axis can be seen. Secondary cores,
centred on the Taraclia raion and Balti municipality, are not very evident. High pos-
itive change in Taraclia raion is explained by an increase in the area of just one
reservoir – the Taraclia reservoir. The latter is an essential part of Moldova’s south-
ern irrigation system, unfinished due to the economic crisis. The reservoir is very
large and does not suggest a trend in change balance distribution.

In comparison to this, the core around Balti municipality reflects to some extent
the trend of various activities concentrating near a big city. It is favoured by other
factors as well (higher humidification than in other regions of the country, presence
of Moldova’s biggest reservoir on the Prut River etc.).

The main core of raions with increasing water-covered areas is located around
Chisinau, the capital city. The area has been positively impacted by economic (man-
made) factors. During the transition period, the system of reservoirs and ponds
in this region was maintained and even extended due to its relationship with the
capital city. Fish breeding farms, irrigated small-scale vegetable growing, tourism
and recreational activities on big reservoirs, and the renting out of small reservoirs
and ponds for individual use constitute the main activities which contributed to
formation of this core.

Relative changes (see Fig. 18.1 (right)) in water-covered area are rooted in the
same situation. Regardless of the presence of many raions with positive changes in
water-covered areas, the overall balance of change is negative: since the beginning
of the transition period, areas covered by natural and artificial water storage systems
have decreased by 4.5% (country average). An almost total lack of maintenance
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work has diminished total volumes of water stored by an even greater value due to
silting processes.

Positive change balance values of more than 10% have been observed in raions
around Chisinau municipality. Maximum negative changes have been observed in
Cahul raion due to the deliberate drying out of several big reservoirs of the Cahul
fish farm complex; the Basarabeasca raion has suffered a similar fate. Water-covered
areas have diminished in these raions in the transition period by about 40% each.

When comparing this situation with water scarcity vulnerability (see Fig. 18.2),
the effect of changes in water-covered areas is potentially very threatening for

Fig. 18.2 Potential vulnerability to water scarcity (Sirodoev and Knight 2007a)
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Moldova. The three raions with the biggest negative changes (Cahul, Basarabeasca,
and Stefan Voda) are located in a naturally water-deficient region. Moreover,
Basarabeasca region has a high rural vulnerability to water scarcity (Sirodoev and
Knight 2007a). The natural deficit of water and high anthropogenic load on water
resources in the southern part of the country combine with very high negative
changes in stored water volume.

At the same time, territories with complex vulnerability to water scarcity are not
as exposed to the negative effects of climate change as appears at first glance, ana-
lyzing the static situation of water storage and supply systems. Positive changes in
water-covered areas in the raions around Chisinau municipality will help to mod-
erate the negative effects of expected climate change. The northeastern part of the
central region is more exposed because the water-covered area has diminished in the
Orhei raion by 2.2%.

Regardless of some positive aspects of water storage system dynamics, the over-
all situation is not very promising. Disregarding maintenance work in reservoirs and
ponds, the lack of a strategy for extending water storage and irrigation systems will
contribute to diminishing availability of water for direct use, as well as to an overall
decrease in water resources.

Shifting to an analog approach, as was done in Bulgaria (Knight et al. 2004),
can lead to extremes becoming the norm in the near future. If the situation evolves
according to a “business-as-usual” scenario, Moldova’s water resources will deplete
very quickly. In order to anticipate these effects, special attention must be paid to
hydrotechnical works and adaptation measures now. Moldova has strong potential
to annihilate negative effects by implementing adequate adaptation measures and
through the wise and effective use of water resources and storage capacities.

Generally, several aspects could influence the success of implemented measures.
Among negative ones, emphasis should be placed on natural water scarcity in the
southern part of the country and the unfavourable dynamics of recent variability
trends and changes in regional climate. Two positive features could help, if used
wisely, in implementation of adaptation measures: “spontaneous” concentration
of water storage systems around big cities (and, generally, around economically
important settlements), and relative stability of annual natural precipitation values.

An essential part of the implementation strategy for adaptation measures should
be dedicated to territorial differentiation of proposed measures. In our opinion,
the latter should be classified according to social effect. And implementation
strategies should, in fact, represent territorial and typological distribution in order
to balance physiographic and socioeconomic conditions and thus achieve better
results. Proposed classification of adaptation measures (passive, socially passive
and socially active types) takes into consideration their social effect (Sirodoev and
Knight 2007b). It is obvious that the southern part of the country should enjoy the
most complex adaptation measures, combining various types with differing effects
on population in order to achieve maximum effect and to minimize social instability
among the affected population.

As we can deduce from analysis of the situation, the transition period created
a change in the hierarchy of reasons for developing and maintaining water storage
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systems. In the Soviet period, irrigation of vegetables and orchards as well as flood
protection of agricultural lands and settlements constituted the main reasons for
extending such systems. After more than 15 years of transition, the keeping of reser-
voirs and ponds has become possible because of activities linked to big cities. Cities,
in their relation to water storage systems, play the role of consumer of goods. Thus
the situation has become one in which water storage systems are modelled on a
settlement system. We can presuppose that appropriate intervention in settlement
systems can accordingly bring positive effects to water storage systems.

18.4 Conclusions and Recommendations

Our studies have revealed that Moldova’s water resources and food security are
threatened by both “natural” changes in regional climate and the effects of the past
17 years of economic transition. It is difficult to estimate the impact of each factor
at present. What is true is that both have contributed to decreasing productivity
in agriculture and the growing vulnerability of national food security. The main
challenge to Moldova is finding appropriate adaptation schema.

Negative climate variability and change effects reached a zenith in 2007, when
one of the most severe droughts occurred. However, their influence could have been
easily mitigated by appropriate management. The easiest way to adapt to expected
climate change is this: hold on to long-lasting Soviet traditions regarding water
use and availability of necessary resources. Regardless of the water use strategy
to be implemented, appropriate management of available water resources must be
of the highest priority. The change in surface water resources challenges Moldova to
properly use its actual potential before seeking and implementing new, more sophis-
ticated, and more expensive approaches to assure food security and adaptation to
climate change.
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Chapter 19
Long-Term Trends of Lead-210 Concentrations
in the Ground-Level Air in Finland and Bulgaria

Jussi Paatero, Blagorodka Veleva, and Juha Hatakka

Abstract Long-term records of airborne lead-210 should reveal periodic changes
in the atmosphere, such as the North Atlantic Oscillation, as well as any systematic
trends in large-scale weather phenomena transporting arctic, maritime or continen-
tal air masses which might be indications of a changing climate. The results of
collaborative research on these matters show that starting from the mid-1980s, there
has been a continuous decrease in average lead-210 contents in the ground-level air
both in Finland and in Bulgaria. However, the decreasing trend is much stronger in
Bulgaria compared to Finland. This trend may indicate that the climate is becoming
more maritime in both northeastern and southeastern Europe, but that the effect is
much stronger in the southeast of the continent. Because the sources of air masses
are not the only factor determining lead-210 content in the air, the effect of pre-
cipitation causing wet deposition of lead-210 must be studied, too, as changes in
precipitation amounts can influence the average residence time of lead-210 in the air.

Keywords Atmospheric radioactivity · Bulgaria · Finland · Lead-210 tracer

19.1 Introduction

Lead-210 is formed in the atmosphere by radioactive noble gas radon-222 emanat-
ing from the Earth’s crust. Ninety-nine percent of airborne radon originates from
land and only 1% from the sea (Baskaran et al. 1993). The amount of lead-210 in
the air is not affected by anthropogenic activities (Hötzl and Winkler 1987). The
practically exclusive formation mechanism of airborne lead-210 facilitates its use
as a tracer for air masses of a continental or maritime origin. Long-term records
of airborne lead-210 should reveal periodic changes in the atmosphere such as the
North Atlantic Oscillation. It should also reveal any systematic trends in large-scale
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weather phenomena transporting arctic, maritime or continental air masses which
might be indications of a changing climate.

Both in Finland and Bulgaria, the national weather services responded in the
late 1950s to the imminent need to monitor airborne radioactivity caused by intense
nuclear weapons testing mainly in the United States and the Soviet Union. Soon both
institutes, the Finnish Meteorological Institute (FMI) in Finland and the National
Institute of Meteorology and Hydrology (NIMH) in Bulgaria, adapted monitoring
methods for airborne total beta activity, because these methods are relatively simple
and cost-efficient. Both institutes have been monitoring total beta activity through
daily sampling. Three to five days after the end of sampling, short-lived radon-222
daughter nuclides decay into lead-210 and radon-220 progeny decay into stable lead.
Thus, in the absence of a significant amount of artificial radionuclides, the measured
total beta activity consists mainly of lead-210 and especially its daughter nuclide
bismuth-210 (Paatero et al. 2007). In 1967, the FMI also started monitoring of daily
activity concentrations of lead-210 in the air. The present analysis is based on alpha
counting of in-grown daughter nuclide polonium-210 6 months after sampling.

The last atmospheric nuclear test was conducted in China in October 1980. Since
1982, the observed total airborne beta activity in Finland and Bulgaria has consisted
mainly of lead-210/bismuth-210, with a notable exception being the contamina-
tion in 1986–1987 from the Chernobyl accident in Ukraine. A long-term data set
of airborne lead-210 in Sofia has also been produced as part of the collaborative
research, based on measured total beta activity/lead-210 ratio in a set of aerosol
filters collected in NIMH.

19.2 Experimental Methods

The Finnish Meteorological Institute has collected daily aerosol samples at the
Nurmijärvi geophysical observatory (60º30′N, 24º39′E, height 105 m above sea
level [a.s.l.]) and at the Arctic Research Centre in Sodankylä (67º22′N, 26º39′E,
height 198 m a.s.l.) since the early 1960s. The samples have been collected with
a high-volume sampler and put onto glass-fibre filters with a diameter of 24 cm.
The filter type was changed from Whatman GF/A to Munktell MGA in August
1995. The sampler has a capacity of 3,500 m3 per day and collects particles with
an aerodynamic diameter of less than 10–15 μm, depending on wind speed. Air
flow through the filter is measured using a rotameter. The filters are changed every
morning at 06 UTC (Paatero and Hatakka 2002).

The 210Pb contents of samples are analyzed 6 months after they are taken
by counting alpha particles from in-grown daughter nuclide 210Po. Earlier, mea-
surements were performed manually using a large-area ZnS scintillation counter.
Counts from the detector were fed into an automatic logger that issued the results
on punched tapes for further computer analyses. Since 1982, measurements have
been carried out using two successive automatic alpha/beta analyzers, which are
microcomputer-controlled and can handle 25 air filters at one loading. The detector
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arrangement of the analyzers consists of five flat large-area gas-flow proportional
counters, alpha and beta sensitive and background shield counters above the sam-
ple, and beta sensitive and background shield counters below the sample. The flow
gas is P-10, a mixture of argon (90%) and methane (10%). A constant gas flow rate
is maintained with a mass-flow controller. Background samples (unexposed filters)
and reference samples (242Pu, 90Sr and 55Fe) are measured daily (Mattsson et al.
1996). Samples are archived after the measurements and are thus available for fur-
ther analysis. Atmospheric pollutants, such as sulphur compounds and heavy metals,
have been analyzed from these filters (Mattsson and Jaakkola 1979; Yli-Tuomi et al.
2003) (Fig. 19.1).

Fig. 19.1 FMI’s automatic
alpha/beta analyzer “Genera
T84”

In Sofia (42º39′N, 23º23′E, height 589 m a.s.l.), measurements of atmospheric
radioactivity started at the NIMH in 1958. Total aerosol beta activity was initially
measured 3 days after the end of sampling, with that changing to 5 days since 1965.
Aerosol samples are collected 2 m above a grass surface on paper filters (FPP,
Synpor) with a pump. Air volume is measured using a flow meter. Samples are
taken every day at 06 UTC. The air volume of samples has changed over the years
from 10–15 m3 at the beginning of measuring to the current figure of 100–120 m3.
Radiation detectors changed from GM counters to proportional counters and, at the
beginning of the 1980s, to plastic scintillator detectors (Manolov and Teneva 1964).

The relationship between total beta activity concentration and 210Pb activity con-
centration is obtained using a comparative measurement of daily filters collected
in Sofia over 1 year. The filters that have been measured for total beta activity
in NIMH’s laboratory are assayed for 210Pb in FMI’s laboratory. The observed
relationship is:

Alead−210 [μBq/m3] = (Atotal_beta[mBq/m3] − 1.257)/4.476 ∗ 1,000. (1)
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Yearly average 210Pb activity concentration values in Sofia are calculated from
yearly average total beta activity concentrations with this equation.

19.3 Results and Discussion

The year-to-year variation of airborne 210Pb is presented in Fig. 19.2. The 210Pb
activity concentration in northern Finland is usually lower than that in southern
Finland. Compared to southern Finland, northern Finland is more often domi-
nated by air masses coming from the North Atlantic Ocean and the Arctic Ocean
containing practically no radon, and thus no 210Pb sources.

Fig. 19.2 Year-to-year variations of airborne 210Pb (μBq/m3) at Sodankylä, northern Finland and
at Nurmijärvi, southern Finland

In the past, year-to-year variations in 210Pb activity concentration were explained
by the North Atlantic Oscillation (NAO), in other words by heat and salinity
conditions in the northern seas (Paatero et al. 1998, 2000). Despite these varia-
tions, long-term concentration levels had been constant without any evident trends.
However, there seems to be a sudden decrease in these levels in the 1980s and 1990s.
Starting in the late 1980s, 210Pb activity concentrations in the air began to decrease
(Fig. 19.3). This downward trend became steeper towards the south. Thus, in Sofia
on the 42nd latitude, the downward trend is an order of magnitude stronger than
at Sodankylä on the 67th latitude. Similar behavior has been reported in Germany
(Winkler and Rosner 2000).
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Fig. 19.3 Long-term trends of airborne 210Pb (μBq/m3) at Sodankylä, northern Finland, at
Nurmijärvi, southern Finland, and in Sofia, Bulgaria

19.4 Conclusions

Especially in Bulgaria, the decrease in average activity concentrations of 210Pb is
quite dramatic. In less than a decade, concentrations have been reduced to a half,
and the earlier-existing threefold difference between Finland and Bulgaria has dis-
appeared. The source term of 210Pb, exhalation of radon-222 from surface soil to the
atmosphere, could hardly have changed that much. Therefore, either the large scale
movement of air masses has changed considerably or the residence time of aerosol
particles carrying 210Pb in the atmosphere has shortened. The first possibility means
there have been changes in the origin or type of prevailing air masses – whether con-
tinental or maritime. The second relates to precipitation amounts because aerosol
particles are efficiently removed from the atmosphere through wet deposition
mechanisms, both through below-cloud scavenging and especially through-cloud
rainout phenomena. Our future work aims to elucidate these questions by studying
long-term deposition behavior of 210Pb from the northeast of Europe southwards.
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Chapter 20
Drought Management Centre for South Eastern
Europe

Gregor Gregorič and Andreja Sušnik

Abstract Drought is a natural phenomenon which closely connects climate and
society. When drought occurs, there is certain risk that the population will suf-
fer social and economic consequences. This risk and depth of such consequences
depends on the natural frequency and severity of the drought. As the climate
changes, natural hazards are increasing, and it would be reasonable to imply that
social and economic risks are consequently increasing. However, natural hazards
are not the only element determining risk. The other factor is society’s capability
to overcome difficulties caused by water shortages – i.e. vulnerability. Vulnerability
determines the risk of drought impact now and in the future. Risk may rise inde-
pendent of climatic trends, due to increased water demands caused by population
or economic growth, or both. And the other way around: natural hazard trends may
be neutralized by reducing a society’s vulnerability. Assessment of both – natural
hazards and societal vulnerability – are among the core objectives of the drought
management centre for South Eastern Europe. Historical assessment of drought
occurrence and establishment of drought monitoring systems are undertaken to
establish a method for regional estimation of climatological and actual natural haz-
ards connected to occurrence of drought. Some aspects of vulnerability (mainly in
the agriculture sector) have been described for some South East European countries.

Keywords Drought · Natural hazard · Risk assessment

20.1 Introduction

No natural resource past or present has had such a profound material effect upon
life as water. It represents the difference between plenty and famine, between life
and death, for multitudes since the beginning of time. The availability of fresh
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water defines weather and climate and is a major reason for migration of peo-
ples across the Earth searching for better living conditions. South Eastern Europe
(Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Former Yugoslav Republic of
Macedonia, Greece, Hungary, Montenegro, Moldova, Romania, Serbia, Slovenia,
and Turkey) is not as severely affected as some parts in the world. However, drought
occurrence delineates areas with insufficient water resources in this sub-region as
well. There is a long history of droughts in the region and these events will continue
to occur in the future, possibly with increasing impact, because of foreseen climate
change and increasing climate variability.

What coping mechanisms are there for drought, land degradation and desertifica-
tion? These consist of improving existent and establishing new monitoring systems
for early drought detection and then applying sustainable agricultural practices
ensuring food security, practicing sustainable forestry management, and stopping
biodiversity loss. To achieve these goals, awareness and preparedness are required:
these can be strengthened through training and technology transfer and knowledge
base increases, in particular for regions prone to drought and desertification. Since
drought is a regional phenomenon with diverse and complex impacts at the local
level, mitigation and response actions must also be locally based in order to be
appropriate. Such strategies are the main focus of the Drought Management Center
for South Eastern Europe, the mission of which is to coordinate and facilitate the
development, assessment, and application of drought risk management tools and
policies in SEE with the goal of improving drought preparedness and reducing
drought impact.

20.2 Drought Monitoring and Early Warning

It is difficult to define drought. It depends on regional differences, needs and disci-
plinary perspective. The absence of a single definition of drought makes it difficult
to determine its onset and duration. It is not possible to monitor development of
drought using a single meteorological parameter. The most frequently implemented
solution is to combine various parameters into drought indicators which enable us
to follow drought and its developing characteristics (Svoboda et al. 2002 ).

There are several indices that measure the deviation of precipitation for a given
period of time from historically established norms. Some indices use a richer set of
parameters than precipitation alone. For example, the Palmer drought severity index
(PDSI) has been widely used in the US to determine emergency drought situations.
Although a new, self-calibrating version of the index has been developed (Wells
et al. 2004), we were advised while preparing the DMCSEE plan to use a newer
index, the Standardized Precipitation Index (SPI; McKee et al 1993), to monitor
moisture supply conditions. The SPI can be computed on various time scales and is
capable of identifying emerging droughts months earlier than the PDSI. The PDSI
has a rather long and fixed time constant, which is around 8 months (Szalai et al.
2000).
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SPI maps are now available through the DMCSEE web page www.dmcsee.org.
Maps are prepared using the widely accepted scale; drought situations are assumed
to exist at SPI values below –1, with extreme drought considered to be SPI values
below –2. Data from the Global Precipitation Climatology Centre (gpcc.dwd.de) is
applied (Rudolf and Schneider 2005), and maps are prepared on a monthly basis.
Figure 20.1 shows an example of such a map.

Fig. 20.1 Example of SPI map, extracted from DMCSEE web page (www.dmcsee.org)

The next task is to connect a drought index (such as SPI) to certain drought
impacts. Bussay et al. (1998) and Szalai and Szinell (2000) assessed the utility of
the SPI in describing drought in Hungary. They concluded that the SPI was suitable
for quantifying most types of drought events. Stream flow was best described by
SPIs within a time scale of 2–6 months. Strong relationships to ground water lev-
els were found within time scales of 5–24 months. Agricultural drought (presented
according to soil moisture content) was best replicated by the SPI on a 2–3 month
scale. The time scale for hydrological drought was confirmed through analysis of
mean monthly river discharge in central Slovenia (not shown). Although it seems
logical that the first step for DMCSEE establishment is (technical) development of
index-based monitoring systems, it is critically important to: (i) in parallel, study
the connection between drought impact and drought monitoring indications and (ii)
use available local data to ensure that appropriate details are recorded by monitoring
equipment. Both aspects will be considered in the DMCSEE establishment project.

The question remains whether drought monitoring is also sufficient for the pur-
poses of early warning. Due to slow evolution (“creeping”) of drought, it seems
to be possible to detect signals of emerging drought months ahead through mon-
itoring (ground measurements and remote sensing) – for example, by comparing
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SPI calculations on various time scales. However, there is a desire to look beyond
that time frame, for example to assess the situation for the upcoming season. The
seasonal forecasting systems that run operationally in major meteorological centres
around the world seem to be able to – at least theoretically – fulfil this requirement.
However, areas in mid latitudes (especially Europe) seem to have a weak signal and
questionable performance, which should be examined before direct application.

20.3 Vulnerability to Drought

Vulnerability to drought is – besides the natural hazard of climate anomaly – a deter-
mination of the risk of drought impact. Vulnerability gives us the rate of response to
a natural anomaly, and is equally important in determining disaster risk.

Several attempts have been made to assess vulnerability to drought. The approach
of estimating the vulnerability of farm lands using GIS and remote sensing tools
(Wilhelmi and Wilhite 2002) was applied in Hungary’s Somogy county (Bella et al.
2005). In this case, several data layers – terrain elevation, land use, soil type, normal
precipitation and groundwater levels – were combined and properly weighted. The
results are presented in Fig. 20.2.

The vulnerability analysis of Somogy county was targeted at farm lands. Farm
lands that are at higher elevations, more exposed to wind and solar radiation, with
low groundwater levels, are marked as vulnerable. As the authors pointed out, the
method is fairly simple and not too data-demanding, so it could be used in other
regions and countries.

Following the Somogy example, we are preparing a map of agricultural drought
vulnerability, which will synthesize a variety of data and serve as an indicator for
areas deserving a detailed drought vulnerability and risk evaluation. This could aid
regional decision makers in identifying appropriate mitigation actions before the
next drought event.

20.4 Conclusions

Development of generally applicable methodology for drought monitoring and early
warning and estimation of drought vulnerability and risks are core activities pro-
moted by the DMCSEE. There are many possibilities for mitigating the impact of
drought in the agricultural sector. The agricultural sector should therefore be the
focus of DMCSEE activities. Development of monitoring systems should be fol-
lowed by user-driven delivery systems and efficient decision support tools, which
would enable decision makers to mitigate drought impacts.

We believe that successful execution of initial projects and sustainable func-
tioning of the centre in the future (including intensive knowledge transfer through
organization of thematic workshops and other training events) might help affected
parties in the region cope with the increasing hazard of water scarcity and drought.
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Fig. 20.2 Example of drought vulnerability analysis – Somogy county in Hungary (extracted from
Bella et al. 2005)
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Chapter 21
The Role of Local Communities in Revising
National Action Programs to Mitigate Drought,
and Prevent and Combat Desertification:
Lessons from Romania
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Abstract An important task of signatory parties to the United Nations Convention
to Combat Desertification (UNCCD) declared “affected countries” is to adopt a
National Action Programme (NAP). After limited implementation of the 2000 NAP,
and while confronted with the severe drought of 2007, a decision was made to pro-
ceed with its revision. A decision making process based on stakeholder participation
assumes the consequent reduction of enforcement costs and enhanced effectiveness
of the political programme. Another assumption is that UNCCD has an essential
social component, as the decrease in agricultural production represents a great con-
cern for rural communities in drylands. Questionnaires meant to grasp the position
of local communities on drought and desertification were therefore instrumental in
NAP revision. After being completed by a significant and representative number of
mayoralties throughout the country, they were analysed at a centralized level. An
important result of this approach was that it gave local communities key informa-
tion, so they could have a thorough understanding of the processes. In addition, they
seem committed to mitigation measures, by means of consistent contributions in
kind and money. The exercise of NAP revision revealed several shortcomings which
may be extrapolated for policy making on cross-cutting issues. First, the realization
was made that the political profile of NAP relates closely to the severity of the nat-
ural phenomenon and its impact. Second, bringing together a multitude of potential
stakeholders incurs transaction costs, adding to those already required for technical
expertise. Last, actions proposed within an NAP may overlap with those of related
programmes, such as climate change mitigation/adaptation and water management,
entailing a need for synergetic action.

Keywords United Nations Convention to Combat Desertification
(UNCCD) · National Action Programme (NAP) · Local communi-
ties · Questionnaires · ROMANIA

D.L. Irimie (B)
Ministry of Agriculture, Forests and Rural Development, Bucharest, Romania
e-mail: doru.irimie@madr.ro

243V. Alexandrov et al. (eds.), Global Environmental Change: Challenges to Science
and Society in Southeastern Europe, DOI 10.1007/978-90-481-8695-2_21,
C© Springer Science+Business Media B.V. 2010



244 D.L. Irimie et al.

List of Abbreviations

CRIC Committee for the Review of the Implementation of the Convention
NAP National Action Programme
UNCCD United Nations Convention to Combat Desertification

21.1 Introduction

One of the most important tasks of signatory parties to the United Nations
Convention to Combat Desertification (UNCCD 1996) which have declared them-
selves “affected countries”, is to adopt, and when necessary to revise, National
Action Programmes to combat desertification (NAP). The Romanian Government,
through the former Ministry of Waters, Forests and Environmental Protection, first
adopted an NAP in 2000 and reported on the progress of its implementation at
the fifth session of the Committee for the Review of the Implementation of the
Convention (CRIC), in March 2007. In the absence of a legally-binding instru-
ment to specifically address drought, the UNCCD became, in Romania, as in other
affected countries, the general framework for political action.

Seven years after adoption of the previous NAP in 2000, it can be ascertained
that implementation of the programme was limited for several reasons. First, pub-
lic institutions are limited in their capacity to draft, promote and implement policies
and strategies for sustainable development. Second, some actions and measures pro-
posed in the NAP, such as the rehabilitation and extension of irrigation systems,
were not based on a thorough analysis, such as a cost-benefit analysis, and had thus
did not take into consideration the three pillars of sustainability (economic, eco-
logic and social), so that their application was constrained a priori. Third, some
actions and measures lacked budget provisions; when funding was stipulated, the
necessary financing was not allocated at the required level. In addition, responsi-
bilities concerning the implementation and evaluation of programmes were often
unclear. Fourth, the changes undergone by Romania over the last years have rad-
ically altered institutional and legal frameworks for implementation; this was an
additional rationale for the amendment decision. Furthermore, the 2000 NAP had a
limited grasp on inter-sectoral, cross-cutting issues, and was not promoted and sup-
ported by the weight of a governmental decision (or a document of superior rank),
but only through a ministerial order. This entailed limited impact and means for
implementation. Last but not least, actions and measures were characterised by cen-
trism, so that they did not always meet the specific needs and aspirations of local
communities. Local communities are supposed to be the main beneficiaries of the
programme, but were only minimally involved in its drafting and implementation.
These are the main shortcomings which were addressed during revision work carried
out in 2007, and the present paper concentrates on the latter.

There are additional rationales behind the political decision to proceed with the
NAP’s revision. There is a cyclic nature to the policy making process, which starts
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with agenda setting, continues with policy elaboration, adoption, and implementa-
tion, and ends with evaluation (and then a new cycle). Moreover, the drought of
summer 2007 was acknowledged as one of the most serious in the recorded history
of meteorology, giving drought and desertification a high profile in public debate and
thus pushing revision of the NAP, which became a political necessity. The Ministry
of Agriculture and Rural Development, as the main organism responsible for the
implementation of UNCCD, took the lead in this work.

A new trend in the decision making process, challenging the traditional assump-
tion of self-regulating political deliberations, is to involve those primarily affected
by respective policies in a framework through a bottom-up consultative process.
When the aspirations and needs of people concerned are properly considered,
enforcement costs will be reduced and the effectiveness of a political programme
enhanced. Incentives for compliance may therefore be more efficient than penalties
for non-compliance (Krott 2001).

Another assumption of NAP revision work is that UNCCD has an essential social
component, which is even more evident when compared to two Rio sister con-
ventions or to other multilateral environmental agreements (European Commission
2006). Thus, people are generally aware of various environmental issues, but they
become most concerned when their livelihood is seriously threatened. While issues
such as climatic change and the loss of biodiversity are very technical in nature, the
decrease in agricultural production and subsequent disruptions in socioeconomic
activity as a direct result of drought and land degradation cannot go unrecognised
by local communities. This makes the UNCCD and subsequent processes unique
among other environmental bodies, and this represented an additional impulse for
undertaking the extensive work of consulting local communities.

21.2 Scope and Methodology

The main goal of the revised National Action Programme for mitigating drought,
and preventing and combating desertification was to indicate actions necessary to
undertake in the short, medium and long term in order to reduce the vulnerability
of local communities, natural ecosystems and socioeconomic activities and min-
imise the combined effects of related phenomena. It represents a substantial effort
in implementation of the UNCCD, as does the 10-year strategic plan and framework
to enhance implementation of the Convention (2008–2018).

Based on the need to combine a traditional top-down, sectoral approach in
decision making with a bottom-up one, data required for the revision of NAP
were collected through three different channels: (1) eight thematic ad-hoc working
groups, established for sectors of socioeconomic activity; (2) territorial departments
for agriculture and rural development; and (3) local communities (communes). The
first NAP draft resulting from the integration and harmonization of these data was
put under public scrutiny. Following the incorporation of observations received, it
was adopted by the National Committee to Combat Drought, Land Degradation and
Desertification.
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When designing the NAP, three main principles were followed. First, attempts
were made to increase the efficiency of utilization of existing funding (e.g., state and
local budgets, special funds, subsidies, etc.), rather than provisioning new funds,
in order not to add an additional burden to public finances. Second, actions and
measures were harmonised, as much as possible, with eligibility criteria for funding
within relevant programmes of financial support, such as EU structural funds. Third,
the allocation of funding on the basis of concrete projects was set as a rule, elabo-
rated in accordance with regulations applicable for each sector and field of activity.

In Table 21.1 the framework structure of NAP is highlighted, designed on the
basis of collected data. The first level of presentation on actions and measures
proposed focussed on the urgency of intervention, the second on administra-
tive/hierarchical levels of implementation, and the third on sectors (e.g., land
reclamation, agriculture, forestry, etc.) and fields of activities (e.g., legislation,
capacity building, monitoring/research, etc.). For each action/measure, the period
or, as the case may be, the deadline for implementation was indicated, as well as the

Table 21.1 Framework structure of the programme of actions and measures to mitigate drought,
and prevent and combat desertification

Actions/

measures 

Period /

deadline

for

application

Responsible in

implementation

Financing

(amount,

sources)

Responsible

in

evaluation,

indicators

Legal 

basis and

synergies

Actions and measures to initiate in short term 

At local level

By

sectors

2       

At regional level

At national level

At international level

Actions and measures to initiate in medium term

Actions and measures to initiate in long term

No

1

…

…
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organisations responsible for implementation and evaluation (based on indicators
of performance), financing sources, legal basis and likely synergies with relevant
strategies and programmes (i.e., columns in the table). The actions/measures were
also described in relation to their type (i.e., action/reaction, prevention/mitigation).

Based on assumptions concerning the role of local communities in decision mak-
ing, questionnaires were elaborated, distributed and collected from representatives
of local communities (i.e., mayoralties, local councils) to get an understanding
of the needs, expectations and involvement of local communities in drought and
desertification-related issues. A template questionnaire was elaborated both deduc-
tively (based on theory) and inductively (based on practical knowledge) and sought
to uncover both quantitative and qualitative data, as can be seen in Table 21.2, which

Table 21.2 Processing of questionnaires distributed to local councils (mayoralties), concerning
drought, land degradation and desertification (N = 509)

I.         Reference data: completed on individual questionnaires

II.        Data concerning the role of drought in the local economy

1. Land area by use categories: completed in individual questionnaires

2. Are there data/information in the administration of your locality concerning:

a. Drought 352

b. Land degradation (e.g.,erosion, desertification, etc.) 228

c. Other natural hazards (e.g.,floods, landslides, tornados, etc.) 143

d. Harmful impact of  human activity (e.g.,poor cultivation
practices)

94

What is the extent of the most frequent phenomenon, by land use category?
(three most frequent answers given)

a. Drought affecting grasslands 70%

b. Drought affecting arable land 65%

c. Drought affecting orchards and vineyards 60%

3. Land degradation occurs in the following (three most frequent) use categories:

a. Grasslands, moderate intensity 155

b. Arable land, moderate intensity 141

c. Forests, none 92
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Table 21.2 (continued)

5.

6.

a. Good 293 b. Satisfactory 192 c. Not satisfactory 75

Does drought represents a major risk for the locality?

– Are there land areas endowed for irrigations?      Yes 120
323

No

– What is the proportion of land on which irrigation systems
work?

30%

– What is the proportion of land actually irrigated annually? 20%

– Is irrigation equipment functional?                 Yes 52            No 68

If relevant, what reasons describe irrigated areas which fall below those
affected by drought?

a. Lack or degradation of irrigation systems 70

b. Associations of irrigators not established 9

c. Water for irrigation not provided 4

What are the means for provision of water, by source and socioeconomic
activity (three most important utilisations)?

a. Agriculture – precipitation 80%

b. Livestock breeding – individual underground sources 60%

c. Population – individual underground sources 50%

How it is the degree of water supply for domestic consumption reated?

4.

7. 

shows questionnaire results (the last section of the paper). Having been completed
by a significant and representative number of mayoralties throughout the country
(509 communes evenly distributed in seven development regions, representing ca.
20% of the total national number), the questionnaires were analysed at the ministry
level. The presentation of questionnaire results and their evaluation in relation to the
final output (NAP) are the main objectives of the next section. A detailed presenta-
tion of the whole NAP would be of interest too, but it falls outside the limited scope
of the present paper.

21.3 Results

The main results summarizing questionnaire outputs are presented in Table 21.2,
presented in the last section of the paper. This section concentrates on findings of
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Table 21.2 (continued)
III. Data concerning socioeconomic activity

8. What is the main activity assuring revenue for the population and local
budgets?

a. Agriculture and livestock breeding, households 65%

b. Agriculture and livestock breeding, local budgets 55%

(10% difference may be due to subsistence agriculture)

9. What are the (five) most important activities that may assure revenue in
drought conditions?

a. Commerce/trading 177

b. Agriculture (including vegetables, orchards, etc.) 97

c. Livestock breeding 94

d. Micro-industry and handicrafts 84

e. Services/tourism 82

10. If the enumerated activities above are affected by drought and other natural
hazards, what are the means of improving them or alternatives to that end?

a. Irrigation (development, reparations, new technologies) 136

b. Management of watersheds and water sources 27

c. Promotion of drought-resistant cultures 17

11. What are the negative impacts of drought, besides land degradation/
desertification?

a. Impinges on economic activity (including agricultural
production)

339

b. Affects wellness and working productivity, creates discomfort 376

c. Leads to pollution; dust and other particles 187

d. Decreases attractiveness for tourists and investors 130

12. If relevant, how are drought-related losses covered?

a. Compensation by the state 213

b. Utilisation of reserves and decrease in domestic consumption 156

c. Grants on insurance contracts against natural hazard risks 152

d. Adaptation to drought and identification of new resources 141
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Table 21.2 (continued)
IV.        Institutional and organisational framework at local level

13. Are there associations of land owners, agricultural producers, water users, etc.?

a. Agricultural producers 156

b. Livestock producers 62

c. Water users for irrigation purposes 18

d. Forest land owners 18

14. If not, why were they not established (first three most important)?

a. Lack of irrigation systems 57

b. Lack of trust in associations and cooperatives 42

c. Lack of funding 30

15. Are there problems with their functioning, and if so, what are they?

a. Lack of funding and access to credit 55

b. Lack of irrigation systems 25

c. Poor market conditions 9

16. Is there a specialist within the mayoralty to advice citizens on problems related
to drought and land degradation, and if so, what does he/she do?

a. Conveys warnings regarding natural hazards 190

b. In forms citizens about ways and means to mitigate impacts 128

c. Organises meetings with specialised agencies 125

particular significance for design of the revised NAP, that is, those translated into
actions and measures proposed therein. The presentation of these results is made on
a point-by-point basis, in accordance with the original structure of the questionnaire.
A final discussion of these results takes place in the concluding section of the paper.

21.3.1 Data Concerning the Role of Drought in the Local Economy

The centralised data of the questionnaires (pct. 2 of Table 21.2) revealed that
the most frequent natural hazard throughout the country is, by far, drought (352



21 The Role of Local Communities in Revising NAP 251

Table 21.2 (continued)
17. Are consultancy agencies assisting you, and if so, which ones?

a. Territorial agencies for agriculture and rural development 273 

159 b. Local agencies for consultancy in agriculture

c. National Agency for Direct Payments in Agriculture 60

18.

a. Management of watersheds and water sources 41

b. Afforestation of degraded lands 35

c. Protective forestry shelterbelts 6

d. Irrigation networks 6

19. Are there related externally financed projects, and if so, what do they refer to?

a. Water supply 31

b. Afforestation of degraded lands 7

c. Forestry shelterbelts 3

20. Do you encounter problems when drafting financing for projects, and if so,
what are they?

a. Lack of resources for co-financing 60

b. Lack of experts/consultancy services 53

c. Poor information 13

d. Bureaucracy and cumbersome procedure 13

Are actions and measures to combat drought and desertification integrated into
local development plans, and if so, what do they refer to?

respondents, representing ca. 70% of the total). According to local knowledge per-
ception, which confirms central statistics, the most affected land use categories
are grasslands, followed by arable lands and then by orchards and vineyards. A
similar classification applies in relation to the link between the processes of land
degradation and land use categories in general (pct. 3). That forests are not part of
this ranking confirms the high resilience of this land use category to drought and
desertification.

Essential data concerning the present status of irrigation systems were also
revealed by the questionnaires. Thus, of respondents addressing the respective
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Table 21.2 (continued)
V. Programmes, actions and measures to mitigate drought effects

21. The National Action Programme to prevent and combat drought, land
degradation and desertification should aim, by priority, at:

a. Local development by improving the economic environment 335

b. Rehabilitation and improvement of environmental conditions 328

c. Measures for social protection/welfare 259

22. For a better understanding of drought and related effects, there is a need, at the
local level, of additional information concerning:

a. Monitoring of drought and its effects 366

b. Monitoring of the status of natural resources (soil, water,
vegetation)

356

c. Research and technological development 220

23. Which legal instruments of development policy are deemed to be efficient and
applicable?

a. Imposition, through development plans, of land use categories
capable of producing maximum benefit in drought conditions

316

b. Adoption and implementation of norms for using natural
resources

283

c. Expropriation of land for public works,with compensation 135

questions (pct. 4–5), only one-third mentioned that the administrated agricultural
area is endowed with irrigation systems. Furthermore, these irrigation systems are
fully functional on only ca. 30% of these areas, and the area actually irrigated is
smaller still. Consistent with information held at the national level, the main imped-
iment to irrigation is a lack of, or the degradation of irrigations systems, although
factors such as scarcity of water supply, and water users’ associations and their
service-payment capacity cannot be overlooked.

Pct. 6 of the questionnaire shows that the majority of rural populations rely
on individual underground water sources for domestic consumption, including for
livestock. This can be explained by the limited development of water supply infras-
tructure in rural areas. In spite of this situation, the greatest part of respondents
(95%) consider the water supply to be satisfactory or good (pct. 7).
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Table 21.2 (continued)
24. Which economic instruments of development policy are deemed to be efficient

and applicable?

a. Compensation for drought-related damages 303

b. Co-financing(e.g., state-commune) of projects in the field 287

c. Compensation and incentives for changing land use category
or technology, or economic activities there of

248

d. Development of market-driven instruments (e.g., certification)
to reward actions and measures taken against drought

151

e. Incentives for the consolidation of land property 144

25. Which informational instruments of development policy are deemed to be
efficient?

a. Consultancy services 382

b. Regular information 291

21.3.2 Data Concerning Socioeconomic Activity

The questionnaires’ data confirm the reliance of rural communities on agriculture
and livestock breeding activities, which make up more than a half of household and
local budgets (pct. 8). These activities are considered to be revenue insurance even
in drought conditions, with only commerce/trading being considered more resilient
(pct. 9). A large number of respondents still attach a high value to irrigation sys-
tems (136 of those who answered pct. 10), which is consistent with related national
policy. It was good to see that local communities also hold valuable knowledge on
“dry farming”; this was emphasized by several respondents, who raised the need to
promote drought-resistant agricultural cultures.

Pct. 11 shows that most of the population acknowledge the various impacts of
drought. Pct. 12 reveals, however, that they rely heavily on state compensation for
agricultural losses resulting from drought, compared to insurance policies and alter-
native sources of revenue. These findings led to the need to incorporate measures
into the NAP such as the institutionalisation of risk insurance for natural hazards.

21.3.3 Institutional and Organisational Framework
at the Local Level

The questionnaires confirmed the limited development of associations at the local
level (pct. 13). The apparent good development of associations for agricultural
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Table 21.2 (continued)
26. What are the most appropriate measures to mitigate the effects of drought, and  
prevent and combat land degradation?

a. Afforestation of degraded lands 338

b. Rehabilitation of grasslands 327

c. Irrigation 314

d. Management of watersheds and water sources (e.g., wells) 305

e. Change structure of cultures /chose new varieties 267

f. Specialised technologies for soil cultivation 255

g. Development of early warning systems 209

27. For which of the above-mentioned measures would local budget contribute 
financially, in percent of total costs?

(a) 15% (b) and (d)  20% (c)  10%

28. Additional proposals and suggestions of measures to be included in the 
strategy:

•    Subventions for irrigation, land cultivation, purchasing of equipment

•    Establishment of specialised structures to deal with drought and 

desertification 

•   Access to eligible UE structural funds 

•   Market intervention on the to assure a minimum price for agricultural  

products

•  Development of an insurance scheme for agricultural cultures

•   Increase of land area designated for extensive cultivation (e.g., forests, 
     pastures)

• Control harvesting of forests

• Storage and use of water from precipitation

producers (156 positive answers in total) can be explained by respondents’ incli-
nation to also include, within “associations”, agricultural companies established
over the last years by private entrepreneurs. Limited development was otherwise
explained (pct. 14–15) by a lack of irrigation systems, entailing a decrease in
the production capacity of land, lack of funding (credit), poor market conditions
for agricultural products, and a lack of trust in “associations”, due to previous
experience with communist cooperatives.
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Respondents acknowledged the important role of advice agencies subordinated
to the Ministry of Agriculture and Rural Development in fighting drought and
desertification. Still, communities rely on centralised or decentralised agencies over-
whelmingly in post-event emergency situations in order to cash the state-aid, and
only rarely for continuous advice or support during normal weather conditions. For
example, more than half of respondents mentioned the territorial departments for
agriculture and rural development (pct. 17) among these agencies. This led to the
conclusion that there is a serious need for institutional reform of decentralised terri-
torial agencies and for enhancement of capacities to provide needed technical advice
in drought situations. Such reform would also be consistent with the general policy
of decentralisation of management and administration of natural resources.

The streamlining of actions and measures to mitigate drought and desertification,
as well as their integration into local development plans, a critical issue in UNCCD-
related debates, was assessed as generally low (pct. 18–19). Most of these measures
refer to the management of watersheds and water sources, afforestation of degraded
lands, establishment of forestry shelterbelts and rehabilitation of irrigation systems.
The main impediments are a lack of local resources for (co)financing such projects
and a scarcity of experts/consultants to elaborate and implement viable projects.
These are key issues which were properly considered in the NAP revision.

21.3.4 Programmes, Actions and Measures Proposed to Mitigate
the Effects of Drought

The last part of the questionnaires was designated to collect concrete proposals from
local communities on content of the new NAP. The processed questionnaire data
received gave a positive sign that local communities are actually capable of thinking
and acting, to a large extent, in a sustainable manner, even with an ageing popu-
lation, high unemployment alternatives to subsistence agriculture, spiralling costs
of agriculture, and so forth. Some 2/3 of respondents acknowledged the need for
improvement of the economic environment for viable programmes and local devel-
opment projects, compared to approximately 1/2 who merely seek measures of social
protection.

They also largely agreed on the need for adoption and implementation of a com-
bined set of the three main instruments of development policy; legal (regulative),
informational (monitoring, advice) and economic (incentives, subsidies, compensa-
tion). For example, more than 1/4 of local community representatives agreed that
expropriation of land for public purposes, with suitable compensation, is acceptable
(pct. 23, c), and more than 3/4 requested consistent consultancy and advice services
(pct. 25, a).

Pct. 26–27 provides key findings regarding the level of social acceptance of main
categories of actions and measures proposed through the revised NAP, translated
into on-the-ground projects. The afforestation of degraded agricultural lands, reha-
bilitation of degraded grasslands, rehabilitation of irrigation systems, management
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of watersheds and wells, change in culture structures and specialised technologies
for soil cultivation are concrete measures assessed on the whole as appropriate by
more than half of respondents. Moreover, local communities expressed willingness
and the capacity to contribute financially – up to 10–20% of total costs – for the
elaboration and implementation of such projects.

21.4 Conclusions and Discussion

An important conclusion from the centralised analysis of questionnaires is that
local people and their leaders hold key information for a thorough understanding of
drought, land degradation and desertification issues, including aggravating factors
and mitigation potential. In addition, they seem committed to mitigating drought
effects, and preventing and combating desertification through consistent contribu-
tions in kind and money. A critical issue that may hinder collective action is reduced
social cohesion and community spirit, diluted by decades of communism and the
subsequent transformation process. Findings from the questionnaires are important
not only because they emphasise the need to involve local communities, as the main
beneficiaries of drought and desertification-related projects, in policy making, but
also because they make us rethink the real significance and dimensions of UNCCD.

As the title suggests, the “United Nations Convention to Combat Desertification
in Those Countries Experiencing Serious Drought and/or Desertification,
Particularly in Africa” was designed to address the needs of people living at the
extreme margin of agricultural cultivation and subsistence, where a large part
of Africans exist. In relevant political circles it is often referred to as “Africa’s
Convention” or “the Convention of the poor”. The present findings challenge this
assumption to some extent, in that they show that local communities from regions
considered traditionally not as badly affected by drought and desertification as the
African continent also suffer from these phenomena, do hold essential traditional
knowledge regarding mitigation potential, and do request active involvement in
political processes. Considering the obvious social dimension of UNCCD referred
to before, we could consider renaming it “the peoples” convention’ and thinking of
it as a real “global convention”. The recently adopted 10-year strategic plan for the
UNCCD and its current quasi-universal membership status support this claim.

Another important finding in the questionnaires was that while some actions and
measures proposed by NAP imply a reasonable financial commitment which can be
borne by local level institutions and financing instruments, many others require con-
sistent financing which can only be supported by state and EU budgets. For example,
projects on water sources management, rehabilitation of pastures or afforestation of
degraded agricultural lands can be initiated and carried out based on local imitative,
with limited support from central or regional authorities. However, the rehabilita-
tion of centralised irrigation systems, research, monitoring, or establishment of a
desired national network of forestry shelterbelts are examples of measures requiring
consistent financing policies from central state administration.
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Activities concerning the collection, centralisation and the analysis of question-
naires cannot be detached from the broader activity of NAP revision, for which
it was in fact designated. NAP revision revealed several shortcomings which are
often ascertained as problematic per se for inter-sectoral policy making. First, it was
realised that the political will and social impact of a revised NAP relates directly
to the duration and intensity of the natural hazard in question (i.e., drought). If
the extent and impact of this natural phenomenon decreases under what can be
considered the critical threshold, the opportunity for establishing an up-dated “pro-
gramme” decreases dramatically. Second, bringing together a multitude of national
authorities and organisations presumably concerned with drought and desertifica-
tion, as well as the hundreds of communities where sampling was done, implies
transaction costs which increase those required by technical expertise for mere elab-
oration of the NAP. NAP revision must rely on the contribution and the involvement
of all relevant actors, but costs incurred for cooperation and participation in the
process have to be considered from the beginning. Finally, actions and measures
proposed in this strategy may overlap with those proposed under similar initiatives
(e.g., adaptation to and mitigation of climate change, water management, etc.), so
that the critical issue of synergizing actions comes again to the fore. It can safely
be maintained here that synergies between the numerous multilateral environmen-
tal agreements will be a standing issue in the relevant political agenda for years to
come.

The revised NAP is no invention whatsoever. It may indeed be considered a step
forward in comparison to what has been elaborated so far, yet its intrinsic value and
applicability should not be overestimated. The NAP is inter-sectoral and does not
aim at solving the numerous existing sectoral problems, even though actions and
measures were divided by fields and sectors of socioeconomic activities for admin-
istrative purposes. Furthermore, it relies heavily on knowledge, communication and
cooperation between different organisations. Its success therefore greatly depends
on the capacity of people running these organisations to understand drought and
desertification issues as a result of both unfavourable natural conditions and poor
management practices, mobilise resources for implementation, provide necessary
feedback and cooperate with all interested actors, that is, to change the “business as
usual” practice.
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Chapter 22
Strengthening Capacities in Western Balkan
Countries to Address Environmental Problems
Through Remediation of High Priority Hot
Spots

Stewart Williams and Sladan Maslać

Abstract UNDP country offices in Albania, Bosnia and Herzegovina, Macedonia
FYR, Montenegro, Serbia and the UN-administered Province of Kosovo have devel-
oped a regional demonstration programme around demand-driven projects in nine
locations in the Western Balkans suffering from the legacy of polluting industries
and requiring industrial renewal, environmental cleanup and new economic initia-
tive. The approach of the 30-month, approximately 15 million USD programme is to
achieve improvement of the environmental situation and quality of life for citizens
living in and around polluted areas through least-cost measures, improved local and
national policy dialogue and supply of domestic professional services in the environ-
mental management sector. While the main focus will be on physical works required
to mitigate ecological problems, institutional strengthening and capacity-building
will be important subjects throughout the programme.

Keywords Western Balkans · Environmental programme · Hot spots ·
Remediation · Clean-up · Capacity building

22.1 Introduction and Context

Environmental issues have not been among the top national priorities in the Western
Balkans. Understandably, priorities to date have focused on the reforms needed
to strengthen security, rebuild the economy and to improve general living condi-
tions. As a result, much- needed investment in environmental infrastructure such
as wastewater treatment, air-pollution abatement and monitoring, and industrial and
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communal waste management are still waiting their turn. Clearly, this is a situation
that raises humanitarian, social, economic and environmental concerns.

In addition, a number of industrial towns and regions face a complex challenge
related to past industrial development and pollution legacies. The environmental
situation in these hot spots is a direct cause of poor health and related poverty and
presents a major barrier to future investments and related economic opportunities
for the local population. On one hand they face requirements for environmental
clean-up and on the other they are struggling with the problems of poverty, lack of
infrastructure and services and lack of prospects for younger generations.

Because of the proximity and geographic connectedness of the Balkans, the
ongoing or potential pollution from these hot spots has a significant cross-border
impact on air and water quality (rivers, lakes and the sea). The situation is often
further complicated by uncoordinated or even conflicting plans and demands of
various sectors of government, business and society. Success in cleaning up these
locations and addressing environmental problems will attract new investments from
inhabitants themselves, private sector, banks, donors etc.

Against this background, UNDP country offices in Albania, Bosnia and
Herzegovina, Macedonia FYR, Montenegro, Serbia and the UN-administered
Province of Kosovo have developed a regional programme around demand-driven
projects in selected locations in the Western Balkans suffering from the legacy of
polluting industries and requiring industrial renewal, and environmental cleanup.
The approach of the 30-month, approximately 15 million USD programme is to
achieve improvements in the environmental situation and quality of life for citi-
zens living in and around polluted areas through least-cost measures, improved local
and national policy dialogue and a supply of domestic professional services in the
environmental sector.

22.2 Intervention Strategy

The Programme “Strengthening capacities in the Western Balkan countries to
address environmental problems through remediation of high priority hot spots” is
focused on environmental cleanup and remediation of polluted industrial hot spots
that have already been identified as high priority but have seen limited progress
so far due to complexity of issues and the costs involved. The programme is
contributing to achievement of the following overall objectives in the region:

(A) Increased capacity of national and local governments in the Western Balkan
to implement sustainable environmental policies in accordance with EU stan-
dards;

(B) Strengthened regional cooperation in the Western Balkan to solve problems of
cross-border contamination due to industrial and mining activities.
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Concrete project objectives are:

(i) Secure progress in clean-up of nine priority physical sites, raise awareness and
strengthen capacity for good environmental management at local and national
levels;

(ii) Enhanced regional cooperation through improved information-sharing progress
and professional consultancy services regarding good environmental manage-
ment.

The planned targets for the programme are:

(1) Planned clean-up works in nine hot spot locations completed, in accor-
dance with technical specifications, thus contributing to a reduction of
existing/potential pollution;

(2) Memorandum of Understanding/Cost Sharing Agreements for hot spots signed
by municipal authorities and local stakeholder groups;

(3) Assessment Reports with follow-up measures prepared;
(4) 70% of the total value of the clean-up contract awarded to local companies or

institutions;
(5) Two workshops/trainings/seminars per year organized;
(6) TV clip prepared and at least three newspaper articles published on the project;
(7) Three pilot projects on policy integration implemented, promoting sustainable

environmental management;
(8) Three training courses/seminars/workshops per year organized;
(9) Market survey of domestic experts from business or NGO sector conducted;

(10) Database of qualified local experts established;
(11) One regional high-level/ministerial meeting per year organized promoting

cooperation and information sharing between governments in the region;
(12) One study tour per year organized for stakeholders in the region;
(13) All programme activities effectively coordinated and implemented;
(14) Organization of the programme itself in three components.

22.2.1 Component 1: Clean-Up Projects

This is be the main component of the programme and is formed around environ-
mental remediation work in high priority hot spots in the region. The hot spot
sites were selected during the programme preparation phase from among those
already identified by the ENVSEC initiative or national authorities through National
Environmental Action Plans as top priority hot spots. Local authorities and/or site
owners at the potential project sites were invited to submit information detailing:
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(a) Description of the current situation including environmental, social and eco-
nomic aspects;

(b) Summary of past activities (if any) and their evaluation;
(c) Indicative activities under this programme with cost estimates;
(d) Secured or potential matching funds;
(e) Willingness of the authority and other stakeholder to actively participate in the

programme and disseminate its results.

Based on the interest expressed (in form of letters of commitment), particular
hot spots were selected in each participating country/territory through consultation
between the UNDP, relevant national authorities, local Netherlands’s Embassies,
and civil society. The criteria used for selection were as follows:

(1) Trans-boundary effects of hotspots;
(2) The possibility to attract other donor funding;
(3) Possibility to establish partnerships, including public-private partnerships;
(4) Readiness of local authorities and relevant stakeholders to take leadership in

sustainable environmental management of their community.

Five of the nine initial pilot or demonstration projects (no’s 4, 5, 6, 8 and 9) were
mining hotspots, most of them also identified as highest priority clean-up candidates
by the EnvSec1 (Initiative) desk study and proposal on environmental security risk
reduction from mining.

One of these five (Mojkovac/Montenegro) concerns abandoned mining opera-
tions, and four (Bucim and Lojane/Macedonia and 2 × Trepca/Kosovo) address
re-opened mining and minerals processing activities.

Two projects, both in Bosnia and Herzegovina, are concerned with changing the
local energy supply system for a particular user group (two health clinics) at the
municipal level in order to close down two heavily polluting coal fired plants for the
(public health) benefit of its own urban population.2

One project (the Kula-Vrbas section of the Danube-Tisa-Danube or Grand
Canal/Serbia) addresses just one component of a multi-year, large investment
(more than USD 50 million) water resources rehabilitation; without such prior
rehabilitation a desirable level of integrated WR management can never be achieved.

One project (Shkoder/Albania) addresses the issue of a relatively simple hotspot
careless storage of a mix of toxic chemicals and other materials with possibly long
lasting negative effects on a very valuable (Ramsar-listed) ecological system.

1 Environmental Security Initiative.
2 This intervention can be compared with another on a much larger scale, the KEK energy supply in
Kosovo, also being supported by the Netherlands Regional Environmental Program for the Western
Balkans.
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Altogether, this package is believed to represent a good “cross section” of
the hotspot problems in the Western Balkan region, each calling for tailor-made
corrective actions – or at least a first step in the right direction.

The establishment of a water and/or air pollution monitoring regime and system
a fundamental responsibility of the hotspot “owner” is a common requirement for
all pilot or demonstration projects, albeit one that is to be elaborated upon in a
project-specific manner. In the absence of a (“minimal”) water and/or air pollution
monitoring regime and system, it would not be possible to assess the effectiveness
of the concerned clean-up activity.

For each hot spot an action plan has been developed and agreed upon at the steer-
ing committee level, based on environmental assessments and technical proposals
for remediation works. Project funds are provided to each site in accordance with
the needs identified in the action plan, contribution of own resources and absorption
capacity, ranging from 1.1 to 1.6 million USD. The targeted overall matching funds
from hotspot site owners for each location is up to 50% (in actual work or cash),
which constituted a criterion for selection of location in the first place.

The implementation of all nine action plan cleanup projects was launched in
the first 6 months of the programme; implementation and is to be finished within
the second year in order to allow for evaluation and dissemination of results. In
order to achieve broader dissemination and public awareness raising in and among
the countries, a documentary has been commissioned which is covering all of the
hot spots, describing the initial situation, project efforts, achieved results and the
commonality and value in a regional approach. These documentaries will be made
available to all TV networks in the region and internationally in the final phase of
the project.

Links are being established with trained journalists in the area, to encourage them
to report on project activities.

22.2.2 Component 2: Demonstration and Information Sharing

This component is aimed at: (a) promoting the necessity for countries to move
from legislation to implementation in protecting environment and managing nat-
ural resources3 (b) offering “low hanging fruits”, i.e. demonstrating concrete results
of the benefits of good environmental management to local communities through
concrete demonstration projects.

The goal is to involve (mostly through workshops/trainings/meetings/media
campaigns, etc.) relevant institutions of national government for environmental
management and sustainable development, including environmental ministries, but

3Although most environmental legislation is in place, implementation has been slow and there-
fore progress in protecting the environment and managing natural resources is not yet evident
throughout the region.
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also core “economic” ministries such as finance, industry and labor, public insti-
tutions (hydro-metrological and ecotoxicology institutes) as well as civil society
(networks of NGOs, chambers of commerce). Specific activities are being organized
with the aim of supporting resumption of regional cooperation.

The main objective is to promote (and advocate for) sectoral integration as an
important element in the EU SAP/accession process. In this regard, three regional
meetings on sustainable environmental management are planned to be will be
organized involving national integration frameworks and relevant line ministries.

22.2.3 Component 3: Strengthen Supply of Professional
Consultancy Services

In order to efficiently meet its objectives and secure sustainability and multiplica-
tion of its results, the implementation of the programme is based on the involvement
of domestic/regional professionals (individuals, private sector and public institu-
tions) in project demonstration activities at the local (hot-spot) and national (policy
analysis) level where possible.

At the beginning of the project, a market survey was conducted of domes-
tic experts from business or NGO sectors already working in the field of policy
development and implementation, with particular emphasis on those with experi-
ence related to environmental management and sustainable development. CVs of
potential experts have been collected and are presented in a database.

This roster will serve to efficiently identify, select and contract experts for spe-
cific assignments under the various project activities. The roster is also being made
available to local/national authorities for use in their own procurement procedures
as well as to other donors and the private sector.

22.2.3.1 Relationship Between Components 1, 2 and 3

The “demonstrable relevance” of each of the selected and agreed-upon projects
provides an important link to component 2: Demonstration and Information shar-
ing. Not only the “inputs”, i.e. the rationale of the (9) individual interventions,
summarized in the middle column of Table 1, are to be shared among all inter-
ested stakeholders in the region, but also what these will achieve (the measured
effects), because this is what should convince the concerned parties (central gov-
ernments/ministries of environment, ministries of energy, ministries of industry,
ministries of economy, etc., autonomous provinces, municipalities, private and
public sector entrepreneurs) to ultimately assume their legal responsibilities.

“Policy integration” mechanisms emphasizes Environmental Impact Assessment
(EIA) as the primary instrument or tool to be applied properly and respected by
all concerned parties listed above. So, Demonstration and Information sharing
activities, both at the national and regional levels, are probably best articulated
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through dealing in training and workshops with all “ins and outs” of EIAs within
the “thematic” range of the 9 pilot schemes.

Furthermore, Environmental Impact Assessments undertaken so far in all six
countries, say since the year 2000, offer perhaps the most concrete and practical ref-
erence for taking stock of currently available regional expertise, applying a simple
check list:

(a) Does the ministry (or department) of environment (protection) have a depart-
ment/section dealing with the (legally required?) EIA studies?

(b) What is the level of education/training/experience specifically focused on EIA
studies (approximating EU standards) of these particular staff?

(c) Is there a complete list of EIA studies of certain (to be specified) size and com-
plexity (e.g. excluding simple “building permit” like exercises) in each of the
countries since the year 2000? – a “short-list” of most relevant EIA studies per
country.

(d) Is there a list of all key experts from the “six nations” region who were substan-
tially involved (e.g. explicitly mentioned as co-authors) in these more sizeable
and complex EIA studies? An experienced, independent expert must prepare a
“quality assessment” of the short-listed EIA studies (package of all six coun-
tries) – a desk exercise, resulting in a (quality) ranking and a “cut-off point” of
just acceptable quality;

(e) Prepare a short-list of (only) those key experts from the “six nations” region,
that were substantially involved in these EIAs that passed the quality-threshold
– and request the complete CVs (Resumés) from these experts in order to verify
and to understand the full expertise of this group of experts.

Adopting this “logic” of relationship between components 1, 2 and 3 will also
facilitate a more concrete specification of both the main tasks (job content) and the
required skills and experience of the key project staff, i.e.

(1) Regional Programme Manager (RPM)
(2) Chief Technical Advisor (CTA)
(3) National Project Coordinator (NPC)

The project team is organized with the Project Implementation Unit (PIU) based
in Podgorica, Montenegro and national coordinators in UNDP offices in each
country/territory. This is because UNDP Montenegro is designated the UNDP sub-
regional (Western Balkans) environmental focal point; it has available expertise and
an established regional network, as well as being geographically the most appropri-
ate coordination point in the region. The Chief Technical Advisor is part of the PIU,
based in UNDP Montenegro with frequent travel in the region. The advisor provides
high-level policy advice to programme and country/territory activity leaders.

The programme, throughout its regional activities, has strongly promoted the
necessity of regional networking, because of the necessity to increase regional com-
munication and exchange experience among experts and civil servants. In addition,
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the supply of development services and related multiplication of best practices will
be increased through networking among national institutions, local communities
and environmental governance practitioners in the region.

In engaging Western Balkan societies in regional activities, relating in this case
to environmental hotspots, it is with the aim of sharing resources, ideas and expe-
riences in solving common problems that are difficult to solve when societies act
alone. The potential benefits of such cooperation extend beyond the hotspot issues
and pave the way for further cooperation on other expected environmental chal-
lenges, including the impact of climate change including warming and droughts
which are expected in the coming years.
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Chapter 23
Pilot Training Programme for Integration
of Global Environmental Concerns
into the Regional and Spatial Planning Process
in Bulgaria

Nataliya Dimitrova-Popova

Abstract Environmental issues have traditionally been underestimated in decision
making processes at national, regional and local levels in Bulgaria. Until recently,
there has been no effective mechanism for their integration into regional develop-
ment and spatial planning policy. The major obstacles have been a lack of experience
in implementation of up-to-date procedures, methodologies and approaches for such
integration, especially at lower levels of regional planning; problems with genera-
tion and processing of primary (environmental) data; and a lack of unified standards
for data maintenance and exchange.

To alleviate those problems, the Ministry of Regional Development and Public
Works (MRDPW), Ministry of Environment and Waters (MoEW) and the United
Nations Development Program (UNDP), supported by the Global Environmental
Fund (GEF), initiated a project in 2006 entitled Integrating Global Environmental
Issues into Bulgaria’s Regional Development Process (Working title: The Rio
Conventions Project). The project objective is to build MRDPW and MoEW
capacities in district administrations and municipalities in Bulgaria in an effort to
mainstream global environmental issues into the formulation and implementation
of regional and local development, as well as spatial planning policies.

Keywords Regional development · Capacity building · Public institutions · Global
environment
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MRDPW Ministry for Regional Development and Public Works
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SD Sustainable Development
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UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNFCCC United Nations Framework Convention on Climate

Change

23.1 Introduction

The GEF-funded Rio Conventions Project (RCP) (full title: Integrating Global
Environmental Issues into Bulgaria’s Regional Development Process) aims at pro-
moting proactive integration of global environmental issues into the very process
of regional and local development, as well as spatial planning, both of which are
managed by the Ministry of Regional Development and Public Works (MRDPW).
This could be achieved by developing the capacity of MRDPW and the Ministry of
Environment and Water (MoEW) to integrate global environmental objectives into
regional and local development policies and practices, as well as into spatial plan-
ning documents. The project is being implemented between November 2006 and
October 2010.

A National Capacity Self Assessment1 (NCSA) conducted in 2002–2004 and
subsequent discussions with key stakeholders during the Project Development

1http://chm.moew.government.bg/ncsa/indexEn.htm
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Phase, identified that proactive integration of global environmental issues into the
very process of regional and local development in Bulgaria still does not take place.
One of the reasons for this gap is lack of a targeted and in-depth training pro-
gram in Bulgaria to provide sufficient theoretical background and practical skills
to public officials and experts in governmental institutions on the integration of
global environmental objectives into regional and local development policies and
practices, as well as into spatial planning documents. Hence, one of the major
objectives of the project is to develop a training program for public officials and
other experts in the cross-cutting areas of environmental protection and regional
development.

In July 2008, UNDP commissioned the task of creating a training program to
two universities working in cooperation: the Central European University, Budapest,
Hungary, and the Sofia University, Sofia, Bulgaria.

23.2 Scope and Structure of the Training Program

23.2.1 Scope of the Training Program

The Training Program Package consists of three related training courses which all
cover the same general topics and which differ only in training duration: the intro-
ductory course is 1–2 days long, the “core” training course about 10 days, to be
conducted over a period of 1–2 months, and a two or three semester-long academic
course brings one to the Masters’ level.

“Core” training is aimed at about 130 ministry staff (MRDPW, MoEW) and other
experts who are working on planning, implementation and monitoring of plans and
programmes related to regional development. As the trainees are all part of the min-
isterial workforce, it is considered prudent to hold different training sessions over a
period of 1–2 months and to keep individual training sessions down to a maximum
of 2 days.

A key component of the “core” training course is that the trainees should, upon
completion of the course, be able to act as mentors/trainers for ministerial staff with
whom they work. In other words, the quality of training should be very high, pro-
viding the trainee with sufficient information, examples and practical knowledge to
enable him/her to effectively share his/her new knowledge. It is, therefore, impor-
tant that the course has a final exam and a certification. Passing a final exam and
obtaining a certificate should guarantee that trainees who have passed the program
are capable of engaging in peer-to-peer training and transfer of knowledge.

The developed “core” training course has a good balance of theory, case stud-
ies and practical exercises and covers the general topics outlined below. Based on
the “core” training course a “light” 1–2 day introductory course was prepared. This
introductory course highlights key messages of the “core” training. The introductory
course fits the needs of a particular group of trainees: for key governmental deci-
sion makers at middle and upper management levels, it stresses the importance and
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relevance of integrating environmental concerns into regional and spatial planning;
for senior municipal planners it provides an introduction to global environmental
issues in general.

The academic course is also based on the “core” training course, which princi-
pally consists of 360 academic hours of training (30 credits). It expands on practical
exercises and includes more in-depth analytical assignments and submission of case
papers. It was officially included in the Sofia University catalogue of Master courses
in September 2009.

23.2.2 Training Program Documentation

To support the training a series of materials were developed, including a min-
imum of power-point presentations supporting all training sessions for all three
courses listed above, as well as trainee manuals for “core” and “introductory”
training courses providing additional background material. All training materials
have already been published on the Sofia University web site at the following link:
http://www.gis.gea.uni-sofia.bg/rioconventions/?q=node/19. The training materials
also ensure that trainees have a full and in-depth understanding of individual ses-
sions and contain an outline for further suggested reading for the “core” and
“introductory” training courses, which may encourage trainees to engage in further
self-motivated study. Materials for practical exercises and case studies were also
developed for the “core” and “academic” training courses.

23.2.3 Structure of the Training Program

All three courses mentioned above focus on the integration of environmental protec-
tion, including bringing UNCBD, UNFCCC, and UNCCD2 objectives into regional
development and spatial planning processes, as well as planning and implementa-
tion related to EU structural funds. The training consists of the following general
sections:

23.2.3.1 Background Section

This section gives the trainee general knowledge of international agreements and
initiatives, including the three Rio Conventions, as well as EU legislation direc-
tives and initiatives related to the cross-cutting area of sustainable development and
environmental protection. The trainee should also become familiar with how these
EU and international agreements that Bulgaria is signatory to are transposed into

2United Nations Convention on Biodiversity, United Nations Framework Convention on Climate
Change and United Nations Convention on Desertification.
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the national legislature. This section is primarily based on presentations, but group
discussions are also encouraged.

The background section should cover the following key topics:

• History, definition, principles and milestones of sustainable development
• The Rio Conventions, i.e.: United Nations Convention on Biological Diversity

(UNCBD), Cartagena Protocol on Biosafety, United Nations Framework
Convention on Climate Change (UNCCC), Kyoto Protocol; United Nations
Convention to Combat Desertification (UNCCD); Regional implementation
Annex for Central and Eastern Europe

• Other international conventions and treaties Bulgaria is a party to, i.e.: Vienna
Convention on the Protection of the Ozone Layer, wetlands protection

• EU trends and policies regarding integrating SD and environmental protection
into regional development and spatial planning

• Bulgaria’s implementation of commitments and requirements for integrating sus-
tainable development and environmental protection into regional development
and spatial planning

• Review of planning processes in Bulgaria

23.2.3.2 Toolbox Section

The Toolbox section provides trainees with sufficient knowledge of the main tools
commonly used in ensuring integration of environmental protection – including
UNCBD, UNFCCC, and UNCCD objectives – into regional development and spa-
tial planning processes, as well as planning and implementation related to EU
structural funds. Key assessment processes such as Natura 2000, Environmental
Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) (in
Bulgaria referred to as Ecological Assessment) are a main component of the sec-
tion. Through this section, trainees should obtain a full understanding of the overall
process of conducting different types of impact assessments, as well as why this pro-
cess is important to ensure sustainable development. In addition, trainees gain the
skills needed for developing, implementing, monitoring and reporting on national,
regional and local plans, as well as strategies for regional development and spatial
planning. To this end, knowledge of how to identify indicators and how to grasp
commonly used (by EU, GEF etc.) indicators, is of the essence. This section is
based on presentations, as well as group discussions and practical exercises aimed
at furthering understanding.

The Toolbox Section should cover the following key topics:

• Processes and requirements of the “Environmental Assessment” and
“Environmental Impact Assessment” and how understanding these processes
and requirements can lead to better and more cost-effective planning
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• Processes and requirements of the “Natura 2000 Assessment”3 and how under-
standing these processes and requirements can lead to better and more cost-
effective planning

• The use of indicators and why they are important
• Indicators based on technologies such as Geographic Information Systems and

remote sensing systems
• The importance of ToRs (Terms of Reference) spell out in ensuring on-the-

ground implementation of sustainable development and environment protection
concerns

23.2.3.3 Practical Skills Section

This section allows trainees the possibility to utilize what they have learned in the
previous two sections in practical and applicable training exercises and to gain con-
fidence in using this information to conduct work-related exercises. It is also hoped
that at the end of this section the trainee will have gained practical expertise to be
able to communicate and act as a mentor in his/her workplace. The main practi-
cal exercise involves trainees demonstrating how they would approach the subject
of incorporating sustainable development and UNCBD, UNFCCC, and UNCCD
objectives into regional development and spatial planning processes.

This section should cover the following key topics:

• Sustainable development and environment protection: a topic for all Bulgarians
• Key areas to address when integrating global sustainable development concepts

into regional development and spatial and urban planning
• Examples of Bulgarian strategic and legislative framework on how well sustain-

able development and the Rio Conventions are taken into consideration
• Incorporating sustainable development and UNCBD, UNFCCC, and UNCCD

objectives into regional development and spatial planning processes
• Possible areas of concern, i.e.: water and sewage supply in residential areas,

decreasing urban pollution, improving urban infrastructure and the physical
urban environment, economic development areas, social development fields,
management of settlements and municipalities, capacity-building and institu-
tional development

23.2.3.4 Self-Evaluation and Testing Section

This section provides the trainee with an opportunity to review, on a daily basis
throughout the training by means of specially designed evaluation forms, how he/she
perceives and how he/she can use newly acquired knowledge in daily work; this

3Assessment of plans and projects significantly affecting Natura 2000 sites.
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exercise also helps in identifying areas where more training is needed. This section
consists of a final exam in which the capacity and knowledge of trainees is tested
and evaluated. This testing assists in evaluation of the overall training course.

As a result of this section trainees should be able to answer the following
questions:

– How do I ensure that I fully consider sustainable development and environ-
mental protection, including the Rio conventions, in my daily work regarding
(legislation, regulations, orders, rules, guidelines, instructions, methodologies,
correspondence, distribution of information, coordination, decision making)?

– Do I need more training to be able to fully ensure that I can integrate sustainable
development and environment protection, including the Rio conventions, into my
daily work?

23.3 Follow up Conventions Project

As a result of joint efforts between the two universities (CEU and SU) a pilot “core”
training course was developed in the spring of 2008 and tested in five consecu-
tive sessions of 2 days each during April and May 2008 at Sofia University in
Bulgaria. Fifteen participants from MRDPW, MoEW, district administrations and
municipalities took part in the training.

On the basis of feedback received from trainees during pilot testing of the
training program package, the contents and training materials of three types of
courses were updated and translated into Bulgarian. Full-scale delivery of the “core”
training course commenced in September 2008 at Sofia University. It is expected
that by March 2010, 130 public officials from MRDPW, MoEW, municipalities
and district administration will have attended the course. Delivery of the “core”
course was guaranteed through signing of an MoU between UNDP, MRDPW and
MoEW, which establishes the responsibilities of each organization in recruitment
of participants for the course and in covering the associated costs of training and
participation.

Delivery of the “introductory” course took place between January and June 2009,
when the course was delivered “on-site” to 27 district administration centers in
Bulgaria by Sofia University professors, and to more than 200 public officials from
the above-mentioned institutions.

The developed “academic” course was officially approved by the Sofia University
Academic Board in the summer of 2009 and was included in the 2009 Fall Catalogue
of Master Courses. The Master Course will be taught in two and three semester
options.
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