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PREFACE
The present special issue of Fresenius Environmental Bulletin contains selected manuscripts that were
initially presented at the 12th International Conference on Protection & Restoration of the Environment (PRE12)
that took place on the Greek island of Skiathos, from June 29 to July 3, 2014. The Conference was organized by
the Department of Civil Engineering, University of Thessaly as well as the Department of Planning and Regional
Development, University of Thessaly, together with the Stevens Institute of Technology, USA. An international
board of environmental scientists comprised its scientific community. This conference, which has been taking
place for more than twenty years, is designed to encourage the exchange of ideas and knowledge between diverse
groups of the scientific community concerned by current issues in the protection and restoration of the
environment. Regarding the conference venue, Skiathos is a small Aegean Sea island, near the mountain of Pelion
in mainland Thessaly, which boasts some of the most beautiful beaches in Greece. It is also well known for its rich
cultural heritage and numerous touristic facilities.
The finally selected papers fall under the most important aspects discussed in the congress in the general
context of waste management, sustainable planning, protection and restoration of ecosystems and pollution
monitoring. We would like to thank all authors for their worthy contributions to this special issue as well as Parlar
Scientific Publications for its undeterred help throughout the handling of manuscripts. We are also thankful to the
reviewers for their critical assessment of the submitted articles and we are grateful for the time and effort they
sacrificed in order to ensure high standards of published work.

The guest editors
Athanasios Kungolos, Aristotle University of Thessaloniki
Vasileios Kanakoudis, University of Thessaly
Theodoros Karakasidis, University of Thessaly
Chrysi Laspidou, University of Thessaly
Christina Emmanouil, Aristotle University of Thessaloniki
Vasiliki Manakou, Aristotle University of Thessaloniki
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ENVIRONMENTAL IMPACT ASSESSMENT OF
HYDROPOWER PROJECTS IN TURKEY: APPLICATIONS
AND PROBLEMS
Alaeddin Bobat*
Kocaeli University, Vocational School of Arslanbey, 41285 Kartepe-Kocaeli/Turkey

were started to be introduced both in the United
States and in Europe. Environmental Impact
Assessment (EIA) was one of the most important
examples to newly emerging legislation that aimed
to preserve this balance [1].
Although there are various definitions of (EIA)
in the doctrine [2-5], they are similar with each other,
and they all emphasize it as an effective tool for
environmental protection. By combining all
definitions, EIA is simply defined as the process of
identifying the future consequences of a current or
proposed action. The concept of "environment" is
impact assessment evolved from an initial focus on
the biophysical components to a wider definition,
including the physical-chemical, biological, visual,
cultural and socio-economic components of the total
environment [6].
According to the Turkish EIA Regulation, EIA
refers to the studies to be carried out for the
determination of the likely positive or negative
impact that the projects will have on the
environment; studying possible environmental
protection measures relating to these projects in
order to minimize negative effects; determining and
assessing selected technological alternatives and
locations; and monitoring and controlling the
implementation of such projects [7].
EIA should provide information on the
potential negative and positive environmental and
social impacts of the intended projects. It should also
aim on recommendations for the mitigation of the
potential negative impacts of the process involved
and enhancement of the positive ones. A field survey
of the project site shall be conducted and potential
environmental impacts of project activities are to be
identified, assessed, and documented [8].
The level of energy consumption indicates the
level of industrialization and prosperity of countries.
Therefore, to meet the energy demands of industry
and other consumers in a timely and sustainable
manner is the main target of all the developing
countries on the road to economic and social
development.
Turkey is rapidly becoming a very important
market player in its own territory with ambitious
targets in energy sector. As it is seen from 2023
projection of Turkish government, renewable energy

ABSTRACT
Environmental Impact Assessment (EIA)
System, which embodies the "prevention principle"
of the environmental law, is an important tool for
environmental protection. This tool has a special
importance for Turkey due to its extremely
distinctive
ecological
conditions.
Turkish
Environmental Law was first accepted by Turkish
Parliament in 1983. In order to assign the EIA
procedure to the concrete principles, and determine
the application rules, the first version of the EIA
Regulation was introduced in 1993. It was then
revised in 1997 to eliminate the problems arising
during practice and provide an efficient application.
Later, the EIA Regulation was rearranged again in
2002 within the scope of the compliance studies with
the European Union (EU) acquisition. After one year
of this arrangement, the regulation was rearranged
again but in 2004 and 2008 one more arrangement
was made to the regulation. Among the EU
harmonization process, one more revision was
required and the final version of the regulation
became valid in 2014 because of the cancelation of
some articles by the Constitutional Court. While all
the revisions are useful for the investors, the
environmental issues are overlooked.
Recently the increasing number of hydropower
projects in Turkey further has proved the role and
importance of EIA. In this article, the contradictions
among EIA and environmental problems in
hydropower projects of Turkey especially and
developing countries generally are discussed.
Moreover, this article aims to reveal the obvious
irregularities in EIA applications of hydro projects.

KEYWORDS:
Environmental
Impact
Assessment,
problems, hydropower projects, Turkey

applications,

INTRODUCTION
As a result of growing interest and awareness,
new pieces of legislation that aimed to balance the
relationship between environment and development
1192
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6-8% in Turkey, except for recession years. In
order to meet this growing demand, Turkey has to
invest US$ 3-4 billion in new energy projects each
year. As can be seen all over the world, power
generation is a vital issue, therefore it is important
for every country that energy be produced in selfsufficient, reliable, constant, and economical ways.
For that matter, all energy alternatives should be
thoroughly evaluated, starting from hydroelectric
power potentials running with local energy sources,
which are not dependent on other countries.
Hydropower has the potential to cause major
environmental problems such as disappearing
habitats and species, melting deltas, decreasing
ground water, drying natural lakes, influencing
physical and biological environment, economical
unproductiveness, and socio-economic degeneracy,
and the possibility of mercury contamination
although it is environment-friendly, clean,
renewable, able to meet peak demands, highly
efficient, involves no fuel cost, is a balancer of
energy prices, has a long life-span, its cost recovery
is short-run, its operational costs are low, and it is an
indigenous source of energy which is national and
natural [12-14]. The environmental problems
increase more and more as the investments on HPPs
increase. On the other hand, hydropower is a quite
contentious issue in Turkey; the economic benefit is
indisputable, but the environmental outcomes of
these projects are subject to criticism. Numerous
environmental groups and local people are fighting
against HPPs. However, the government is
determined to maintain its policies concerning
hydropower. In most developmental projects there is
an inherent conflict between developing the project
and preserving the environment. During the past
decades Turkey's governmental institutions have
tended to place the development above the
environment [15].
In fact, all types of power generation involve
some adverse impacts; consequently, a certain
degree of adverse impacts are tolerated. However,
development should not cause catastrophic
environmental damage, and therefore an effective
Environmental Impact Assessment (EIA) process is
of vital importance.

resources will come into prominence with highly
concentration on increasing productivity of
hydroelectric power plants. The main target for 2023
is providing 30% of total electricity demand from
renewable energy sources. Currently 24% of total
energy generation in Turkey is met by hydropower.
According to latest forecasts, between 22% and 27%
of Turkish total energy demand is expected to be
supplied by hydropower plants [9].
While total energy generation in Turkey in the
¶V ZDV D PHUH  *:K WKLV ILJXUH KDV
increased by about 406 times, reaching 325,000
GWh/year today. The current installed capacity in
Turkey is 57,452 MW, which could generate an
average of 325,000 GWh/year; however, total
generation remains at 239,000 GWh for reasons such
as failures, maintenance and repair activities,
operation policy, economic recession, low demand,
drought, efficiency, etc. 24 % of energy generation
in Turkey depends on hydroelectric power, 2.8 % on
wind and geothermal which are the renewable
energy sources, and the remaining 73.2 % on thermal
power (natural gas, lignite, coal, fuel oil, etc., which
are fossil fuels) [10].
7XUNH\¶V WKHRUHWLFDO K\GURHOHFWULF SRWHQWLDO LV
1% of that of the World and 16% of that of Europe.
The gross theoretical viable hydroelectric potential
in Turkey is 433 billion kWh and the technically
viable potential is 216 billion kWh [10, 11] The
economically viable potential, however, is 164
billion kWh.
At present Turkey have 503 hydroelectric
power plants in operation with total installed
capacity of 23,694 MW generating an average of
83,046 GWh/year, which is 51 % of the
economically viable hydroelectric potential. 143 of
hydroelectric power plants (8,137 MWh) are
currently under construction, and more than 800
hydroelectric power plant projects will be planned to
be able to make maximum use of the remaining
economically feasible potential [9]. As a result of
these works, a total of 1487 Hydropower Plants
(HPPs) nearly will tame rivers to harness the
economically viable hydropower of Turkey (Table
1).
The annual increase in energy consumption is

TABLE 1
Hydroelectric Power Projects of Turkey [10]
Status of Economically
Viable Potantial

Number of
Hydroelectric Plants

Total Installed
Capacity (MW)

Average Annual
Ratio
Generation (GWh/year) (%)

In Operation

562

26,161

90,773

58

Under Construction

104

5,927

17,875

11

In Program

717

13,984

48,911

31

Total Potantial

1,383

46,072

157,559

100

1193



© by PSP

Volume 26 ± No. 2/2017, pages 1192-1200

Fresenius Environmental Bulletin





Date
1983
1991
1993
1997
1999
2000
2000
2000
2002
2002
2003
2003
2004
2008
2009
2011
2011
2011
2013
2013
2014
2016

TABLE 2
Development of EIA Legislation in Turkey [20].
Acts, decree and regulations
Environmental Act, No : 2872/1983
Establishment of Ministry of Environment, Decree No : 443/1991
EIA regulation, Official Gazette No : 21489/1993
EIA regulation, Official Gazette No : 23028/1997
EIA regulation, Official Gazette No : 23785/1999
EIA regulation, Official Gazette No : 24020/2000
EIA regulation, Official Gazette No : 24185/2000
EIA regulation, Official Gazette No : 24212/2000
EIA regulation, Official Gazette No : 24777/2002
EIA regulation, Official Gazette No : 24900/2002
Establishment of Ministry of Environment and Forestry Act, No : 4856/2003
EIA regulation, Official Gazette No : 25318/2003
EIA regulation, Official Gazette No : 25672/2004
EIA regulation, Official Gazette No : 26939/2008
EIA regulation, Official Gazette No : 27437/2009
Establishment of Ministry of Environment and Urbanization, Decree No : 644/2011
EIA regulation, Official Gazette No : 27905/2011
EIA regulation, Official Gazette No : 27980/2011
EIA regulation, Official Gazette No : 28609/2013
EIA regulation, Official Gazette No : 28784/2013
EIA regulation, Official Gazette No : 29186/2014
EIA regulation, Official Gazette No : 29619/2016

Ministry in 1978. In 1991, this organization was
reorganized as the Ministry of Environment. In 2003,
the Ministry of Environment has been united with
the Ministry of Environment and Forestry. At the
last, the Ministry of Environment and Urbanization
was established in 2011.
The Environmental Act in Turkey was firstly
put into action in 1983. Although the article 10 of the
Environmental Act stipulates that any institution,
agency or enterprise whose operations might result
in environmental problems is required to obtain an
EIA report, and that this process will be governed by
a regulation to be issued by the Ministry, the first
EIA Regulation was drafted and entered into effect
ten years later on the date of February 7, 1993 [18,
19]. The regulation was amended and revised in
various times (Table 2) and was repealed five times.
After reorganization of ministries, the authority
of the permission and control of EIA was given the
directorate of EIA in the Ministry of Environment
and Urbanization. The last EIA Regulation was
published in the Official Gazette no. 29186 dated 25
November 2014, because some articles of the EIA
Regulation in 2014 were cancelled by the
Constitutional Court. And this last regulation was
also cancelled by the Constitutional Court on July 3,
2015. Thereupon, EIA regulation was arranged once
again in 2016.

This article intends to reveal the differences
between theory and practice and the problems
encountered in EIA applications for hydropower
projects in Turkey.

HISTORICAL DATA ON EIA IN TURKEY
In Turkey the importance of environmental
issues has considerably increased in last decades. As
a result, at that time, the main environmental issues
were identified, some framework environmental
policies drawn up and administrative structures to
implement these policies were established.
Turkish Environment Law is Turkey's first
framework environmental legislation. It continues to
provide a legal framework for many regulations
scattered throughout Turkish legislation that seek to
clarify and elaborate its intentions, including EIA.
The aim of the Environment Law is not only to
prevent and eliminate environmental pollution, and
also to ensure management of natural and historic
assets and the land in such a way as to utilize its
richness and preserve it for future generations [16,
17].
Prior to Establishment of the Ministry of
Environment and Forestry, a General Directorate of
Environment has been founded under the Prime
1194
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As for applications made through an EIA
report, the relevant departments of the Ministry issue
KDYHWRPDNHRQHRIWZRGHFLVLRQV³EIA Positive´
RU ³EIA Negative´ 7KH SURFHGXUH LV DV IROORZV
(Figure 1) : In projects falling under the Annex-1 list,
the application is filled through an EIA application
file. ,

EIA PROCEDURE IN HPPS
Pursuant to current regulations, certain kinds of
projects are subject to certain requirements which the
project owner shall apply for an "EIA Positive"
decision whereas some other projects are subject to
"Selection
and
Elimination
Criteria".
Accordingly, the Ministry shall decide whether
"EIA Unnecessary" or "EIA Positive" decision
shall be obtained. Annexes of the EIA Regulation
sets in a detailed distinction among the types of the
projects [18].
Environmental impact assessment has to be
implemented to HPPs that their capacities exceed 10
MW (Annex-1) by Ministry of Environment and
Urbanization according to the last Environmental
Regulations. But, EIA is subject to Selection and
Elimination Process for HPPs that their installed
capacities remain between 1-10 MW (Annex-2) [15].
This limitation was accepted by EIA regulation in
2014. Previously, this limitation was between 1-25
MW [21].
When two lists found in the Annexes (Annex-1
and Annex-2) to the EIA Regulation have been
analyzed, the investments falling under the Annex-1
list require EIA reports, whereas those falling under
Annex-2 must meet the criteria of selection and
elimination, and require a Project Promotion File.
Applications filed through the Project Promotion
)LOHUHFHLYHHLWKHUDQ³EIA necessary´RUDQ³EIA
unnecessary´GHFLVLRQIn some cases, The Ministry
of Environment and Urbanization may authorize the
JRYHUQRUDWHVWRGHFLGHDV³EIA required´RU³EIA
not required´ If the resulting GHFLVLRQ LV ³EIA
Necessary´ WKHQ DQ (,$ UHSRUW PXVW EH SUHSDUHG
and submitted to the EIA General Directorate [1921].

THE PROBLEMS IN APPLICATIONS OF EIA
FOR HPPS
General Problems in EIA Regulations.
According to the current Turkish EIA Regulation,
EIA refers to the studies to be carried out for the
determination of the likely positive or negative
impact that the projects will have on the
environment; studying possible environmental
protection measures relating to these projects in
order to minimize negative effects; determining and
assessing selected technological alternatives and
locations; and monitoring and controlling the
implementation of such projects [18]. But, the
provisional article 2 and 3 of the EIA regulation
dated October 4, 2013, and the last regulation dated
November 25, 2014 and the previous regulations are
FRQFHUQHG LQ ³projects out of scope´  7KHVH
SURYLVLRQDODUWLFOHVKDYHKHOGVRPHSURMHFWVDW³out
of scope´7KHSURMHFWVRXWRIVFRSHDUH L WKHRQHV
which have been included in the public investment
program before June 23, 1997 and had planned
before May 29, 2013 and in which production and/or
operation has been initiated; (ii) the ones in which
production and/or operation has been initiated prior
to the Environmental Impact Assessment Regulation
issued in the Official Gazette dated February 7, 1993.

FIGURE 1
EIA Flow Chart for Annex-1 (a) and Annex-2 (b)
1195
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FIGURE 2
EIA Decisions among 1993-2016 in Turkey [22]

FIGURE 3
6HFWRUDO'LVWULEXWLRQRI³(,$3RVLWLYH´ D DQG³(,$8QQHFHVVDU\´'HFLVLRQV E DPRQJ
1993 and 2016 [22]
in a long period, any faunal and floral research,
simply by copying and pasting sections of various
scientific articles and publications, or previous EIA
reports. That is the preparation of the EIA report has
turned into formality [18]. Unfortunately, the
preparation such EIA reports is encouraged by the
Ministry since the officials of the Ministry put their
IDLWKLQWKHVH³problematic´(,$UHSRUWVDQGLVVXH
a favorable decision without even visiting the project
site. As a result, there are very serious concerns as to
ZKHWKHU WKH 0LQLVWU\¶V DVVHVVPHQWV DUH DFWXDOO\
impartial and scientific.
Even if officials visit the project site prior to
issuing a positive EIA decision, they do not make
further visits once the project is initiated, which
suggests that yet another simple formality is at play.
As such, the promises, assurances and guarantees
found in the EIA report remain on paper; and since
there is no legal sanction or obstacle to prevent this,
the investors can pretty much implement the project
however they see fit. A typical case in point is a HPP
ZKLFKKDGUHFHLYHGD³EIA positive´GHFLVLRQLQWKH
Black Sea region. Although the construction
collapsed and the tunnel exploded, the Ministry of
Environment and Urbanization was unaware of these
GHYHORSPHQWVDQGGLGQRWHYHQUHFRQVLGHULWV³EIA
positive´GHFLVLRQ7KLVVLWXDWLRQUHIOHFWVWRWKH(,$
decisions. More than 50,000 projects among 19932015 in the scope of EIA regulation were assessed
(Figure 2) and over 5000 projects were assessed in

These provisional articles are too important
since the large scale investments most detrimental
IRU QDWXUH VXFK DV WKH ,OÕVX 'DP *HE]H-ø]PLU
highway project, Third Bosphorus Bridge and
highway project, Akkuyu Nuclear Power Plant
which are were added to the public investment
program prior to 1993, and were thus initiated by the
state without any analysis or calculation of their
environmental impact before May 29, 2013, in short
without any regard what so ever to nature. These two
articles are conflicted with the content and definition
of EIA mentioned above.The article 2 and 3 of the
last regulation were cancelled by Constitutional
Court of Turkey on July 3, 2015 once again. But,
Turkish Government is still intended to realize those
enormous projects without EIA. Recently, the EIA
exemption of Gebze-ø]PLU 3URMHFW DQG ø]PLW *XOI
Transition Bridge was
cancelled by local
administrative court in Ankara.
Problems in Application of EIA Procedure.
The institutions and organizations which shall
prepare
Environmental
Impact
Assessment
Application File, Environmental Impact Assessment
Report, or Project Presentation File are obliged to
obtain a Certificate of Competency from the
Ministry.
In practice, the majority of EIA reports are
prepared by the authorized firms without any visit to
the project site, any collections of hydrological data
1196
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1990's but its long-term commitment with
environmental protection is yet not able to back up
because the environmental issues are not given
greater emphasis. Therefore EIA is not mature
enough in Turkey due to limited capabilities and
capacities. Besides, Turkish government supports
hydropower investments with feed-in tariffs (FITs).
Enacted Law Code 6094 indicated that 7.3 dollar
cent/kWh guaranteed repurchase will be ensured.
Moreover, provided that local equipment is applied
such as turbine or generator for hydropower plant
establishment, additional 2.3 dollar cent/kWh will be
guaranteed [26]. These feed in tariffs have been
extended until 2020 if a licensed operator is willing
to benefit between 2016 and 2020 under the
incentive of Renewable Energy Resources Support
Mechanism Attractive benefits for foreign investors
are not limited with feed in tariffs. Furthermore,
HPPs are subject to General Incentives Scheme
which provides VAT and customs duty exemption.
Particularly, it is expected to see a great number of
foreign investment funds with the intent of benefit
from incentives and this emerging renewable market
in an emerging economy. The discrimination among
EIA applications dependent on HPP capacities
shows what an unserious approach to EIA in theory
and practice.
An analysis of all the amendments reveals that
the first regulation dated 1993 is the best piece of
legislation. That is because, all the subsequent
amendments, which it is believed were a result of
pressures from the investment and energy sectors,
further diluted its objective of environmental
protection, and every change gave more and more
leeway to investors. Especially with the amendments
from 1997 onwards, the EIA Regulation steered
further and further away from its stated objective in
the Environmental Act.
Except for the legislative aspects of the EIA
process, the main problem arises in practice. For
instance, the public information meeting has been
rendered defunct, turned into an official formality.
That is the reason why in current HPPs, the locals
rally against these public information meetings. The
people exercise their democratic right and voice their
objections against the reduction of a legal right into
a simple formality. In consequence, although the
SXEOLF VD\ ³No´ IRU D SURMHFW LQ WKH SXEOLF
participation meeting, the Ministry could make an
³EIA Positive´GHFLVLRQ
In fact the legiVODWLRQ VWLSXODWHV WKDW ³At the
public meeting, information must be provided to
the general public about the project´+RZHYHULQ
practice, since the project is new and at application
stage and since the audience knows virtually nothing
about it, the information flow in the public meeting
is reversed. That is, the public voice their objections,
and these objections are recorded in view of
publishing reports which will iron out these
criticisms. As a result, the public information

2015 only [22].
In a country covered with natural protected
areas, protected basis, forests and historical
protected areas, the departments of the Ministry of
Environment and Urbanization have found only 32
out of thousands to be detrimental for the nature and
the environment. By the way, should anyone jump to
the conclusion that these 33 projects were annulled,
it must be said that these were later divided into
smaller projects, new applications were filed, a large
majority of these receiveG ³(,$ 3RVLWLYH´ RU ³(,$
8QQHFHVVDU\´ GHFLVLRQV DQG DUH FXUUHQWO\ LQ
progress.
6HFWRUDOGLVWULEXWLRQRI³EIA Positive and EIA
Unnecessary´ GHFLVLRQV VKRZV WKDW (,$ 3RVLWLYH
decisions in energy sector have ranked number two
following oil and mine sector(Figure 3a) and EIA
Unnecessary decisions have ranked number five
(Figure 3b).
Moreover, a total of 1305 HPPs has planned
among 1993 and 2016, and 103 HPPs in scope of
Annex-2 have JLYHQ³EIA Necessary´GHFLVLRQ93
HPPs ³EIA Unnecessary´ GHFLVLRQ 408 HPPs in
scope of Annex-1 KDYH JLYHQ ³EIA Positive´
decision and 1 HPPs ³EIA Negative´ GHFLVLRQ
(Figure 4) [21].

FIGURE 4
EIA Decisions of HPPs among 1993-2016 [22]
The fact that the HPPs have been assessed
³VLQJXODUO\´LVRWKHUPDMRUSUREOHP7KHFXPXODWLYH
impacts of cascade projects have not been considered
by the authorized firms. Otherwise, the
environmental impact of a HPP is not equal to the
impact of the cascade projects at the same watershed
[23, 24].
DISCUSSION
The priorities of the developing countries are
focused more towards the economic boost,
controlling population growth and to meet the everincreasing energy demands. However, significant
research has already been given to understand the
impacts of electricity generation to the environment
and economy [25]. In this path the environmental
concerns fail to get high rank in the governmental
agenda. Turkey introduced environmental laws in
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renewables among energy sources, several
laws and regulations were published. This legislation
is expected to attract entrepreneurs to invest on
HPPs. Renewable energy law has incented HPPs
construction and as a result of this the number of
planned HPPs have tripled. But, applications of EIA
could not keep with the increment and problems have
begun to arise.
There can be many reasons of failures of the
EIA system such as lack of environment policies
and/or weak implementations, insufficient legal
processes, and uncontrolled bureaucracy, nondeterrent penalties. Baseline studies, predicting
significant impacts and review of the quality of work
are the fundamental elements addressed in the EIA
system but to bring them out there is need of
expertise and fiscal resources, which are mostly
lacking in developing countries. And Unfamiliarity
with the EIA concept, methodologies, techniques
and shortage of baseline studies and appropriate
technology are common in most of the developing
countries. The social and cultural needs and
sensitivities are often ignored by the developers and
regulatory agencies. So, the current status of the EIA
system in terms of implementation and regular
practice is not sufficient in developing countries.
Comparing with the developed countries where
courses are multidisciplinary, more practical and
having operational aspects of EIA, the developing
countries cover more theoretical aspects of the EIA.
Therefore, laws and regulations in Turkey related to
environmental issues should be revised and more
effort should be spent on monitoring and auditing of
the facilities. The laws and regulations should be
designed more realistic practically rather than being
copied or modified from the regulation literature.
The governments and government agencies must
carefully analyze the real conditions in Turkey
within the context of EU policy and produce more
precise and practical policies. In this regard, the
active role of international agencies and international
fair applications in the exposure and implementation
of the EIA system in developing countries is
appreciable.
Twenty-two years have passed since the
applications of EIA system in Turkey and forty years
nearly in the World. The first EIA Directive in
Turkey was published on February 7, 1993, under the
Environmental Law No. 2872. The EIA Directive
was revised fifteen times up to now. Several
amendments were made during this process. While
the first EIA Directive in 1993 was narrow in terms
of scope, the amendments in 2003, 2008, 2013, and
2014 widened the scope of the EIA, and shortened
the EIA assessment procedures. In spite of several
changes, the EIA system used for environmental
problems in Turkey is not efficient in terms of
implementation, review, appraisal of issues, decision
making process and evaluation through postmonitoring [27]. The steps of the project cycle are

meeting, which in fact should be a very crucial event,
is in practice reduced to an official formality.
Another process turned into a simple formality
is the preparation of the EIA report itself. The EIA
report is issued by a number of private firms whose
reliability and impartiality is questionable. These
firms are the customers of the enterprises which
undertake the planned investment, and are thus
economically dependent on the latter. It is not
possible for any firm to publish a report against a
customer which will write the check at the end of the
day. The service fees of EIA firms are paid by the
company which makes the investment. As such the
EIA firms cannot be said to issue impartial reports.
Some experts who work for the EIA firms were seen
to pen EIA reports that go against the spirit of their
own academic work; which in turn damages
scientific independence and compromises the
impartiality of EIA firms. In practice, it has been
unfortunately observed that most EIA reports are
published without any visit to the project site, simply
by copying and pasting sections of various scientific
articles and publications, or previous EIA reports.
The institutional setting, legal basis and
procedure of the current EIA system are not
satisfactory in applications of HPPs especially.
Technical guidelines for EIA implementation at the
general and sectoral levels are lacking in practice of
HPPs. Although the scientific and methodological
basis of the EIA have been strengthened during the
twenty-year implementation period, there has been a
lot of room for improvement. Factors of the scientific
and methodological basis of the EIA such as
analytical methods and techniques, state of relevant
sciences, supporting research and multidisciplinary
approach need more attention. Performance
on
monitoring and auditing are insufficient. In addition,
impact prediction and evaluation of impacts,
mitigation and assessment of alternatives are
conducted poorly. The overall, ratings of
performance of the key activities of the EIA process
can assess the poorly. None of the stages of the EIA
process was rated as good or satisfactory.

CONCLUSION AND SUGGESTIONS
According to Law No. 5346, mainly in
compliance with the Directive 2009/72, renewables
are defined as non-fossil energy resources and they
include hydraulic, wind, solar, geothermal, biomass,
gases derived from biomass, wave, current, and tidal.
However, utilization of these resources is not
adequate to meet the demand of the country. The
energy demand of Turkey has been growing more
rapidly than the energy production since it is a
socially and economically developing country.
Among these renewable energy sources of Turkey,
HPPs are regarded as one of the most stable and
economic energy sources. To increase the share of
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Turkey and developing countries today.
Turkey is a country with extremely diverse
ecological conditions and varied economic, social
and cultural structures. This causes variation in the
dynamics of environmental awareness. Since
environmental problems result from the interaction
of development activities and ecological conditions,
measures for their prevention and elimination must
EHSODQQHGDQGLPSOHPHQWHGXVLQJDQ³integrated´
DQG³dynamic approach´WR(,$7KHUHIRUHDOOWKH
applications of EIA must be implied by considering
³Integrated Watershed Management´ Moreover,
cumulative and strategic impact assessment
should be obligatory in the cascade HPPs.
Sustainability of ecosystems can only be
achieved
through
Integrated
Watershed
Management (IWM) plans which consider physical,
biological, chemical components of the ecosystem
and socio-economic constrains. IWM approach
which requires involvement of all stakeholders is a
guided tool explained in the European Union (EU)
Water Framework Directive (WFD) (2000/60/EEC)
to achieve good ecological status in European
Waters. Turkey being an EU candidate country is
currently in the harmonization process with the
European laws and regulations. Thus, Turkey is
expected to establish the necessary scientific and
legal bases to develop watershed management plans
to compile with the EU WFD. This tool will help
decision makers in Turkey to protect ecosystems and
evaluate decisions related not only with HPPs but
also with any other investment that may have an
impact on the environment. However, until the
harmonization with the Water Framework Directive
is completed, decision makers can still use the
current regulations to develop watershed
management plans [28].

not fully integrated in environmental assessment
process and at the time of decision making process
the findings of the conducted EIA studies are not
thoroughly considered.
Aside from the shortcomings in full
transposition of the EIA Directive into national
legislation, Turkish EIA system suffers from
problems related to effective practical application of
the EIA process. In many cases, local governments
and national government tend to neglect
environmental protection by giving primacy to
economic development and growth. It should be
noted that, in the last twenty years, the consideration
given to environmental preservation has risen. The
gradual change of mentality also influenced the
number of projects and policies introduced by
governments to stop environmental degradation and
promote sustainable development. However, despite
these efforts, for countless urban development
projects, environmental concerns remain to be
secondary when compared to economic concerns.
Hence, as long as the mindset that gives primacy to
economic growth and development over
environmental preservation persists, it is less likely
that Turkey will enable effective practical
application of EIA. Similar to aforementioned
problem, another issue in Turkish EIA is lack of
development of a substantial environmental culture.
In other words, majority of society and public
authorities do not have a learned behavior, practice
and knowledge about environmental protection,
ecosystem and all other natural resources that is
interrelated with human life. The lack of
environmental culture also affects the quality of the
decisions made regarding EIA applications. The
KLJKHU QXPEHU RI ³(,$ 3RVLWLYH´ DQG ³(,$ LV 1RW
5HTXLUHG´ GHFLVLRQV UHIOHFWV WKH ORZ OHYHO RI
development of environmental culture [1].
After all, EIA started to become an important
tool for planning as well as environmental
preservation due to growing environmental
awareness in Turkey. By introducing certain
measures, Turkey would be able to strengthen its
EIA law and practice and ensure environmentallyfriendly planning, environmental preservation and
sustainable development.
The current legal instruments in force for HPP
constructions do clearly contradict with international
principles and treaties on nature conservation. The
draft Nature and Biodiversity Conservation Act is a
typical but the most controversial legal arrangement,
resulting from Turkey's current biased policy
towards HPP projects, with no serious concerns to
preserve biodiversity. In short, HPPs which are
problematic at last every stage of their contractions,
from legal arrangements to planning, EIA reports,
on-site construction, are inarguably violating both
international treaties on the preservation of nature
and cultural heritage as well as human rights.
Therefore, HPPs are one of the primary problems of
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ABSTRACT

INTRODUCTION

Single and multi-family houses built before
1919 account for 3.8 % of total Serbian housing
stock. However, due to their important cultural and
historic values, and continuous tenant occupation,
these buildings nowadays require rehabilitation both
because of contemporary energy performance
demands, as well as for the need of achieving a
desired level of living comfort. Since these buildings
are often subject to heritage protection regime, issues
of their refurbishment are more complex than those
of the rest of the housing building stock. Their
treatment also differs from refurbishment of other
historic buildings, due to the sustained residential
function.
The National Typology of Residential
Buildings in Serbia was developed within the
TABULA ("Typology Approach for Building Stock
Energy Assessment") project that had common
methodology for 15 European participating
countries, where Serbia was the only country from
the Western Balkans region. This paper presents a
detail study of specifics and refurbishment potentials
of the selected building period, exploring a different
approach towards the topic of energy refurbishment,
having in mind all the characteristics that define
presented building types. Although identified
through national survey, the building types analysed
in this paper can be found throughout the region,
within the similar context. Furthermore, in urban
areas of many European cities, these century-old
buildings are often subject of gentrification
processes with increasing interest in their thorough
rehabilitation, while in rural areas old buildings are
often converted to accommodate tourists.

According to the National Typology of
Residential Buildings in Serbia [1] that was
developed based on extensive survey as part of IEE
Project TABULA [2], single and multi-family
houses built before 1919 make only about 3.8 % of
total housing stock, by gross area. However, due to
their cultural and historic significance, and sustained
interest of their tenants, these buildings nowadays
require rehabilitation, both because of contemporary
energy
performance
demands
related
to
environmental concerns, as well as for the need for
improvements of living comfort. Even historic
residential buildings have to reduce their energy
consumption in order to remain attractive for
continuous use, because only buildings that remain
inhabited will be adequately maintained and thereby
preserved in the future [3]. Therefore, energy
rehabilitation should be considered as a trigger for
revitalization and thus preservation of this important
part of building stock. The building types identified
through the survey and elaborated in this paper occur
frequently throughout the Western Balkans region,
in countries that have not participated in TABULA
project and where no national typologies have yet
been developed. Similar building types can also be
recognized in other European countries, and they are
often subject of rehabilitation, facing the challenge
of meeting the criteria defined in EU Directives on
energy efficiency and CO2 emissions [4, 5].
Experiences gained from the research can serve as
the common ground for definition the adequate
approaches for future treatment of this part of the
building stock in wider cultural context.

MATERIALS AND METHODS
KEYWORDS:
Residential
building
stock,
historic
buildings,
refurbishment, energy efficiency, CO2 emission

A team of researchers from Faculty of
Architecture, University of Belgrade has formulated
the National Typology of Residential Buildings in
Serbia [1], based on the methodology developed in
the IEE Project TABULA. European Commission
has stated TABULA as one of two officially
accepted methodology approaches for assessing the
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gross area, of which 94% accounts to family
housing. Similarly, buildings of period A represent
6% of residential building stock by number of
buildings, while 99.6% of this percentage accounts
to family houses. Out of total number of dwelling
units (apartments) 4.4% are in buildings built before
1919, of which 96.7% are family houses. Finally,
these buildings are estimated to account for 4.5% of
total heating consumption (MWh/year), and 96.2%
of this consumption is in single-family houses [1].
When analysing the whole Serbian territory, similar
trends in representation of single and multi-family
buildings are observed, but at the same time some
regional characteristics can be identified, especially
in the building form, construction techniques and
materials used. Although these characteristics can be
clustered for the Vojvodina, Belgrade and Southern
Serbia regions, they do not significantly impact
energy performance of the buildings [7].
Absolute prevalence of single-family housing
types is evident for the entire Serbian building stock,
as well as for the analysed period. On the other hand,
it has to be stressed that, although multifamily
buildings constructed before 1919 do not present
dominant part of the building stock, they have high
cultural value and historical significance,
emphasizing the need for refurbishment. Further
analysis of various structural, material and stylistic
characteristics gives insight into their specific
architectural and cultural value, which only
highlights
the
importance
for
adequate
refurbishment.

energy performance of building stock [6]. The data
that had enabled the research has been collected
through specially designed and executed censuses
that included total of 22000 buildings nationwide.
All buildings were thoroughly surveyed and
photographed, based on the questionnaires
purposely developed for the research. The gathered
information have been statistically and analytically
processed during the period of four years of intense
research activities.
In IEE TABULA Project, typology is derived
in the form of matrix based on the two main
definition criteria:
1. Construction period classes (number of
classes defined by each country individually)
2. Building size classes: Single-Family House
(SFH), Terraced House (TH), Multi-Family House
(MFH) and Apartment Block (AB).
During the research, seven construction-period
classes were defined for Serbian housing stock and
the same classes were applied in National typology.
The first construction period (Class A in National
typology) refers to the buildings constructed before
1919, further elaborated in this paper.
For the purpose of adequate covering of variety
of multi-family building types, the National
typology, defines larger number of multi-family
building size classes (3- freestanding, 4- lamella, 5in a row and 6- high-rise), compared to TABULA,
while family buildings size classes are identical (1SFH and 2- TH). In the oldest construction period,
all building size classes are present, except for the
high-rise.
In the National typology, two models of
refurbishment are defined for each type, with
corresponding levels of improvements: standard
³,PSURYHPHQW ´  and advanced ³,PSURYHPHQW
´ . They are considering upgrades of various
elements of thermal envelope, as well as
improvements of the heat and hot water supply
systems. Refurbishment of thermal envelopes of
building types from the period A is much more
complex compared to newer types, since their
construction technologies and applied materials are
specific, and are often subject to heritage protection
regime. Also, issues of refurbishment differ from
those of other historic buildings, due to their
sustained residential function. In this paper, the
refurbishment methodology is further elaborated and
estimated savings in primary energy consumption
and CO2 emission are given. At the same time, it has
to be stated that there are significant differences
between overall characteristics of single-family and
multi-family houses of this period, which implies
different methodologies for their refurbishment.

(2) Multi-family buildings. Scarcity of
residential buildings built before 1919 in Serbia is
mostly the result of repeated devastation that
happened during 20th century, affecting mainly
cities. At the same time, late adoption of the
European model of urban development, occurring no
sooner than the second half of 19th century in most
parts of Serbia, contributed to such small number of
multi-family residential buildings. The most
common type of pre-1919 multi-family residential
buildings is the row house (81%), followed by the
freestanding house (13%), while the lamella, i.e. an
free standing apartment building with more than one
entrance, accounts for only 6%. Predominance of the
row house type can be associated with the rather
small size of urban areas followed by emergence and
JURZWK RI WKH WUDGLWLRQDO ³FORVHG´  FLWy block [8].
These buildings were usually built by wealthier
individuals, who were either renting all apartments
or lived with their families on the first floor (piano
nobile). Other major developers, at the time, were
various collectives, banks, societies, etc. Buildings
constructed in this period often had a commercial
space on the ground floor and sometimes in
mezzanine (Figure 1a and 1c). Lamella type of
housing was not so common and it appeared as a
result of the larger scale housing development

Characteristics of Building Period. (1)
Statistical data. Statistically, according to the
survey data, buildings constructed before 1919
represent 3.83 % of residential building stock, by
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number of floors is characteristic of freestanding
buildings (2.3 floors on average, or GF+1).
Combined with the data about average building size
and total number of apartments, average number of
apartments per entrance is 9.1, which yields 4
apartments per floor. Floor plans are mostly compact
(57%), with smaller, single window openings (65%),
which is typical for massive construction.
Refurbishment of Class A buildings is faced
with difficulty of identification of the authentic
construction characteristics, since many of them
were altered from the original state, often resulting
in significant changes in form and materialization.
At the same time, original design documentation, the
most relevant source regarding the original state of
the buildings, is often unavailable. The survey data
and the available documentation indicate that the
massive construction system with brick load-bearing
walls prevails. Use of larger format of bricks
(29x14x6.5cm) results in wall thickness of 29, 44
and 59cm. Floor constructions were mainly wooden,
with straw plaster ceilings, and rammed earth or sand
infill between floor sleepers. In multi storey
buildings some iron or concrete and steel elements
for reinforcement occur. Brick vaults (the Prussian
vault) were commonly used in floor constructions
above basement. Roofs of the buildings of the pre1919 period are predominantly pitched (95%) and
there is a tendency of transformation of loft areas
into apartments. The analysed sample shows that
currently 35% of loft spaces are used for living, and
since this was not the usual practice in the time these
buildings were originally built, we can conclude that
these living spaces were created as a result of
conversion.
Most commonly (almost exclusively) facades
were rendered in mortar, with applications of various
stylistic decorative elements, modelled after
European academic architecture of various historic
styles (neo-classical, neo-baroque, etc.) and shallow
reliefs of emerging Art Nouveau style [9]. Buildings
with the most prominent facades are usually under
strict heritage protection regime, and were not
analysed in this research. Since their number is
negligible, their energy performance and possible
upgrade benefits were not considered relevant. Also,
Serbian energy efficiency regulations exclude such
structures from mandatory energy performance
criteria for existing buildings [10].

projects, mainly for the working class built by the
industrials, and collective social housing built by the
state (Figure 1b).

(a)

b)

(c)
FIGURE 1
Multi-family buildings:
a) freestanding (type A3), b) lamella (type
A4), c) in a row (type A5).
Source: survey database photo
documentation.

The survey data shows that the most of multifamily buildings of the period A are mixed-use,
combining residential and commercial premises
(about 70%). This functional composition is less
evident among the freestanding buildings, with the
share of mixed-use of only 3%. As for the building
height, more than 70% of pre-1919 buildings have
up to 3 floors (GF+2). This was an expected result,
since the first buildings with four levels (GF+3) have
been constructed during the first decades of 20th
century, and only in major cities. The lowest average

(3) Family houses. While multi-family
housing, is concentrated in cities and rather scarce in
number, single-family houses are significantly
numerous and distributed throughout entire country,
both in urban and in rural areas. Regional
characteristics in terms of typology, construction
technologies, applied materials and even stylistic
features are evident in these buildings. Class A
single-family houses constitute only 2% of current
Serbian single-single family housing stock. In
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techniques: wattle and daub constructions, rammed
earth, post and petrail, logs, etc. Roof construction is
mostly wooden, with clay roof tiling. Ceiling
construction towards the unheated roof area, known
as karatavan is typical for most of the houses from
this period, both in rural and urban areas. It is formed
by the slab construction made of wood beams and
planks covered with rammed earth above and straw
and plastered ceiling below. Loft area can be used
for storage, but usually has no function except to
create a buffer zone towards the roof construction
and improve thermal comfort. Windows are usually
wooden with single or double single-pane sashes in
a wide casement and often with wooden blinds. Also,
compact floor plan and small share of façade
openings characterize houses of this period.
It can be concluded that class A single-family
houses, both in rural and urban areas, are
characterized by the application of regionally
available materials and traditional construction
techniques (Figure 2). Although construction of
houses in these traditional ways gradually gave way
to massive construction, these houses still exist and
some are in exceptionally good condition.
Single family houses in cities were still
predominate form of residential housing in the
beginning of 20th century. Building technology and
concept of these houses were initially taken from
traditional types, and were gradually developed,
influenced by European building practice, with
massive load-bearing construction in solid materials
(brick, stone), and stylistic elements similar to those
found on multi-family buildings (Figure 2a).

Vojvodina region, due to the historical reasons, the
situation is somewhat different and they account for
5% of the fund [11].

(a)

(b)

Refurbishment methodology. Refurbishment
options for energy rehabilitation of buildings and
houses of pre-1919 period can be based on two
different approaches:
a) Use of traditional building techniques and
materials,
b) Use of contemporary building techniques
and materials, which correspond to the character of
the building.
Energy refurbishments that are respecting
traditional building techniques and applied materials
are hard to implement. This approach is more likely
to be followed in renovation of rural houses, which
are not adequately protected as cultural and built
heritage in Serbia today. Protection of their integrity
and authenticity during the renovation process, as
basic postulates of the contemporary conservation
practice [13], should be obligatory. Although
contemporary paradigm of environmentally
conscious design and construction has revitalized
some of the vernacular building technologies, their
application in Serbia is still emerging and is limited
to enthusiasm of few individuals [14]. Also, superior
energy performance is much harder to achieve by
relying primarily on refurbishments that are

(c)
FIGURE 2
Single-family buildings:
type A1 in urban (a) and rural (b) areas and
type A2, typical for Vojvodina.
Source: survey database photo
documentation.

Freestanding house is, by far the most common
type. The only exception is Vojvodina region where
a significant percentage of row houses is present as
the result of the planning doctrine of the AustroHungarian Empire which had governed this area at
the time of construction. As much as 31% of all
KRXVHVLQ9RMYRGLQDZHUHFRQVWUXFWHGEHIRUH¶V
using traditional techniques with rammed earth
(rammed clay) and unbaked loam brick (less
frequently, baked brick). Houses in other rural areas
display variations of traditional construction
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the heating system. The second level of
improvement considers the use of the latest
technology available on the market in each particular
case, depending on the availability of the fuel source.

respecting traditional building techniques and
applied materials.
Use of contemporary building techniques and
materials is applicable both for single family and
multi-family
houses.
Careful
choice
of
contemporary materials and techniques can
adequately fulfil requests of heritage protection
regimes. At the same time, it can inspire for a more
creative approach to restoration of residential
buildings, transforming them into comfortable and
efficient modern residences. In this way, their
complexity is perceived as a design potential rather
than an obstacle.
Refurbishment methodology according to
TABULA project principles, defines two levels of
improvement for each type, dealing with three major
aspects influencing energy efficiency: building
thermal envelope, heat supply system and domestic
hot water supply system [1].
The first level of improvement is defined with
the aim of meeting the current regulations criteria
[10]. Elements of thermal envelope are upgraded to
achieve prescribed U-values, and combined to
accomplish at least one energy grade improvement
in total.
Second level of improvement is defined as the
maximum achievable level of upgrading, applicable
in the current market conditions. Refurbishment of
building thermal envelope is proposed as the best
possible scenario, presuming no heritage protection
restrictions, thus enabling improvement of all
elements.
Improvements of heat supply system were
proposed having in mind Serbian energy market
characteristics. For individual heat supply systems,
the first level of improvement involves a change of
fuel source (where applicable) or modernization of

RESULTS AND DISCUSSION
In following tables, an overview of applied
improvement measures on thermal envelope (Table
1) and heating system (Table 2) is given.
Intervention measures on thermal envelope
usually include addition of thermal insulation of
10cm of thickness for first level of improvements,
and up to 20cm for the second level of improvement.
For some elements of thermal envelope (floor on
ground, wall to unheated staircase, wall to adjacent
building, facades under heritage regime) thermal
insulation has to be applied form the inside. In this
case only one level of improvement is applicable by
addition of 5-10cm of insulation calculated in
Improvement 2.
Application of superior insulation materials
(such as vacuum insulation) was not considered as a
standard practice solution, but it should be
reconsidered in the future.
Some elements, like typical wooden
construction towards unheated attic, enable
application of thicker insulation (up to 20cm), so this
measure was already considered in the Improvement
1 scenario.
Replacement of windows with double-glazed,
low-E coated, inert gas filled ones, and replacement
of doors with new, thermally insulated, was
considered in the Improvement 1, while triple-glazed
windows were calculated for the Improvement 2.

TABLE 1
U-values of thermal envelope elements: the existing state and two levels of improvements

Existing

Improvement 1

Improvement 2

Existing

Improvement 2

0.96
adjacent

Improvement 1

Wall
to
building

A5

0.26

0.15

1.12
1.12

0.26
0.38

0.19
0.38

1.47

1.47

0.45

1.33

1.33

0.44

/
0.84

/
0.18

/
0.1

U [W/m2K]

Thermal envelope
External wall

A3/A4
Improvement 2

Improvement 1

Existing

A2
Improvement 2

Improvement 1

Existing

A1

/

Wall to unheated area

/

Floor on ground
Floor to unheated attic
Floor
to
unheated
basement
Pitched roof
Windows
Doors

0.68
0.77
/
/
4.6
3

0.36

0.18

1.1

0.26

0.15

/

/

1.1

1.1

0.41

1.12
/

/

/

1.33
1.02
/
/

0.48
0.41
/
/

/

/

1.33

0.45

0.27

0.33
0.2

0.21
0.13

0.66
0.6

0.66
0.2

0.22
0.09

1.33
1.02
/
/

/

/

1.44

0.3

0.17

1.15

0.28

0.16

1.03

0.27

0.20

/
1.5
1.5

/
1
1.5

/
3.5
3.3

/
1.5
3.3

/
1
1.6

0.41
3.5
2.5

0.41
1.5
2.5

0.18
1
1.5

0.43
3.5
2.5

0.18
1.5
2.5

0.18
1
1.5
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TABLE 2
Heating systems: existing state and improvements
A1
A2
A3/A4

Existing state
Single wood stove
Single wood stove
Single electric stove
Individual
system

A5

radiator

heating

Improvement 1
Central system, biomass boiler
Central system, low temperature gas boiler
Central system, low temperature gas boiler
District heating system, fossil fuel,
thermostatic valves. Substation with flow
system control in accordance to outside
temperature. Consumption based billing.

Improvement 2
Central system, air/water heat pump
Central system, condensing gas boiler
Central system, low temperature gas boiler
District heating system, fossil fuel, thermostatic valves.
Substation with variable flow pumps and flow system
control in accordance to outside temperature. Consumption
based billing.

TABLE 3
Energy demands, energy rating and CO2 emission: existing state and improvements. (Building type
thumbnail icons and photos from National Typology of Residential Buildings in Serbia [1])
Single-family houses

Type

Heating
Energy
Demand
[Kwh/m2a]
Energy need for
Heating
[Kwh/a]
Energy rating
CO2 Emission
[t]

Multi-family houses

A1
Detached

A2
Row House

A3
Free standing

A4
Lamella

A5
In a Row

Exist. = 263
Imp. 1 = 101
Imp. 2 = 72

Exist. = 312
Imp. 1 = 147
Imp. 2 = 94

Exist. = 210
Imp. 1 = 101
Imp. 2 = 65

Exist. = 164
Imp. 1 = 77
Imp. 2 = 54

Exist. = 166
Imp. 1 = 100
Imp. 2 = 66

Exist. = 33290
Imp. 1 = 7509
Imp. 2 = 1520
Exist. = G
Imp. 1 = D
Imp. 2 = C
Exist. = 39
Imp. 1 = 8,85
Imp. 2 = 237

Exist. = 82234
Imp. 1 = 21552
Imp. 2 = 12034
Exist. = G
Imp. 1 = E
Imp. 2 = D
Exist. = 14.26
Imp. 1 = 82,45
Imp. 2 = 46,10

Exist. = 65954
Imp. 1 = 26449
Imp. 2 = 14877
Exist. = G
Imp. 1 = D
Imp. 2 = C
Exist. = 15,90
Imp. 1 = 1,10
Imp. 2 = 0,55

Exist. = 309760
Imp. 1 = 120747
Imp. 2 = 73868
Exist. = F
Imp. 1 = D
Imp. 2 = C
Exist. = 16,40
Imp. 1 = 10,64
Imp. 2 = 6,52

Exist. = 142109
Imp. 1 = 83806
Imp. 2 = 53248
Exist. = F
Imp. 1 = D
Imp. 2 = C
Exist. = 64,86
Imp. 1 = 17,25
Imp. 2 = 11,04

For the chosen buildings, energy performance
has been calculated according to the national
standards [10]. In Table 3 results of calculations of
specific heating energy demand per year are given
[kWh/m2a], as well as heating energy demand
[kWh], resulting energy rating and CO2 emissions
[t].
On average, annual energy needed for heating
of Period A buildings is about 223 kWh/m2, which
corresponds to F energy rating, according to current
regulations [10]. By application of Improvement 1
measures energy needs could be reduced by 52%
resulting in D level of energy rating, while
Improvement 2 measures may further reduce energy
needs and result in, on average, C level of energy
rating.
Analysing the overall performance, it is
obvious that there is a significant impact of first level
of improvement resulting in vast reduction both in
CO2 emission and energy consumption compared to
the existing state. Being designed in certain manner
according to, at the time, valid regulations and
usually equipped with low efficiency heating
systems, these buildings present a good base for

As for the heating systems, for ones with stoves
using wood or electric power, as single units, the
improvement includes the shift to central heating
with a wood gasification boiler with buffer tank, a
low temperature gas boiler, or a biomass boiler on
pellets or logs. The advanced level of improvement
uses central heating with condensing gas boiler
(alternatively biomass boiler for pellets or logs), or
central heating with air/water heat pump.
Improvement solutions in single-family housing
heating systems were developed by the Viessmann
Group (Viessmann Werke GmbH & Co. KG,
Germany). In multi-family buildings with individual
furnaces and radiator heating (regardless of fuel
source), it is recommended to connect to district
heating wherever possible, or otherwise switch to a
more environmentally friendly fuel source. In fossil
fuel district heating systems, the first refurbishment
measure involves improving control and efficiency
of the existing system by installing thermostatic
valves on radiators and upgrading the substitution
for heat supply control based on external
temperature.
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initial improvement but, on the other hand, their
design concept presents, in a way, limiting factor for
achieving higher efficiency standards. Significant
increase in insulation and implementation of high
efficiency windows and doors are further lowering
the energy needs but cannot result in energy rating
higher than C grade. Higher level of efficiency
therefore, requires new design principles that cannot
be post festum applied on existing buildings.
Also, it is obvious that the calculated CO2
emission does not directly correspond to energy
efficiency upgrades. When analysing the CO2
emission reduction, resulting from the applied
heating systems and fuels used, some inconsistencies
in the final results can be noticed. Namely, as energy
demand is being reduced through Improvements 1
and 2, this is not always the case with CO2 emission.
This phenomenon is resulting from the selection of
improvement measures in terms of proposed heating
systems and energy carriers (electrical energy, gas
and biomass). Generally, it is estimated that use of
biomass represents the highest potential for the CO2
emission reduction, especially in the rural areas
where local availability of such resource is vast.
According to the national recommendations for the
CO2 emission a conversion factor of 0.1(kg/kWh)
has been calculated [15], while other conversion
factors are given in the regulations [10]. However,
we can notice in some cases (type A1) that
improvement level 2 is characterized by significant
increase in CO2 emissions. This phenomenon
appears as the consequence of low sensitivity of
proposed measures to local (specific) conditions,
especially in the case where initial state of the
buildings is characterized by individual heating
sources already using biomass (e.g. wood stove) and
thus having rather low initial level of CO2 emissions.
In the process of improvement, due to the low
economic value of such buildings, no heating
systems were planned, but very efficient heat pumps

Fresenius Environmental Bulletin

(air to air) that can support multi room internal units,
enabling the adequate comfort with minimal
installation works required. Although these systems
represent state of the art technology available on the
market, they are still using electrical energy for
operation which from environmental point of view
and as a consequence of the high conversion factor
of 2.5 [10] results in significant CO2 emissions in
improvement scenarios.
Another interesting issue emerges when
distribution of heat losses through elements of
thermal envelope and their improvement are studied
(Figure 3).
Although improvement measures are proposed
having in mind characteristics of the real buildings,
all restrictions that can occur in specific situations
could not have been assumed, such as façade
treatment in the refurbishment process, which
significantly affects first set of measures. If façade is
to be preserved due to its aesthetic qualities, as
closest visually to its original state, application of
additional layer of thermal insulation outside may
not be the best option. In this case placing the
thermal insulation on the interior side is
recommended thus limiting the potential impact on
energy behaviour and, at the same time, reducing the
usable floor area. As shown in Figure 3, the most
significant heat losses are occurring through exterior
walls, thus the largest proportion of energy savings
is achieved by their upgrade. Therefore, having in
mind these restrictions, the best option for
refurbishment is placing the insulation of appropriate
thickness on the exterior surface of the wall. There is
also a possibility of remodelling the façade detailing,
as prefabricated elements, even in the case of
heritage protection regime [16]. Only absolute
exclusions of any exterior interventions, as defined
in some countries [3], would significantly affect
energy savings, but this is not the case for analysed
building types.

FIGURE 3
Heat loses through the thermal envelope elements - illustration Type A3 (1-external wall, 2-windows, 3doors, 4-wall to unheated space, 5-floor to unheated basement, 6-pitched roof).
Source: National Typology of Residential
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Framework of Quality and Living-Standard
Improvement) for the period 2010-2014. The authors
would like to thank the Ministry of Education and
Science of the Republic of Serbia.

Also, important issue when conducting
refurbishment is a problem of window replacement.
In some historic buildings, existing wooden
windows can be replaced by the new ones, in same
material and style, where only glazing may differ
from the original. In most cases it is allowed to apply
windows of different material, respecting the shape
and appearance of the existing ones. If window
frame has to be kept in the original state, a new box
window structure can be created, placing the new
thermal-insulating pane with its frame on the inside
of the wall. Finally, if this is not possible, glass panes
can be replaced with new thermal-insulating ones,
leaving the original frame.
It should be kept in mind, that the main aim of
energy upgrades of these buildings is not
achievement of certain energy rating, but significant
improvement in thermal comfort and lowering
heating consumption and expenses [12].
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water bodies, e) increase in water consumption per
capita, f) decrease in water quality due to pollution,
g) multiple uses of water (industrial, domestic,
agriculture and touristic) and h) climate change
potential impacts [1,4].
Water resource management has been the
subject of investigation and engineering for
thousands of years, since humans started settling
near water bodies [4]. Useful tools for its effective
and efficient management are the hydrologic
models. Hydrologic models include temporal and
spatial features between water, climate, soil and land
uses [5,6]. Today, there are many models describing
water flow, water quality and ecology such as MIKE
SHE, TOPMODEL and SWAT just to mention a few
[7,8,9]. These models are being used for numerous
and variable issues to support water management
decisions [5]. A well-known and frequently used
hydrologic model is the Soil and Water Assessment
Tool (SWAT) [9,10]. The SWAT model was used in
this study in order to simulate the hydrologic cycle
of Menoikio Mountain Range and the streamflows
of three selected watersheds of the study area.
Specifically, the ArcSWAT model, which is the GIS
interface of SWAT [11], was selected to accomplish
the objectives of the present study.

ABSTRACT
Water is considered as the most precious
natural resource on Earth as it is required for all
living organisms. Readily available freshwater
supplies are limited compared to human needs. As a
result, water resource management plans are
necessary in order to protect and preserve the
available freshwater resources. Hydrologic models
are therefore useful tools for their effective and
efficient management. The study area of the present
research was the protected area of Menoikio
Mountain Range situated in Northern Greece. The
main objective of this study was the simulation of the
hydrologic cycle in watersheds of Menoikio.
Emphasis was given to quantify the flow of its
torrents; intermittent streams, characteristic of the
Mediterranean region. The SWAT model enables the
estimation of the rainfall-runoff relationship. The
data used to run the model were: topography, soil,
land cover and meteorological (precipitation,
temperature, wind speed and relative humidity). The
results of the model could be used to understand
more accurately the potentially available water
resources and provide science-based information for
the development of future policies and management
plans for this protected watershed but also for other
torrent watersheds located in the Mediterranean
region.

KEYWORDS:
torrents, hydrologic
protected areas

modeling,

streamflow,

MATERIALS AND METHODS
Description of the SWAT model. SWAT is a
computer program that is widely used in various
hydrological applications [9]. It is a spatially
distributed, continuous river watershed scale model
developed to predict the impact of land management
practices on water, sediment and agricultural
chemical yields in large complex watersheds with
varying soils, land use and management conditions
over long periods of time [10]. The spatial
configuration of the SWAT model is performed by
dividing the watershed into sub-watersheds based on
topography. These are further subdivided into a
series of hydrologic response units (HRU) based on
unique soil, land use and slope characteristics.
The hydrologic cycle in a watershed is
simulated based on the water balance equation. It is
separated in two main components: a) the land phase

runoff,

INTRODUCTION
It has been recognized by many that water is to
the most valuable natural resources of Earth since it
is essential for the lives of all flora and fauna [1]. The
WRWDODPRXQWRI(DUWK¶VZDWHULVHVWLPDWHGWRbe 1.5
X 109 km3 [2]. Only 112,500 km3 of water are easily
accessible (e.g. lakes, rivers and marshes)[3]. Many
countries are facing serious problems of water
shortage due to the: a) absence of water resources
during specific time periods, b) growing population,
c) urbanization, d) development of settlements near
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that simulates the amount of water, sediment,
nutrient and pesticide loadings to the main channel
in each sub-watershed; and b) the channel phase that
simulates the movement of the previous loadings
through the channel network of the watershed to the
outlet [7,9,10].
Climatic variables such as daily precipitation,
maximum/minimum temperature, relative humidity
and solar radiation are used in order to simulate the
water balance. Hydrologic processes simulated by
SWAT include the surface runoff calculated by
using the runoff curve number method [9,10]. The
concentration of water is calculated by using the
0DQQLQJ¶V)RUPXOD [9,10]. Infiltration, lateral flow,
groundwater flow and percolation are calculated by
storage routing formulas [9,10]. Finally, SWAT
offers
three
options
to
calculate
the
evapotranspiration based on the available climatic
variables (Hargreaves, Penman-Monteith and
Priestley-Taylor Equations) [10].
The reasons why SWAT was selected for this
specific study are: a) its worldwide use [7], b) the
many applications it has (e.g. hydrologic, analysis,
climate change effects, land-use effects, pollution,
erosion, economic assessment, etc.) [7], c) it is a free
product [12], d) it has good integration with GIS and
other software [11], e) it is well documented with
many publications [12,13] and f) it is a continuous
time model that gives the opportunity to study long
term impacts [9,10].

FIGURE 1
The study area of the Menoikio Mountain. The
weather stations are depicted with black ciecles.
(Source:Esri, DigitalGlobe, GeoEye, Earthstar
Geographics, cNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo and the GIS
user community.)

SWAT Model Setup. Four topographic maps
1:50.000 were used for the study of Menoikio
Mountain Range. These were created by the
Geographical Service of Greek Army in 1972. The
digitization of these topographic maps included the:
i) boundaries of the area, ii) hydrographic network
and iii) main contour lines (contour interval = 100
m). These are necessary to create the Digital
Elevation Model (DEM). As the quality of the DEM
has a major impact on the outputs of the model, the
final resolution of the DEM was set to 25m X 25m.
According to researchers [19], the specific resolution
provides satisfactory results for hydrological studies.
The Corine 2000 land-uses vector files were
used in order to create the land-use map of the
Menoikio Mountain [20]. The resolution of the
Corine land-use maps is 100m X 100m. The landuses of the Corine 2000 that are found in Menoikio
are: i) discontinuous urban fabric, ii) mineral
extraction sites, iii) non-irrigated arable lands, iv)
olives, v) pastures, vi) complex cultivation patterns,
vii) transitional agriculture-natural vegetation, viii)
broad leaved forests, ix) coniferous forests, x) mixed
forests, xi) natural grasslands, xii) moors and
heathlands, xiii) sclerophyllous vegetation, xiv)
woodlands/shrubs and xv) sparsely vegetated areas.
The Corine 2000 land-uses classification codes were
converted to the land cover/plant codes that are used
LQ WKH 6:$7 GDWDEDVH 7KH 6:$7¶V FRGHV XVHG
were: i) urban residential low density (URLD), ii)
urban industrial (UIDU), iii) agricultural generic
(AGRL), iv) agricultural row (AGRR), v) olives
(OLIV), vi) pasture (PAST), vii) range grass
(RNGE), viii) range brush (RNGB), ix) forest mixed
(FRST), x) forest deciduous (FRSD) and xi) forest
evergreen (FRSE).
The soil map was retrieved from the European
Soil Portal and the Harmonised World Soil Database
Viewer 2012 [21,22]. The resolution of the soil map

Description of the study area. The study area
was the Menoikio Mountain (Figure 1) located in the
Eastern Macedonia Region of North Greece
(Longitude: E 23϶ ¶´/DWLWXGH϶ ¶´ 7KH
area is located in both Drama and Serres prefectures.
The study area covers approximately 503 km2. The
minimum altitude is 51 m while the maximum is
1958 m. The climate of the region is Mediterranean
and characterized by precipitation that ranges from
600-1000 mm yr-1 [14,15].
Menoikio Mountain belongs to the Eastern
Macedonia Basin also known as 11th Basin that
covers an area of 7281 km2 [16,17]. The streams that
run through Menoikio Mountain are intermittent and
ephemeral torrents typical of the Mediterranean
Region. The hydrographic network is complex as it
combines dendritic and parallel stream patterns. This
formation is caused because of the geology, the
geomorphology and the tectonic activity of the
region [14,15]. The existing fauna and flora of the
Menoikio Mountain is unique. There are many rare
plant and wildlife species in the region. This is a
result of the habitat diversity and remoteness of the
region along with the reduced human activities. For
this reason, it has been designated as a protected area
in the ³1DWXUD´1HWZRUN, D(XURSHDQ8QLRQ¶V
policy under the Habitats and Birds Directives
developed to protect and enhance the biodiversity of
special importance areas [18].
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is 10 km X 10 km. The soils that are found in
Menoikio Mountain were grouped in 7 types based
on Harmonised World Soil Database classification.
These types are: i) calcaric (ca) fluvisol, ii) calcaric
(ca) regosol, iii) eutric (eu) vertisol, iv) dystric (dy)
cambisol, v) dystric (dy) leptosol, vi) eutric (eu)
leptosol and vii) calcaric (ca) leptosol.
The weather data that were collected include:
the
daily
precipitation
rate,
daily
maximum/minimum temperature, daily relative
humidity and wind speed from eight regional
weather stations (Figure 1) as there was no weather
station for the higher altitude areas of the Menoikio
Mountain. The data used were found in the
Hydroscope project [23]. The weather stations used
were: i) Serres, ii) Drama, iii) Alistrati, iv) Kato
Nevrokopi, v) Kerkini, vi) Nea Zichni, vii)
Micropoli and viii) Orini.
Finally, the watershed delineation tool of
SWAT divided the Menoikio Mountain Range into
257 watersheds (the threshold value was set at 100
ha based on the DEM characteristics in order to
create a detailed hydrographic network). The input
data (land-use, soils and slope classes) led to the
creation of 2002 HRU. According to the statistics on
the slope ranges for Menoikio, 3 slope classes were
selected (0-50%, 50-200% and 200-9999%). The
simulation period was set from 1/1/2000 to
31/12/2011 and the outputs were in a monthly step.
Three watersheds of Menoikio Mountain range were
selected (Kranorema, Megas Xiropotamos and
Micropoli) because they represent different
watershed areas, soils, land-use and slope classes of
Menoikio. Table 1 shows the morphologic and
stream characteristic of these three selected
watersheds based on SWAT inputs.

Range (Figure 2a), the precipitation ranged between
357.7 mm and 867.9 mm (average 640.2 mm) during
the simulation period. Runoff ranged between 0.2 5.9% (average of 3%) of the rainfall and represented
between 0.3 - 9.7% (average 4.8%) of the water
yield. Due to the soil characteristics and the dense
vegetation a significant amount of rainfall infiltrated
and moved as lateral flow and groundwater flow,
which represented about 34% and 22% of the water
yield, respectively. There was also a high percentage
(average 39%) of evapotranspiration because of the
high temperatures in spring and in summer, but also
because the mountain was densely vegetated. The
groundwater storage contribution was the smallest
percentage (2%).
Torrent Water Budget Simulations.
(1) Kranorema watershed. The water balance
of Kranorema watershed (Figure 2b) was identical to
that of the entire area of Menoikio. The water yield
constituted more than the half of the total
precipitation (58%). The biggest part of the water
yield belonged to lateral (36%) followed by return
flow (19%) through the soil profile. The rest of water
yield (3%) belonged to direct surface runoff. The
groundwater storage had low levels (2%) and finally,
the evapotranspiration was very high (40%).
(2) Megas Xiropotamos watershed. Figure 2c
shows the water balance of the Megas Xiropotamos
watershed. The water yield constituted more than the
half of the total precipitation (55%). The different
participation of the soils, the land-uses and the
morphologic characteristics of the watershed
affected the water balance phases.
The return flow was lower (12%) while the
lateral flow (41%) was greater than the Kranorema
watershed. The rest of water yield (2%) belonged to
the direct surface runoff that was quite low. The
groundwater storage was also very low (1%). In
contrast the evapotranspiration had a high
percentage (44%).

RESULTS AND DISCUSSION
Menoikio Mountain Range Water Budget.
Concerning the area of the Menoikio Mountain

TABLE 1
The characteristics of the three selected watersheds and their streams based on SWAT inputs.
StreamWatershed

Perimeter(km)
Area(km2)

Elevation
(m)

Stream
Pattern

Stream
Order

Soils
(%)

Kranorema

49.85-44.86

275-1903

Dendritic/
Parallel

4

Megas
Xiropotamos

35.55-21.35

200-1411

Dendritic/
parallel

4

Ca Leptosol 64.7
Ca Regosol 29.9
Eu Leptosol 5.4
Ca Regosol 74.0
Eu Leptosol 26.0

Micropoli

28.60-15.19

298-1903

Dendritic

3
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Ca Leptosol 99.6
Eu Vertisol 0.4

Land-uses
(%)
RNGB 59.0
FRSD 12.3
AGRL 2.4
PAST 57.5
FRST 10.0
URLD 0.01
FRSD 49.9
RNGE 16.7

RNGE 20.5
PAST 5.0
FRST 0.9
AGRL 32.4
FRSD 0.2
PAST 26.5
AGRL 6.9
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FIGURE 2
The water balance of: a) Menoikio Mountain Range, b) Kranorema watershed, c) Megas Xiropotamos
watershedand d) Micropoli watershed

FIGURE 3
The simulated streamflows of the three selected streams located in the Menoikio Mountain Range
followed by return flow (24%) through the soil
profile. The rest of the water yield (6%) belonged to
direct surface runoff. The surface runoff was higher
in this watershed probably because of its soils (Eu
Vertisol). These soils are characterized of a high

(3) Micropoli watershed. The water yield in
this watershed also constituted more than the half of
the total precipitation and is greater than the other
two watersheds (61%) (Figure 2d). The largest part
of the water yield belonged to lateral flow (31%)



1213

© by PSP

Volume 26 ± No. 2/2017, pages 1210-1215

Fresenius Environmental Bulletin




potential climate change impacts on the water
resources of the Mediterranean region.

content of expansive clay that slowly absorbs the
water and promotes the surface runoff. The
groundwater storage was low (3%) but higher than
in the other watersheds due to the great percentage
of Ca Leptosol. The evapotranspiration percentage
was still significant (36%) but lower than the other
two watersheds because of the different vegetation
and the higher percent of water yield.
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Torrent Streamflows. The simulated
streamflows of these three selected streams for the
simulation period are shown in Figure 3 (y axis
depicts the streamflow in cubic meters per second
while x axis depicts the time period and for technical
purposes only January and July of each year are
noted). The greater mean streamflow was found in
the Kranorema watershed that was equal to 0.53m3/s
(ranged 0-2.3m3/s) while the lowest was found in the
Micropoli that was equal to 0.18m3/s (ranged 00.7m3/s). The mean streamflow of Megas
Xiropotamos was 0.23m3/s (ranged 0-0.9m3/s). The
morphologic characteristics of the watershed are the
most important factors that affect the streamflow,
specifically, watershed area shape and perimeter, the
slope and the stream order. Furthermore, very
important roles play the soils and the land-uses of the
area.
Actual measured streamflow data of these
streams are not available because of the lack of
monitoring stations. The calibration and validation
of the model parameters values of these watersheds,
based on real recorded streamflows, is the next step.
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UNIVERSAL MATRIX OF RISK ANALYSIS METHOD FOR
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had been recognized and addressed [3, 4].
Following the example of the early adopters
(countries such as Australia, Canada, Sweden, New
Zealand) [1, 5], many other countries have
incorporated some form of impact assessment
process into formal procedures or legislation
relating to planning or to other areas of
environmental decision-making. EIA is a decision
tool employed to identify and evaluate the probable
environmental consequences of certain proposed
development actions in order to facilitate informed
decision-making
and
sound
environmental
management [6, 7]. The process of environmental
impact assessment is one of the most important
instruments
applied
for
environmental
management, and is firmly embedded in domestic
and international environmental law.
TKLV SUHVHQW SDSHU¶V REMHFWLYH is to create a
system of EIA for water management constructions
(flood mitigation measures) through risk analysis
(RA) evaluation of options, the result of which
should lead to the selection of future activity
quantified with minimum risk to the environment.
Comparison of options and designation of the
optimal variant will be implemented based on
selected criteria which objectively describe the
characteristic features of the planned variants and
their impact on the environment.

ABSTRACT
One of the tasks of the present research is to
create a system of environmental impact assessment
of water management constructions through risk
analysis evaluation of options, the result of which
should lead to the selection of future activity
quantified with minimum risk to the environment.
This methodology is intended to streamline the
process of environmental impact assessment of
constructions in the field of water management. The
objective of the paper is to propose a methodology
for assessing water management constructions
which will allow assessment the impact of water
constructions on the environment and hence
selection of the best option for the permission
process. This paper explores the benefits of using
risk analysis techniques in the evaluation of flood
protection structures by examining the results of
environmental impact assessment for a planned
IORRG PLWLJDWLRQ PHDVXUH DW 9\ãQi +XWND LQ
Slovakia. Flooding is a serious problem worldwide
and has caused substantial damage, in terms of
environment, human health and economic losses.
Flood protection becomes an increasingly topical
issue because the damage becomes more severe
every year. All proposed flood mitigation measures
are subject of environmental impact assessment
process before its approval.

MATERIALS AND METHODS
KEYWORDS:
environmental impact assessment (EIA), risk analysis,
risk index, flood mitigation measures

Environmental impact assessment (EIA) is
generally considered as a tool to assist authorities in
making decisions as appropriately as possible
concerning project approval and conditions needing
to be fulfilled. In Slovakia EIA procedure for public
and private projects that are likely to have
significant effects on the environment have been in
place since the adoption of the EIA Law in 1994. In
2006 a new EIA Law was approved [8], and EIA
procedures began to be applied to buildings under
the 2006 Planning Law. At present the objective of
this paper is to implement a methodology for EIA
of flood mitigation measures which will allow
assessment of these constructions and hence

INTRODUCTION
EIA give in full possesses a strong legislative
basis that first appeared in the United States with
the National Environmental Policy Act of 1969
(NEPA). This represented the first formal
incorporation of the impact assessment process in
legislative form [1, 2]. The Federal agencies were
required under NEPA to produce a statement of
environmental impacts and release it to the public,
in order to demonstrate how these considerations
1216
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Risk analysis

Identification of sources
of risk - stressors

Identification of impacts
Definition of areas of
impact

Creation of sets of
criteria

Prediction of impacts
Determination of the
probability

Calculation of the risk
Ri

Impact assessment
Characterisation of the
level of individual risk

Identification of the
environmental impacts of
stressors by the UMRA

Determination of
consequence

Determination of the risk
index IRj for each alternative
of the action

FIGURE 1
Process of risk analysis DXWKRUV=HOHĖiNRYiHWDO
management. The main objective of this task was to
identify pollutants or activities that alter the natural
environment as a result of the planned activities.
Designated stressors associated with the
abovementioned issues are proposed in Catalogue
of stressors (Fig. 2). It includes following:
emissions, floods, droughts, sediments, pollutants,
erosion, landslides, noise, vibration, waste,
radiation.
The approach to identifying potential risks
(stressor effects on components of the environment,
depicted in Table 1) in the environment is to use a
modified template for Universal Matrix of Risk
Analysis (UMRA) [16, 20].
Possible impacts of stressors on environmental
components are shown by a mark in the box in
which the potential risk occurs and then through
detailed characteristics.

selection of the best option for the permission
process. The methodology for EIA of a flood
protection structure was proposed in [16] and
validated in case studies, namely flood protection
PHDVXUH SURSRVDOV LQ WKH YLOODJHV RI .UXåORY >
@âLED>@6SLãVNp3RGKUDGLHDQG9\ãQi+XWND
[19]. The methodology uses a modified version of
the universal matrix of risk analysis (UMRA) [20],
which is one of the methods of risk analysis
proposed not only to enhance the transparency and
sensitivity of the evaluation process, but also to
cope with the requirements of the EIA system in
Slovakia and the European Union. The
methodology also respects the principles of the
Driving Force - Pressure - State - Impact - State ±
Response framework (DPSIR), which was proposed
by the European Environmental Agency [21] and
adopted by many national and European
institutions, among others the EEA and Eurostat.
The DPSIR framework was originally developed by
the EEA for environmental reporting purposes, as a
result of environmental monitoring, on different
environmental assessment tools such as EIA, and
structures the description of the environmental
problems, by formalising the relationships between
various sectors of human activity and the
environment as causal chains of links [22].

Prediction of impacts. To predict effects it is
necessary to propose a set of criteria that reflect the
impact of the proposed activity on the environment.
For the determination of the probability "Pi"
(0.25 to 1) and consequence "Ci" (0.25 to 1) which
enter into the calculation of the individual risk "Ri"
of each identified stressor effect on components of
the environment, it is necessary to propose an
indicator of likelihood and different levels of
criteria. The probability is often expressed on a
scale 0 ± 1, so we have also used this scale and
applied it to 4 categories (0.25 to 1). This part is
described in the Catalogue of stressors (Fig. 2) in
[16].

Identification of impacts. Potential stressors
associated with proposed activities in the field of
water management have been systematically
identified through a series of studied references and
consultation with experts in the field of water
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TABLE 1
UMRA for identification the environmental impacts of stressors [16]

other

cultural and historical monuments, cultural
values of an intangible nature
archaeological and paleontological sites and
important geological localities

the urban environment and land use

the territorial system of ecological stability

the protected areas and their protective zones

landscape, structure and use of landscape,
scenic aspects of the landscape

fauna and flora and their biotopes

soil

water conditions

atmosphere

climatic conditions

the mineral environment, mineral raw materials,
geodynamic phenomena and geomorphologic conditions

STRESSOR
- SOURCE OF RISK

population

FIELD OF IMPACT

AIR
emission

Ɣ

floods
drought
sediments
pollutants

Ɣ
Ɣ Ɣ
Ɣ Ɣ

erosion
landslides
pollutants

Ɣ Ɣ
Ɣ

Ɣ

Ɣ

Ɣ

Ɣ

Ɣ
WATER
Ɣ
Ɣ Ɣ
Ɣ Ɣ Ɣ
Ɣ Ɣ24 Ɣ
Ɣ
Ɣ
SOIL
Ɣ Ɣ Ɣ
Ɣ Ɣ Ɣ
Ɣ Ɣ Ɣ
GENERAL
Ɣ

Ɣ
Ɣ

Ɣ

Ɣ

Ɣ
Ɣ

Ɣ
Ɣ
Ɣ

Ɣ

Ɣ
Ɣ

Ɣ

Ɣ

Ɣ
Ɣ
Ɣ

Ɣ
Ɣ
Ɣ

Ɣ

Ci= consequence.

Impacts
assessment.
Calculation
of
individual risk Ri required for impact assessment is
done using the following equation (1):

Pi  Ci

Ɣ

Ɣ

noise
Ɣ
Ɣ
vibration
Ɣ Ɣ
waste
Ɣ
Ɣ Ɣ Ɣ
radiation
Ɣ
Ɣ
1RWHƔ- number of stressors that have an impact on the environment

Ri

Ɣ

Ɣ

Assessment of the likelihood and consequence
of impact are combined in order to set the
individual risk of each stressor for environmental
components. The individual risks Ri were calculated
for each of 70 identified stressor impacts on
environmental components.

(1)

where
Ri = individual risk of each
stressor impact on the environmental component,
Pi = probability of occurrence,
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FIGURE 2
Procedure of stressors assessment [16]
9\ãQi +XWND ZDV identified, within
preliminary flood risk assessment according to the
Flood Directive worked out in 2011 in Slovakia, as
a geographical area with existing potentially
significant risk [23].

The level of risk can be classified into four
levels in semi-qualitative form using the universal
matrix of risk analysis as follows.
x

Negligible risk ± Ri  0.0625;0.25 ,

x

Low risk ± Ri

x

Medium risk ± Ri  0.50;0.75 ,

x

High risk ± Ri  0.75;1.00 .

 0.25;0.50 ,

Implementing the Flood Directive [24]
requires studies of various kinds: a) engineering
studies, b) economic and social studies, and c)
interdisciplinary studies involving experts from a
variety of field such as engineering, economics,
public health or ecology [25]. All these are
described in detail in [19]. The USACE approach
[26] forms the basis for the study. This involves the
following [25, 26]: a) the selection of a set of flood
occurrence probabilities; b) computation of the
peak discharge Q and its translation into peak stage
S through a stage-discharge (S-Q) curve; c)
estimation of damage for a variety of elements at
risk (e.g. assets, property, number of inhabitants).

The resulting risk index is calculated as the
sum of all individual stressor risks:
n

IR j

¦L

i

 Ci

(2)

i 1

where
IR = risk index,
L = likelihood,
C = consequence,
j = rank of the alternative,
n = number of considered impacts of stressors
to environmental components (n = 1, 2, 3,...,70),
i = rank of likelihood and consequences.

RESULTS AND DISCUSSION
9\ãQi+XWND )LJ LVDYLOODJHLQWKH.RãLFH
'LVWULFWLQWKH.RãLFH5HJLRQLQHDVWHUQ6ORvakia. It
LV ORFDWHG LQ WKH 7RSĐD ULYHU EDVLQ 7KLV VWUHDP
represents a threat of flooding in the village. It is
necessary to propose a flood mitigation measure in
the area to protect the environment and property
from flooding [19].

The proposal of this procedure using RA for
determining the risk of a flood protection structure
and choosing the best alternative of the activity is
applied here to a flood protection measure proposal
DWWKHYLOODJHRI9\ãná Hutka.
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x Alternative I: stream bed in the village will
be regulated for Q100 = 360 m3s-1.
x Alternative II: flood protection levees will
be constructed (Fig. 5).

The purpose of the proposed action is to
regulate runoff conditions in order to improve flood
protection in the vicinity of the stream flow.
Computation of the peak discharge Q of the flood
hydrograph associated with each probability level
was computed using modelling and is presented in
)LJXUH>@IRUWKHYLOODJHRI.RãLFNp2OãDQ\
WKHQHDUHVWSURILOHWR9\ãQi+XWND
The population of the village, their property
and the environment are endangered by potential
floods in the area. The number of inhabitants in
9\ãQi +XWND LV 437 (in 2010). Commercial
activities as well as assets in the area are presented
in [19].
Proposed alternatives for the proposed activity
LPSOHPHQWLQJ³IORRGSURWHFWLRQPHDVXUHV´DW9\ãQi
Hutka are:
x Alternative 0: stream bed will not be
regulated and no flood protection levees will be
constructed ± the current state.

FIGURE 3
Stage-discharge (S-Q) curve for river
7RU\VDLQ.RãLFNp2OãDQ\>@

9\ãQi+XWND

FIGURE 4
/RFDOLVDWLRQRI9\ãQi+XWNDYLOODJHLQWKH6ORYDNUHSXEOLF [19]

FIGURE 5
Flood protection levees proposal [19]
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TABLE 2
Determination of probabilities and consequences of the impacts of stressors on components of the
environment for the considered variants of the proposed action A j (A0, AI, AII) and risk calculation

I
D

Impact of
stressors on
components of
the environment

7

Impact of
flooding on the
population

8

Impact of
flooding on
water conditions

Determination of
probabilities
P7
0.5
0.5
0.5

P8

0.5
0.5
0.5
P9

9

Impact of
flooding on soil

10

Impact of
flooding on
flora, fauna and
their habitats

11

Impact of
flooding on
landscape structure and
land use,
landscape
character

12

13

14

Impact of
flooding on
protected areas
and their buffer
zones

Impact of the
flooding of the
territorial system
of ecological
stability (TSES)
Impact of
flooding on
urban areas and

1
0.5
0.25

Local potential
for flooding (-)
medium
medium
medium
Number of
announcements
of highest level
of flooding
(per year) (-)
2±3
2±3
2±3
The status of
flood
protection
facilities (-)
not sufficient
good
very good

Determination of
consequences
C7
1
0.25
0.25

Health consequences
of flooding (point)
 PRVWVHULRXV
0
0

C8

Capacity flow Qn
(m3.s-1)

1
0.5
0.25

450
= Q100
t Q100

C9

Permeability of soil
(-)

1
0.5
0.25

0.5
0.5

medium
medium
medium
Local potential
for flooding (-)
medium
medium

0.75
0.25

permeable
permeable
permeable
Vulnerability of
fauna and flora and
their habitats (-)
very high
low
very low
Changes in the
landscape (-)
significant
small

0.5

medium

0.25

small

P12

Local potential
for flooding (-)

C12

0.5

medium

0.25

0.5

medium

0.25

0.5

medium

0.25

P10
0.5
0.5
0.5
P11

P13
1
0.5
0.25
P14
0.5

Local potential
for flooding (-)

The status of
flood
protection
facilities (-)
not sufficient
good
very good
Local potential
for flooding (-)
medium

0.75
0.75
0.75
C10

C11

C13
0.5
0.25
0.25
C14
0.5
1221

Location of the
proposed activity (-)
outside the protected
area
outside the protected
area
outside the protected
area

Calculation of
risk

Aj
0.5
0.125
0.125

A0
AI
AII

Aj

0.5
0.25
0.125

A0
AI
AII
Aj

0.75
0.375
0.1875

A0
AI
AII

0.375
0.125

A0
AI

0.125

AII

Aj
0.5
0.25
0.125

A0
AI
AII
Aj

Aj
0.125

A0

0.125

AI

0.125

AII

Impacts on TSES
(point)
6 ± 10


Estimation of
flooded area (km2)
1 ± 50

Alterna
tive

Aj
0.5
0.125
0.0625

A0
AI
AII
Aj

0.25

A0
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land use

15

16

Impact of
flooding on
cultural and
historical
heritage,
intangible
cultural values
Impact of
flooding on
archaeological
and
paleontological
sites and
important
geological sites

0.5
0.5

P15

0.5
0.5
0.5

P16

0.5
0.5
0.5

medium
medium
Number of
announcements
of highest level
of flooding
(per year) (-)
2±3
2±3
2±3
Number of
announcements
of highest level
of flooding
(per year) (-)
2±3
2±3
2±3

0.25
0.25

0
0

C15

Number of affected
values in the area (-)

0.5
0.25
0.25

2±3
0±1
0±1

C16

Number of affected
sites in the area (-)

0.25
0.25
0.25

0
0
0

0.125
0.125

AI
AII

Aj

0.25
0.125
0.125

A0
AI
AII

Aj

0.125
0.125
0.125

A0
AI
AII

risk of each proposed flood mitigation measure and
through which it is possible to choose the
alternative with the lowest level of risk for the
environment. This paper provides a brief overview
of the results of risk analysis involved in an
example of EIA. EIA and RA processes are rarely
used to complement each other despite the potential
benefits of such integration. The paper presents a
general methodology for the analysis and
evaluation of environmental impacts of water
management
activity,
specifically
the
implementation of flood mitigation measures at
9\ãQi +XWND 6ORYDNLD XVLQJ WKH ULVN DQDO\VLV
method known as the universal matrix of risk
analysis (UMRA).
The proposed methodology is applied to a
flood protection measure proposal at the village of
9\ãQi +XWND LQ WKH HDVWHUQ SDUW RI 6ORYDNLD 7KH
village has constant problems with floods, which
cause damage and have adverse consequences for
human health, the environment and personal and
municipal property. Comparison of variants and
designation of the optimal variant is implemented
based on selected criteria which objectively
describe the characteristic features of the planned
variants and their impact on the environment.
The aim is to improve transparency and
minimize subjectivity in the environmental impact
assessment process, specifically in flood protection
structure proposal projects. The paper presents a
new scientific approach using risk analysis in the
implementation of EIA methodologies. The basic
principle of the proposed action is to calculate the
risk index, an estimation of the level of risk to the
environment posed by the proposed activity. Risk
analysis is based on the principle that the proposed
activity is related to stressors that represent
environmental risks. These can be quantified by
calculating the individual risk of impact from each
identified stressor on components of the
environment. Finally it is possible to calculate the

All stressors that have impacts on
environmental components due to the activity of
construction of flood mitigation measures are
assessed. For each of the assessed variants of the
proposed activity of flood protection in the village
9\ãQi+XWNDWKHSUREDELOLW\Pi and consequence Ci
are stated (Table 2). The proposal also reflects
consultations with experts and professionals in the
field of water management and environment
protection.
Assessment of alternatives of flood protection
PHDVXUHVDW9\ãQi+XWNDLVEDVHGRQWKHFDOFXODWHG
risk index. For Alternative 0 this is IR0 = 3.875;
Alternative I has a value of IRI = 1.75 and
Alternative II has IRII = 1.25.
First place belongs to Alternative II, which is
optimal in terms of the degree of risk posed to the
environment. Second place is taken by Alternative
I, which is slightly less acceptable, and third place
goes to Alternative 0, which is at least acceptable
and the most risky in terms of environmental
impact.

DISCUSSION AND CONCLUSION
Due to the persistently high frequency of
flood-related disasters, which are exacerbated by
the on-going effects of climate change and
inappropriate human land management activities,
the impacts of flooding on villages and towns can
be devastating and life threatening, resulting in the
need to design and assess flood mitigation
measures. In their preparation, implementation,
evaluation and authorization it is necessary to
ensure consistent application of environmental
impact assessment. Certain developments must be
assessed for likely environmental effects before
planning permission can be granted. Risk analysis
is an appropriate tool for determining the level of
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environmental assessment. Ottawa: Canadian
Environmental Assessment Agency and
International
Association
for
Impact
Assessment, Ministry of Supply Services.
Retrieved from: http://www.ceaa-acee.gc.ca
/Content/2/B/7/2B7834CA-7D9A-410BA4ED-FF78AB625BDB/iaia8_e.pdf. Last accessed 20/12/2013.
[3] Morgan, R.K. (1998). Environmental impact
assessment: a methodological perspective.
Dordrecht: Kluwer Academic, 307 p.
[4] Morgan, R.K. (2012). Environmental impact
assessment: the state of the art. Impact
Assessment and Project Appraisal, 30 (1), p. 514.
Retrieved
from:
http://dx.doi.org
/10.1080/14615517.2012.661557. Last accessed 20/10/2013.
[5] Wood, C. (2003). Environmental impact
assessment: a comparative review. 2nd ed.
Harlow: Prentice Hall.
[6] Cashmore, M. et al. (2010). Evaluating the
effectiveness
of
impact
assessment
instruments: theorising the nature and
implications of their political constitution.
Environmental Impact Assessment Review,
30(6), 371-379. Retrieved from: http://dx.
doi.org/10.1016/j.eiar.2010.01.004.
Last
accessed 11/8/2013.
[7] Sadler, B. et al. (2011). Taking stock of SEA.
In B. Sadler, ed. Handbook of strategic
environmental assessment. London: Earthscan,
p. 1-18.
[8] Act No. 24/2006 from December 14th 2005 on
Environmental Impact Assessment and on
amendments to certain acts.
[9] CEQ (Council on Environmental Quality)
(1987). Regulations for Implementing the
Procedural Provisions of the National
Environmental Policy Act. 40 CFR, Parts
1500-1508.
[10] Magness, T.H. (1984). NEPA, the regulations
of the US Council on Environmental Quality
and the heart of EIA. Proceedings of the Paper
Presented to the Dutch-US Seminar on
Environmental Management. Washington DC.
[11] Canter, L.W. (1996). Environmental Impact
Assessment. New York: McGraw-Hill.
[12] Cashmore, M. et al. (2004). The interminable
issue of effectiveness: substantive purposes,
outcomes and research challenges in the
advancement
of environmental
impact
assessment theory. Impact Assessment and
Project Appraisal, 22 (4), 295-310. Retrieved
from: http://dx.doi.org/10.3152/14715460478
1765860. Last accessed 26/7/2013.
[13] Cashmore, M. (2004). The role of science in
environmental impact assessment: process and
procedure versus purpose in the development
of theory. Environmental Impact Assessment
Review, 24(4), 403-426. Retrieved from:

overall risk which each proposed activity poses to
the environment and human health.
The proposed assessment may be used in the
process of comparing alternatives and the choice of
optimum alternative for the purposes of EIA of
water management structures. The proposed
methodology is intended to improve the outcome of
EIA, and may also find application in other
infrastructure projects. Risk analysis is a formal
methodology to marry up available technical
information and stakeholder values to support
decision-making in many fields, and can be
especially valuable in environmental decisionmaking. The application of the developed
methodology for the process of EIA will develop
conditions for further improvements or more
effective implementation of this process.
It is expected that EIA will continue to act as
an effective tool to prevent the application of
investments in Slovakia which by their degree of
environmental damage many times outweigh their
benefits. The need for action on climate change and
biodiversity loss is recognised across Europe and
around the world. To make progress towards
combating and adapting to climate change, and
halting the loss of biodiversity and the degradation
of ecosystems, it is vital to fully integrate these
issues in the plans, programmes and projects
implemented throughout the EU [28]. In some
cases, EIA is understood only as a "mirror" to
comply with legal or technical standards, which is
not sufficient for modern environmental planning.
The assessment process should take into account
the emotions and feelings of the public, stress
factors, fear of risk, and criteria reducing the quality
of life. Generally, we can say that environmental
impact assessment in Slovakia is still based on
professional principles, as is evidenced by EIA
documentation produced at a standard or even high
level.
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INVESTIGATION OF PARTICULATE MATTER
CONCENTRATION IN OFFICES
Silvia Vilcekova*, Adriana Estokova, Eva Kridlova Burdova, Zdenka Budaiova
Institute of Environmental Engineering, Faculty of Civil Engineering, Technical University of Kosice, Vysokoskolska 4, 04200 Kosice,
Slovakia

that particulate matter (PM) has well-known
negative health effects on humans [2-5]. Pollutants
generated from indoor sources such as tobacco
smoking [6] and other combustion sources [7] may
lead to increased exposure compared with those
from outdoor sources. Therefore, it is important to
determine whether the quality of indoor air is
affected by changes in outdoor concentrations and to
determine the sources of indoor air pollution [8].
Epidemiological studies have reported strong
associations between PM10 concentrations and
several adverse health effects. Studies [9, 10] have
stated that suspended PM, among other
environmental factors, is one of the most harmful
forms of air pollution, especially the inhalable PM
with an DHURG\QDPLF GLDPHWHU OHVV WKDQ  ȝm,
which appears to cause respiratory health effects and
heart disease [9, 11, 12]. As shown in previous
studies [13-17], high concentrations of ambient air
pollutants may cause acute or chronic health effects,
respiratory problems in children and even premature
death in elderly people and people with asthma as
well as increased hospital admissions for
cardiopulmonary, respiratory and other conditions.
The first objective of this study is to determine
the levels of PM concentration in several different
rooms in selected office buildings. The second aim
of the study is to determine the levels of PM
concentration in selected offices when they are
occupied and unoccupied. In Slovakia, there is not
enough measurement of indoor PM concentrations to
assess the extent to which building users are exposed
to high PM concentrations.

ABSTRACT
The health and comfort of building users is an
important aspect in determining their quality of life.
An increase in particulate matter (PM) air
contamination and its negative impact on human
health have resulted in efforts to monitor and identify
its sources. The occurrence of indoor PM depends on
outdoor pollution and its transportation indoors as
well as the presence of indoor pollution sources.
Indoor sources include building materials;
furnishing, heating, ventilation and air conditioning
systems; activities related to combustion processes;
and occupancy activities. This paper aims to carry
out an experimental investigation of PM in the
indoor air of selected offices. The mass and number
concentrations of PM for fractions of 0.5, 1.0, 2.5,
5.0 and 10.0 μm were monitored and evaluated to
determine the extent of exposure of employees in
office buildings in Slovakia. The monitoring of eight
offices showed that mass concentrations of PM10
exceeded the maximum allowed value in 37.5% of
the monitored offices. PM mass concentrations
ranged widely based on particle size: 28.0-113.4,
19.0-59.5, 4.6-17.0, 1.9-11.4 and 1.1-7.0 ȝJP-3 for
PM10, PM5, PM2.5, PM1 and PM0.5, respectively.
Measurement results for two offices when they were
occupied and unoccupied showed higher particle
mass concentrations in unoccupied offices than in
occupied offices for all size fractions. Measurements
of number concentrations of 0.3-1.0 μm fractions
were higher in offices without activity than
concentrations in offices with activity.

MATERIALS AND METHODS

KEYWORDS:
office, indoor environment, particulate matter, PM0.5 PM10, total PM, monitoring

Offices. Eight different offices (A-H) of a
building located in the city of Kosice, Slovakia, were
selected to determine the levels of PM concentration.
Offices A-G were closed-design offices of
approximately the same dimensions: the floor area of
each room was about 25 m2. The floor surface of
office H, an open-design office, was 95.37 m2. The
windows in offices D and E faced a road with heavy
traffic. Office A was covered with laminate flooring,
and the other seven office floors were covered with
a carpet made of synthetic material. All office walls

INTRODUCTION
Well-being is an important aspect in
determining the quality of life of a building¶s
occupants. In the late 1980s and 1990s, the World
Health OrganizDWLRQ¶V WHO) concept of health
became significant in identifying the concept of a
³KHDOWK\EXLOGLQJ´ [1]. Several studies have shown
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Pulses are counted and their amplitude is measured
for particle sizing. The results are displayed as
particle counts in the specified size channel. Count
data is then displayed as a cumulative or differential
count.
The airborne particle counter was located at the
level of the breathing zone of a sitting person, which
is 1.1 m above the floor. Five series of particle
measurements were carried out in each office: in the
middle of the room and in each corner. PM
concentrations were recorded once a minute over a
period of 300 minutes for each measurement. The
concentrations presented for each room are the
average values of the five series of PM
measurements.
Physical parameters, such as air temperature
and humidity, were recorded by a Data Logger Testo
175-H2,
Testo,
Inc.,
Germany,
during
measurements. This device was located in the middle
of each room at the level of the breathing zone of a
sitting person (i.e., 1.1 m above the floor).
The measurements were carried out on eight
consecutive days in November 2014 (i.e., during
weather that necessitated indoor heating).

were covered with plaster and paint. The offices
were equipped with personal computers, printers,
photocopy machines, chairs, tables and additional
furniture.
The measurements were carried out in offices
without air conditioning during normal building
operations, while two employees worked in each
office. In office E and open-space office H, the
windows were closed during the measurements. In
the other offices, the windows were opened once or
twice during the measurements. Some workers were
smokers, but subjective evaluations were not
performed; thus, the results do not take this factor
into account.
Offices I and J were selected to compare the
levels of PM concentration during occupancy as well
as when the office is not in use (unoccupied). The
monitoring of PM was carried out in office I during
daily work activities. Measurements in office J were
taken when the office was unoccupied and had not
been used on the previous two days. As mentioned
above, the dimensions and equipment in the offices
were quite similar. The monitored offices were all
facing the same street.
Monitoring. The measurements of the number
and mass concentrations of PM for fractions of 0.5,
1.0, 2.5, 5.0 and 10.0 micrometers were carried out
using a HANDHELD 3016 Airborne Particle
Counter, Lighthouse Worldwide Solutions, Inc,
USA. This instrument detects a minimum particle
size of 0.3 microns with a flow of 0.1 CFM and a
touchscreen interface. The instrument uses a laserdiode light source and collection optics for particle
detection. Particles scatter light from the laser diode,
and the optics collect and focus the light onto a photo
diode that converts the bursts of light into electrical
pulses. Pulse height is a measure of particle size.

RESULTS AND DISCUSSION
PM concentrations in offices during normal
building operations. The air temperature ranged
from 19.6 to 25.3°C in the monitored offices, with a
mean value of 23°C. The measured relative air
humidity ranged from 31.2% to 48.5%, with a mean
value of 38%. The measured mean mass
concentrations of PM in the offices, related to the
size fractions, are presented in Table 1.

TABLE 1
Mean values of particulate mass concentrations in offices

Office room
A
B
C
D
E
F
G
H
Mean
Median
Standard deviation

PM0.5
5.6
4.4
5.9
6.2
5.5
1.1
7.0
2.6
4.78
4.08
2.00

PM1.0
8.1
7.3
9.4
9.64
7.4
1.9
11.4
3.5
7.33
5.84
3.18

Particulate mass concentration
[μg.m-3]
PM2.5
PM5.0
PM10.0
10.0
19.0
28.0
10.5
25.1
38.7
12.6
26.2
42.0
13.9
44.7
81.4
8.7
21.7
39.2
4.6
30.9
70.0
17.0
59.5
113.4
5.3
19.2
43.7
10.37
30.79
57.04
7.84
19.15
35.85
4.19
14.27
28.87

1226

Total PM
35.8
47.6
56.6
90.9
44.4
85.4
131.6
56.3
68.58
46.05
31.95
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thoracic (PM10), fine thoracic (PM2.5), and submicrometer (PM1.0) airborne PM during the day
were in the ranges: 11±29, 8.1±24 and 6.6±18
ȝJPí, with averages of 20 ± 1, 15.0 ± 0.9 and 11.0
  ȝJPí, respectively. At night, mass
concentrations were found to be significantly lower
for all fractions.
A comparison of the PM concentrations
measured in the monitored offices of the present
study is shown in Figure 1.
Surprisingly,
all
measured
particle
concentrations in open-space office H were much
lower than the averages. This is likely a result of the
dilution effect, given the larger size of this office
compared with the others. In addition, the
concentration of the smallest PM fractions measured
were the lowest for office H. The highest PM
concentrations for all particle size fractions were
found in office G, followed by concentrations in
offices D and F. This finding may confirm the
significance of outdoor PM sources, as the windows
in office H were closed during measurements while
the windows in offices G, D, and F were opened
several times during sampling. On the other hand,
the lowest concentrations in a closed indoor room
contrast with the results of [23], where indoor
concentrations were measured as several times
higher than outdoor concentrations.
The mean values of PM10.0 mass concentrations
exceeGHG WKH LQGRRU OLPLW YDOXH  ȝJP-3) by
62.7% in office D, by 39.9% in office F and by
126.7% in office G. The progression of PM10
concentrations in offices D, F and G, which exceeds
the permissible values for PM10, is presented in
Figure 2. Even after the windows were opened, the
concentrations of PM did not decrease below the
maximum value.
The number concentrations of PM for each
measured fraction in the eight investigated offices
are presented in Table 2.

Total PM concentrations, presented as
measured particles without size fraction selection,
GLIIHUHGZLGHO\DQGUDQJHGIURPWRȝJP3
in the monitored offices, with an average value of
ȝJP-3. PM10 concentrations ranged from 28.0
WR  ȝJP-3. The measured PM10 values were
compared with the maximum permissible value
according to Slovak legislation (Decree of the
Ministry of Health of the Slovak Republic No.
259/2008) [11]. The maximum permissible value for
PM10 LQGRRUFRQFHQWUDWLRQ ȝJP-3) was exceeded
in three of the eight offices, which represents 37.5%
of measurements. The calculated average value of
PM10 LQWKHRIILFHV ȝJP-3) was also found to
be higher than the permissible limit. The PM
concentrations measured in the study are somewhat
higher than those reported for office buildings in
Horner [19], who compared the PM concentration
levels in buildings that both met and failed to meet
PM10 or other air quality requirements for
Leadership in Energy and Environmental Design
(LEED) certification. Most buildings (82 of the 99
locations in 26 buildings) seeking LEED
FHUWLILFDWLRQPHW PHGLDQȝJP-3) the requirement
RIȝJP-3 PM10 (4 hr averages).
The average concentrations of the smallest
particle fractions were determined to be 4.8, 7.3 and
ȝJP-3 for PM0.5, PM1.0 and PM2.5, respectively.
Comparing the results of PM2.5 with the annual mean
JXLGHOLQHRIȝJP-3 stated by WHO [20], it can be
concluded that the concentrations in 62% of the
monitored offices reached higher values. The finding
corresponded to the results of one study [21] in
which 50 samples of indoor and outdoor PM 2.5 were
analyzed in five office buildings in Hungary. The
PM2.5 mass concentration exceeded the WHO annual
PHDQJXLGHOLQHRIȝJP-3 in 50% of the samples
taken. The results in another paper [22], which
focused on the study of 100 indoor and outdoor PM
samples, showed that the mass concentrations of

FIGURE 1
Comparison of particulate mass concentrations in offices
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FIGURE 2
The progression of particulate mass concentrations of PM 10.0 in offices D, F and G
TABLE 2
Mean values of measured number concentrations of PM
Number concentration
[count.l-1]
Office
A
B
C
D
E
F
G
H
Mean
Median
Standard deviation

PM0-0.3

PM0.3-0.5

PM0.5-1.0

PM1.0-2.5

PM2.5-5.0

PM5.0-10.0

6.7E+04
5.2E+04
7.4E+04
7.6E+04
6.6E+04
1.3E+04
8.4E+04
3.0E+04
5.77E+04
4.87E+04
2.57E+04

4.6E+03
5.3E+03
6.6E+03
6.6E+03
3.4E+03
1.4E+03
8.0E+03
1.8E+03
4.70E+03
3.19E+03
2.00E+03

270.9
454.0
464.9
655.1
192.9
370.0
796.5
249.5
431.72
260.20
15.14

130.1
211.6
208.3
452.9
184.6
379.8
604.8
196.3
296.04
163.18
46.83

16.3
25.2
32.3
69.7
32.0
73.8
96.7
44.3
48.78
30.27
19.81

6.0
6.8
11.7
7.5
4.0
12.1
13.6
9.5
8.90
7.74
2.48

measurements and likely confirms the outdoor origin
of the large particles. As seen in Figures 3A-F,
windows being opened immediately resulted in
increased PM number concentrations.
Figure 3F shows the peaks of PM5.0-10 number
concentrations while the windows were open: office
A ± 105th min. (65 count/l) and 180th min. (37
count/l), office C ± 260th min. (47 count/l), office D
± 165th min. (40 count/l), office F ± 15th min. (49
count/l) and 260th min. (45 count/l), office G ± 90th
min. (76 count/l). The peak values of PM 5.0-10.0
number concentrations exceeded the calculated
mean value (8.9 count/l) by several times.
Maximum values of number concentrations of
PM were identified in offices D, F, and G for all
fractions.

The findings reveal that the number
concentrations of thoracic (PM5.0-10), fine thoracic
(PM1.0-2.5) and sub-micrometer (PM0.5-1.0) airborne
PM were in the ranges: 4.0-13.6, 130.1-604.8 and
192.9-796.5 particles.mí, with mean averages of
8.9, 296.0 and 431.7 particles.mí, respectively. As
with the mass concentrations, the highest number
concentrations of PM were in office G for all particle
size fractions. The progression of the number
concentrations of PM in the monitored offices is
illustrated in Figures 3A-F.
The lowest PM concentrations for fractions
ZLWKDQDHURG\QDPLFGLDPHWHUDERYHȝP )LJXUHV
3D-F) were found in office E and open-space office
H when the windows were not opened. This fact
corresponds with the results of mass concentration
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FIGURE 3A
The progression of particulate number
concentrations of PM 0-0.3

FIGURE 3B
The progression of particulate number
concentrations of PM 0.3-0.5

FIGURE 3C
The progression of particulate number
concentrations of PM 0.5-1.0

FIGURE 3D
The progression of particulate number
concentrations of PM 1.0-2.5

FIGURE 3E
The progression of particulate number
concentrations of PM 2.5-5.0

FIGURE 3F
The progression of particulate number
concentrations of PM 5.0-10.0

TABLE 3
Mean values of particulate mass concentrations

Office
PM0.5
I (with activity)
5.6
J (without any activity)
13.7
R
2.4
R = PMx(roomJ)/PMx(roomI)

PM1.0
8.1
20.5
2.5

Mass concentration
[μg.m-3]
PM2.5
PM5.0
10.0
19.0
22.6
28.3
2.3
1.5
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PM10.0
28.0
32.3
1.2

Total PM
35.8
32.8
0.9
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Surprisingly, the findings revealed higher mass
concentrations in room J (unoccupied, without
human activity) for all size fractions, except total
PM. As seen in Table 3, the mass concentrations of
the smallest fractions PM0.5, PM1.0, and PM2.5 in
room J were more than twice as high as in room I
(occupied, with human activity). This fact is likely
related to the lower air exchange intensity in room J
and accumulation of PM in the indoor air.
Table 4 presents mean values of particulate
number concentrations for each measured fraction in
both investigated offices.
As seen in Table 4, the number concentrations
of the smallest fractions (up to 1.0 μm) were higher
in room J (unoccupied, without activity) than in
room I (with activity) while PM with aerodynamic
diameter above 1 μm was higher in room I. The
number of the largest particles (10 micrometers in
diameter) in room J per 1 dm3 was extremely low
(0.35 count.l-1). This finding was likely caused by a
higher deposition of the largest particles in the office
with no activity. Figures 4A-C illustrate the
progression of PM number concentrations for
fractions with an aerodynamic diameter above 1.0
ȝPLQWKHPRQLWRUHGRIILFHV

PM concentrations in relation to activity in
the monitored offices. The average air temperature
was 25.3°C in office I with human activity and
22.9°C for office J with no activity. The relative air
humidity did not fluctuate greatly during
measurements: 33.9-37.3% in office I and 29.931.2% in office J. The average relative air humidity
reached 35.6% and 30.6% in offices I and J,
respectively. Table 3 presents mean values of PM
mass concentrations for each measured PM size
fraction.
The results confirm the correlation between
increased particle size and mass concentrations in
both investigated offices (Table 3). Marked
differences between concentrations of various
particle sizes were observed in office I, which was
investigated during normal operations. PM10
concentrations of PM measured in both offices (27.9
and 32.2 μg.m-3) did not exceed the Slovak
maximum value for indoor air (50 μg.m-3) [18], and
the mean concentrations of PM2.5 did not exceed EU
limits (25 μg.m-3) either [19]. However, both
measured PM2.5 concentrations were higher than
:+2¶Vannual mean guideline of 10 ȝg.m-3.

TABLE 4
Mean values of particulate number concentrations
Particulate number concentration
[count.l-1]
Office

PM0-0.3

PM0.3-0.5

PM0.5-1.0

PM1.0-2.5

PM2.5-5.0

PM5.0-10.0

I (with activity)
J (without any activity)
R

6.7E+04
16.4E+04
2.5

4.6E+03
12.3E+03
2.7

270.9
293.0
1.1

130.1
83.6
0.6

16.3
7.1
0.4

6.0
0.4
0.1

R = PMx(roomJ)/PMx(roomI)

FIGURE 4A
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The progression of PM1.0-2.5 number concentrations

FIGURE 4B
The progression of PM2.5-5.0 number concentrations

FIGURE 4C
The progression of PM5.0-10.0 number concentrations

Two offices were selected to examine the outdoor
contribution of particles and the influence of indoor
sources. One office was fully occupied during
working hours, and the second was unoccupied at all
times. The results suggest that human activity during
working hours considerably affected indoor particles
in the occupied office both in terms of number and
mass concentration compared with non-workinghour conditions. In the absence of any significant

Marked increases and decreases in PM
concentrations in room I can be linked with the
operating conditions during measurements (room
occupancy, activity by employees, opening and
closing windows and doors) and the related higher
intensity of air exchange. In one study [24],
particulate mass concentration (PM10) and number
concentrations were measured online in modern
office environments with mechanical ventilation.
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indoor source generating new particles (hardcopy
devices), the indoor environment was influenced
mainly by the presence of people, with resuspension
activities the most important source for particle sizes
larger than 1 mm. This study also stated that indoor
particle numbers and mass concentrations were
influenced substantially by outdoor sources.
In another study [25] conducted in Milan,
measurements were made both outside and inside of
four typical office buildings during summer/autumn
and winter, with the target of fine PM (PM1 and
PM2.5). The results reveal a considerable influence of
the outdoor environment on indoor PM, as
confirmed by the strict correlation between indoor
and outdoor PM concentrations (R2 = 0.86-0.88) and
the infiltration factor, which settled at about 0.55
regardless of PM size or sampling period.
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ABSTRACT
Transplanting seed-derived seedlings has
many advantages for site restoration, one of which
is the enhancement of its genetic material.
Producing seedling with characteristics such as
vigorous root systems is beneficial since they
enhance regeneration success. The aim of this study
was to determine if seed-derived seedlings, based
on an altitudinal seed-sampling gradient, affects the
growth of Quercus coccifera L. seedlings. In
addition, the effect of container-type on root
allocation was investigated. Seeds were collected
based on an approximate altitudinal gradient of
100m (150, 250 and 330 m). Pre-germinated seeds
were placed in two equivalent volumetric containertypes that differ in shape. After six months of
growth, ten seedlings were harvested from each
combination of elevation and container-type. The
results indicated a strong effect of altitude for all
studied variables with greater growth for seedlings
derived from seeds of lower altitude. Also, the
container-type affected the root allocation with
greater root growth for containers with the greater
diameter. Our results suggest that altitude is a
variable that should always be taken under
consideration when producing seed-derived
seedlings. In addition, the type of the container
should also be considered when root allocation is a
main focal point.

KEYWORDS:
climate change, container effect, elevation gradient,
regeneration, seedling production, seedling growth.

INTRODUCTION
One of the most difficult efforts of the Forest
Service worldwide is to successfully regenerate
highly disturbed sites. That is even harder for semiarid Mediterranean areas like Greece where intense
drought events are frequent, especially during
summer time. Furthermore, the predicted increased
temperatures indicate an increase in the severity
and duration of those droughts [1, 2] that could be



rather alarming for the existence of some native
species [3]. Researchers have noted that climate
FKDQJH FDXVHV D VKLIW RI WKH VSHFLHV¶ GLVWULEXWLRQ
towards higher latitudes and altitudes [4, 5]. Those
conditions induce additional obstacles at the
regeneration efforts, since such conditions increase
seedling mortality [6, 7].
When regenerating a site, many factors such
as the seed source of the parent tree and seed size
could influence the characteristics of the produced
seedlings [8, 9]. It has also been indicated that as
altitude increases the growth of the trees get more
stunted, while seed production also decreases [10,
11]. However, no research has addressed the
growth of seed-derived seedlings based on an
altitudinal seed collection gradient.
Quercus coccifera L. (Kermes oak) dominates
semi-arid Mediterranean ecosystems [12, 13, 14],
with an altitudinal range 0 to 1200 m and it can
tolerate intense disturbance levels [15, 16]. It is
usually found in a shrubby form, but under
undisturbed conditions it can also reach 15m height
[17]. Like most Quercus species [18], Q. coccifera
has a tendency to produce vigorous roots that
enables the species to overcome adverse growth
conditions.
This study investigated if seed-derived
seedlings based on an altitudinal seed collection
gradient affects the characteristics of the produced
Q. coccifera seedlings. It was hypothesized that
there would be no altitude effect on seedling growth
for similar seed-size derived seedlings. The effect
of the container-type on root allocation was also
investigated. It was hypothesized that containers
with wider upper-diameter would show greater root
allocation compared to the narrower upper-diameter
container. By studying the effect of altitudinal seedderived gradient on the growth of the seedling,
some insights might be gained on how seedlings
growth might be altered by selecting seeds from a
specific altitude and how we can benefit by
producing seedlings with characteristics that enable
them to tolerate those harsh environments.

1234

© by PSP

Volume 26 ± No. 2/2017, pages 1234-1239

Fresenius Environmental Bulletin





MATERIALS AND METHODS
Seed collection. Prior to seed collection, the
area of ³.RULORYRV´PRXQWDLQLQ'UDPD*UHHFH was
surveyed and afterwards individual shrubs were
closely monitored and marked with a GPS unit.
That was performed in order to be able to find an
adequate number of seeds to successfully perform
the experiment based on an altitudinal seedsampling gradient (approximately 100 m intervals).
Seeds were collected from three altitudes of 150,
250 and 330 m, from the same west-facing aspect
RIWKH³.RULORYRV´PRXQWDLQZLWKDSSUR[LPDWHPD[
altitude of 500 m (24o ¶ o ¶  .RULORYRV LV
located in close proximity (within five km) to the
city of Drama, Greece. The collection took place in
October 2009 from open crown Quercus coccifera
shrubs. The main seed collection criterion was the
brown color of the seeds that was used as an
indicator of their proper maturation [19].
Afterwards, the seeds were placed in water for
24 h to serve rehydration purposes as well as
discarding the damaged and insect infected seeds
[19, 20]. Prior to the initiation of the experiment,
seeds were separated by their diameter size. Hence,
only seeds of 12-13 mm maximum diameter were
used in order to minimize any seed size effect [8,
9]. Continuously, the seeds were placed in
polyethylene bags [21] and stored in a cooler at 4 +
1oC [22] to serve cold stratification requirements to
break seed dormancy. To determine seedling
performance based on an altitudinal see-sampling
gradient and container-type, pregerminated seeds
were sawn in the containers of the same volumetric
size of 1.5 l, but of different dimension and shapes.
Specifically, one container-type had a height of 12
cm and an upper-container diameter of 14 cm,
while the other had a height of 8.4 cm and an
upper-container diameter of 20 cm. The soil
substrate where the seeds were sown was a mixture
of peat and perlite (3-to-1).
Studied Variables. After sawing, the
seedlings were grown under greenhouse conditions
for six months. Watering was performed on a daily
basis, while no fertilizer was applied. At the end of

six months, ten seedlings from each combination of
altitude and container-type were harvested and
evaluated based on their dry weights (total of 60
seedlings). Specifically, the dry weights (in grams)
of the seedlings and their subdivided parts were
determined by placing the samples in a convection
oven for a period of 48 hrs days at 103±2 oC. The
XSSHU WRWDO GU\ ZHLJKW RI WKH ³DERYH´ JURXQG
seedling parts (TDWup) were determined by
quantifying the dry weight of the stem (SDW) and
the leaves (LDW). In order to determine the effect
of the container-type on the root distribution of the
species, each root was cut into two halves based on
the height of each container-type. So, the root of
each seedling was divided into two parts; the uppercontainer root part (UP_RDW) and the lowercontainer root part (DOWN_RDW). The total root
dry weight (TRDW) of the seedlings was
determined by the partitioning of the UP_RDW and
the DOWN_RDW. The total seedling dry weight
(TSDW) was the partitioning of the TDWup and
the TRDW.
The statistical analysis of the data was
conducted by using the ANOVA analysis with the
SPSS® statistical software v. 15.0 [23]. Data were
tested for normality and homogeneity. The general
linear model was used to determine the effect of
altitude, container-type and their interaction. The
mean differences were tested with the 'XQFDQ¶V
multiple range tests at significance levels of p<0.01
and p<0.05. Finally, the Pearson multi-correlation
analysis was performed to determine the
relationship among studied variables.

RESULTS AND DISCUSSION
The results of this study showed a strong
effect of altitude for all studied variables with
greater growth for seedlings derived from seeds
collected from the lower altitude. Table 1 indicates
that the altitudinal seed-sampling gradient affected
all seedling growth variables at a significance level
of p<0.01, except the ratio that was significant at a
level of p<0.05. Specifically, the six months old

TABLE 1
The significant effect of altitude (A), the design of the container (C) and their interaction on
characteristics of six-month old seedlings.
UP_RDW

DOWN_RDW

TRDW

LDW

SDW

TDWup

TSDW

TRDW/TDWup

Altitude (A)

**

**

**

**

**

**

**

*

Container (C)

*

ns

ns

ns

ns

ns

ns

ns

(A) * (C)

ns

ns

ns

ns

ns

ns

ns

ns

* significant at p<0,05; ** significant at p<0,01; ns: none significant



1235

© by PSP

Volume 26 ± No. 2/2017, pages 1234-1239

Fresenius Environmental Bulletin





FIGURE 1
The effect of altitude (m) on the characteristics of six-month old seedlings; the dry weight in grams (gr) of
the upper root (UP_RDW), lower root (DOWN_RDW), leaf (LDW), stem (SDW), total upper (TDWup),
total root (TRDW), total seedling (TSDW) and the TRDW/TDWup ratio. Different letter indicates
significant differences at a level of p<0.05.
seedlings derived from lower seed-sampling
altitudes (150 and 200 m) showed more vigorous
growth than seedlings derived from seeds collected
from higher altitude (330 m) (Figure 1). This is a
strong indication that altitude is a variable that



affects the characteristics of the produced seedlings.
Similar findings were observed for the species of
Pinus flexilis, where seedlings derived from the
lower altitude had greater biomass than seedlings of
higher altitudes [24].
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In addition, results show that the containerBased on the mean values, the below seedling
type affected the root allocation only at the upperparts of TRDW and the UP_RDW showed higher
half part of the container with a greater mean for
growth for the 150 and 250 m compared to the 330
the container-type of the 20 cm diameter for all
m, while for the DOWN_RDW growth was also
studied altitudes compared to the 14 cm containerhigher for the 150 m group compared to both 250
type (Table 1). This clearly indicates the
and 330 m. For the above ground seedling parts, all
importance of the size of the upper diameter of the
the characteristics (LDW, SDW, TDWup),
container-type when trying to promote increased
including the TSDW, indicated for the 150 and 250
root biomass at the upper (or the lower) layers of
m altitudes higher means compared to the above
the container. For example, seedlings that have
ground seedling parts for seed-derived seedlings
increased root biomass at the lower part of the soil
from 330 m. Furthermore, the TRDW/TDWup ratio
seemed to be favored under environments with
showed greater mean value for the 150 compared to
drought conditions; since lower soil layers have
the 250 and 330 m. This indicates that seedlings of
greater soil moisture (top soil layers typically have
this species derived from lower altitude seeds, not
increased evaporation). On the contrary, when the
only produced more vigorous seedlings, but they
ecosystem favors opportunistic conditions, greater
invested more in their root systems, particularly at
root systems at the upper soil level could enhance
the DOWN_RDW. The consistency of the results
nutrient and water uptake.
indicated greater mean values for seedlings derived
from seeds collected from lower altitudes. The
reduced seedling growth with increased seedsampling altitude was also verified by the negative
CONCLUSIONS
correlation of altitude with all seedling growth
variables (Table 2). This is a fact that should not be
The results of this study indicated a strong
neglected, at least for the species of Q. coccifera,
effect of altitude with significantly greater growth
when aiming in producing seedlings with specific
for seedlings derived from seeds collected from the
characteristics, such as greater root systems.
lower altitudes. This information could help with
The results also indicated a predetermined
the proper seed collection when producing
genetic trend for greater root biomass allocation for
seedlings with specific characteristics. Seedseedlings derived from seeds originating from
sampling from lower altitudes for the species of Q.
lower altitudes. This suggests a predetermined
coccifera would most likely produce more vigorous
genetic defense mechanism of those seedlings in
seedlings as oppose to seed-sampling from higher
producing greater roots that enables them to
elevations. In addition, the container-type affected
overcome stressed conditions such as those
the root allocation only at the upper-half part of the
imposed under water deficit conditions during hot,
container with a greater root growth for the
dry summers that might be more intense at lower
container-type of the 20 cm diameter. This is
altitudes [10]. Researchers have indicated that
another important characteristic that could help
seedlings with vigorous root systems have a
predetermine root allocation based on the
tendency to increase the success of reforestation
environment that the seedlings would grow.
[18], especially in semi-arid Mediterranean areas
Overall, our results suggest that altitude is a
like Greece. Consequently, based on the results of
variable that should not be neglected when
this study, it is advantageous to collect seeds and
producing seed-derived seedlings, while the type of
grow seedlings from plants that grow at lower
altitudes based on their altitudinal distribution.
TABLE 2
The results of the Pearson multi-correlations analysis among the studied variables.
Variables
Altitude
Container-type
UP_DWR
DOWN_DWR
TDWR
DWL
DWS
TDWup
TSDW
TDWR/TDWup

Altitude
1

Containertype

UP_
DWR

DOWN_
DWR

0.000
1

-,247**
.167
1

-,339**
-.125
.163
1

TDWR

DWL

DWS

TDWup

TSDW

-,390**
.003
,688**
,828**
1

-,207*
-.105
,521**
,405**
,594**
1

-,287**
.004
,505**
,326**
,526**
,738**
1

-,249**
-.072
,549**
,403**
,608**
,969**
,881**
1

-,333**
-.039
,681**
,627**
,848**
,905**
,817**
,932**
1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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TDWR/
TDWup
-,199*
.038
,189*
,511**
,483**
-,338**
-,324**
-,355**
-.021
1
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container should also be taken into account when
root allocation is a main concern. Both
characteristics can help in producing better
seedlings. Nonetheless, future research on other
study areas as well as species should help expand
our knowledge on the altitudinal effect on seedling
growth.
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RELATIONSHIPS BETWEEN IRON, SULFUR, NITROGEN
AND PHOSPHORUS IN LAWNS GROWN ON A
CALCAREOUS SOIL IRRIGATED BY SLIGHTLY SALINE
WATER
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Cynodon dactylon and Pennisetum clandestinum
were sown in lanes as monocultures, in parallel with
the cold season C3 graminaceous species Festuca
arundinacea and Lolium perenne as monocultures or
in mixtures with Festuca rubra and Poa pratensis.
The non-grass plants Dichondra repens and
Trifolium repens were also included as monocultures
due to their broad usage in lawns. The
characteristics, the performance and the nutritional
status of the aforementioned cultures after a period
of cultivation under frequent mowing has been
reported [1].
In calcareous soils, iron (Fe) availability is
highly restricted and graminaceous plants mobilize
Fe via the chelation strategy [2]. Intensive
agronomic activity requires sulfur (S) inputs [3, 4].
Fe is intimately related to S and the various aspects
of this interaction and regulation have been reviewed
[5], along with the interactions of Fe or S with N and
phosphorus (P) [2, 3, 6]. More specifically, the
interactions of S in crop ecosystems [7] as well as
the interaction of N and S metabolisms in C4 plants
have been discussed [8].
Due to the intimate relationship of these
nutrients and their ecological significance, in this
work our focus was especially on the interactions of
Fe nutritional status with that of S, N and P
individually and interactively in the aerial part of the
aforementioned plant species grown on a calcareous
soil. In this work, a metadata analysis based on the
data published in reference [1] was performed
aiming at studying the relationships between Fe, S,
N and P concentrations in the aerial part of the used
plant species and varieties under the specific
pedoenvironmental conditions.

ABSTRACT
In calcareous soils, Fe availability is highly
restricted. On the other hand, Fe metabolism is
intimately related to S, N, and P ones, whilst
intensive agronomic activity requires significant S
inputs. How these relationships are shaped in the
commonly used for lawns species Cynodon
dactylon, Pennisetum clandestinum, Festuca
arundinacea, Festuca rubra, Lolium perenne, Poa
pratensis, Dichondra repens, and Trifolium repens,
when they are grown in a medium-textured
calcareous soil irrigated with slightly saline water?
In this system, [Sorg] presented a wide range among
the studied lawns, and two groups were
distinguished: one with [Sorg] above 70 ȝmol g-1DM
and the other with [Sorg] below 50 ȝmol g-1DM. All
binary combinations of N/Sorg, P/Sorg, SO42-/Sorg,
Fe/Sorg ratios were in very strong linear relationships,
along with N/Fe vs P/Fe ratios. Sorg/Fe ratio
suggested more acquisition of S relative to Fe, by the
warm season grasses. The relationship between
Sorg/Fe and SO42-/Sorg ratios suggested that Fe and
SO42- were interconnected via the required content
of Sorg and the following scenario seems to be
supported: P nutrition was adjusted to N nutrition;
iron was adjusted to both of them, so that N/Fe was
in linear relationship to P/Fe. Sorg was adapted to
both N and Fe.

KEYWORDS:
S, Fe, cold/warm season grasses, calcareous soil, nutrition
status index

INTRODUCTION
MATERIALS AND METHODS
The establishment and maintenance of lawns
on the calcareous soil in the campus of the
Agricultural University of Athens, was the primary
object of a traineeship project. The lawns were
irrigated with a slightly saline water derived from
drilling. The warm season C4 graminaceous species



The cultivated area of 360 m2 was divided in 10
lanes 15 m × 2.31 m each (in total 346.5 m2),
separated by narrow lanes 15 m × 0.10 m each (in
total 13.5 m2). Soil preparation prior to sowing
included: soil and water analysis, weed elimination
1240
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failed.
Five samples from the aerial part of each lane
were collected, oven-dried at 80 0C and ground to
pass a 40-mesh screen by means of an analytical mill
prior to chemical analysis [9]. Sulfate concentration
was determined by extracting the ovendried samples
with 2% (v/v) acetic acid aqueous solution and by
analyzing with a turbidimetric method [10, 11].
Total sulfur (Stot) content was determined after dry
ashing at 600 0C [12]. The ash was dissolved in 2%
(v/v) acetic acid aqueous solution, filtered through
Whatman No. 42 paper, and total sulfate (SO42-) was
determined turbidimetrically [10, 11]. The content of
the organic sulfur (Sorg) was calculated by
subtracting the total sulfate content from that of Stot.
Fe and P were determined following a wet acid
digestion procedure [9]. Phosphorus quantitative
analysis in the diluted digests was carried out
colorimetrically by determining the absorption of the
blue phosphomolybdate complex at 660 nm [13]. Fe
concentrations were determined in the diluted
digests by atomic absorption spectrophotometry.
Kjeldahl nitrogen (N) was determined by microKjeldahl digestion followed by distillation, nitrate
excluded [14, 15].

(250 mL glyphosate in 15 L of water were used),
removal of stones, gravels, and existing vegetation.
Ground preparation required tilling at 30-40 cm deep
which was conducted by a rotavator, along with a
peripheral digging with the use of a hand tool.
Afterwards, a 10-18-18 fertilizer (The Andersons,
Pro International, USA) was applied together with
an 8-6-12+0.3B+25% organic material (Biofil olea,
Filchem, Greece) that consists of perlite and peat.
Sowing took place in December 15th 2012. The
irrigation schedule differed among the seasons with
3 minutes of water to be applied twice daily at 08:00
and 12:00 during winter, contrary to 12 minutes at
08:00 and 14:00 daily, during the summer. Mowing
took place regularly. Finally, the results were
evaluated in July 2013.
The selected warm season graminaceous
species (sown in lanes L3 and L5, Table 1) and the
cold season ones (L6 - L9, Table 3) were used as
monocultures, along with two mixtures of
graminaceous species (L1 and L10, Table 2). The
non-graminaceous species Dichondra repens (L2)
and Trifolium repens (L4) were included for
comparative reasons. No analyses were performed in
Agrostis stolonifera since its establishment (L7)

TABLE 1
Organic sulfur [Sorg], iron [Fe], total sulfur [Stot], sulfate [SO42-], organic nitrogen [Norg] and phosphorus
[P] concentrations in the aerial part of the monocultures or mixtures of the studied plant species,
H[SUHVVHGLQȝPROJ-1DM (mean values ± standard deviation). Lanes have been sorted according to [Sorg].

TABLE 2
The composition (species and percentage contribution) of the mixtures of lanes 1 and 10.
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The correlations between all combinations
among [N], [P], [Sorg] and [Fe] (Table 1) did not
reveal any linear relationships. The same held also
true for all the molar ratios but all the combinations
of N/Sorg, P/Sorg, SO42-/Sorg, Fe/Sorg. Very strong
linear relationships were also found between N/Fe vs
P/Fe (Table 3). Therefore, the following analysis
focused on the relation of Sorg to Fe, SO42-, Stot, N
and P. Festuca arundinacea Rebel presented
significantly lower SO42- and Stot contens, and the
examined ratios were significantly different,
compared to Festuca arundinacea Tomahawk or the
other C3 species or mixtures. Cynodon dactylon
presented the lowest [N] and the higher [Stot], [Sorg]
and [SO42-] concentrations; N:Sorg ratio was the
lowest one, too.
[Sorg] presented a wide range among the studied
lawns (2.9-110.2 ȝmol g-1 DM) and it was sorted out
in ascending order (Table 1); thus, points in the
figures 1A-D, 2A-D, 3A, represent the positions of
the corresponding lanes, according to Table 1. The
assortment classified the lanes in two groups: The
lawns of F. arundinacea Rebel (L6), shadow
mixture (L10), Wembley mixture (L1) and L.
perenne (L8) constituted a group with [Sorg] below
50 ȝmol g-1DM. The non-grass T. repens (L4) was
included in this group. The lawns of P. clandestinum
(L3), F. arundinace Tomanhawk (L9) and C.
dactylon (L5) constituted another group with [Sorg]
abovHȝPROJ-1DM. The non-grass D. repens (L2)
participated in this group. With the exception of F.
arundinacea Rebel, [SO42-] was rather constant
fluctuated between 40-ȝPROJ-1DM (Fig.1A). In
the 1st group Sorg/Stot increased linearly and SO42-/Sorg
decreased exponentially, whilst in the 2nd group both
ratios were constant: Sorg/Stot at 0.7 and SO42-/Sorg at
0.43 (Fig.2A). Increasing [Stot] contained more
[Sorg]; indeed, [Stot] was strongly correlated to [Sorg]
following a power function (Table 4).

TABLE 3
The correlations of the molar ratios couples that
presented linear relationship with the
corresponding R2 value.

RESULTS
Analysis of topsoil prior to fertilization
revealed a medium-textured calcareous soil with
alkaline reaction (pH 8.04), high carbonate (41.2%)
and low organic matter (1.21%) contents. Analysis
of irrigation water showed a slightly saline water
with pH 7.5, and an electric conductivity of 1080 ȝS
cm-1 [1].
The aerial part of the examined warm season
grasses presented [Fe] and [Stot] concentrations
between 1.5-1.9 and 116- ȝPRO J'0-1
respectively. In contrast, the corresponding
concentration ranges of the examined cold season
grasses were between 2.4-2.6 and 27-125 ȝmol
gDM-1, respectively. These values provided a Stot/Fe
ratio of 79-84 for the examined warm season grasses
and of 9-52 for the cold season grasses.

FIGURE 1
The relationships between [Sorg] and [Stot] (A), [Sorg ] and [SO42-] (A), [Sorg] and [Fe] (B), [Sorg] and [N] (C),
[Sorg] and [P] (C), and [Sorg] and N/P ratio (D). The arrow indicates the corresponding axis



1242

© by PSP

Volume 26 ± No. 2/2017, pages 1240-1246

Fresenius Environmental Bulletin



FIGURE 2
The relationships between [Sorg ] and the ratios SO42-/Sorg (A), Sorg/Stot (A), Fe/Sorg (B), N/Sorg
(C) and P/Sorg (D). The arrow indicates the corresponding axis.
TABLE 4
Parameters and R2 values of the combinations between concentrations and/or molar ratios that could be
followed adequately by a power function trend line.

SO42-/Sorg, Fe/Sorg, N/Sorg and P/Sorg decreased,
following a power function with negative exponent
(Fig.2A-D, Table 4).
The correlations between Sorg/Fe vs [Sorg] and
Sorg/Fe vs SO42-/Sorg followed a power function with
positive (Fig.3A) and negative (Fig.3B) exponent,
respectively. Sorg/Fe was in a strong linear
relationship with Stot/Fe (Table 3), whilst Sorg/Stot
also followed a power function with negative
exponent with increasing SO42-/Sorg (Fig.3D).

Nitrogen nutrition of the lawns in all lanes was
adequate. Phosphorus nutrition was in relation to
both N and Sorg. With increasing [Sorg], [N] and [P]
concentrations fluctuated in the same fashion
(Fig.1C). In group 1 the P/N ratio decreased with
increasing [Sorg], whilst in group 2 the tendency
reversed (Fig.1D). P/Sorg ratio was in strong linear
relationship with the N/Sorg ratio (R2=0.9940, Table
3). With the exception of the two mixtures, [Fe]
fluctuated as [N] and [P]; mixtures presented higher
[Fe] (Fig.1B). With increasing Sorg the molar ratios
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FIGURE 3
The relationships between [Sorg] and Sorg/Fe (A), SO42-/Sorg vs Sorg/Fe (B), Stot/Fe vs Sorg/Fe
(C) and SO42-/Sorg vs Sorg/Stot (D).
evaluation, the relationships between Fe, SO42-, Sorg,
N and P were intimate in all the examined species
and varieties. The fitting functions of Fe/Sorg, N/Sorg,
P/Sorg or SO42-/Sorg were all of identical shape,
described nicely by a power function with negative
exponent. Interestingly, the order of the points in
Figures 2A-D (which represent the corresponding
lanes, therefore the used monocultures of mixtures)
was the same.
Interestingly, the Stot/Fe ratio of warm season
grasses (values 79.0 and 83.8) presented a
remarkable deviation to that of cold season grasses
(values ranging between 9.5 and 52.0). This ratio
provided a value of 110.0 for the non-grass species
Dichondra repens. Equivalent to Stot/Fe, the Sorg/Fe
ratio of warm season grasses (values 54.0 and 58.8)
presented also the remarkable deviation to that of
cold season grasses (values ranging between 1.1 and
34.4), and a distinct difference between F.
arundinacea Rebel and Tomahawk, a physiological
trait that needs further study.
The aforementioned results seem to support the
following scenario: P nutrition was adjusted to N
nutrition (Fig.1D). Then, iron was adjusted to both
of them, so that N/Fe was in linear relationship to
P/Fe (Table 3). Sorg was adapted to both N and Fe in
such a way that the Sorg/Fe ratio was inversely related
to SO42-/Sorg (Fig.3B). The scenario explains the
relations summarized in Tables 3 and 4. Strategy II
for the acquisition of iron is based on the production
and release of phytosiderophores, the precursor of

DISCUSSION
The needs of each lane in Sorg were diverse. The
needs of plant species in S differ [3, 4, 7]. In the
adopted ranking approach which is based in [Sorg],
Festuca arundinacea Tomahawk, a cold season
grass, was comparable to Pennisetum clandestinum,
a warm season grass. Therefore, F. arundinacea
Tomahawk may be considered as a sulfur efficienct
C3 grass, by far more efficient compared to F.
arundinacea Rebel, which under the circumstances
may be considered as sulfur inefficient C3 grass. The
varieties of F. arundinacea which have been
included in the mixtures, held ranking positions near
that of F. arundinacea Rebel (L9 as opposed to L6,
L10 and L1 in Table 1). Due to irradiance-sulfur
interactions [16], it is speculated that this attribute
may not be connected with the light conditions that
prevailed in the experimental setup (an atrium which
is surrounded by the walls and windows of the two
storey Hassioti building), as L9 was near the one
with a mixture suitable for shadow.
Plant requirements for S are closely linked to N
availability and growth rate [3]. On the other hand,
iron (Fe) availability is highly restricted in
calcareous soils and graminaceous plants mobilize
Fe via the chelation strategy, i.e by releasing
phytosiderophores as Fe chelators (known as
Strategy II), as opposed to all other plant species
which mobilize Fe via the reduction strategy (or
Strategy I) [2, 17-21]. In the system under
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in terms of the S:Fe index. In: Proceedings of
the 12th International Conference on Protection
and Restoration of the Environment, Skiathos,
Greece, June 29th - July 3rd. Liakopoulos A,
Koungolos A, Christodoulatos C, Koutsospyros
A. (Eds), Session: Natural treatment systems,
653-658.
[2] Barker A.V., and Stratton M.L. (2015). Iron. In:
Handbook of Plant Nutrition, A.V. Barker, D.J.
Pilbeam (Eds), CRC Press, Boca Raton,
London, New York, 399-426.
[3] Grant C. and Hawkesford M.J. (2015). Sulfur.
In: Handbook of Plant Nutrition, A.V. Barker,
D.J. Pilbeam (Eds), CRC Press, Boca Raton,
London, New York, 261-302.
[4] Hawkesford M.J. (2007) Sulfur and plant
ecology: A central role of sulfate transporters in
responses to sulfur availability, In: M.J.
Hawkesford, L.J. De Kok (Eds) Sulfur in Plants.
An ecological perspective, Springer,1-55.
[5] Forieri I., Wirtz M., Hell R. (2013) Toward new
perspectives on the interaction of iron and sulfur
metabolism in plants. Frontiers in Plant Science
4, article 357.
[6] Fageria V. D. (2001) Nutrient interactions in
crop plants. Journal of Plant Nutrition 24, 12691290.
[7] Haneklaus S., Bloem E. and Schnug E. (2007)
Sulfur interactions in crop ecosystems. In:
Sulfur in Plants ± an Ecological Perspective,
Hawkesford M.J. and De Kok, L.J. (Eds),
Springer, 17±58.
[8] Kopriva S. (2011) Nitrogen and Sulfur
Metabolism in C4 Plants. In: C4 Photosynthesis
and Related CO2 Concentrating Mechanisms,
Raghavendra, A. S. and. Sage, R. F (Eds.),
Springer Science+Business Media B.V., 109±
128.
[9] Mills H. A. and Jones J. B. Jr. (1996) Plant
Analysis Handbook II. MicroMacro Publishing
Inc., Athens, Georgia, USA.
[10] Sörbo B. (1987) Sulfate: Turbidimetric and
nephelometric methods, in Jakoby, W. B.,
Griffith, O. W. (Eds.): Methods in Enzymology:
Sulfur and Sulfur Amino Acids. Vol. 143,
Academic Press, Inc., New York, 3±6.
[11] Miller R.O. (1998): Extractable chloride,
nitrate, orthophosphate, potassium, and sulfatesulfur in plant tissue: 2% acetic acid extraction,
in Kalra, Y. P. (Ed.): Handbook of Reference
Methods for Plant Analysis. CRC Press LLC,
Boca Raton, Boston, London, New York,
Washington, D.C., 115±118.
[12] Astolfi S., Zuchi S., Passera C. and Cesco S.
(2003): Does the sulfur assimilation pathway
play a role in the response to Fe deficiency in
maize (Zea mays L.) plants? Journal of Plant
Nutrition 26, 2111±2121.

which, i.e. nicotianamine (NA), is produced by the
sulfur containing aminoacid methionine; hence
6WUDWHJ\ ,, GHSHQGV RQ WKH SODQW¶V 6 QXWULWLRQDO
status. NA is also produced by all other plant species
that follow Strategy I and do not produce
phytosiderophores. NA is used as internal chelator
regardless of the strategy the plant species uses for
Fe uptake [2,3]. The mixtures of grasses presented
higher [Fe]; this finding may suggest that there is a
mixture of different phytosiderophores which
enhances Fe uptake as opposed to single variations
of phytosiderophores and different to each other in
each monoculture, another physiological trait that
needs further studies. The production of Sorg is
regulated by the N status, whilst P and Fe are key
players in the energetics of the aerial part of the
lawns.

CONCLUSIONS
Stot/Fe ratio or its equivalent Sorg/Fe suggested
more acquisition of S relative to Fe, by the warm
season grasses grown in this adverse system. The
relationship between Sorg/Fe and SO42-/Sorg ratios is a
key finding suggesting that both Fe and sulfate
metabolisms were closely related to organic sulfur
level; therefore, Fe and sulfate were interconnected
and perhaps regulated via the required content of
organic sulfur in all studied species and varieties at
the time of evaluation.
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than they need for growth and development [3,4].
Their application as indicators in aquatic ecosystems is
based on this ability. Emerged and floating plants
mostly acquire metals through their roots while
submerged aquatic plants absorb metals through roots
and outgrowths.. Once absorbed, the metals have a
greater tendency to accumulate in some of parts of the
plants [3].
Determining total quantities of toxic metals in
sediments is not enough for the evaluation of their
influence on the enviroment of aquatic systems; the
amount of bioavailable (mobile) metals is more
important since such metal forms are available to the
living systems in the lake [5].
In our study, the extracted Cu in the sediments
of Lake Skadar was detected with the aid of five
different extracting agents: exchangeable-cation
(NH4Cl, CaCl2, CH3COONa), organic acid (oxalic
acid) and complexing reagent (EDTA). The aim of
this study was to determine the proportion of
mobile and mobilizable metals in the sediments and
predict bioavailability.
Our research aims to find the Cu content per
fractions of sediments, and estimate bioavailability,
including by analysing content ratios in the
sediment, in water and macrophytes and plant tissue
distibution, which can indicate possible absorption
or distribution mechanisms and ability to
bioaccumulate Cu.

ABSTRACT
Cu is an essential microelement for plants, but
it can be toxic at high concentrations. The aquatic
macrophytes that have been used as bioindicator
species in this study are Phragmites australis,
Ceratophyllum demersum and Lemna minor. The
plants, water and sediments were tested for Cu
content in six locations around Skadar Lake,
Montenegro across four different periods of 2011.
The content of Cu in the examined sediment was in
the range of 23.9-54.4 mg kg-1. The largest
proportion of Cu (64%) was associated with its
oxidizable phase in the form of organic complexes.
The concentration of Cu in the studied macrophytes
declined in the following order: L. minor > P.
australis > C. demersum. The highest content of Cu
was detected in the root of L. minor (31.0 mg kg-1
dry weight) in October. During the research period,
the concentration of Cu was constantly increasing
in the leaves of P. australis and in the root and
leaves L. minor, while other parts of the
macrophytes recorded different trends. The highest
correlation of Cu content with sediment was noted
for P. australis.

KEYWORDS:
Skadar Lake, Phragmites australis, Ceratophyllum
demersum, Lemna minor, bioconcentration, Cu

MATERIALS AND METHODS
INTRODUCTION
The aquatic macrophytes which are used as
indicator species in this study are: Phragmites
australis, Ceratophyllum demersum and Lemna
minor, which were used in six locations around
Skadar Lake in Montenegro: the left and right
estuary of the Moraca River, River Crnojevica,
Plavnica, Radus and Crni Zar. This analysis was
conducted during four periods in 2011 (Figure 1).
Samples of P. australis and C. demersum were
collected four times during 2011 from six locations.
Samples of L. minor were collected in two time
periods, in August and October, from four separate
locations. Samples of sediment and water were

Anthropogenic factors and activities including
tourist activity and the destructive effects on soil
from neigbouring farms influence Skadar Lake.
Intensive fishing, inefficient sewage systems and
water utility problems, stationary industrial
facilities and airports and increased land and water
usage are also characteristics [1].
Toxic metals are serious potential polluters, due
to their low biodegradability, long environmental
retention and involvement in the food chain [2]. Some
macrophytes can accumulate several hundred or
even thousand times greater quantities of metals
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The sediment samples were dried in air and
then dried at 75oC over 48 hours (using SLW 53, 56
/ 32/ (.2 $SDUDWXUD  . The dried sediment
samples were chopped in an agate mortar and sieved
through a sieve <1.5 mm (a FASIL AD Arilje). The
sediment samples, of approximately 0.5 g (± 0.0001
g), were mineralized with a mixture of HCl : HNO3
(3:1) in a microwave furnace, a Milestone
Microwave Ethos 1600 (Italy) [6]. The water
samples were filtered through a ȝP0LOOLSRUH
filter and stored in 1L plastic bottles by adding 2
mL of HNO3.
In order to determine the distribution of the
metal in the sediment, a modified BCR sequential
extraction procedure of the sample sediment was
applied [7].
The Cu concentration in the samples of water,
sediments and plants was conducted using the ICPOES Spectrometers (SPECTRO ACROSS,
Germany). All the samples of plants parts, sediment
and water were prepared three times and their
average values were analyzed.

taken at the same time and from the same locations
as where the plant material was taken.

FIGURE 1
Map of Lake Skadar with marked sampling
points [8]
The plant material was separated in the
laboratory into the root, stem and leaf of P.
australis, the stem and leaf of C. demersum and the
root of L. minor with the intention of determining
the plant part bioacumulation. The plant material
then was dried on 75oC over a 48 h period. The
samples were ground into a fine powder and
homogenized in an electrical mill (Büchi-Mixer B400, Switzerland). The samples were mineralized to
avoid the influence of the matrix. The prepared plant
samples, of approximately 0.5 g (± 0.0001 g), were
mineralized in a Milestone Microwave Ethos model
1600 (Italy) with a mixture of HNO3 and H2O2
(3:1).
I Fraction
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RESULTS AND DISCUSSION
The concentration values of Cu in the water
and sediments are given in Table 1. There was no
temporal variation noted. There were significant
spatial variations in the results which was reflected
in the high value of standard deviation. The highest
content of Cu in the water was recorded at the
mouth of the Moraca and the lowest in water from
the sites at Radus and Crni Zar.

II Fraction

III Fraction

IV Fraction

40

mg kg-1 Cu

30

20

10

0
Cu(uk.)

NH4Cl

CaCl2

CH3COONa

H2C2O4

EDTA

FIGURE 2
Distribution of metals (mg kg-1) in fractions of sediments of Skadar Lake: I- Removable and easy mobile;
II- Reductable; III- Oxidisable; IV- Residual Cu (mg kg-1) extracted via various solvents
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this was exchangeable, complexed with organic
materials and related minerals (carbonates, oxides)
and particulary of iron and manganese hydroxides.
EDTA forms a stable complex with many metals, so
that the removable heavy metals and metals
complexed by organic substances are released from
the sediment [10]. In addition, it extracts metals
binding with both carbonates and hydroxides of
iron and manganese.
The largest amount of Cu was bound to humic
acids and other organic materials in the sediment
(Figure 2). Both this result and also several
previous studies of different types of sediment
indicate that the residual fraction of copper is
mainly non-associated with the oxidisable phase,
and occurs in the form of organic complexes
[11,12]. Copper shows a high affinity for the humic
substances that are active natural organic
substances that join with metal [13].

The range of copper concentration in the
studied sediments was between 23.9 and 54.4 mg
kg-1 of dry sediment with an average concentration
of 33.7 mg kg-1 (see Table 1). Slightly higher
contents were noted in the sediment found at Rijeka
Crnojevica, and then the mouth of the Moraca
River, while almost the same amount of
representation was noted in other sites.
The order of solvents with a descending share
of the extracted Cu, compared to the total content,
was as follows: EDTA (47.5%) > H2C2O4 (40.9%)
> CH3COONa (4.81%) > NH4Cl (0.24%) > CaCl2
(0%).
The amounts of metals extracted using NH4Cl,
CaCl2 and CH3COONa shows that only a small
portion of the tested metals from the sediment of
Lake Skadar was located in an unstable, easily
soluble form, which is available to biota (Figure 2).
The low concentrations of Cu extracted using NH4Cl
and CaCl2 indicates that it is mainly present in the
sediment in the form of organic complexes. In this
case, these reagents are not recommend for
extraction [9]. For the extraction of Cu, it is best to
use a solution of sodium-acetate, primarily due to
the complexing power of the acetate ion but also
because of its ability to prevent the precipitation
and readsorption of liberated metal ions [10].
Oxalic acid and EDTA extracted substantially
greater amounts of metal than the previous three
extraction reagents. A 0.1 M Oxalic acid solution
extracted copper from a few fractions of sediments:

The distribution content of Cu in the
macrophytes of Lake Skadar. Table 1 shows the
seasonal minimum and maximum concentrations of
Cu in water (mg dm-3), the sediment (mg kg-1) and
in some parts (mg kg-1 dry matter) of Phragmites
australis, Ceratophyllum demersum and Lemna
minor as well as the average concentration ± the
standard deviation; the values in individual parts of
the plant with the same letter(s) in parentheses are
not significantly different at p = 0.05 in their row
(i.e. between seasons).

TABLE 1
Seasonal minimum and maximum concentrations of Cu in water (mg dm-3), the sediment (mg kg-1) and in
some parts (mg kg-1 dry matter) of Phragmites australis, Ceratophyllum demersum and Lemna minor as
well as the average concentration ± standard deviation
Medium

Plant
Phragmites
australis

Water

min.-max.
Average ± S.D.

0.003-0.012
0.007±0.004

Sediment

min.-max.
Average ± S.D.

27.2-50.4
34.5±8.84

min.-max.
Average ± S.D.
min.-max.
Average ± S.D.
min.-max.
Average ± S.D.
min.-max.
Average ± S.D.
min.-max.
Average ± S.D.
min.-max.
Average ± S.D.
min.-max.
Average ± S.D.

6.68-14.5
8.92±2.89 c
3.46-13.4
6.95±3.61 b
4.75-13.6
8.72±3.44 b
10.1-24.5
15.6±5.08 a
9.85-29.4
16.9±6.68 b

Part of
plant
root
stem
leaf

Ceratophyllum
demersum

stem
leaf

Lemna minor

April

root
leaf

1249

June

August
0.002-0.013
0.002-0.012
0.007±0.00
0.007±0.004
4
25.5-46.9
25.5-52.1
33.1±7.81
33.3±10.2

9.00-17.7
12.3±3.91 bc
8.45-15.5
11.2±3.03 a
4.21-16.4
10.1±4.98 b
6.48-19.8
11.6±4.82 b
10.7-17.4
14.2±2.60 b

16.9-23.0
19.3±2.04 a
8.60-17.7
11.5±3.41 a
6.79-20.7
12.4±5.99 ab
8.11-22.6
12.5±5.83 b
13.6-34.5
22.8±9.13 a
12.4-33.1
19.9±9.13
7.94-22.3
13.6±6.43

October
0.002-0.014
0.007±0.004
23.9-54.4
34.0±11.1

12.4-20.5
16.9±3.53 ab
7.13-16.1
10.6±2.95 a
14.9-28.7
20.6±5.38 a
12.4-24.3
17.3±4.09 a
15.7-34.0
24.0±7.14 a
9.12-47.8
31.0±16.1
9.02-26.5
17.1±7.21
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C. demersum

L. minor

5000

BCF (leaf/water)

4000
3000
2000
1000
0
April
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FIGURE 3
Seasonal changes in bioaccumulation factors (BCF)
minor in October compared to August, in both the
root and the leaf.

The bioaccumulation ability of the tested
macrophytes
is
expressed
through
the
bioaccumulation factor, the BCF (leaf/water), as
presented in Figure 3. The highest bioaccumulation
of Cu in the leaf for all three macrophytes was
observed in October. The bioaccumulation ability
of Cu among the tested plants decreases in the
following order: C. demersum > P. australis > L.
minor.
The ability of plants to transport metals from
the roots to the shoots was assessed by the
translocation ability (TA). Translocation ability is
calculated as the ratio of the concentrations of metal
in a specific part of the plant and in its root:
TA=[Metal]part of the plant/[Metal]root, and for
Ceratophyllum demersum as the ratio of metal
concentrations in the leaf and stem [14]:
TA=[Metal]leaf/[Metal]stem. A higher TA means a
higher translocation ability. Table 2 shows the
seasonal changes in the translocation ability (TA)
of the examined macrophytes for Cu.
The mobility of the tested metals through the
tissues of the macrophytes follows the following
descending order: C. demersum > P. australis > L.
minor. The copper in P. australis shows the highest
translocation from the stem to the leaf, particularly
in the period following the growing season. A
higher content of Cu was recorded in the leaf of C.
demersum in all locations and during all four
seasons. Higher values of Cu were recorded for L.

Phragmites australis. In the samples of P.
australis, the lowest mean concentration of Cu was
recorded in the stem (in April) at a level of 6.95 mg
kg-1 and the highest in the leaf (in October, at 20.6
mg kg-1) (Table 1). Numerous references agree on
the presence of Cu accumulation in the roots of P.
australis. However, there are various different
conclusions regarding the transportation of the Cu,
ie its translocation through the plant. The values of
Cu accumulation in both the underground and
above-ground parts of P. australis taken from Lake
Skadar in April and June were comparable. The
samples from August showed greater accumulation
in the underground parts, while the concentration in
the stem and a leaf were similar. In October, the
concentration of Cu in the leaves was higher than in
the roots and stems, which is in accordance with the
findings of Windham et al. [15]. Hou et al. [16]
found in P. australis a declining trend for Cu:
sediment> above-ground part> underground part,
while in Assia et al. [17] this trend was: roots>
leaves> stems. Fitzgerald et al. [18], report that P.
australis translocated more Cu to its shoots.
Bragato et al. [19] found that the accumulation of
copper in the leaves of P. australis is comparable to
those measured in the stem and rhizomes from July
to October. In December, P. australis has

TABLE 2
Seasonal changes in the translocation ability (TA) of the examined macrophytes for Cu
Macrophytes
April
June
August
October
stem/root
0.63
0.85
0.57
0.60
Phragmites australis
leaf/root
0.87
0.64
0.55
1.22
leaf/stem
1.37
0.76
0.97
1.96
Ceratophyllum demersum
leaf/stem
1.03
1.14
1.82
1.35
Lemna minor
leaf/root
0.64
0.56
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out that exposure to L. minor when the
concentration in water is higher than 10 mg dm-3 Cu
cause the collapse of the antioxidant system. Xu
[25] emphasizes the excellent bioaccumulation
ability of L. minor for Cu, especially when the
concentration of the aqueous solution does not
exceed 3 ȝJGP-3. Azeez and Sabbar [26] tested L.
minor at an initial concentration in the aqueous
solution of 12 μg dm-3 and recorded at the end of
the experiment a value of 0.02 μg dm-3.

accumulated significantly more Cu in the leaves
than in the stem and rhizomes. It can be assumed
that the plant has an efficient root-shoots
translocation system that is activated at the end of
the growing season and allows a higher
concentration of elements in tissues which age.
Ceratophyllum demersum. The minimum and
maximum values of Cu during the season (Table 1)
were found in the stem (between 6.48 and 24.5 mg
kg-1) with an average annual concentration of 14.2
mg kg-1, while the leaves showed concentrations of
between 9.85 and 34.5 mg kg-1 (with an average of
19.5 mg kg-1). Pourkhabbaz et al. [20] also found a
higher content of Cu in the leaves of C. demersum,
and in a similar range. Shaltout et al. [21] recorded
noticeable seasonal changes in the concentration of
Cu in the tissues of C. demersum. The
concentration of Cu increased from winter, when its
concentration was lowest, during the spring and
reached a maximum in summer. After that, the
concentration of Cu decreased.
The largest value of BCFleaf , was 3900 in
October, in comparison with water. BCFCu as the
ratio of the mean metal content in the whole plant
and sediment in April was approximately 1 while in
August and October it was >1. BFC values close to
or higher than 1, as compared to the sediment, show
the bioaccumulation capacities of C. demersum for
Cu. Such values recommend it as a bioindicator of
this metal, regardless of its low content level in
water. Zuccarini and Campus [22] point to C.
demersum as one of macrophytes with the highest
tolerance to Cu. Therefore, they recommend it for
use as a valid bioindicator, but at medium to high
concentrations of Cu in fresh water.

Correlation analysis of the Cu content in
macrophytes and sediment. Table 3 shows the
values of the Pearson correlation coefficient (r)
between the content of Cu in the surrounding
environment (sediment) and in respective parts of
macrophytes.
Based on Table 3, the stem of P. australis, at
the beginning and the end of the growing season
and leaf of P. australis, at the beginning and during
the growing season could be proposed as
biondicators, in order to estimate the ambient load
of Cu in the sediment.
Most previous studies have shown a poor
correlation between the concentration of the metal
adopted by the macrophytes and the concentration
in the sediment [27]. Keller et al. [28] argue that the
accepting of a metal, either by roots or leaves, is not
in linear correlation with the increasing metal
content in the surrounding environment. This lack
of correlation, in most cases, only means that
relationships do not dominate in determining the
metal content adopted by the plant. The
accumulation of metals in the tissues of
macrophytes depends not only on the metal content
in the sediment, but also on the interaction of
numerous variables and other factors.
In addition, Demirezen and Aksoy [29]
presented a weak correlation for the concentrations
of metals between macrophytes and the sediment,
indicating that the adoption of toxic metals by the
plants is under the control of specific physiological
mechanisms, and is not only influenced by the level
of content in their environment. In addition, toxic
metals originating from polluted air on the basis of
traffic emissions, can also lead to a poor correlation
between the concentrations of metals in
macrophytes and the sediment.

Lemna minor. For all samples, L. minor, with
one exception (Plavnica) recorded a higher content
of Cu in October in the tissues, while in Plavnica
the higher the content was in the root. The mean
minimum and maximum values in the root ranged
from 9.12 to 47.8 mg kg-1 (with an average value of
25.4 mg kg-1) and in the leaf from 7.94 to 26.5 mg
kg-1 (with an average value of 15.4 mg kg-1).
Pavlovic et al. [23] found in the whole plant of
L. minor values of 29.9 mg kg-1 (in an artificial lake
memorial park in Kragujevac) and 10.9 mg kg-1 (in
an artificial lake in Bubanj). Hou et al. [24] point

Metal

Cu
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TABLE 3
&RUUHODWLRQFRHIILFLHQWV S.05) between sediment and respective parts of macrophytes
Phragmites australis
Ceratophyllum
Lemna minor
demersum
0RQWKĻ
root
stem
leaf
stem
leaf
root
leaf
IV
0.03
-0.42
0.17
0.70
0.64
Sediment
VI
0
0.24
-0.44
0
0.67
VIII
0
0.22
-0.05
-0.06
0.75
0.86
0.71
X
0.36
0.07
0.14
0.22
0.37
0.26
0.66
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Bragato et al. [30] have grown P. australis
using the method of constructed wetlands (the
constructed wetlands systems). Unlike the research
in this study, they did not find a correlation between
the Cu content in the water or the sediments and the
content in P. australis. Klink et al. [31] found
significant positive correlations between the
concentration of Cu (r = 0.70) in the leaf of P.
australis and the sediment, which is consistent with
the findings of this paper.

Fresenius Environmental Bulletin

[3] Ayeni O.O., Ndakidemi P.A., Snyman R.G.,
Odendaal S. (2010). Chemical, biological and
physiological indicators of metal pollution in
wetlands (Review). Scientific Research and
Essays. 5(15), 1938-1949.
[4] Albers P.H. and Camardese M.B. (1993):
Effects of acidification on metal accumulation
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[5] Xuelu G., Chen-Tung A. C., Gang W.,
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Prediction of trace element mobility in
contaminated soils by sequential extraction.
Journal of Environmental Quality. 32(6),
2054-2066.
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Skadar Lake as bioaccumulators of heavy
metals-role in monitoring water system and the
possibility of remediation. PhD Thesis, Faculty
of Natural Sciences and Mathematics,
University of Montenegro, Podgorica, 150 pp.
[in Montenegrin]
[9] Symeonides A., McRae S. (1997). The
assessment of plant available cadmium in soils.
Journal of Environmental Quality. 6(2), 120±
122.
[10] Podlesakova E., Nemecek J., Vacha R. (2001).
Mobility and bioavailability of trace elements
in
soils.
Trace
Elements
in
Soil.
Bioavailability, Flux, and Transfer. Edited by I.
K. Iskandar and M.B. Kirkham. USA.
[11] Pardo, R., Barrado, E., Castrillejo, Y., Velasco,
M.A., Vega, M. (1993). Study of the contents
and speciation of heavy metals in river
sediments by factor analysis. Analytical
Letters. 26, 1719±1739.
[12] Li, Q.S., Wu, Z.F., Chu, B., Zhang, N., Cai,
S.S., Fang, J.H. (2007). Heavy metals in
coastal wetland sediments of the Pearl River
Estuary, China. Environmental Pollution. 149,
158±164.
[13] Pempkowiak, J., Sikora, A., Biernacka, E.
(1999). Speciation of heavy metals in marine
sediments vs their bioaccumulation by mussels.
Chemosphere. 39, 313±321.
[14] Deng, H., Ye, Z., Wong, M. (2009): Lead,
zinc and iron (Fe(II)) tolerances in wetland
plants and relation to root anatomy and spatial
pattern of ROL. Environmental and
Experimental Botany. 65(2-3), 353-362.

CONCLUSIONS
Copper is mainly (64%) located in the organic
(oxidiseble) fraction of the sediment in the area
around Lake Skadar. Only a small part of the Cu
(2.39%) is located in mobile, easy to move
sediment fractions, while 74.6% Cu (in relation to
the total amount of 33.7 mg kg-1) is located in
potential mobile (mobilisable) sediment fractions.
The bioavailable amounts of Cu in the tested
macrophytes derived from exchangeable and thus
mainly from the organic (oxidisable) fraction.
The highest content of Cu was detected in the
root of L. minor (31.0 mg kg-1) in October, and the
lowest in the stem of P. australis in April. The
average seasonal values in the leaf of L. minor, the
leaf of C. demersum and the roots of P. australis
are almost identical. The accumulation of Cu,
across the whole plant and in relation to season was
highest in L.minor, while the content in the P.
australis and C. demersum was identical. However,
the percentage of Cu adopted from sedimentation
was slightly higher in P. australis than L. minor,
and lowest in C. demersum. Regarding seasonal
trends, the concentration of Cu was constantly
increasing in the leaf of P. australis and the root
and leaf of L. minor, while in the other parts of
macrophytes different trends were recorded. In
studies of biomonitoring for the evaluation of the
contamination of lakes by trace metal, we suggest
the use of P. australis, due to its availability
throughout the year, high biomass and the
significant correlation between the Cu in the tissues
of P. australis and the surrounding environment,
water and sediment.
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THERMAL ANALYSIS OF RESIDENCIES BASED ON SOLAR
DESIGN PRINCIPLES ± A CASE STUDY IN THESSALONIKI,
GREECE
Konstantina I Lantitsou*, Georgios D Panagiotakis
Democritus University of Thrace, Dept. of Civil Engineering, Vas. Sofias 12, 67131, Xanthi, Greece

which is warm in the winter and cool during
summer [4]. Nowadays, a renewed interest in
environmentally
friendly,
passive
building
efficiency strategies is present, due to the energy
and economic crisis, but also as a result of the
continuously growing environmental concern.
Bioclimatic or solar architecture is defined as
WKH EXLOGLQJ¶V GHVLJQLQJ SURFHVV DFFRUGLQJ WR
which the researcher is taking into account a series
of parameters, aiming for rational energy use to
contribute to its conservation. The key elements of
bioclimatic design are the passive systems which
are incorporated in buildings, as well as the
exploitation of available environmental resources to
provide cooling, heating and natural lighting.
This paper deals with the issue of how solar
design principles could save energy to achieve
thermal comfort. The aim of this study is the
investigation and comparison of the contribution of
bioclimatic design in energy saving. Passive
systems with suitable pre-dimensioning can be used
implemented in areas with different climatic
characteristics [5-7].

ABSTRACT
Bioclimatic design of a building refers to the
SODQQLQJ RI LWV VSDFHV EDVHG RQ WKH UHJLRQ¶V
climate, in order to assure best interior conditions.
The present study deals with the ab initio drawing
of a two-storey and a ground-level dwelling of a
theoretical settlement, designed and studied based
on the climate conditions prevailing in the region of
Thessaloniki. The settlement is suitably modulated
to exclude shadowing from the south sides at any
time during the year, aiming to maximize the solar
earnings. According to the design, the percentage of
energy saved due to passive systems is estimated
using the Ecotect Analysis software [1]. For this
purpose, results from similar houses (as far as floor
planning and functional space organization are
concerned) are compared to those without passive
solar systems. With respect to the two-storey
dwelling, energy consumption was reduced by
21%, whereas the relative savings for the groundlevel residence reached 25%. Results show that the
design following solar design principles can
improve the thermal performance in order to
achieve thermal comfort.

MATERIALS AND METHODS
Climate Data. Climate is essential in solar
architecture. Efficient planning suggests the use of
regional climate data and understanding of
mechanisms that affect them [8]. The climate data
on which the present analysis is based are these of
Thessaloniki as received from the website of the
U.S. Department of Energy [9]. The data was
converted to a file (.wea) that is recognized by
Ecotect, using the utility program Weather Tool
2011 [10]. Some of the data is shown in Table 1.

KEYWORDS:
Bioclimatic design, Passive solar systems, Thermal
analysis, Greenhouse, Trombe wall

INTRODUCTION
The construction industry in the EU is
responsible for consuming 40% of the total
available energy and for 36% of the total CO 2
emissions [2]. The Union addresses this important
fact by establishing the Energy Performance of
Buildings Directive-EPBD [3]. The Directive aims
to reduce greenhouse gases emissions to 20%,
achieve 20% energy savings and increase the use of
renewable energy to 20% by 2020.
Bioclimatic design, incorporating the concept
of ideal residence, is well known since ancient
WLPHV ³,GHDO´ UHIHUV WR WKH GHVFULSWLRQ RI D KDELWDW

6HWWOHPHQW¶V
'HVFULSWLRQ.
Bioclimatic
planning could be achieved under the condition that
the residential complex is studied as a whole. The
settlement is not real and has been designed in a
way to prevent shadowing of south sides during the
whole year. The methodology of the settlement
level shading design is according to an earlier study
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At the northern side of the house, a range of
coniferous trees were positioned acting as shield to
northern wind stream, whereas at the western side
deciduous trees were placed acting as sunshields
during summer, preventing from shell overheat and
optical blur.

TABLE 1
Monthly values of temperature, solar radiation
and relative humidity of Thessaloniki, Greece
Temp

Sol. Rad.

RH

Avg

Min

Max

9am

3pm

(oC)

(oC)

(oC)

(Wh/m2)

(%)

(%)

Jan

6.1

-0.5

12.8

3022

80

67

Feb

6.6

-3.8

14.4

4994

70

57

Mar

9.5

0.3

18.2

5148

60

44

Apr

13.2

4.7

21.5

5878

71

55

May

18.4

4.2

27.9

7174

64

45

Jun

23.3

15.4

32.1

8385

53

38

Jul

25.7

17.3

34.1

8571

57

38

Aug

25.4

19.2

34.3

7767

59

41

Sep

21.2

16.1

30.1

6306

66

50

Oct

15.9

7.9

26.9

4635

76

62

Nov

11.0

5.4

20.7

3245

72

60

Dec

7.3

1.5

15.4

2544

83

75

Description of dwellings of interest. At first,
the planning of the two bioclimatic dwellings is
introduced. Subsequently, the energy performance
of the two-storey and the ground-level bioclimatic
dwellings is examined in connection with two
similar, concerning the plan view and the functional
organization of interiors (reference houses).
The two-storey dwelling includes a
greenhouse with a total area of 14.40 m2 at the
south view of ground-level and Trombe walls with
a total area of 14.70 m2 on the first floor.
Relatively, the ground-level dwelling also
includes a greenhouse with a total area of 16.40 m2
at the south view and Trombe walls with a total
area of 19.20 m2 at the west view.
Sheds appear in the south openings of both
residences.
The bioclimatic two-storey dwelling (shown
as number 2 at Figure 1) consists of two levels.
Both ground-level and upper-floor occupy an area
of 83.00 m2 each. The orientation was planned from
east to west, targeting towards maximum surface
exposure to the south. Consequently, solar heat
collection is achieved during winter.
The living rooms were placed on the southern
side of the building aiming to preserve the desired
temperature.
On the other hand, spaces of limited use and
low temperature requirements, were placed upon
the intermediate thermal zone. The rest ancillary
spaces were placed at the northern side to insulate
the remaining space (Figure 2).
Standard ground-level dwelling occupies a
total area of 86.00 m2. The interior layout follows
the same principals as at the two-storey dwelling
(Figure 3).

[11]. The settlement is comprised of three groundlevel (one with passive solar systems) and six twostorey dwellings (one with passive solar systems).
The dwellings without passive solar systems are
used as reference dwellings in thermal analysis. The
arrangement of the buildings is shown in Figure 1.
On December 21st (winter solstice), the sun is
observed at minimum height (26Ƞ) [10] for the city
of Thessaloniki (latitude 23Ƞ and longitude 40Ƞ ¶ 
[10]. For the north-to-south axis, for the two-storey
dwelling which has a maximum height h=9.00 m,
the required distance between the houses must be at
least 16.20 m.

Dimensioning of passive systems. The
settOHPHQW¶V GHVLJQ PDWFKHV WKH 0HGLWHUUDQHDQ
climate and especially the climate of Thessaloniki.
Dimensioning of passive thermal systems (southern
openings, Trombe walls and greenhouses) was
conducted according to empirical formulas [5-7].
Depending on the average winter outdoor
temperature, an initial estimation of the ratio
between the requisite area of passive system and the
area that needs to be heated is attempted.
FIGURE 1
SettlHPHQW¶VWRSRJUDSKLFGHVLJQ6WDQGDUGWZRstorey dwelling (1), Bioclimatic two storey
dwelling (2), Standard ground-level dwelling (3),
Bioclimatic ground-level dwelling (4)

Southern openings. Both bioclimatic and
reference dwellings have similar openings. With
respect to the ground-level, southern openings of
the two-storey dwellings include:
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S tore

B edroom
WC

E ntrance

K itchen

B ed ch am be r 1
D ining Room

B ed ch am be r 2

L iving Room

G reen house

0

1

2

3M

0

1

2

3M

Ground-level plan view

First floor plan view
FIGURE 2
Detailed designs of the bioclimatic two-storey dwelling
This happens
discomfort.

a) Two openings, with 2.20 m height, 2.00 m
width each, in both the living room and dining
room, of a total area of Eplanview=24.96 m2 each.
b) An opening of 2.20 m height and 1.40 m
width in the kitchen, of a total area of
Eplanview=13.68 m2.
Regarding the storey, southern openings of the
two-storey dwellings include:
a) Two openings of 2.20 m height and 2.00 m
width each.

in

order

to

prevent

Bedchamber

Bedroom

Southern openings of the ground-level
dwellings include:
a) An opening of 2.20 m height and 2.00 m
width in both the living room and dining room, of a
total area of Eplanview=31.00 m2 each.
b) An opening of 1.00 m height and 1.60 m
width in the kitchen, of a total area of
Eplanview=10.00 m2.

thermal

Kitchen

Entrance
Living Room

Greenhouse. The use of greenhouses for
heating purposes has been studied [12-14] and
implemented, especially in agriculture. As far as the
two-VWRUH\GZHOOLQJ¶Vgreenhouse is concerned, the
southern thermal zone covers an area of 40.00 m2.
A total greenhouse sun parlour of 14.40 m2 is
chosen. With respect to ground-OHYHO GZHOOLQJ¶V
greenhouse, the southern thermal zone covers an
area of 32.00 m2. In that case, a greenhouse sun
parlour of 16.40 m2 is chosen. The greenhouse is
considered to offer free airflow during summer,
VLQFH WKH JUHHQKRXVH¶V JODVV SDUORXU LV UHPRYHG

Greenhouse
0

2

3M

Ground-level plan view
FIGURE 3
Detailed designs of the bioclimatic ground-level
dwelling
Trombe walls. Trombe walls were named
after Felix Trombe and Jacque Michel, a French
engineer and a French architect respectively. The
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TABLE 2
,QGLFDWLYHHOHPHQWYDOXHVRIEXLOGLQJ¶VHQYHORSH
U-Value

External walls
Trombe walls
Insulated Trombe walls
Internal walls
Rooftop
Floor
Greenhouse
Windows

(W/m2ޞK)
0.49
1.55
0.46
2.85
0.48
2.36
0.50
1.50

Admittance* Solar Absorption
(W/m2ޞK)
4.62
4.63
4.63
4.26
3.86
4.91
2.38
2.10

(0 - 1)
0.428
0.428
0.428
0.428
0.368
0.467
-

Thermal
Decrement**
(hrs)
0.20
0.02
0.02
0.77
0.50
0.41
-

ThermalThickness
Lag
(hrs)
(mm)
7.80
255
8.00
252
7.8
302
7.8
110
0.70
210
4.6
170
-

* (Admittance): Heat flow rate. It refers to a combination of convection, transferring and radiation.
** (Thermal decrement): Represents the ratio of the maximum amplitude of temperature variation on one side of the material
to the other.

Engineers (CIBSE) Admittance Method» to
calculate thermal loads [20, 21].
This is a simplified representation of a
particularly dynamic-multivariable phenomenon.
The structure is examined as a physical entity
having thermal mass and heat capacity under the
influence of variable external conditions hence
causing changeable internal benefits.
It is assumed that all dynamic temperature
effects can be represented by a 24 hour sinusoidal
curve. Additionally, the basic assumption during
the implementation of the Ecotect Analysis method
is that the internal temperature of the structure
verges to the mean external temperature.
Practically, this means that external temperature
variations or solar load will cause a relative
fluctuation of the internal temperature. Variation in
the internal temperature will be depreciated to a
certain extent, but it will happen with some lag.
These events are mainly due to the heat capacity
and thermal resistance of the building envelope.

contribution of Trombe walls to energy
consumption reduction has been thoroughly
examined [15-19].
With regard to the two-storey dwellings, three
Trombe walls are attached in order to heat the
bedrooms, covering a total area of 14.70 m2. The
western Trombe wall was designed to receive solar
radiation at the end of the day and render it into the
ground-OHYHO GZHOOLQJ¶V LQWHULRU DW QLJKW 7URPEH
walls used in bioclimatic residencies consist of
concrete 25 cm thick. In front of the walls, at a 6
cm distance, there is a double glass-window 1 cm
thick.
Table 2 presents the indicative element values
RIWKHEXLOGLQJ¶VHQYHORS
Shading of southern view. The objective is
the total shading of southern openings during June
and July. The solar altitude is the angle between the
line towards the centre of the sun and the horizontal
plane. The angle the sun makes at 12 pm at July 21st
is 68.9 degrees [10]. The height h of the model
storey is 3.2 m. Therefore, the required sunshield
length is assumed x=1.22 m. When fully shading of
southern exposures is targeted during May 21st and
August 21st at 12 pm, the angle is 61.1 degrees [10].
Thus the awning length verges on x=1.77 m.
7KHVXQ¶VFourse is schematically presented in
Figures 4 and 5 for different dates and daytimes
using the Ecotect Analysis for two-storey and
ground-level dwellings respectively. Sunshields
with a length of 1.50 m are planned to be installed
exclusively in the model dwelling (for passive
systems) in both the ground-level and the twostorey building. Figures 4 and 5 substantiate that on
one hand sunshades achieve unimpeded entry of the
sun during winter, whereas on the other hand full
shading during summer.

the

Conditions. The admittance method is based
on the idea of a circular-retrospective repetition of
calculations until convergence is achieved. This
makes it most suitable in cases where the
temperature and in general the energy changes
occur at a constant rate during the day.
Correspondingly, the method becomes inefficient
when abrupt and sudden changes of parameters take
place [20, 21]. In such cases, while the effects of
the actual devices will grow gradually over time,
the effect on the program will appear as
instantaneous. For this purpose no electrical devices
or domestic electric charges were simulated.
The results depend on climate data. Because
of the climate change, even if we do have longdrawn-out data, we cannot make safe predictions on
heating or cooling loads. Therefore, no use of
detailed, dynamic, thermal simulation software,

Calculation method. Ecotect Analysis uses
«Charter Institute of Building Services
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FIGURE 4
6FKHPDWLFUHSUHVHQWDWLRQRIWKHVXQ¶VFRXUVHUHODWLYHO\WRWKHEXLOGLQJDQGVKDGLQJDSSHDULQJRQLWRQ
June 21 at 1 pm (left) and on December 21 (right) for a two-storey building.

FIGURE 5
6FKHPDWLFUHSUHVHQWDWLRQRIWKHVXQ¶VFRXUVHUHODWLYHO\WRWKHEXLOGLQJ6KDGLQJDSSHDUVRQ-XQHDW
pm (left) and on December 21 (right) for a ground-level building.

such as ESP-r (Strathclyde University, Scotland),
DOE 2.2 PowerDOE, TAS (environmental Design
Solutions Limited EDSL 2001) and TRNSYS
(University of Wisconsin, 2000) was utilised.
Another weakness of the program hinges upon
the simulation of natural ventilation, as well as air
movement from one thermal zone to another.

activate heating systems, whereas in case the
temperature rises above 26Ƞ Celsius, the tenants
activate cooling systems. For the cooling of shower
and WC spaces, natural ventilation will be
provided. Urban menu was selected to achieve
maximum precision. This affects thermal analysis
and natural airflow. A comparison of heating and
cooling loads has been made and the results are
depicted in Tables 3 and 4 for the two-storey and in
Table 5 for a ground-level dwellings respectively.
Table 3 proves that the house with passive
solar systems (bioclimatic house) needs less energy
to achieve thermal comfort conditions. Energy
saving during winter and summer in relation to a
typical house reach 18.57 kWh/m2 and 2.14
kWh/m2 respectively. Totally, 20.71 kWh/m2 were
saved annually. The smaller cooling loads are due
to the sunshields and the planted roof, while the

RESULTS AND DISCUSSION
6HWWOHPHQW¶V GZHOOLQJV HQHUJ\ DQDO\VLV.
Prior to thermal analysis, the temperature with
which dwellers will feel comfortable ought to be
defined. According to the Greek building energy
performance regulation ± KENAK, the thermal
comfort zone margin ranges between 20Ƞ to 26Ƞ
Celsius [22]. This fact practically means that when
temperature drops below 20Ƞ Celsius, the tenants
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consumption. Respectively, 0.81 kWh/m2 fewer
cooling loads were indispensable leading to a
further 8.00% reduction to the energy required. All
in total, 17.86 kWh/m2 were spared annually.
Table 5 evidences that the house with passive
solar systems (bioclimatic house) requires less
energy to achieve thermal comfort conditions.
Specifically, it requires 10.60 kWh/m2 less energy
than a typical house during winter, respectively.
Totally, 10.60 kWh/m2 were saved throughout the
year. The reduction of heating loads is attributed to
the greenhouse, the Trombe walls.

smaller heating loads are due to the greenhouse and
the Trombe walls.
With respect to the two-storey dwelling,
thermal and cooling loads were calculated
separately for the south thermal zones. By doing
this, the contribution of passive solar systems is
evident.
Table 4 demonstrates that the house with
passive solar systems consumes less energy to
achieve thermal comfort conditions. Specifically, in
the ground-level living rooms and storey bedrooms
10.08 kWh/m2 less thermal loads were necessary
causing a decrease of 26.23% in energy

TABLE 3
Heating ± Cooling required load comparison for a two storey building (166m2)

MONTH
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
TOTAL

Heating-Cooling required load
Standard two-storey dwelling
Bioclimatic two-storey dwelling
HEATING
COOLING
TOTAL
HEATING
COOLING
TOTAL
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
21.560
0.000
21.560
16.180
0.000
16.180
18.738
0.000
18.738
14.864
0.000
14.865
14.515
0.000
14.515
11.160
0.000
11.160
6.608
0.000
6.608
5.582
0.000
5.582
1.433
0.349
1.782
1.221
0.000
1.221
0.000
2.325
2.325
0.000
1.945
1.945
0.000
5.483
5.483
0.000
5.264
5.264
0.000
6.035
6.035
0.000
4.811
4.811
0.000
0.295
0.295
0.000
0.327
0.327
4.273
0.000
4.273
2.835
0.000
2.835
11.919
0.000
11.919
8.844
0.000
8.844
18.660
0.000
18.660
18.450
0.000
18.450
97.706
14.487
112.193
79.136
12.347
91.483

TABLE 4
Heating ± Cooling required load comparison for the south thermal zone (82m2) of the two-storey
building

MONTH
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
TOTAL

Heating-Cooling required load
Standard two-storey dwelling
Bioclimatic two-storey dwelling
HEATING
COOLING
TOTAL
HEATING
COOLING
TOTAL
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
12.257
0.000
12.257
11.116
0.000
11.116
11.235
0.000
11.235
9.383
0.000
9.383
8.927
0.000
8.927
6.841
0.000
6.841
4.320
0.000
4.320
3.165
0.000
3.165
1.699
0.170
1.869
0.735
0.324
1.059
0.000
1.479
1.479
0.000
1.678
1.678
0.000
4.413
4.413
0.000
3.596
3.596
0.000
3.829
3.829
0.000
3.445
3.445
0.000
0.185
0.185
0.000
0.228
0.228
2.321
0.000
2.321
1.845
0.000
1.845
8.243
0.000
8.243
5.370
0.000
5.370
16.004
0.000
16.004
9.499
0.000
9.499
65.006
10.076
75.082
47.954
9.271
57.225
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TABLE 5
Heating ± Cooling required load comparison for a typical ground-level building (86m2)

MONTH
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
TOTAL

Heating-Cooling required load
Standard ground-level dwelling
Bioclimatic ground-level dwelling
HEATING
COOLING
TOTAL
HEATING
COOLING
TOTAL
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
14.083
0.000
14.083
11.562
0.000
11.562
17.818
0.000
17.818
14.596
0.000
14.596
10.967
0.000
10.967
9.010
0.000
9.010
0.803
0.044
0.847
0.687
0.044
0.731
0.000
1.511
1.511
0.000
1.511
1.511
0.000
3.310
3.310
0.000
3.310
3.310
0.000
4.032
4.032
0.000
4.032
4.032
0.000
4.231
4.231
0.000
4.231
4.231
0.000
2.373
2.373
0.000
2.373
2.373
1.896
0.201
2.097
1.666
0.201
1.867
7.530
0.000
7.530
6.360
0.000
6.360
7.754
0.000
7.754
6.367
0.000
6.367
60.851
15.702
76.553
50.248
15.702
65.950

by the proper surrounding space shaping with the
use of trees and the improvement in comfort
conditions from the airflow created by air vents on
Trombe walls. Trombe walls can increase both
energy savings during winter and reduce cooling
energy during summer [23]. The method used by
ǼFRWHFWXQGHUHVWLPDWHVFRQVLGHUDEO\WKHLULQIOXHQFH
on thermal comfort of dwellers through ventilation.
Even with passive solar systems and efficient
sunshields (as those used in the present
implementation) there cannot be 100% energy
autonomy during the whole year, regarding the
architectural concepts in terms of volume of spaces
and size of openings in Mediterranean structures. In
such a case, it is suggested that renewable energy
sources should be used in order to fulfil the extra
energy requirements.
A satisfactory suggestion includes sunshades
comprising of photovoltaic modules [24] or PV
roof feeding the structure with electricity and
achieving thermal insulation [25]. Active passive
systems such as PV or wind turbines can be
subsequently attached. For that reason, the paper
focuses on passive systems, whose proper design is
proven to be essential to obviate irreversible
consequences.
Furthermore, planted rooftop, which is a
complex and dynamic thermal system [26] with
significant heat insulation response both in winter
and in summer [27, 28], could be installed. Planted
rooftop offers considerable sound insulation,
contributes to rain water management [29-31]
creating an aesthetically pleasant, healthy and
functional environment [32, 33]. Emphasis should

CONCLUSIONS
Application of the principles of bioclimatic
GHVLJQ OHDGV WR HQHUJ\ VDYLQJV 7KH HQYHORSH¶V
improved response via solar systems leads to the
reduction of thermal losses and heating-cooling
requirements and provides thermal comfort.
By using the Ecotect Analysis software, it has
been confirmed that passive solar systems save
energy by utilizing solar radiation. Thermal
analysis results depicted prove that the annually
required heating and cooling loads in accordance
with the climatic parameters of Thessaloniki were
reduced in buildings with greenhouse, Trombe
walls and sunshields.
In case that the distance between the dwellings
of the settlement was not adequate, planning with
solar design principles could not be that efficient.
Furthermore, the sunshades should allow solar
permeation during winter and achieve shading of
the structure during summer.
The total reduction of thermal and cooling
loads is respectively 19.0% and 14.8% for the twostorey building. There is a cumulative total
reduction of 18.5%.
With respect to the living room on the groundlevel and bedrooms on the first floor in southern
thermal zones, passive systems accomplish a
reduction of 26.2% of thermal loads and 8.0% of
cooling loads, achieving a total saving of 23.8%.
With respect to the ground-level building, the
reduction of thermal loads reaches 17.4%. There is
a cumulative total reduction of 13.9%.
Using the Ecotect Analysis there is no way to
represent the microclimate improvement achieved
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experimental validation, Energy Conversion
and Management, 49, 2890±2899.
[14] Panwar, N.L., Kaushika, S.C. and Kothari,, S.
(2011). Solar greenhouse an option for
renewable and sustainable farming, Renewable
and Sustainable Energy Reviews. 15, 3934±
3945.
[15] Saadatian, O., Sopian, K., Lim, C.H., Asim, N.
and Sulaiman, M.Y. (2012). Trombe walls: A
review of opportunities and challenges in
research and development, Renewable and
Sustainable Energy Reviews, 16, 6340±6351.
[16] Stazi, F., Mastrucci, A. and di Perna C. (2012).
The behaviour of solar walls in residential
buildings with different insulation levels: An
experimental and numerical study, Energy and
Buildings, 47, 217±229.
[17] Marinosci, C., Strachan, P.A., Semprini, G. and
Morini, G.L. (2011). Empirical validation and
modelling of a naturally ventilated rain-screen
facade building, Energy and Buildings, 43,
853±863.
[18] Zalewski, L, Chantant, M, Lassue, S. and
Duthoit B. (1997). Experimental thermal study
of a solar wall of composite type. Energy and
Buildings 25(1), 7±18.
[19] Bojic, M., Johannes, K. and Kuznik, F. (2014).
Optimizing
energy
and
environmental
performance of passive Trombe wall, Energy
and Buildings, 70, 279±286.
[20] CIBSE (1999). Guide A: Environmental
design. Chartered Institute of Building Services
Engineers (CIBSE). ISBN 0900953969.
[21] Szokolay, S.V. (1987). Themal Design of
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Education
Division,
Canberra, Australia.
[22] Greek Ministry of Environment, Energy and
Climate Change, Regulation on the energy
performance of buildings ± KENAK, Official
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[23] Stazi, F., Mastrucci, A. and di Perna C. (2012).
Trombe wall management in summer
conditions: An experimental study. Solar
Energy, 86, 2839±2851.
[24] Mandalaki, M., Papantoniou, S. and Tsoutsos,
T. (2014). Assessment of energy production
from photovoltaic modules integrated in typical
shading devices. Sustainable Cities and
Society, 10, 222±231.
[25] Bahaj, A.S. (2003). Photovoltaic roofing:
Issues of design and integration into buildings.
Renewable Energy, 28, 2195±2204.
[26] Wong, NH, Cheong, D.K.W., Yan, H., Soh, J.,
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rooftop garden on energy consumption of a
commercial building in Singapore. Energy and
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be given to the extra load [34, 35] the structure is
about to carry.
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A MULTI-YEAR STUDY OF THE DYNAMICS OF AN
ARTIFICIAL RIPARIAN FOREST IN NORTH GREECE
Georgios Sp Efthimiou*
Department of Forestry and Natural Environment Management, Technological Educational Institute of Central Greece, GR-36100,
Karpenissi, Greece

11]. Currently, only few natural riparian forests are
preserved in Greece, with the most important of
them found at the rivers Nestos [2], Sperchios [12],
Pinios [13], Axios [14], Lesini [15] and near the
lakes Volvi, Doiran and Agra.
The signing of Ramsar Convention by Greece,
the awareness of the scientific community and the
awareness of the public helped substantially
towards the establishment of formal rules
concerning the management of wetlands. Along
with the official registration of the Greek wetlands,
management plans for the riparian ecosystems have
been formulated, followed by specific management
plans about the conservation, rehabilitation and
restoration of the riparian forests [16, 17].
Restoration of wetlands through reforestation
is a common practice worldwide. In cases of
extraordinary ambitious programs, thousands or
even millions of hectares, mostly of former
agricultural use, have been restored [18, 19].
Selection of appropriate plant species being very
important to ensure a self-sustained vegetation
cover [20].
In the spirit of rehabilitation and restoration of
riparian forest in lake Volvi a reforestation of the
area of New Madytos [21] took place between 1993
and 1994, in former agricultural and pastoral lands.
This long term study presents the dynamics of the
established stands in order to contribute to the
understanding of riparian forest restoration
dynamics.
Reforestation of former agricultural lands is a
global issue. Although natural succession will
eventually occur, the length of time required for
this process to restore forests may be too long and
the outcome not statistically comparable [22]. Little
research is available about the composition and
structure of bottomland forests [10]. In Greece there
are very few examples of riparian forests
restoration and even less research on the structure
and dynamics of riparian forests.
The purpose of this research is to study the
temporal dynamics of an artificial riparian forest.
Analysis of the population structure and spatial
distribution patterns of tree species is important for
gaining a better understanding of the underlying
ecological processes [23, 24]. The knowledge of the
structure and the dynamics of a riparian forest is a

ABSTRACT
This study aims to assess the dynamics of the
artificial riparian forest in New Madytos of Lake
Volvi (a protected area in N. Greece), which was
created by plantings 20 plus years ago (1994). The
structure of the riparian forest was studied twice, in
2003 and 2013, 10 and 20 years after the plantings
respectively. The survey showed that the hierarchy
of the rate of increase a decade after planting was in
descending order; Platanus orientalis, Ulmus
minor, Populus alba and Salix alba. The highest
growth was achieved by P. orientalis and U. minor,
1.7 m per year and 1.5 m per year respectively. The
recent study of the structure (2013) showed that the
stands have developed two storeys without an
understorey. The Populus and Platanus species
stands are found in the thin to moderate log stage
and the Salix and Ulmus species are found in the
thin log stage. The study of the structure of a
riparian forest is a necessary tool for its proper
management.

KEYWORDS:
Riparian Forest, Volvi lake, Nea Madytos, dbh, structure,
Protected area

INTRODUCTION
The riparian forests are among the most
important wetland ecosystems that occur along the
banks of rivers, streams and lakes [1]. They form
linkages and regulate energy and material flows
between terrestrial and aquatic ecosystems [2, 3].
Riparian forests play multiple functional roles
affecting water quality, as aquatic and terrestrial
biodiversity, among others [4].
Depending on their species composition,
structure, dynamics and ecological conditions
riparian forests are distinguished in softwood and
hardwood forests [5 - 9]. Lack of management of
wetland ecosystems during the last century led to
degradation, shrinking and often disappearance of
riparian forests. A common process worldwide that
is well established in the relevant literature; most
form being the conversion to agricultural land [10,
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width and starting point of the crown of all trees
exceeding 4 cm in diameter at breast height (DBH),
were measured and classified according to the
IUFRO classification.
Tree density (individuals per ha) as well as the
following attributes of each individual tree were
measured: diameter (D), height (H), length of the
stem without branches (LSWB) The measurements
were conducted in all trees exceeding 4 cm in
diameter at breast height (DBH). Additionally all
trees were classified according to the IUFRO
classification.
0HDVXUHPHQWV IRU HVWDEOLVKLQJ WKH FOXVWHU¶V
structure of the riparian forest were conducted in
monitoring plots. The first measurements took
place in 2003 (ten years after reforestation) and the
next in 2013, i.e. ten years later than the first or 20
years after planting. The precision of DBH
measurements was 1 cm. The method of
Leibundgut is now widely used and is known as the
IUFRO classification [27 - 31]. Statistical analyses,
estimations of means and Standard Deviation was
performed on SPSS, while the Figures performed
on Excel.

prerequisite for its proper management [25]. The
aim of this study was to assess the performance of
the plantings in total, as well as to conduct a
comparison between the different species. To
achieve this aim the changes of the population
structure, DBH size class and spatial distribution in
artificial stands of Populus alba, Platanus
orientalis, Salix alba and Ulmus minor, after 10±
years (2003) and 20±years (2013) from
reforestation/plantation
are
described
and
discussed.

MATERIALS AND METHODS
Study area. The riparian forest of New
Madytos at lake Volvi (North Greece), was selected
as the study area for this research. It was created in
1994 on public land by planting riparian forest
species. The survey area is part of the ancient lake
Mygdonia, which includs the contemporary lakes of
Koronia (Laggada) and Volvi and is surrounded by
lush forests. In particular, Stravon ± an ancient
Greek historian ±refers to endemic lions attacking
King Xerxes army [26].
The interesting aspect of the study is that it
comprises one of the first examples of riparian
forest restoration. The survey area (Map 1) is
located about 39 kilometers east from Thessaloniki
and is neighboring to the national highway
Thessaloniki-Alexandroupolis. The study area is
protected by national, European, and international
Conventions, such as the Ramsar Convention on
Wetlands, and is incorporated into the Network
Natura 2000, the Conventions of Barcelona, of
Bern. It is located at 400 38ǯ 03ǯǯ ȃ and 230 33ǯ44ǯǯ
Ǽ.

RESULTS
The surveyed plots, are coeval pure stands of
riparian forests species of Populus alba, Salix alba,
Platanus orientalis and Ulmus minor. More detail is
given below.
Plots of Populus alba. The plots of Populus
trees are one-storey, even-aged trees (data for year
2003 is shown on Table 1). They consist of 616
stems/ha, 23.58 cm average diameter (DBH), 16.84
m average height [32], and 28.92 m2ha-1 basal area.
89% of the stems of the plots are classified as
overstorey, 10% middlestorey and 1% understorey
(Table 2A). The highest tree is 12.5 m. The stems
of the majority of the trees fall in the

Methods. The structure of single-species plots
of Salix, Populus, Platanus and Ulmus was studied.
Especially, 8 experimental plots of 0.05 and 0.1 ha
were established. In these plots thickness, height,

MAP 1
Map of Study area [32].
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TABLE 1
Structure parameters of the riparian forest species in years 2003 and 2013.

D (cm)
H (m)
LSWB (m)
LC (m)
G (m2ha-1)
Year
N ha-1 mean
mean mean (St. Dev) mean (St. Dev) mean (St. Dev).
2003
616
23.58
16.84
1.93 (0.31)
14.91 (3.81 28.92 (0.028)
2013
494
35.31
27.41
12.69 (6.41)
14.72 (8.56) 51.87 (0.043)
Platanus
2003
407
10.26
7.55
1.25 (0.57)
6.47 (2.37)
4.36 (0.009)
Orientalis
2013
347
33.81
24.41
10.56 (6.58)
13.86 (5.76)
32.57 (0.040)
Salix alba
2003
904
14.84
9.15
2.37 (1.16)
6.77 (2.75)
18.12 (0.017)
2013
320
17.43
10.96
1.53 (0.81)
9.43 (4.26)
8.90 (0.023)
Ulmus minor
2003
1325
12.88
9.26
3.28 (0.94)
5.99 (2.96)
20.95 (0.017)
2013
310
27.43
24.43
11.31 (7.24)
13.12 (5.52)
19.84 (0.040)
* D: diameter (DBH), H: height, LSWB: length of the stem without branches, LC: length of Canopy, G: basal
area.
Species
Populus alba

trees (Table 1). In 2003, the density of the stands
was 407 stems ha-1, the average diameter 10.26 cm,
the average height 7.55 m, and the basal area 4.36
m2ha-1 [32]. These are three-storey blocks in which
61% of the stems of the plots were found in the
overstorey, 33% in middlestorey and only 6 % in
the understorey (Table 2A). The highest tree is 12.5
m. The majority of trees diameter fall within classes
10 and 6 cm (Fig.2), i.e. they were in the thin pole
stage.
The data obtained during the last
measurements (2013) showed that stands of
Platanus 20 years after the reforestation had on
average, 347 stems ha-1, 33.81 cm diameter and
24.41 m height [36].. The vertical stand structure of
Platanus, consists of single-storey blocks in which
94 % found in the overstorey and the rest 6% in
middlestorey (Table 2B).
.

diameter classes of 22 and 26 cm (Fig.1), which
means that in terms of maturity the trees are in the
thin log stage.
In recent measurements, in year 2013, the data
showed that the structure of the stands of Populus
(20 years after reforestation), had 494 stems ha-1,
35.31 cm average diameter and 27.41 m average
height [36].. The vertical stand structure of
Populus, consists of single-storey stands in which
95% of the trees are found in overstorey and the
rest 5% in the middlestorey (Table 2B). The
majority of trees are between the diameter classes
of 30 and 34 cm, i.e. they are at the transition of
thin log stage to moderate log stage (Fig.1). The
length of canopy has the same value, approximately
15 m, in both periods (2003, 2013).
Plots of Platanus orientalis. The plots of
Platanus trees consist of one-storey, even-aged

TABLE 2A
Distribution of stems in plots of different species per storey, in year 2003 (10 years after plantation)
Species
Populus alba

N ha-1
616

Platanus orientalis

407

Salix alba

904

Ulmus minor

1325

Overstorey (%)
548
(89%)
250
(61%)
700
(77.5%)
550
(41.5%)

Middlestorey
(%)
63
(10%)
136
(33%)
200
(22%)
705
(53.2%)

Understorey
(%)
5
(1%)
21
(6%)
4
(0.5%)
70
(5.3%)

TABLE 2B
Distribution of stems in plots of different species per storey, in year 2013 (20 years after plantation).
Species
Populus alba

N ha-1
494

Platanus orientalis

347

Salix alba

320

Ulmus minor

467
(95%)
327
(94%)
200
(62%)
290
(94%)

310
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Overstorey (%)

Middlestorey
(%)
27
(5%)
20
(6%)
120
(38%)
20
(6%)

Understorey
(%)
(-)
(-)
(-)
(-)
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1) and basal area 19.84 m2ha-1. The majority of
trees dominate the diameter classes of 26, 30 and 34
cm, so they were in the thin log stage (Fig. 4).

The majority of trees diameter fall within classes
30 and 34 cm (Fig. 2) followed by classes 26 and
38 cm, i.e. the Platanus are in mature stage and
belong to the upper boundary of thin log stage and
the lower end of the moderate log stage
Plots of Salix alba. The Salix alba plots, as
shown on the diagram of diameter distribution (Fig.
3), were even-aged plots, with maximum value
ranging from 6 and 10 cm DBH. In terms of
maturity the Salix stands were in the stage of thin
pole stage. The highest tree was 14.5 m (Table 1).
Measurements made in 2003, revealed that the
density of stands was 904 stems ha-1, with 700 of
them (77.5%) belonging to the overstorey, 22%
(200 stems/ha) in middlestorey and just 0.5% in the
understorey (Table 2A) [32]. The trees' mean
diameter was 14.84 cm, their mean height is 9.15
cm, and their basal area 18.12 m2ha-1 (87%
overstorey) (Table 1). The highest tree was 14.5 m.
The Salix alba plots, as shown from the analysis of
soil samples, grow on sand, sand-clay, or clay-sand
soils, i.e. loose soils, with the pH value from 7.0 to
7.6. The organic matter is reduced with the depth of
the soil section [32].
The structure recorded in the measurements
2013, showed that they were eve-aged two- storey
blocks of Salix, density 320 stems ha-1, with 200
stems (62%) found in the overstorey and 120 stems
(38%) in the middlestorey (Table 2B). In average,
the diameter and height of the stands was 17.43 cm
and 10.96 m respectively (Table 1) and the basal
area 8.90 m2ha-1. The majority of trees diameter fell
within class of 14 cm (thick pole stage), followed
by classes 18, 22 and 30 cm (thin log stage), i.e. the
Salix stands were classified in transition level from
thick pole stage to thin log stage in terms of
maturity.

FIGURE 1
Histogramm of diameter distribution of Populus
alba plots.

FIGURE 2
Histogramm of diameter distribution of Platanus
orientalis plots.

Plots of Ulmus minor. The stands of Ulmus
are even-aged single-species stands, and the study
of their structure in 2003, revealed a three-storey
block with a density of 1325 stems ha-1, of which
705 stems i.e. (53.2%) were found in the
middlestorey, 550 (41, 5%) in the overstorey and
only 70 (5.3 %) in the understory (Table 2A). The
mean diameter of the stands was 12.88 cm, mean
height 9.26 m. and basal area 20.95 m2ha-1 (Table
1). The majority of Ulmus tree diameter fell within
classes 10 and 6 cm, i.e. stands were in the thin pole
stage (Fig 4).
The structure recorded in measurements of
2013, showed that the Ulmus stands were evenaged twostorey stands with a density 310 stems ha1
, of which 290 stems (94%) were found in the
overstorey and only 20 (6%) in the middlestorey
(Table 2B). They could be classified as singlestorey blocks because almost all of the trees were
found in the overstorey. The mean diameter of the
stands was 27.43 cm, mean height 24.43 m (Table

FIGURE 3
Histogramm of diameter distribution of Salix
alba plots.

FIGURE 4
Histogramm of diameter distribution of Ulmus
minor plots.
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climates, surviving in frigid temperate zones,
temperate zones and subtropics [20]. Stands of
Ulmus had an even more limited range of
diameters, mainly from 14 to 34 cm, DBH (in
2013). The Ulmus minor individuals DBH values
were distributed in a clear L shape (Fig. 4, in 2003)
concentrating on the small DBH size class with few
individuals of the moderate and large DBH classes.
The same distribution was found in a 17-years old
Ulmus pumila plantation [20]. The presence of a
few trees with larger diameters is due to preexisting older trees in places where Ulmus were
planted. In a similar study in the riparian forest of
river Nestos in natural stands of Ulmus aged 10-20
years, a density of 3340 stems ha-1, with a
frequency of appearance in classes with diameter
(DBH) between 6 and 10 cm was found [2]. The
maximum DBH of Ulmus pumila was found to be
18.55 cm, 17-years after plantation in Pingshuo
[20].
The large decrease in the number of trees per
hectare (density of stands) stems ha-1, between the
two measurements in the field, was mainly
observed in Ulmus, where the density of stands in
2013 decreased to nearly a quarter of the 2003
value, and less so in Salix stands, in which the
density of stands was reduced in 2013 to one-third
of that of 2003 (Table 1). Possibly, the cause of this
significant reduction in the density of stands of
these two species is the fragility of these forest
species at a young age. Moreover, Salix individuals
with small dimensions are felled and used for
human needs. Ulmus probably owes the drastic
reduction in the number of trees to the fact that after
the age of 10 it is strongly affected (in epidemic
proportions) by the fungus Ophiostoma ulmi
(known in Greece as Dutch disease of Ulmus). The
Dutch Elm Disease has also caused the
disappearance of most Ulmus minor stands in Spain
[37].
The greatest increase in height during the
decade 2003-2013 was observed in Platanus
orientalis (Table 1), with growth average 1.7 m per
year. Ulmus minor followed with 1.5 m per year,
Populus alba with growth average 1.1 m per year
and Salix alba with growth average 0.2 m per year.
In three species an increase of length of the stem
without branches (LSWB) took place, by
quadrupling the value of it in Ulmus minor, six-fold
increase in Populus alba, eight-fold in Platanus
orientalis. Only in Salix alba a decrease of length
of the stem without branches (LSWB) was
recorded, possibly due to the fact that as a fragile
species, stamps sprout more easily than other
riparian forest species. Planted pulpwood species
grew an average of 1.2 m per year. Most of this
increase, however, was accounted for on sites
planted with Populus deltoides where heights of >=
5 m were achieved within 2 years and growth
averaged 2.2 m per year for the next 10 years [34].

DISCUSSION
Main benefits of reforestation have been
identified include: provision of suitable conditions
for wildlife (e.g. forest-breeding birds), enhanced
species heterogeneity, and economic returns
through pulpwood and biofuel, among others [33].
The stands of N. Madytos riparian forest are
even-aged; concerning their maturity stage, they
belong to log stage (thin or moderate). In all singlespecies stands of riparian forest tree species, a
reduction of the number of trees per hectare was
recorded, which was probably due to necrosis of
certain trees (especially trees of the understorey,
due to lack of terminal bud and low vitality). A
small percentage of the loss was due to logging by
local people, as stamps of felled trees were
encountered during the measurements that took
place in the study area in 2013. The most
significant decrease in density was recorded in
stands of Salix and Ulmus. Consequently in the
same stands a reduction of their basal area was
found.
The use of Populus species in the restoration
of riparian areas cottonwood species is
recommended in wet and commonly sites [10]. In
plots of Populus and Platanus species, the surveys
of the structure of the forest showed a normal
decrease in the density (number of stems ha-1) of
the stands consistent with the dynamics of the stage
of maturity. A significant increase of the basal area
was also observed. The largest value of the basal
area (51.87 m2ha-1) and the higher density (494
stems ha-1) were found in stands of Populus. Stands
of Platanus followed with 32.57 m2ha-1 and 347
stems ha-1. Perhaps, this was due to the fact that in
the plots of these two species we found smallest
smaller reduction in the number of trees per hectare
compared with the other two species. In a similar
survey in the riparian forest of Nestos, in natural
stands of Populus alba (aged 10-20 years) a density
of 1768 stems ha-1 was found, with a similar
diameter distribution in classes from 6 to 26 cm and
basal area 24.57 m2ha-1 [2]. A slight decrease of 41
stems ha-1 of Populus sp. and Platanus sp. was
recorded in the second decade following a
reforestation in the Mississippi alluvial valley while
the number of surviving stems stabilized afterwards
[34].
DBH size class structure is an important
indicator for reflecting plant community stability
and its growth status [35]. In terms of the structure
of stands, stands of species Populus and Platanus,
appeared to be more stable, because they consisted
of trees with a wide range of diameter classes from
14 cm up to 50 cm [36]. The stands of Salix
exhibited diameter classes from 6 to 30 cm DBH.
Ulmus sp. as a heliophilous species is light
dependant, drought and barren tolerant, and fast
growing it can also grow under quite different
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other species. It is suggested that efforts to restore
and recover the riparian forest at the banks of lake
Volvi should continue. While the reforested plots
were planted with as single species, it is suggested
that the creation of multi-species plots should be
aimed for in the future, (soft or hardwood or both).
A further suggestion would be to include different
species in future plantings, which could provide
greater ecological or economic benefits.
The plantings under study did achieve their
primary target to increase riparian forest surface in
the area. This was due to the correct selection of
species and the proper positioning of the plantings,
namely the softwood species P. alba, S. alba and P.
orientalis closer to the lake banks and hardwood U.
minor further away. The fact that S. alba growth
lagged behind may be due that it was plated too
close to the bank and the plot was waterlogged for
significant periods of time or due to damages to its
apical branches. Climate change, lowering of the
lakewater level and consequently the water table,
possibly limited the growth of the other species.
These are issues that should be addressed by
targeted future research. The lack of understorey
vegetation in all plots shows the complete failure of
natural regeneration 20 years after the first
plantings. The most probable cause therefore is
grazing, while the lowering of the water table may
have contributed as well. In any case, analysis
showed that active management of the plots is
urgently and badly needed.
The resent study monitored the growth process
of an artificial riparian forest during two decades in
a northern Greece lake and thereby established a
benchmark for purposes of comparison with future
studies. Reforestation in the wider area should
continue and additional monitoring could shed
more light on riparian species growth. It is
suggested that the plantings should be managed
through silvicultural manipulations. Specifically the
removal of dead and broken stems and the creation
of openings within the planted stands could favor
natural regeneration. According to Twedt (2004)
the creation of canopy gaps should be undertaken
assumptions for the development of woody
understory and concurrently provide access to the
canopy for colonizing tree species [34].
The existing openings and areas without
woody vegetation among reforested plots could
function as nuclei of natural regeneration if
protected from grazing. It is suggested that
succession should be left to take its course, while
minimizing the effects of human presence and
activities. While, up to now, the restoration of
riparian forests in Greece is undertaken on the basis
of ecological criteria and aims to enhance
biological diversity, it is suggested that future
management of natural or artificial riparian forests
should also incorporate the production purposes, as
already practiced elsewhere.

The riparian forest of New Madytos, was
created in order to become the core of an effort of a
gradual return of the riparian forest around the lake
Volvi, and the afforestation of the nearby barren
surfaces. The latter has been established in research
at Mississippi Alluvial Valley [34]. Ȋoung
pulpwood stands had lower diversity and species
were less evenly distributed than the ones including
multiple oak species However, pulpwood forests
may act as catalysts for colonization as they had
greater density of colonizing species (2665 + - 440
stems ha-1) [34]. In order to ensure the natural
function of its dynamics, human activities (fishing,
grazing, recreation and water sports) should be kept
to a minimum or restricted to selected locations of
the lake. Effect of livestock and native herbivores
(domestic livestock and native herbivores) of stands
of Platanus wrightii has been recorded in Arizona.
To assess the magnitude of the impact of animal
grazing on riparian thickets Platanus wrightii needs
to be studied [38]. In the study area grazing takes
place, possibly intense, however a study on the
grazing capacity is lacking. Additionally a grazing
prohibition, at least by unsuitable livestock like
sheep and goats, in the reforested plots for a decade
or so could favor natural regeneration. Cattle and
especially buffalo are better suited for wetland
systems.
The natural horizontal dynamics of riparian
forest create a gradient from sites which are
lakeside to other which are further away from it, as
stands of softwood riparian forest change to mixed
stands of softwood and hardwood species towards
hardwood riparian forest landwards [2]. The
restoration of this sequence should be a
management goal pursued with physical and
technical measures for the studied forest.
)URP WKH FKDUWV RI '%Ǿ FODVVHV distribution
appears that the very small (mainly Salix alba) to
non-existent number of stems belong to the small
'%Ǿ classes, which suggests the absence of natural
regeneration, which is probably due to the intense
human activity in the region and deserves further
research. An opposite event was recorded in
Pingshuo 17-years after plantation, due to the large
number of small regenerated trees of Ulmus pumila
[20].

CONCLUSIONS
This study presents new data, the only
available to the best of my knowledge for Greece,
where such long-term data on the restoration of a
bank area by means of planting riparian tree
species. At the same time, management decisions
for the restoration of similar areas in a broader scale
requires a documentation of the outcomes of
previous attempts. In this case, Platanus and Ulmus
were found to grow at a faster pace compared to the
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ENVIRONMENTAL QUALITY
Vasiliki Kollarou, Antonia Athanasopoulou, George Kollaros*, Konstantina Lantitsou
Democritus University of Thrace, Dept. of Civil Engineers, Vasilissis Sofias 12, 67100, Xanthi, Greece

groups so as to avoid spatial segregation [4]. Green
and clean mobility must take into account
requirements of the elderly or families with young
children, as well as the conditions for shops and
small enterprises. A gradual retrofitting of the
existing housing stock to reduce energy consumption
must not jeopardise the affordability of housing costs
to avoid migration flows towards suburban areas.
1RLVH UHGXFWLRQ ELRGLYHUVLW\¶V SURWHFWLRQ DQG
preservation, soil retention, dust retention, impacts
on microclimate conditions, flood hazard reduction,
air quality improvement, anti-wind protection, and
ODQGVFDSH¶V DHVWKHWLF improvement are some
physical fermentations mitigating negative impacts
or annoyances.
Environmental quality is part of an integrated
approach to attractiveness and well-being (close
relation to economic, demographic, social, cultural
and aesthetic issues) [5]. Increased energy efficiency
reduces the economic and energy vulnerability of
cities [6]. The related innovations, technologies and
services are important drivers for a greener local
economy. A pedestrian and cycle-friendly city with
clean air and water, plenty of green spaces and highquality built space is also an attractive city for people
and for businesses. Urban green growth requires
both technological and social innovation strategies,
which have to be designed in relation to the overall
development of the urban space.

ABSTRACT
Roads, squares, parks, gardens and generally all
public outdoor spaces with their form, analogies, and
the various elements comprising them compose the
picture of the city and determine its identity. Open
air spaces constitute a crucial quality factor for the
urban landscape and environment. Parks and public
JDUGHQV RSHUDWH DV ³OXQJV´ IRU UHVLGHQWV LQ FORVHO\
built areas, like those in mid-size cities. Since each
city constitutes a unique case -even its zones and
different parts usually are not identical- the
formulation of generalised urban planning structure
rules for outdoor spaces does not have any practical
sense, and can possibly lead to erroneous
confrontation. An effort has been made to categorize
urban green areas in the city of Xanthi based on three
essential criteria. The main objective was to facilitate
the enactment of standards referring to the
organization, maintenance safety, and hygiene of
urban green spaces and to ensure their long-term
sustainability. The communal and utility spaces of
XantKL¶V FHQWUH SDUW JUHHQ UHFUHDWLRQ DWKOHWLFV 
could be exploited in an excellent way if properly
redesigned and techniques of plant seeding are
applied.

KEYWORDS:
Plants, Environment, Urban green space, Space design

MATERIALS AND METHODS
INTRODUCTION
$ ³JUHHQ QHWZRUN´ LV D V\VWHP FRPSULVHG RI
large, medium and smaller interlinked green
portions. Such a network constitutes strategic tool in
an effort to incorporate cultural and recreational uses
in the urban web and -most important- to conserve
and protect nature [1].
Green spaces of collective use are those which
usually belong to the residents of a certain number of
buildings who configure and manage them
(herbaceous borders, communal zone around the
building). Between blocks or neighbourhoods, green
spaces are demarked differently being in different
condition. Where they are kempt and tailored, an
increased collectiveness is denoted. Uses of private
character are often transferred there, reproducing an

The potential and the basic specificities of a
place have to be understood in order to project,
invert, or transform it when designing space. The
socio-ecologic and perceptual landscape design
approach as complex and global is nowadays
established and dominates [1, 2].
Public spaces constitute the urban web; they are
a grid structuring the city itself, rate the city giving
form, life, diversity and meaning to it [3]. Moreover,
through this grid, the city experiences and recognizes
itself. The public concerns all people as entirety-one,
belongs to the social collectiveness.
Green neighbourhoods need to be affordable
and allow a mix of functions and socio-economic
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DWPRVSKHUH FRQQHFWHGWR ³YLOODJH´SLFWXUHV [7]. An
effort has been made to categorize urban green areas
in the city of Xanthi based on three essential criteria,
namely (a) the elements of green and the covering
material of surfaces in space; (b) the land uses and
users to whom they address; and (c) the particular
uses and properties of each space. The main
objective of such a research is to facilitate the
enactment of standards referring to the organization,
maintenance safety, and hygiene of urban green
spaces, as well as to ensure their long-term
sustainability.
Xanthi, a city in Northern Greece,
administratively belongs to Eastern MacedoniaThrace District. Xanthi is the capital of the
homonymous Municipality and has a population of
57,873 residents according to the 2011 official
statistical data. The cLW\¶V HFRQRPLF SURVSHULW\ KDV
been interrupted by two difficult periods: the Greek
revolution during which many men were arrested
and imprisoned and two earthquakes in March and
April of 1829 which razed to the ground the city and
the villages in the surrounding area. The first
building phase of the part nowadays known as Old
Town, maintaining a large part of the older urban
planning web, lasted between 1830 and 1845. After
*HQLVVHD¶V UXLQ LQ  WKH VHFRQG SKDVH VWDUWHG
The city became administrative centre of the region
and in 1891 the railway line ThessalonikiConstantinople was completed. During 1870 to
1910, intense economic activity and important
economic prosperity developed in the city. During
the 1st Balkan War, Xanthi was occupied by
Bulgarians (November 8 1912). In July 13, 1913 the
Greek army liberated the city, but with the Bucharest
Treaty (1913) Thrace was seized to Bulgaria.
;DQWKL¶V OLEHUDWLRQ WRRN SODFH RQ 2FWREHU  
after the defeat of Germans and their allies by the
Greek army. XaQWKL¶V FRPSOHWH LQFRUSRUDWLRQ WR
Greece took place in July 28th, 1920 with the Sevres
Treaty. Intense urban activity with the creation of
large urban complexes with remarkable modern
architecture has been observed since 2000.
Xanthi is a medium-sized Greek city. Mediumsized are considered those towns having populations
between 10.000 and 100.000 people. The activities
in public spaces of medium-sized towns are different
than those in larger cities, since the squares, parks
and streets remain the core meeting place and
recreation area [8]. However, changes are required,
because a significant portion of public spaces is in
poor technical condition and of low aesthetic and
functional value. Such issues arise due to the
functional and physical fragmentation of the space,
as well as due to allocation for competing uses such
as commercial or infrastructural services (car
traffic).
In Xanthi, outdoors activities spaces (athletic
installations, playgrounds) acquire characteristics

similar to those of squares. Playgrounds are
protected spaces (with the exception of that in
Kypseli) that constitute places of increased publicity
and gathering places of different groups to which the
DUHD¶VFKLOGUHQEHORQJ, as well as their parents. On
the other hand, in the case of athletic installations,
the characteristics of social contacts are different,
since they refer to senior children and adults. The
spaces with athletic infrastructure often constitute a
hyper-local attraction space due to their lack in the
broader area of residential complexes. Many outdoor
activity spaces have been abandoned by the
municipality officials, who were responsible for their
proper maintenance. Thus, they have become
dangerous and improper for games and sports,
contributing to the general decay of the outdoors
public spaces occupied by tenement houses [9, 10].
Apart from the differentiation and organization
of the public openings, there is a similar organization
and gradation of the roads. Thus, pedestrianised,
earthen or asphalt-paved internal streets or passages
are observed in residence blocks all around XDQWKL¶V
urban space. Special interest is presented by internal
pedestrianised streets which help in the development
of the network of public spaces, simultaneously
decreasing the use of automobiles. Pedestrian ways
may be placed among the broader urban web,
constitute border points or even internal ways of the
complex. Therefore, pedestrian ways may be
distinguished in internal and external, as is the case
of squares, especially in Democracy Square. The
internal ways may stress the cohesion and privacy
feeling of the neighbourhood, while they can receive
miscellaneous uses (parking, playing or gathering
space, space of outdoors extension amusement uses
or promenade space) [11]. In pedestrian ways, the
residents interfere in a way similar to that of
communal places, putting sitting boards, grills, etc.
Two external pedestrian ways may connect two
squares in the broader area (ex. Freedom Square and
Democracy Square) and cross the complex or
connect a square in the block with one out of it. They
can also receive central uses, such as stories or
entertainment, constituting an attraction for the
surrounding regions, or even play the role of a small
square.

RESULTS AND DISCUSSION
Public open spaces in ;DQWKL¶V XUEDQ ZHE.
Xanthi is extending mainly to the Chryssa region, but
also in its south borders. The main open spaces
(squares, parks, pedestrian zones, fields etc) in the
FHQWUDOSDUWRI;DQWKL¶VXUEDQDUHDDUHGHVFULEHGLQ
the following sections.
'HPRFUDF\6TXDUHWKH&HQWUDO&LW\¶V6TXDUH
was first designed in 1870. Since then many
LQWHUYHQWLRQVKDYHEHHQPDGHWLOOWKHHQGRI¶V
1272



© by PSP

Volume 26 ± No. 2/2017, pages 1271-1280

Fresenius Environmental Bulletin


forms are taking place in this area (musical,
political, social, religious, cultural, performances,
dances) along with daily recreation of residents and
visitors.
Every Saturday, a big bazaar event takes place in the
Commerce Square, attracting excursionists from all
over Greece. During the rest days of the week, the
roads surrounding and crossing through the square
are mainly used as controlled parking sites. The
traffic islands and road dividers are planted with
evergreen trees.

when the Big Clock has been constructed. The
VTXDUH KDV EHHQ XQLILHG ZLWK WKH *RYHUQPHQW¶V
House Square and the Fallen Heroes Square (Figures
1 and 2). With this new configuration, which was
completed in 2010, the square covers 36,000 m2 and
includes pedestrian zones, equipment of all kinds
(benches, lights, fountains, pergolas, waste buckets,
etc), outdoor open amphitheatre, playground, small
outdoor library, gymnastic instruments, planted
areas with trees and flowers, paving with prevision
for handicapped people, etc. Manifestations of all

FIGURE 1
Democracy Square

FIGURE 2
Amphitheatre in Democracy Square
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)UHHGRP¶V6TXDUHLVORFDWHGLQWKHHQWUDQFHRI
WKHFLW\¶VPDLQFRPPHUFLDOSDUW,WLVVXUURXQGHGE\
5 main roads leading to the centre and to the western
neighbourhoods of Xanthi. Various manifestations
are organized there and, during parades, is the place
IRUWKHRIILFLDOV¶SODWIRUP7KHVTXDUHLVELVHFWHGE\
28th of October Street, with the lower part being used
mainly for recreational purposes since it is covered
with shelters and the upper part accommodating the
monument of dead heroes, tobacco workers and the
statue of Pontos Greek.
,Q WKH VSDFH RI ;DQWKL¶V 2OG 7RZQ WKUHH
squares are located: Gabriel Ladas (former Antika),
Metropolis and Mantsini. The most historical, the
Metropolis Square, is paved and in its perimeter are
located a baby farm, an elementary school, the Saint
John the Baptist church, and the Metropolitan
Mansion. Gabriel Ladas and Mantsini Squares are
named after two historical persons. Mantsini Square
is the most planted of the three.
The Municipal Park is limited by Vasilissis
(Vas.) Sofias Street in the south, Kosynthos River in
the east, Hotel Elisso in the west and the entrance to
/LIH¶V)RRWSDWKLQLWVQRUWKHUQSDUW$SOD\JURXQGLV
located in parks centre having at its one end a small
artificial lake where small ducks and swans are
hosted and a space where rabbits, peacocks and other
fowls are accommodated. The scenery is completed

with benches, lightings, bushes and an
elevated dovecot. The Park is fenced, but citizens
have access to it almost all day long. Adjoining to the
park a restaurant-FDIHWHULD QDPHG ³*DUGHQ´ LV
located with sight view to the river, the surrounding
mountains and the Samakov settlement on the
opposite bank. Over Samakov, the Monastery of
Panagia Archageliotissa dominates.
The Alexander the Great Park is a freely
accessed area with all positive characteristics of a
place predestined to serve the recreation,
refreshment and as a playground space. The park is
located near a school (3rd Gymnasium) and is a large
playground for the entire neighbourhood.
Many smaller parks are spread all around the
various neighbourhoods, like the Saints Constantine
and Helen Park with boundaries the dwellings and
the railway with paved walkways, benches and trees
being visited mainly in spring and summer periods,
the Park in Kypseli (Figure 3) settlement having
different paved levels and some gymnastic organs
and children playground instruments, the Park
³0H[LFDQD´ Figure 4) in a densely built
neighbourhoRG DQG WKH 3DUN LQ ³)RURV´ DUHD
;DQWKL¶VZHVWHUQHQWUDQFH 7KHODVWRQHLVDSODFH
where elderly people are gathered and play various
table-games, no matter what the weather conditions
are.

FIGURE 3
Park in Kypseli neighbourhood
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FIGURE 4
³0H[LFDQD´3DUN

FIGURE 5
³/LIH¶V)RRWSDWK´E\.RV\QWKRV5LYHU
remaining there in various shops, café, and the
COSMOS trading centre. The whole configuration is
a remembrance of the traditional Greek
QHLJKERXUKRRGV 7KH GHFLVLRQ IRU D URDG¶V
pedestrianization is a serious affair involving many
factors to be taken under consideration, the most
crucial being the arrangement of the remaining road
network.
In almost every neighbourhood, playgrounds
DUH ORFDWHG %HWWHU RUJDQL]HG RQHV DUH WKH ³6QRZZKLWH´ &KLRQDWL RSSRVLWHWRWKH'LVWULFWRI;DQWKL
%XLOGLQJ DQG WKH ³'XFNOLQJV´ 3DSDNLD  LQ WKH
Municipal Park (Figures 7 and 8). Some other
playgrounds are those of the unified central squares,
of the Pournalik and EKTENEPOL settlements and
a small field aside the tennis court

In 2011, the configuration of a space called
³/LIH¶V)RRWSDWK´KDGEHHQFRPSOHWHGE\YROXQWHHU
PHPEHUV RI ³6SHHFK DQG $FWLRQ 1HWZRUN´ 7KH
pathway runs along Kosynthos River. The
reformation included the coverage of a ditch crossing
.RV\QWKRV¶EDQNWXUQLQJLWWRDQDFFHVVLEOHIRRWSDWK
the construction of a small theatre and the planting
of small trees with the installation of a special
irrigation system (Figure 5). The entire route and
theatre as well are decorated with Thanos Mavrodis
sculptures.
In 2011, an intervention in a smaller scale, yet
equally
successful,
was
approved:
the
pedestrianization of Dagli Street. This pedestrian
]RQHMRLQVWKHWZRPDLQVTXDUHVRIWKHFLW\¶VFHQWUH
Democracy Square and Freedom Square (Figure 6).
The zone is usually full of people walking or
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FIGURE 6
Pedestrian zone - Dagli Street

FIGURE 7
Ducklings Playground

FIGURE 8
Ducklings Playground
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programme are Budapest, Hungary (square in
a degrading district); Dresden, Germany (a large
abandoned park); Julianova, Italy (urban park);
Kotel, Bulgaria (park aside a large athletic centre);
Leipzig, Germany (large urban park); Nova Goritsa,
6ORYHQLD SDUN LQ FLW\¶V FHQWUH  6DQRN 3RODQG
(municipal park); Bydgoszcz, Poland (extension of
botanic garden); Sofia, Bulgaria (plantation of an
open public space); the municipality of Chalandri,
Greece (school courtyards); and Volos, Greece
(reformation of 3 municipal parks).
The Limnio Park extends on both banks of
Kosynthos River (Figure 9) with natural borders the
Vas. Sofias and Evrou Streets. On the completion of
the intervention, various installations and utilities
could be found in the broader area, such as a couple
of playgrounds, bicycle ways, parking lots, an
environmental education centre, an artificial lake
with a sitting facility on its perimeter, tennis court,
amphitheatre, circular founts, wooden stages with
signs, floriferous parterres, botanic garden, a pine
tree plantation, etc. In the centre of the park close to
the west bank of the river, a lake will be located on a
lower level relatively to the rest area (elevation
difference 3 m). The tennis court will be located
between the existing swimming pool building and
WKH 'HPRFULWXV 8QLYHUVLW\¶V FDPSXV RQ WKH QRUWKwestern side of the park. The founts will be
constructed on the east opposite to the entrance of the
football stadium and on the south west parallel to the
ULYHU¶VZHVWEDQN7KUHHSDUNLQJORWVDUHSODQQHGWR
occupy the space parallel to the bridge on Evrou
Street in the south-western side of the park, the
confluence of Evrou and Vas. Sofias Streets in the
south end of the SDUNDQGQH[WWR8QLYHUVLW\¶VSUHFDVW
buildings in the north. Successive floriferous
parterres will decorate the south-western side of the
park before the parking lot leading to Evrou Street.
The amphitheatre will occupy the area at the south
side of the Park. Each year, this space is conveyed by
lease to Luna Park Enterprises for the Carnival
period, when thousands of visitors are thronged in
Xanthi.
In its south part the City of Xanthi is adjoined
ZLWKDVHWWOHPHQWEXLOWLQWKHEHJLQQLQJRI¶VDV
an integrated model of residence space. It took its
name from the initials of the company which
undertook its building and configuration. Nowadays,
is named Neapolis, though its former name is still
being used. Because of the building terms that have
been used in the complexes, there are plenty of free
spaces, which are used as greenery spaces. In their
majority, the gardens are in the interior of the
complexes or in a marginal site. Nevertheless, they
are introvert. The access to them is free and depends
on the entrance to the housing complex (Figures 10,
11).

Planting of open public spaces. Generally, the
urban green consists of thickets, parks, squares,
pedestrian ways, rows of trees, playgrounds, private
gardens, school courtyards, courtyards of churches,
surrounding spaces of hospitals, cemeteries etc. A
legal definition for the suburban green does not exist.
Thus, free land stretches (forest land stretches, hills
and mountains, fallow lands etc) found
circumferentially the urban web and usually are not
LQFOXGHG LQ FLW\¶V XUEDQ GHVLJQV ,WV SURWHFWLRQ
depends on the general legislation referring to the
protection of the environment and on special
legislation (e.g. regions of environmental
importance). Due to the connection with the urban
web, the spaces of suburban green they often receive
intense pressure emanating from various human
activities. In Xanthi there are various open public
spaces -planted or paved- needing specific studies to
be configured in green hosts of the residents.
Xanthi lacks greenery. Two square metres of
green per 1000 residents is a low score, bearing in
mind that, due to crisis, urban drift takes large
dimensions. Plant species (trees, bushes, turfs,
grasses) wearing well the urban environment
SROOXWLRQ DQG VXLWDEOH IRU WKH DUHD¶V FOLPDWH
conditions are: (a) Conifer trees like Pinus sp. and
Juniperus communis L., Cedrus sp., and angiosperm
trees, like Fraxinus ornus L., Alnus glutinosa (L.)
Gaertner, Acer campestre L., A. heldreichii Boiss.,
A. hyrcanum Fisch & C.A. Mey., A.
monspessulanum L., A. tataricum L., Carpinus
betulus L., Carpinus orientalis Miller, Corylus
avellana L., Ostrya carpinifolia Scop., Prunus
avium L., Tilia tomentosa Moench, Magnolia sp.; (b)
bushes like Cornus mas L., Pyracantha coccinea M.
Roem., Syringa vulgaris L., Sambucus nigra L.,
Laurus nobilis L., Berberis sp., Laburnum
anagyroides Medik., Prunus laurocerasus L.,
Viburnum sp., Weigela florida (Bunge) A.DC.; (c)
turfs like flavour turfs, Aucuba japonica Thunb.,
Hypericum sp. [12]. All the above mentioned plants
DUHIRXQGLQ;DQWKL¶VXUEDQDUHDDORQJZLWKFUHHSHUV
like Lonicera sp., Parthenocissus quinquefolia (L.)
Planch., Jasminum sp., Clematis sp., Passiflora
coerulea Auct., Wisteria floribunda (Willd.) DC.,
and Hedera helix L.
Configuring an open public space in Xanthi.
Next to the bridge on Vas. Sofias Street, a large space
unfolds down to the bridge at Evrou Street, known as
³/LPQLR´ )ROORZLQJ D SDUNLQJ DUHD WKH &LW\¶V
roofed swimming pool is located and next to it a new
area for skateboarding and a volley playground are
found. The Limnio Park had been landscaped in
¶Vby the Forests Inspection Service of Xanthi,
but its use declined as the years were passing by. A
part of the park has been reclaimed in the frame of a
European SURJUDPPH XQGHU WKH WLWOH ³*UHHQ.H\V´
(2005-2008). Other cities that participated in this
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FIGURE 9
Plan view of the Limnio Park, which will be the larger landscaped free public space in Xanthi

FIGURE 10
The free spaces in EKTENEPOL settlement are covered with trees, shrubs and grass

FIGURE 11
In EKTENEPOL settlement the house types are mixed (bi-level, apartment buildings)

failure being obvious in 1990-95 large portions of
land initially expropriated are sold to other
organisations in order to build labor residences,
while from 2000 till nowadays, building plot and
selling procedures are under way for the rest land
pieces in the zone of active urban design.
EKTENEPOL settlement is today an isolated suburb
with big shortages on an urban utilities level. Basic
sHWWOHPHQW¶V SUREOHP LV WKH DEVHQFH RI FHQWULFLW\,
with a direct effect the absence of urban identity for
WKHVSDFH7KHRQO\³QHLJKERXUKRRGSROH´LVDPLQLmarket, while the unfinished public buildings in its
interior, in conjunction with the non-configured

They also contribute to the greenery of the broader
area, which, particularly in the case of Xanthi, has
reduced green percentages. 'XHWRVWDWH¶VZHDNQHVV,
the original residents of the complexes in
EKTENEPOL, Xanthi, have abandoned the region,
moving to other neighbourhoods [13]. The empty
apartments had be rented to refugees from the East
or remained vacant. Thus, the existing ghettoisation
has been enhanced both spatially and socially. The
YHQWXUH¶V IDLOXUH LV PDLQO\ ORFDWHG LQ DQ HFRQRPLF
level, since the increased construction cost rendered
the investment non- competitive in the free market.
The settlement devolved to a decadence period. With
1278



© by PSP

Volume 26 ± No. 2/2017, pages 1271-1280

Fresenius Environmental Bulletin


connection site of centre of cities, with other
appreciable regions; and (d) design of outdoor
spaces, and the landscape more generally, via the
analysis of special interest regions inside the urban
web (ex. squares, configurations of green, etc),
proposing solutions that will elect the natural
environment and consequently will improve the
quality of life in the city, should be ensured.
It is concluded that the communal and utility
VSDFHVRI;DQWKL¶VFHQWUHSDUW JUHHQUHFUHDWLRQand
athletics) could be exploited in an excellent way, if
properly redesigned and techniques of plant seeding
are applied.

square and the abandoned playground, give a picture
of full degradation. 7KH SRSXODWLRQ¶V VRFLDO
composition is clearly differentiated in comparison
ZLWK WKH LQLWLDO HVWLPDWLRQV DQG SURJUDPPH¶V
targeting. The lack of people interested in settling
down prompted the Greek state to relinquish a great
number of residents directly to refugees-émigrés
from the former Soviet Democracies. Most of the
residents which had been sold by the company since
1990 have been given to repatriated fellow
countrymen. This situation was duplicated by
bourgeois who left the region. Gradually, a social
segregation has been produced with definite spatial
expression favoured by the distance of the housing
FRPSOH[IURPWKHFLW\¶VFHQtre, as well as by the last
cohesive portions of the broader urban web.
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consequences of a proposed policy, plan or program
initiative in order to ensure that they are fully
included and appropriately addressed at the earliest
appropriate stage of the decision-making process on
a par with the economic and social considerations
[1]. Since the 1990s, many authors [2, 3, 4, 5, and
others] have explored the role and importance of
SEA in creating policies in different spheres of social
activities, as well as about its role in decisionmaking. The issue is therefore quite interesting, from
both scientific and professional aspects, and it is of
great importance in creating any new environmental
policy. This is also supported by the fact that an
increasing number of international financial
institutions, such as the European Commission,
World Bank, UNDP, UNEP and USAID have
developed instruments and imposed requirements for
the implementation of SEA for the purpose of
checking and increasing the number of development
initiatives in tune with the principles of sustainable
development [6, 7].
SEA is one of the key instruments for
implementing sustainable development strategies in
planning in general. In addition to being used in
sectorial planning, it can also be used in other areas,
such as water management planning. It also affirms
the SEA Directive [8], which makes it compulsory to
undertake SEA for plans, programs and framework
documents in different fields, and, therefore, in the
field of water management as well. By carrying out
SEA in waste management planning, it is possible to
consider the consequences of the proposed planning
solutions and changes in space, while at the same
time taking into account the needs of the users of the
space and appreciating the subject environment. On
this basis, adequate measures can be defined for the
protection and monitoring of the potentially
threatened elements of the environment, in addition
to having public participation in all stages of the SEA
process [9]. In this context, SEA obviously
contributes to the decision-making in planning
process [10, 11, 12, 13].

ABSTRACT
This paper highlights the latest developments in
the spatial planning process for water accumulation
in the Republic of Serbia. When working on the
planning documents a special emphasis was given to
the role of strategic environmental assessment (SEA)
as an instrument for the sustainable planning of
vulnerable areas, such as water supply
accumulations. The field of water supply is relatively
well defined ± it is arranged by a system of sectorial
laws and plans, in accordance with the guidelines of
the Water Framework Directive (2000/60/EC).
However, the implementation of sectorial
development policies and measures leads to many
conflicts at water accumulation basins. These
conflicts have predominantly spatial, environmental,
economic and social effects. The role and
importance of SEA lies precisely in the integral
consideration of these problems and direction of the
planning process towards the aims of sustainable
development. In the preparation of recent spatial
plans for special purpose areas for water
accumulation basins and SEAs, the starting point
was to identify/observe the development goals and
principles for balancing these conflicts. This paper
gives a critical overview of the methodology used in
the spatial plans and SEAs analysed here. A specific
methodological approach is presented to determine
the territorial impacts which occur when planning
and designing water accumulation basins for a water
supply, in order to achieve the sustainable
development of these specific and ecologically
sensitive areas. .

KEYWORDS:
strategic environmental assessment, spatial planning,
protection of water accumulation basins, the Republic of
Serbia.

INTRODUCTION
A comprehensive definition of Strategic
Environmental Assessment (SEA) is as a systematic
process of evaluating the environmental

MATERIALS AND METHODS
Based on the Water Framework Directive [14],
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National Park, and 5XGQLN-DVWUHEDFDQG7XSLåQLFD
mountains), tourist destinations (ski resorts on
Kopaonik and Stara Planina), corridors of
infrastructure systems (state roads, South Stream
transnational gas pipeline), cultural heritage, etc.
The three accumulation basins include a large
number of rural and a smaller number of urban
settlements where the dominant activity of the
inhabitants is agriculture: 55 settlements with around
24,000 inhabitants on 611km2 RI ûHOLMH
accumulation basin; 7 settlements with around 1,800
inhabitants on 183km2 RI *UOLãWH DFFXPXODWLRQ
basin; and 31 settlements with around 11,400
inhabitants on 318km2 RI*UXåDDFFXPXODWLRQEDVLQ
Zones I and II covered parts of several settlements (5
settlements around the ûHOLMH DFFXPXODWLRQ 
settlement around the *UOLãWH DFFXPXODWLRQ DQG 
settlements around the *UXåDDFFXPXODWLRQ DVZHOO
as a large number of informally constructed
buildings.

the Republic of Serbia has created a new legal
framework on water management which is more
restrictive compared to the previous practice in the
area of water quality protection, especially water
resource protection. As the water sector planning
base has not yet been established, the key planning
framework for water protection and sustainable
water consumption consists of spatial and urban
plans, notably the spatial plan for the special purpose
area of the water supply accumulation basin.
Permanent protection and usage of water
resources of national importance, such as water
supply accumulations, cannot be provided without
creating
conditions
for
sustainable
and
multifunctional development of the accumulation
basin. The role of the SEA for spatial plans of special
purpose areas is to help to define the elements for
integrated usage, to protect water resources and to
revitalise the conflict between national/regional
interests for water usage and long-term interests and
needs for the development of other special purpose
areas of national/regional importance, as well as the
economic and social development of local
communities. This is done through the process of
spatial planning.
Although the application of SEA in the
strategic planning of water supply accumulation
basins is important, since it acts as a sort of tool for
reaching valid and optimal decisions in the earliest
stages of the planning process, this way of evaluating
environmental implications has not been given due
consideration in scientific papers. In planning
environmental protection in the water management
sector, authors usually use risk assessment [15],
environmental assessment, life-cycle assessment
(LCA) [16], and strategic environmental planning
[17]. The purpose of this paper is to examine the
possibilities that SEA offers for relativizing
conflicting interests in water accumulation basins
from the case study areas.

The
Protection
of
Water
Supply
Accumulations in the Legal Framework and
Strategic Planning in Serbia. The Serbian Water
Law [23], which is mostly in line with the European
water management directives, envisages designation
of three sanitary protection zones in the area of water
supply sources, designated as protected areas. The
Regulation on the means of designation and
maintenance of the sanitary zones (Figure 3) in the
water supply source area [24]

Case study areas. This paper analyses and
discusses key issues and ways of resolving conflicts
in the development, use and protection of a location
by looking at the examples of three spatial plans of
special purpose areas for water supply accumulation
basins, and previous planning practice and
discussions [18, 19].
The study area (Figure 1) includes spatial plans
of special purpose areas (SPSPA) for three water
supply accumulation basins. The territories of the
spatial plans for WKHûHOLMH[@DQG*UXåD )LJXUH 
[21] accumulation basins are located in the central
part of Serbia, and the territory of the spatial plan for
WKH*UOLãWH>@accumulation basin is in the eastern
part of Serbia. The territories covered by these
accumulation basins, in addition to being special
purpose areas for the protection and usage of water,
include other special purposes of international and
national importance ± natural heritage (Kopaonik

FIGURE 1
Case study areas ± 6363$VFRYHUDJH DXWKRUV¶
original)
envisages the use of designated sanitary zones in
greater detail, as well as their protection and usage
regimes. The zone of direct sanitary protection of the
accumulation ± zone I is the area with strict
protection and constant sanitary control. It
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planned water accumulation sources of national
importance, which are core facilities in the regional
water supply systems, and at the same time they
prescribe measures and obligations for water quality
protection in those accumulation basins. The Spatial
Plan of the Republic of Serbia [28] prescribes the
obligatory elaboration of spatial plans for special
purpose areas in the basins of the existing and
planned accumulations, for which such kind of
spatial plans were not made back in 2010.

encompasses the accumulation lake and the coastal
strip 10m in width from the highest water level in the
lake. The direct zone of sanitary protection ± zone II
is the zone of limited spatial usage and constant
sanitary control. It encompasses an area 500m in
width from the external limit of zone I. The outer
sanitary protection zone ± zone III is an area of
controlled spatial usage and sanitary control, and it
encompasses the areas of the accumulation basin
outside zones I and II. The only differences in the
zone width are in zone II, which in most countries is
a strip of land 300m or 500m in width outside the
border of zone I, while in certain countries the
minimum width is 100m (Croatia, Montenegro and
others) [23, 24, 25]. Construction of facilities and
plants other than water management infrastructure is
strictly forbidden in zone I. Zone II is a forbidden
area for the construction of facilities which
compromise the sanitary quality of the water in the
accumulation. In zone III special conditions for
controlled construction and use of space have been
established in order to guarantee the preservation of
the sanitary quality of the spring water and to enable
the sustainable development of the area in question.
The established regimes of protection are similar to
those in other countries. The differences are
noticeable in the limitations in zone I regarding the
usage of the accumulations for bathing and water
sports, which is, while forbidden in some countries,
allowed in Serbia provided that the said activities do
not compromise the quality of the water. Still, there
are countries which do not even set this last condition
(Montenegro, for example).
The Water Law foresees that the sanitary
protection zones around accumulations and other
water supply source areas be entered in the water
management plan, as well as the spatial and urban
plans, whereas sector plans in other areas do not
envisage this kind of obligation. The Law on Spatial
Planning and Construction [26] makes it obligatory
to produce a water supply accumulation basin spatial
plan for all special purpose areas.
The Spatial Plan of the Republic of Serbia [27,
28] and the Water Management Strategy of the
Republic of Serbia [29, 30] determine the current and

FIGURE 2
Case study area of the GruåD basin ± the
SURWHFWLRQ]RQHV DXWKRUV¶RULJLQDO
The Water Law envisages the preparation of the
following water sector plans: the strategy of water
management on the territory of the Republic of
Serbia and water management plans (for the Danube
basin and water areas envisaged by the law). The
draft version of this strategy was created in late

FIGURE 3
Graphical representation of WKHSURWHFWLRQ]RQHV QRWLQVFDOH  DXWKRUV¶RULJLQDO
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evaluation criteria, followed by an impact
assessment procedure in which the first stage
included the evaluation of alternative scenarios and
the selection of the most suitable alternative. The
alternative solutions were qualitatively evaluated by
sectors of the SPSPA according to the SEA
objectives and criteria. The professional community
and relevant institutions were again included in the
process of choosing the most suitable alternative.
Then, the process of multi-criteria evaluation (a
semi-quantitative method) followed, representing
the focal point of this paper. The role of multi-criteria
evaluation is to identify the influence (both positive
and negative) of the planned activities in the space in
which they are being undertaken (the prediction of
spatial influences) according to the SEA goals
(environmental, social and economic). The measures
aimed at limiting any negative consequences of the
SPSPA in the process of its implementation were
based on the results of multi-criteria evaluation. The
results stemming from the process are shown here in
a manner comprehensible to all participants in the
SEA process. All the results of the SEA (including
the opinions obtained through the public
participation process) were presented in the SEA
Report, which served as the basis for the decision on
whether to adopt, amend or reject the SPSPA.
The MCE method was originally defined in a
VFLHQWLILF UHVHDUFK SURMHFW FDOOHG ³0HWKRG IRU
6WUDWHJLF (QYLURQPHQWDO $VVHVVPHQW LQ 3ODQQLQJ´
(2005±2007), and later on developed through several
still ongoing scientific research projects, all funded
by the Ministry of Education and Science of the
Republic of Serbia. This methodological approach
ZDVDQDO\VHGLQGHWDLOE\-RVLPRYLüHWDO>@ZKLOH
this paper will focus on the methodological and
procedural framework in general and the results
obtained by the SEA process. The SEA process for
SPSPA (Figure 4) can be divided into six main
stages.
The initial stage of the SEA procedure is a
decision to prepare the SEA. In this case the
decision is made by directly applying the provisions
of Directive 2001/42/EC, since the area which is the
subject of SEA has great national ecological
importance.
Analysis on the state of the environment is
the second stage, which involves determining the
³]HURVWDWH´RIWKHHQYLURQPHQWVHUYLQJLQWKHODWHU
phase of the SEA process as a reference point for
determining a trend of possible (positive and
negative) changes in the area, which may arise as a
consequence of applying the strategic priority
guidelines defined in the SPSPAs. In this phase,
planning documents
and
other
available
documentation on the state of the environment on the
Danube corridor were used with the application of
GIS technology [35, 36].

2013, but has not been brought into public view yet.
Water management plans have not been made, while
some pilot projects have been run within the scope
of the public sector preparation for the creation of
these plans. [31, 32]
The SPSPA is a special planning document
which enables the spatial development of water
management system (dams, accumulations and other
water management facilities) and the permanent
protection and use of a water source of national
importance, with the parallel fulfilment of conditions
for sustainable and multifunctional development of
the accumulation basin. The role of the SPSPA is,
through the process of spatial planning, to balance
the conflicting interests of an area being designated
as an area for water supply accumulation with those
of the other users of that area. This is the reason why
in the preparation of such a spatial plan integrated
and participative approaches are applied, which
enables the definition of elements for integrated use
and protection of water resources, as well as the
coordination of national/regional interests in water
usage with the long-term interests and
developmental needs of other special purpose areas
of national/regional importance and of the economic
and social development of local communities.
An essential instrument in this process is the
application of SEA. Its role is the direction of the
planning process towards the objectives of
sustainable development (in this case, sustainable
planning and use of the water supply accumulation
basin) on the one hand, and, in a methodological
sense, application of the multi-criteria evaluation
(MCE) method as an aid in the decision-making
process, on the other.
Methodological Framework for SEA. The
methodological framework for the SEA for SPSPA
of water supply accumulations is centred on a planbased approach and the use of multi-criteria
evaluation of the planned activities and strategic
determinants in relation to the capacity of space as a
basis for the valorisation of space earmarked for
sustainable development [33]. The procedure and
methodological framework for SEA are shown in
Figure 4.
As shown in Figure 2, the task in the initial
stage of the SEA process was deciding on its scope.
Such a decision was reached with the participation of
the professional community and relevant
institutions. This stage was followed by an analytical
SEA which included: an assessment of the planning
documents, i.e. planning concepts and strategic
guidelines; an analysis of the state of the
environment by means of GIS tools [34, 35, 36], an
assessment of its relation to other planning
documents and strategies; and the identification of
environmental issues. The next stage included
setting the SEA objectives, relevant indicators and
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FIGURE 4
3URFHGXUHDQGPHWKRGRORJLFDOIUDPHZRUNIRU6($ DXWKRUV¶RULJLQDO
environment, while the response indicators defined
political and other actions aimed at changing the
consequences suffered by the environment. Based on
the analysis of the possibility to consider primarily
the spatial aspect, as well as the problematic aspect
of potential impacts, four sets of criteria with a total
of 13 individual criteria were defined. The criteria
used in the multi-criteria evaluation of the planning
solutions can be divided into the following sets: the
intensity of the impact ± Favorable (+2), Positive
(+1), Neutral (0), Negative (±1) or Unfavorable (±
2); the spatial dimension of the impact ±
Transboundary (Tb), Regional (R) or Local (L); the
impact probability ± Quite sure (Q), Likely (Lk) or
Possible (Ps); and the frequency of the impact
(impact duration) ± Temporary (T) or Long-term
(Lt). This evaluation system was applied to both the
individual impact indicators and the related
categories by means of the aggregate indicators.
The evaluation criteria for the intensity and
spatial dimension of the impact of the planned
solutions on the SEA objectives served as a basis for
evaluating the importance of the identified impacts
in achieving these objectives. The impacts of
strategic significance for the SPSPAs were those
with strong (positive or negative) effect at a
transboundary or regional level [37, 38]

In the third stage, the SEA objectives,
indicators and criteria are set. The SEA objectives
and associated indicators are determined, and criteria
for evaluation are defined on the basis of analytical
work. Setting the SEA objectives for the SPSPA is
also conditioned by the results and projections in the
analytical section of the SEA by means of GIS tools.
This resulted in 15 SEA objectives (divided into
eight groups: water, air, forestry, biodiversity,
landscape, natural heritage, socio-economic
prosperity and institutional framework) and 22
indicators being established, against which the
sustainability of solutions proposed within the
SPSPA were evaluated.
The objectives were defined in relation to
environmental receptors, including all the aspects of
sustainable development. For each SEA objective
one or more relevant indicators were defined. The
indicators were taken from the general set of UN
Indicators of Sustainable Development, in line with
the instruction issued by the Serbian Ministry of
Science and Environmental Protection in April 2008.
That set of indicators was based on the concept of
³FDXVH±consequence±UHVSRQVH´ The so-called cause
indicators represented human activities, processes
and relations influencing the environment; the
consequence indicators showed the state of the
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identified conflicts was considered.
The exploitation of accumulations so far has
caused certain conflicts regarding the location
between the development-oriented interests of water
management on the one hand, and the interests of
economic development and local communities on
the other, due to the restrictions imposed by the
regimes for the sanitary protection of water sources.
Delaying the resolution of conflicts on the location
has led to the non-adherence to sanitary protection
regimes regarding the accumulations, causing in turn
the degradation in the quality of water in the
accumulations and their basins. For this reason,
while preparing plans to resolve the key issues
regarding the drafting of the SPSPA for WSAB, the
conflicting interests between protection and
sustainable use of water resources and other
occurrences and activities on the location must be
balanced.
In this process, special importance should be
given to the implementation of the guidelines for
environmental protection and the monitoring
programme, which are defined in the SEA for
SPSPA of WSAB. The guidelines for environmental
protection and monitoring have resulted from the
analysis of the state of the environment in
accumulation basins and the MCE method. These
specific elements of the SEA process represent a
significant basis for the implementation of
sustainable development principles in the process of
drafting plans for WSAB.
In general, the results of the evaluation process
that all three accumulations were subjected to, point
to the following:
#When it comes to the negative impacts of the
Plan, the instances of deterioration of the
environmental state were classified as weak, in both
their territorial stretch and intensity, since the
planned activities do not contribute to the pollution
or degradation of the area in question to such an
extent that they can significantly influence the
existing ecological capacity of the area. Negative
impacts are unavoidable results of development, and
in this particular case, they predominantly refer to
the development of the internal (local) transport
infrastructure and advancement of economic
activities in the accumulation basin, with all the
possible implications that can have on the quality of
the basic elements of the environment.
#The expected improvements resulting from
implementation of the planned activities bear
generally positive impact that surpasses the
boundaries of the local community and the plan,
especially when it comes to ecology, but also in an
economic and social sense as well. The most
important positive effect is the contribution to the
protection of water in the accumulation basin by
designating zones of sanitary protection with strict
rules for performing activities in every

The fourth and key stage in the SEA process
is multi-criteria evaluation of the SPSPA. It was
carried out for the priority strategic planning
solutions of the SPSPAs based on the SEA
objectives and relevant indicators, and based on the
evaluation criteria. A total of 25 priority strategic
solutions was singled out and their impacts assessed
in relation to objectives (15 of them), indicators (20
of them) and criteria (13 of them). Only the first two
sets of criteria were presented in matrices as they
were sufficient for the identification of strategically
significant impacts.
Protection measures, monitoring and
guidelines for the EIA. The MCE method was the
basis for establishing appropriate measures for
limiting the negative impacts, as well as for
establishing the guidelines for the EIA
(Environmental Impact Assessment) at lower
hierarchical levels and in monitoring programs [39].
Finally, SEA Report is created. All the results
of SEA are integrated into the SEA report, including
an analysis of the state of the environment, the results
of the MCE and the defined measures of protection
and monitoring, as well as public opinion obtained
during a 30-day long procedure involving public
participation. On the basis of this, appropriate
decisions are made on how to actualize the SPSPA,
that is, how to achieve the individual strategic
priorities from the SPSPA. Such decisions should
secure the sustainable use of space when
implementing the SPSPA.
Key Issues and Resolving Conflicts in the
SEA Process for the Protection of Water
Accumulations in Serbia. This qualitative research
is based on documentation study (the SPSPA for the
study area), field work and stakeholder involvement
during the preparation of the spatial plans
(information feedback ± briefs, focus groups and
consultation, and joint planning ± workshops,
mediation and negotiation).
Starting from the chosen research focus and the
qualitative research conducted, the study procedure
included three steps. The first step was the
identification of key issues regarding the drafting of
the spatial plan of special purpose area for the
accumulation basin. The second step included the
identification of conflicts that must be reconciled
during the formation of planned solutions for key
issues regarding the drafting of the spatial plan of
special purpose area for the accumulation basin. In
this way, the context of the research was set (Table
1). The third step focused on the analysis of the
validity of the planned solutions for balancing the
conflicting interests concerning the protection and
development of the accumulation basin. In the
discussion section, the possibilities and restrictions
for the realization of planned solutions to the
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TABLE 1
Identification of key issues, conflicts and planned solutions for balancing the conflicting
interests common to all three accumulation basins
Principles and measures for resolving key issues
Key issues and conflicts
and relativizing conflicts
x
Sanitation of those parts of settlements and x
Protecting and sustainably using water
buildings located in zones I and II of the accumulation resources ± ensuring permanent, integrated protection
because of the poor sanitary condition of buildings in and improvement of the quality of water at the
informally
constructed
settlements,
vacation regional water supply source.
homes/second houses, the non-existence of sewage x
Preserving and securing a location for the
networks and treatment of wastewater from villages functioning and construction of infrastructure for
and production facilities, and non-sanitary waste water management purposes.
disposal which directly affects the quality of water in x
Establishing zones of sanitary protection of
the accumulation).
the accumulation and defining a regime for the
x
Development of tourist and recreational sites, protection, usage and development of these zones.
and construction and usage of transportation x
Creating conditions for the performance of
infrastructure.
existing economic activities and the functioning of
settlements and infrastructure systems, or creating
conditions for their relocation if their function cannot
be aligned with the function of the accumulation and
the regime for the protection of water, and natural and
cultural heritage.
x
Considerable contribution to pollution comes x
Protecting, preserving, improving and
from agricultural production and the use of artificial sustainably using natural resources, values and
fertilizers and pesticides that, due to erosion processes, cultural heritage.
end up in the accumulation, causing its eutrophication
and sedimentation.
x
Restrictions in the development of local x
Enabling the development of new economic
communities, imposed because of the established activities aimed at hiring local population and
accumulation protection regimes.
engaging them in work, as well as the revitalization of
villages by improving the quality of their accessibility,
level of their development (infrastructure and
buildings, activities and functions of public
importance) and the quality of life.
x
Creating the preconditions for providing
compensation to local population for the restrictions
resulting from the water protection regimes.
x
Creating the conditions for vacationing, as
well as the recreation and education of visitors, and
organisation of a well-rounded tourist and recreational
offer.

development of accumulation basins and it justifies
the role of SEA in the protection of water resources.

zone, but other positive impacts, such as preservation
of natural resources, biodiversity and human health,
should not be disregarded, either.
#In order to keep the positive impacts identified
within the estimated values that would not jeopardize
the capacity of the area, as well as to minimize and/or
prevent the possible negative impacts of the
solutions planned, certain environmental protection
guidelines were determined, which are necessary to
follow so as to prevent and limit the negative impact
of the plans on the environment. Separate monitoring
systems for different environmental factors were
also developed, as an instrument for following the
implementation of the planned activities and
monitoring the current condition of the environment.
All this is a beneficial base for the sustainable

RESULTS AND DISCUSSION
In all three analysed cases, the key issues which
the SEA for the SPSPA of WSAB should provide
answers to were listed and discussed. We defined the
basic concepts and planned solutions for the
protection and sustainable use of water resources,
primarily by establishing zones I, II and III around
the accumulations and ensuring adequate protection
regimes for each zone.
As for the remaining key issues regarding the
drafting of the SEA for the SPSPA for accumulations
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within the case study areas (ûHOLMH, *UXåD and
*UOLãWH), in the first step the following starting points
were defined to reconcile the observed and potential
conflicting interests on the location of accumulation
basins: establishing restrictive conditions to keep the
existing buildings in zones I and II; ensuring
conditions and modalities for the sanitation of
existing settlements and buildings; improving the
accessibility and condition of infrastructure in the
settlements and zones to be developed; preventing
the sedimentation of the accumulation by conducting
planned anti-erosion works in accumulation basins;
securing compensation to local communities by
creating conditions for sustainable development of
agriculture, tourism and other economic activities;
and participation of key stakeholders in overcoming
the identified conflicts at the location (persons
managing the dam and the accumulation, other
protected areas and infrastructure systems, local selfgovernment, representatives of local communities
and entrepreneurs affected by the protection regimes
of the accumulation basin).
The conflict between the protection and
sustainable use of the accumulation on one hand, and
informally built parts of settlements and vacation
buildings (second houses) in zones I and II after the
formation of accumulations, on the other, was
balanced by the envisaged removal of all illegally
constructed buildings and those that cannot be
sanitized properly and which are not related to water
management, out of zone I, at the expense of the
owners of those buildings. As for the existing
buildings of various purposes in zone II, the plan is
to retain them provided that their sanitation is
conducted within a year. Several options for the
sanitation of parts of settlements and buildings in this
zone have been envisaged, with two financing
modalities ± at the expense of the manager of the
water management system for buildings built before
the formation of the accumulation, and at the
expense of the owner for all the buildings built after
the accumulation was filled. The removal, sanitation
and remediation of all landfills (gravel, sand, dug
earth, waste) in zones I and II have been envisaged,
as well as a ban on the disposal of all types of waste
in these zones.
The conflict between the protection and
sustainable use of the accumulations and
development of tourist and recreational activities
was reconciled by harmonising the organisation and
capacities of the tourist offer and activities with the
protection regimes of zones I, II and III. In zones I
and II, the plan is to develop the banks and build
walking paths and bicycle trails, beaches and quays,
resting spots and viewpoints for the purpose of
tourist and recreational use of the accumulation, with
the use of vessels powered by electricity, paddles and
sails, as well as recreational fishing. More intensive
development of the tourist offer in zone III has been
planned, including plans to connect the zone with the
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activities offered in the coastal part of the
accumulation. Wastewater treatment was set as a
precondition for the realization of all planned
activities in the tourist offer. In all three SEAs for the
SPSPA of WSABs, the emphasis is placed on plans
to make tourism an alternative activity and a form of
compensation to the local population for various
restrictions in development, imposed by the regimes
for the protection of the accumulation, natural and
cultural heritage.
The problem of the implementation of the
envisaged planning solutions for balancing the
conflicting interests on the location of water supply
accumulation basins lies in insufficient support: in
terms of legal solutions, underdeveloped
institutional and organizational arrangements, the
public sector, engagement of the private and civilian
sector in the process of making and taking planned
and investment decisions of public interest, and
especially in resolving problems of compensation to
the local population for restrictions imposed by the
established accumulation protection regimes. Taking
all of these problems into account, recommendations
have been issued in all three SPSPA for WSAB for
the following: (i) modalities to ensure compensation
to the local population, agricultural farmers and
entrepreneurs in terms of the realization of planned
activities complementary with the protection of the
basin, as well as in terms of the implementation of
measures to protect the quality of water; (ii)
improvement of institutional and organisational
arrangements and strengthening the participation of
the private and civilian sectors; and (iii) monitoring
the protection and sustainable use of water resources
and the sustainable development of accumulation
basins.
Apart from the abovementioned, guidelines for
the environmental protection defined in the SEA,
which predominantly refer to the protection of water
resources, should ensure that the existing and
planned activities in the basins of the accumulations
do not have a negative impact on microbiological,
physical, chemical and epidemical parameters of
water resources. This essentially represents the most
significant contribution of the SEA and the essence
of the elaboration of SPSPA for WSAB.

CONCLUSIONS
Through the process of spatial planning, the
analysed SEA and SPSPA of WSAB have balanced
the conflict between national/regional interests for
the use of waters and long-term interests and needs
for the development of other special purpose areas of
national/regional importance and the economic and
social development of local communities.
For a more efficient implementation of the
envisaged planned solutions and conflict
management on the location of water supply
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accumulation basins in Serbia, it is important to
ensure the following: better legal support; drafting of
envisaged sector plans in the domain of waters;
defining modalities to provide compensation to the
local population and local communities for the
implementation of measures to protect the quality of
water sources; improving the institutional and
organizational arrangements for basin management;
strengthening the participation of the private and
civilian sectors in making and taking planned and
investment decisions of public interest; monitoring
the protection and sustainable use of water resources
and sustainable development of accumulation
basins.
The application of SEA is a crucial instrument
in the elaboration of plans for water supply
accumulation basins. The MCE method which was
applied in the elaboration of the presented planning
documents has proved to be an efficient approach
when elaborating SEA for SPSPA of WSAB. By
applying the mentioned method, it was possible to
obtain results which have vital importance for the
planning and use of the space, while the SEA has
contributed to the transparent relationship between
the actors in the planning process on the one hand,
and space users and decision makers, on the other.
This is certainly in line with both good practice cases
and the Aarhus Convention.
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ECO-DEVELOPMENT AND ENVIRONMENTAL SPATIAL
PLANNING
Konstantina I Lantitsou*
Democritus University of Thrace, Dept. of Civil Engineering, Vas. Sofias 12, 67131, Xanthi, Greece

and parameters are embodied in the bond between
SURGXFWLRQ¶V RUJDQL]DWLRQ and environment.
Production ought to be organized in such a way to
minimize the environmental impact. Scientific
NQRZOHGJHIRFXVHVRQWKHGHILQLWLRQRI³FULVLV´DQG
the strategy needed to overcome this phenomenon.
Development and strategic spatial planning have
become a global challenge. The present paper
addresses the issue of development and spatial
planning to respond comprehensively to the need of
another culture and society that establish new
principles and relationships between people and
between them and the environment.
The overall objective is reviewing earlier,
classical and contemporary reports from literature to
propose a comprehensive concept of ecodevelopment content, the adoption of which by
active citizens will lead to the choice of development
and design practices for a better quality of life.
In conclusion, the ecological speculation sets
new parameters for the development and spatial
planning which should be incorporated into all fields
of human expression and activity. Environmentally
conscious citizens [3, 4] should assume the role of
the ecological transformation of society.

ABSTRACT
Development is directly related to the spatial
planning (regional and urban). Nowadays, humanity
faces a multidimensional crisis, socio-economic
crisis, cultural crisis, which is directly related to the
environmental one. In the last few decades, the
current development model has been questioned by
international organizations and scientists of various
specializations. Sustainable development or ecodevelopment approaching interdisciplinary the
problem explores the exit from the socio-economic
and environmental crisis. The purpose of this study
is to comprehensively examine the contents of ecodevelopment and to express it in simple words, so as
to be understood by people. In particular, it aims to
review and clarify the concept of eco-development,
defining its content in its entirety, considering it
together with the role of spatial planning (regional
and urban) and suggesting methods of organization
of society, to provide better quality of life and
achieve the exit from the crisis. A need to create a
new model based on the concept of ecosystem arises
from the research, where the laws of nature and
culture of each place will be seriously considered in
formulating development policy. A key-element for
ecological spatial planning is the carrying capacity
of ecosystems. The aim of spatial planning appears
to be the sustainability of natural systems in order to
be able to sustain and supply the anthropogenic
systems, meeting the 'real' human needs. For the
implementation of these and the exit from the crisis
of utmost importance the role of education is
highlighted in creating active citizens, who are
required to undertake, through self-organization [1,
2], to promote eco-development and eco-design.

MATERIALS AND METHODS
The methodology used is based on an extensive
review of the literature, the essential classic
theoretical texts and modern references. Moreover, it
is based on a personal experience accumulated
through the participation in research programs about
eco-development and environmental spatial
planning.
From Conventional Economics To EcoDevelopment. Development evolves over time as it
is a concept with ideological content. It is a system
of values that reflects the dominant perception. Thus,
WKH WHUP ³GHYHORSPHQW´ ZDV SRVW-war identified as
³JURZWK´ DQG ³industrialization´ ZKLOH WKH PRUH
appropriate measure of its fluctuation is considered
to be the gross domestic product that incorporates
exclusively the sizes that have monetary values and
are exchangeable.
The ceaseless exploitation of nature and man
(by man himself) and continuous squandering of

KEYWORDS:
eco-development, environment, spatial planning (regional,
urban)

INTRODUCTION
Considering development in relation to the
environment, new parameters come into existence
hence giving birth to the terms sustainable
development or eco-development. New dimensions
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16, 17, 18, 19, 1] stand up for the expansion of
the concept of development, which embodies the
concept of community. This will contribute to the
development of social relations by creating the
conditions for the completion of man and his internal
cultivation. The views of K. Kastoriadis, M.
Bookchin and A. Gorz [20, 19, 21] for the
development of human and social relations are of
particular interest concerning the development. So,
connecting the individual opinions of scientists and
thinkers, there could be a 'new' definition of the
content of development, which will include: 1)
human culturing, 2) cultivation of human
relationships and 3) development of productive
relations [22]. Consequently, development primarily
contains the cultivation of both man and his
relations, in which national culture and tradition are
the key-factors, while evolution of productive
relations is defined within the concept of
HFRV\VWHP¶VEHDULQJFDSDFLW\DFFRUGLQJWKHODZVRI
nature.

irreplaceable raw materials gave rise to a fairly
unstable socioeconomic system [5, 6, 7]. Growth
without limits combined with pure consumerism has
created the financial debt [7, 8]. The debt crisis
requires development. Nevertheless, the wrong way
with which development is planned leads on one
hand to poverty and degradation of society and on
the other disability to clear the dept [8, 9, 10].
Economic crisis may trigger of reconsideration of the
concepts of development and active citizenship [10,
11].
Nowadays, ecological consciousness turns into
law of the state, interstate agreement, Agenda '21,
Rio etc. after numerous ecological disasters at local
DQG JOREDO OHYHOV 7KH YLVLRQ RI D ³GLIIHUHQW´
development, such as local, endogenous, alternative,
eco-development, integrated, sustainable, viable etc.,
emerges dynamically in theory, but diffidently in
SUDFWLFHDVSLULQJWROHDGPDQNLQGWRWKH³RQO\´ZD\
out of the ecological crisis. The prevalent conditions
RIWKLV³GLIIHUHQW´GHYHORSPHQWDUH³VXVWDLQDEOH´DQG
³YLDEOH´
Viable development [12] gains scientific
consensus and is described as the development that
meets the present needs without compromising the
ability to meet the needs of future generations.
³6XVWDLQDEOH´ KDV PRUH WR GR ZLWK PDQDJHPHQW RI
UHQHZDEOH QDWXUDO UHVRXUFHV ³(FR-deYHORSPHQW´
[14] is a more illustrative and comprehensive term of
WKLV³RWKHU´Uequired development.
Every human activity affects the environment,
while at the same logic the environment largely
determines development. Before the industrial
revolution, the intensity and extent (scale) of the
impact of human activity was relatively limited. The
progress of industrialisation brought to light the
complexity of the relationship between man and
environment and the decisively detrimental human
impact on the environment. The profound
exploration of nature highlighted the need to utilize
the systemic approach for its study, focusing on the
structure and dynamics of environmental factors. An
integrated and comprehensive approach that focuses
on the interdependence of subsystems replaced the
piecemeal approach on the part of the individual
sciences. As mentioned above, the growth without
limits was oriented towards quantitative increase,
whereas in any revolutionary activity the restrictions
are set by nature.
Ecology analyses the structure of ecosystems
[15] in conjunction with human activities and their
interdependence and defines the limits and the
environmental aspects that should be taken into
account in development and spatial planning. It
therefore seems necessary to integrate environmental
aspects into every human activity. Thus, the
formulation of development policy in all areas of
production based on the principles of ecology should
be sought.
Moreover, many scientists and intellectuals [5,

RESULTS AND DISCUSSION
Eco-Development. In accordance with the
HFRORJLFDO
VFLHQWLILF
NQRZOHGJH
WRGD\¶V
development strategies are proved to be devastating
for the limited natural resources and the necessary
EDODQFHV IRU OLIH¶V SHUVLVWHQFH 7KH FDXVHV RI WKH
crisis are detected in the structure of the productive
mechanism. As a result, structural transformation of
this mechanism addresses the problem. Ecodevelopment is a good strategy to control and
overcome the ecological crisis [23]. All countries
need to endorse the values of eco-development. In
this way, those who advocate for growth will react.
Furthermore, the abandonment of consumer
eudemonism and temperance in consumption of
natural resources stand out as a tough venture.
Environmental education [24] owns a key-role in this
attempt and basically aims to create morality. Moral
people will contribute to take a turn for the
consumption pattern and lifestyle that will lead to
development. Cultural tradition also forms morality.
Conclusively, every country ought to establish a
framework for the coexistence of man and the
ecosystem in which freedom, culture and human
personality will evolve.
According to an extensive literature research, it
comes out that the structure of space and the natural
environment, which should be taken into account in
every level of decision making, are a constituent part
of development. Culture, tradition and internal moral
values are also incorporated in the concept of
development. As a result, the laws of nature and
national civilization distinguish an alternative
content of development, eco-development.
In line with the above [20, 19, 6, 22, 21], ecodevelopment is specified as a new equilibrium
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food industry [22]. The harmonious coexistence of agriculture and farming is reckoned as a
crucial factor. Animal waste could sometimes serve
as fertilizer, while the free grazing of animals in
selected places will provide countries with healthy
livestock. Ecological livestock will contribute to
revival of mountainous regions. Ecological forest
management [30] with respect to the environment
will achieve additional benefits mainly in
mountainous regions.
Development of adequate agricultural crafts
and livestock industries in a cooperative basis [31]
will contribute positively to the rural national
economy, while the countryside will be regenerated
by work force.
In manufacturing sector, measures should be
taken for the sustainable use of space such as:
concentration of manufacturing activities in specific
areas, saving of space and energy in industrial
facilities, cooperation of units to exclude wastage,
efficient management of liquid and solid waste and
use of renewable energy (solar, wind, geothermal,
biomass). Moreover, the manufacturing sector
should support and promote local products. In
energy sector, it is necessary to exploit and use
environmentally friendly forms of energy [32] and
develop bioclimatic architecture [33, 34] for the
protection of the environment and strengthening of
the battle against unemployment. Transfers should
be addressed under some approaches such as:
reduction in traffic with sophisticated technological
means, promotion of the means of transport which
save space and energy. There should be a shift to
sustainable transport [35, 36, 37]. Development and
dissemination of modern forms and networks of
telecommunications, transmission of information
and service (telecommuting, telemedicine, distance
learning etc.) could keep population at home
contributing to balanced development. Tourism
should also be approached with a sustainable point
of view. So it should be grown changing lifestyles
and encourage alternative forms lenient tourism [38].
Under these circumstances, changing of lifestyles
and encouragement of alternative forms of tourism
appear to be the key-factor. A sustainable approach
to tourism is attempted through the establishment of
the concept of capacity of tourist destinations.
Tourism must be developed within the framework of
the tourist bearing capacity of each region,
highlighting the local culture and productive
economy [39] as well as sparking the robust local
development [22]. The ecotourism experiment in the
National Park of Abruzzo (Apennines) is worth
mentioning as a contemporary example of
implementing alternative tourism.
Every civilized state must provide full coverage
of health services. With regard to education [40],
active citizenship ought to be the first priority [41].
Education should contribute to direct society
towards new or forgotten moral values such as the

between man and the environment that suggests
management of natural resources in accordance with
the laws of nature (use and not abuse) and includes
national culture and tradition, as well as internal
moral values [22].
Eco-Development And Integration Of
Environmental
Policy
On
Development.
³5HVRXUFHV´UHIHUWRWDQJLEOHRULQWDQJLEOHLWHPVWKDW
man uses in order to improve the quality of life.
There are natural resources and those that derive
from human activities. Natural resources are divided
into renewable, such as water, air, sunlight, forests
etc. and non-renewable, such as minerals and fossil
fuels. Renewable resources are notoriously subject to
degradation by irrational human activities. As a
result, sustainable use of natural resources must be
planned [25, 26].
Each country could set a framework of
ecological applications so that: a) the scientific
knowledge of ecology will be integrated in all
productive activities. Ecological factors of local
ecosystems, which are biotic and abiotic (e.g. soil,
light, climate, water resources, species of fauna and
flora), determine the type, content and size of the
productive activities that will be developed in them.
)RU H[DPSOH WKH VRLO¶V JHRORJLFDO KLVWRU\ DQG
evolution, the layering of materials and texture of
each layer and inter-relation between soil and water
in conjunction with the climate will determine the
types of physical organisms that will appear and
develop in the region. The bearing capacity of the
ecosystem defines the maximum level for
quantitative development of each activity, b) Culture
and tradition will sustain, evolve and turn into keyelements for human cultivation, development of
special forms of communal organization and
production. The cultural tradition of each country
shows off its identity by highlighting its cultural
diversity, which is essential to maintain a cultural
diversity at a global level [22].
Agriculture takes advantage of two natural
resources: soil and water. Misuse of these resources
contributes to soil degradation and pollution of
water. For this reason, establishment of ecological
agriculture is essential. Ecological agriculture
respects nature and its ecological balances. Nature
with the fauna and flora is considered to be a living,
closed, self-preservative and recyclable ecosystem.
Moreover, ecological agriculture correlates
traditional cultivation of land with scientific
knowledge, respects nature and the developed mild
technical means and creates new jobs [27].
Ecological methods of cultivation [28] and plant
growth ought to be utilized in restructuring of crops
[29]. This process demands a thorough study to
specify the natural conditions of the area (quality and
topography, climate, aquatic resources etc. and must
be combined with the internal needs of each
country's food sufficiency and raw materials for the
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characteristics of each
region, the
compatibility of land uses themselves so that there
will be no conflict of uses, the bearing capacity of the
study-area, the delineation of protected areas, the
determination of development and uses etc. These
data are already embedded in a political, sectorial
eco-development. The space, with its natural
features, functions instrumental in the content of
development and planning of land uses [48]. As a
result, eco-planning is obliged to count in:
1. Rational control of land use, according to the
bearing capacity of each region.
2. Protection of non-renewable and sensitive
natural resources.
3. Avoidance of conflicts or arrangement of the
pressures occurring on development of a region.
Regional planning should refer to all three
levels (national, regional and local) in accordance
with the principles of eco-development. The
REMHFWLYHRI³JUHHQ´UHJLRQDOSODQQLQJLVWRPHHWWKH
local needs [49] with full respect for the laws of
nature. For this reason, mapping of the existing space
is proved necessary (soil type, microclimate, quality
and quantity of water etc.) so that planning better
answers to its management.
A planned eco-development in countryside
could:
1. Initiate the ecological planning of habitats
already protected by international treaties [50], while
the protective legislative regime is extended to a
number of valuable habitats which are not
recognized and defined through national planning.
2. Restore ecological balance in places where
there is already disrupting ecosystems.
3. Start a gradual ecological productive
transformation in the rest area combined with
political support, when necessary.
Planning of a region takes into account the best
current and future uses of natural resources through
the integrated ecological concept of growth [22].
Modern and comprehensive analyses of physical
parameters are proven to be essential for the
determination of potential and physical limitations of
a region. Physical characteristics will define the
types of ecological agriculture, the size of production
and finally the areas in terms of land use where
agriculture will be developed. Livestock production
develops in selected areas with ecological criteria
and within the limits of stocking of each region.
Eco-tourism must be developed within the
limits of the tourist bearing capacity with respect to
local customs and culture [39, 51]. Alongside it must
triggers robust local development. The same rule
applies to the other productive activities. Generally,
the preparation of a proposal for a land use in a
region should be based on good knowledge of local
physical parameters and constraints of soils, terrain,
water, climate, ecology, flora and fauna, bearing
capacity etc. The natural environment of each region
provides the relative socio-economic environment

respect for life and nature, the simplicity and thrift in
the use of natural resources, the peace and justice in
human relations, the quality of life etc.
Environmental education plays the key-role in the
required ecological transformation of society. Each
country should develop, evolve and promote its own
material and immaterial culture.
With respect to the residential area [42, 43], the
two main ventures include the avoidance of overconcentration of land population in urban centers and
the strengthening of medium and small urban
centers. Yet each country must bring into light their
historical and traditional settlements and
monuments, which are the best examples of their
cultural heritage. Conclusively, it is stated that ecodevelopment policy should be promoted through the
gradual integration of planning procedures, sensitive
resource-management programs, establishment of
strong economic incentives and disincentives,
starting initially from local and proceeding
progressively to regional and national levels.
A modern example of eco-development is the
area of Anavra in the mountainous Magnesia, where
residents enjoy high incomes and quality of life,
which can be compared with the rich Switzerland.
Environmental Regional And Urban Spatial
Planning. ³3ODQQLQJ´ UHIHUV WR DQ\ IRUP RI
organization, arrangement or settlement of natural or
man- made space and is usually characterized as
³VSDWLDOSODQQLQJ´,WFRLQFLGHV ZLWKHQYLURQPHQWDO
planning, having almost the same content as that of
the environment [44]. For this reason, management
and organization of space is similar to management,
protection and enhancement of the environment. The
FRQFHSWVRI³VSDFH´³HQYLURQPHQW´³SODQQLQJ´DQG
³GHYHORSPHQW´ DUH IXQFWLRQDOO\ DQG RUJDQLFDOO\
linked. The actual correlation of these conditions
leads to practice environmental and spatial regional
and urban policy [45, 46, 47] and imposes a uniform
study and programming [44].
In regard to organization and planning of
production and other spatial relations, development
should be targeted towards sustainability of natural
ecosystems, whose vital strength must be maintained
in order to sustain and feed anthropogenic systems
[42]. In case of a harmful feedback, anthropogenic
systems (deprived of energy) inevitably subject to
entropy and decay. Therefore, all man-made systems
must be planned and operated so as not to jeopardize
the sustainability of ecosystems. Natural
environment should be fully protected [22].
Environmental Regional Planning. Ecodevelopment is achieved through comprehensive
arrangements, known as integrated national, regional
and local plans. Such plans embody both the
economic, social and cultural development programs
and also the regional dimension. Hammering out
such schemes ought to take into account the
compatibility of land uses and the particular physical
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2.2 To undertake an internal ecological
restructuring of urban planning in order to: a)
Maintain and promote cultural heritage with
immediate restoration of historic cores [55] and
historical monuments. b) Conduct rehabilitation
studies [58] of all degraded areas and effort
application. c) Plan the new expansion areas
according to ecological planning concept. d) Convert
the parish-neighbourhood into the lower unit of
communal organization [56] in accordance with the
principles of cultural tradition and the principles of
scientific ecology and targeted towards on-site
coverage of the basic material, social and spiritual
needs of parishes - neighbourhoods. The culture of
each country gives its own connotation to these basic
human needs.
The neighborhood attracts international
ecological problem which suggests community life
[5, 16, 17, 18, 19, 20, 1] in response to the
estrangement and alienation of local residents [4]
with each other and with space. Each parishneighbourhood must have a church, school, clinic
versatile, full social and technical equipment [59],
playgrounds, parks [58], sports venues, shopping
centre, equipped building workshop, self-managed
restaurant, friendly meeting rooms, hostel and any
others places that could offer positive amelioration
in the quality of life. Caring for lonely elderly, sick
people or people in need ought to be undertaken by
the same parishioners as practical love
demonstration towards them. The organization of
life in the parish-neighbourhood will always offer
creative surprises in terms of the improvement of
quality of life through the spirit of creative love that
fosters the genuine tradition of each country. e) In
terms of the cities, there should be competence of
local government that will serve the needs of citizens
such as finding a job or hosting persons in need. This
entails the creation of hostels for economically weak
people for as long as they are in real need, office of
local
self-administration
for
addressing
unemployment etc. f) In a society ecologically
transformed the central housing problem should be
addressed through efficient government policy
within the competence of local government (aided by
the state). g) Creation of green networks [60, 61],
open spaces [62], cycle paths, ecological parks etc.
consist a part of the ecological transformation of the
city and full coverage from the above mentioned
needs (education, welfare, health) at municipal level.
Transformation of the institutional framework
of spatial planning and urbanism should accompany
the above policy (regional and urban).

with: a) natural resources for the development of
productive activities and b) recipients for the
disposal of waste of productive and consumption
human activities. Spatial planning, which is in close
relationship with eco-development, divides and
coordinates productive and non-productive activities
of anthropogenic systems and adjusts the intensity of
their operation, so as to exclude reduction of natural
capital [46].
4. With regard to the emergence and
development of cultural heritage, it becomes
necessary to draw up an inventory (monuments,
architectural ensembles, settlements), to restore them
immediately and to initiate them functionally into
modern life. Eco-development and spatial planning
should reflect all these elements that define the
cultural identity of a nation. The emergence of the
culture of each area forms the second key-element of
eco-development.
Environmental Urban Planning. Ecology
presupposes and entails direct democracy [52] and
mild growth [53]. The small residential unit fits
better to human scale and democracy. Nevertheless,
it has become clear that neither the very large nor the
small housing units are viable. Aristotle mentions
WKDWWKHUHKDVWREHDPHDVXUHRIWKHFLW\¶VVL]HDQG
the criterion for finding that measure is detected in
WKH FLW\¶V VHOI-VXIILFLHQF\ )XUWKHUPRUH ³JUHHQ´
urban planning [22, 44, 54] ought to express and
satisfy the material, social, spiritual human needs,
the needs for culturing human and his relationships
[40], as defined in the cultural model of each
country, while spatial organization of production and
productive activities should respect the laws of
nature [22].
In residential areas the directions include:
1. Immediate protection of cultural heritage
[22, 54]. The traditional settlements that reflect the
urban expression of Greek lifestyle should be the
residential conservation cores of rich cultural
heritage. Historians and traditional cores [55] have
the same role in cities. It's what best in the country
as a model settlement pattern of the Greek way of
community life, whose elements must be indexed in
contemporary reality to continue to exist.
2. An urban policy being inspired by ecological
concepts. Such policy should aim at two main
directions:
2.1 To integrate each settlement (as a system)
in a broader ecosystem [1, 42, 56] which supports it
in order for: a) the wider environment to absorb the
various forms of pollution. Its waste ought to be
integrated into the biogeochemical cycles of the
broader ecosystem. b) The nutritional and energy
needs of residents [49] to meet as fully as possible
from the wider environment within the limits of its
bearing capacity [57]. To achieve this goal specific
management and application studies are required,
providing gradual transformation of production.

Legislative Framework. At international
level, but particularly in the context of European
legislation [63,64], laws that deal with issues such as
the application of the principles of sustainable
development (organic farming, sustainable transport
etc.) can be identified. The community policies for
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privatization of the design itself [77, 80].
The new regulations, essentially form a second
system parallel to that of statutory spatial planning
system and building control, while are promoted
with emergency procedures to bypass together with
constitutional principles any social resistance. The
fast track policies [81] are indicative based on Law
3894/2010 [82] ³On fast track invHVWPHQWVWUDWHJLHV´
and later Laws 4072/2012 and 4146/2³to shape
fULHQGO\ GHYHORSPHQW HQYLURQPHQW´, which
circumvent environmental legislation and the official
spatial urban planning. Since the attraction of
investment funds, is acclaimed as the best interests,
environmental and social cost of the projects enters
into the background, even ignoring international
conventions ratified by our country.
Something similar happened in the case of
Latin America and Africa during the decades of µ80
and µ90, when the Structural Adjustment Programs
(SAPs) implemented by the IMF and the World Bank
[83]. The result of these programs (SAPs) was the
seizure of land in the countryside [84, 85], the
collapse of urban infrastructure, the rapid increase in
unemployment, the reduction in salaries and the
seizure of houses.
Since, then, this design fails it becomes obvious
that the economy cannot be designed without regard
to society. However citizens, given the current
situation and conscious of their marginal position in
the design, distance themselves from the project and
public space. The city losing its citizens is degraded
and converted into an exclusive field of speculation.
The development needs active citizens and the
university may contribute to this. The human
resources and the university community should be
utilized and contribute to development planning
through research. A planning that will be based on
the study and display of spatial and social groups and
local grids, in urban and regional level. The
development and planning should be considered in
the light of socio-economic, political, cultural and
historical processes starting from small scales [86,
87] and passing into larger administrative divisions.
The aim is to improve the quality of life, protect the
production base, the natural and cultural heritage.
The need now to line up in urban or spatial planning
(entrepreneurship) an urban or spatial planning of
public utility [88] is immediate and urgent, and a
university that honors his character could serve this.

sustainable spatial development are of particular
interest [65, 66, 67, 68]. However, their application,
with few exceptions, does not take place because the
change in policy, adopting the principles of
sustainability, raises enormous existing economic
interests. The most important of course is that there
is not formed ecological conscience by the rulers, by
administrations and citizens, to consciously proceed
to the changes required to implement these policies.
Focusing on the Greek area important was the
effort that began after the 80s. The Residential Law
1337/83, in which there is extensive reference to the
importance of the neighborhood and the sociotechnical infrastructure and the Law 1650/86 [69] for
environmental protection are worth mentioning.
After '95, Law 2508/97 [70] ³Sustainable urban
development of the country's towns and villages and
RWKHU SURYLVLRQV´ DQG /DZ  [71] ³Spatial
planning and sustainable development and other
SURYLVLRQV´ SURPRWH sustainable development
through spatial planning and give guidelines for
sustainable urban development of cities and country
villages. They are very important laws that
incorporate sustainable development policies,
although do not clearly give its definition. However,
despite the existence of these spatial policies that
were adopted and incorporate environmental aspects
of policies, their implementation presents particular
difficulties for the same reasons mentioned above.
The situation changed radically in Greece with
the advent of the support mechanism of the
International Monetary Fund (IMF) where a
manipulation attempt to adapt the institutional
framework design according to the requirements of
the IMF is observed. This occurs with the
enforcement of applicable laws of the loan
agreements [72], which are presented as a
³restructurLQJ´ lever of Greek economy and society
[73]. A society that seems to move in a liberal
direction. Indicatively, the Implementing Laws
3986/2011 and 4046/12 [74] are mentioned. With
their enforcement the reduction of the state and the
privatization of public property were a key priority.
Therefore, it is observed that with the advent of
IMF the institutionalized spatial policy leaves the
dimension of public benefit [75], of social
acceptance and environmental protection, objectives
which were adopted by the hitherto laws (Laws
2742/99, 2508/9). The legislation put forward as a
public benefit the assignment procedures and public
nature areas [76, 77, 78] on private initiative for large
investments. Environmental costs [73] in this case
translates into ³VRFLDO EHQHILW´, while in fact it is a
social cost. The new planning framework is
launching large-scale redevelopment projects such
as the Greek and Faliron bay alongside exploitation
projects of resources, favoring specific business
interests usually against the local communities. In
this way, the privatization of public land [79]
planning is promoted to service the debt and thus the

CONCLUSIONS
"... Behold my brother; ZH¶YH OHDUQHG WR FKDW
quietly,
quietly and simply.
We understand each other now, we need no
more ...»
Y. Ritsos - Smoked Pot
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The lyrics of the poet Y. Ritsos are always
valid. The purpose of the paper is to simply define
the concept of eco-development and environmental
spatial planning. Conclusively,
1. Development should refer to: a) Cultivation
and inner-culture of every man b) Establishment of
social relations as authentic forms of community life
and c) Establishment of productive relations within a
dynamic coupling of traditional forms of production
with the benefits stemmed from modern scientific
and technical knowledge, according to the principles
of ecological knowledge.
2. The set of ecological parameters consist the
two components of development and planning: The
culture of each country contributing to human
cultivation and development of human relationships
and affects the interrelationship between human and
nature and ecology which contributes to the
development and planning of productive sectors.
Eco-development and spatial regional and urban
planning interact in urban level and as far as land use
is concerned.
3. Regional and urban spatial planning
organizes the development activities in space.
Physical space interferes decisively in the
development process and define the physical
parameters which must be respected by man in a
harmonious civilization dialogue (as a way of life)
and nature (laws of nature) [22].
4. Science always precedes legislation and
should in simply words be presented to the citizens.
In conclusion, it is mentioned that for the exit
from the crisis, for the ecological transformation of
development and planning, active citizens with
ecological conscience are needed, to undertake
through their self-organization [87, 22] the
implementation of eco-development principles and
environmental spatial planning. The higher
educational institutions are invited to play key role
in ecological education with their respective general
scientists.
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THE DEVELOPMENT OF SUSTAINABLE TOURISM
INDICATORS FOR THE ISLANDS OF THE NORTHERN
SPORADES REGION IN GREECE
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determination of weaknesses in a system [1]. The
appropriate indicator system can serve as a
framework for planning and management for
sustainable tourism. Although various studies have
attempted to define indicator systems for sustainable
tourism, most of these systems have been designed
to present a theoretical definition of the indicator
system, but do not fully quantify this system [2, 3, 4,
5, 6, 7, 8].
The aim of this work is to establish, measure
and evaluate a set of indicators providing useful
information for tourism management in Sporades
islands (Greece). The rest of the paper is organized
as follows: Section 2 includes a SWOT (Strengths,
Weaknesses, Opportunities and Threats) analysis
addressing the issues associated with the current
situation of infrastructures and tourism management
in the study area (Skiathos, Skopelos and Alonissos),
section 3 presents the methodology followed in order
to develop the appropriate set of indicators as well as
the data sources for indicators assessment, while
section 4 includes results and discussion. Finally,
section 5 concludes with final remarks.
Although there are numerous papers found in
the literature dealing with sustainable tourism
indicators, there is still no agreement on a universal
list of indicators enabling the comparison of
sustainability levels in different tourism destinations.
This paper purports to add to the already existing
evidence on sustainable tourism indicators literature
by employing a common indicator based approach to
evaluate the existing situation on the islands of the
Northern Sporades region in Greece.

ABSTRACT
Tourism in Greece is one of the main economic
inflows of the country. Moreover, within the recent
period of economic crisis, tourism development
should be considered and planned with great
attention in order to achieve the best possible
outcomes.
The main aim of this paper is to identify and
implement an appropriate set of tourism indicators
for the Regional Unit of the Northern Sporades, in
order to upgrade the tourism development.
An appropriate set of indicators, which reflects
the three pillars of sustainable development, is
created and is further divided into various thematic
issues. The value of each indicator is measured and
evaluated, highlighting the strengths and weaknesses
of the Sporades islands. Based on the proposed set of
indicators and the analysis of the islands, appropriate
suggestions are provided for the amelioration of
infrastructures of the study area and the availability
of necessary services in the tourism sector.

KEYWORDS:
indicators, Northern Sporades,
development, SWOT analysis

sustainable

tourism

INTRODUCTION
Tourism is an important driver of economic
development. However, although tourism has
EURXJKW HFRQRPLF ZHOIDUH WRXULVP¶V XQSODQQHG
growth has negatively affected the natural and sociocultural environments of many destinations.
Appropriate tools are necessary to diagnose the
state of the destination as well as to identify and
evaluate the aspects that determine the degree of
sustainable tourism for which action is required.
Tourism indicators provide a considerably useful
tool for assessing, measuring and monitoring tourism
impacts. The benefits derived by the use of indicators
are numerous and amongst others include: helping
decision-making, helping definition of policies,
leading to discovery of hidden effects and helping
Table 1 represents the SWOT matrix, providing

SWOT ANALYSIS
SECTOR

OF

THE

TOURISM

SWOT (strengths, weaknesses, opportunities
and threats) analysis has proved to be an effective
tool and has constituted a suitable baseline to
diagnose current problems and to sketch future
action lines [9]. The SWOT analysis is built in order
to identify strengths and weaknesses in the islands of
Sporades (as internal factors) and opportunities and
treats (as external factors).
emphasis on: i) infrastructures and services and ii)
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importance of the tourism development indicators as
regards the process of analyzing the current situation
and forecasting the future impact on various study
areas, a research of the relevant literature was carried
out involving forty scientific papers and studies
related to tourism.

METHODS AND DATA
Methodology. In order to highlight the

TABLE 1
SWOT analysis related to tourism [10]
Topics

Strengths

Weaknesses

Opportunities

Threats

Preserving the rich flora
and fauna of the islands

Numerous
activities restricted
due to the National
Marine Park of
Alonnisos
Difficult access to
the islands, mainly
during winter, due
to limited routes
Unsatisfactory
operation of water
supply, litter,
energy and
accommodation
infrastructure
Insufficient
number of hotel
units providing
high-quality
services

Potential to attract
high-level foreign
tourists

Large-scale
environmental
pressure due to
mass tourism on
Skiathos
Huge dependency
of the islands on
tourism

Relatively favourable
geographical position ±
ease of accessibility

Infrastru
cture
±
Services

More routes from Volos,
Agios Konstantinos and
Thessaloniki to Sporades
islands

Adequate healthcare
infrastructure and
services

Connection with
European centres via the
international airport in
Skiathos

Lack of
specialized staff

Need to modernize
and upgrade the
existing tourism
infrastructure
Existence of the
infrastructure
required to
develop alternative
tourism
Scope for
developing the
advertising and
marketing sector in
Skopelos and
Alonnisos
Upgrading and
development of
alternative forms
of tourism

Creation of a broader
employment spectrum

PublicPrivate
stakehold
ers

Exploiting state subsidies
for tourism development

Bad cooperation
between tourismrelated bodies

Attracting new
investments to the area
for the construction of
new tourism
infrastructure

Inability to attract
investment capital
for the creation of
new tourism
infrastructure

Improved
cooperation of
stakeholders for
better service
provision
European and
National resources
available to
develop alternative
tourism
Private sector
shareholder
interest for
investments in
profitable sectors
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7KHLVODQGV¶
tourism activities
are affected by the
economic crisis

Continuous
shrinking of the
tourist season
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FIGURE 1
Graphical presentation of the methodology
income, geographical characteristics, land uses,
biodiversity, energy, water supply, waste and litter,
noise pollution, quality of seawater.
In order to create the final system of indicators
for the Regional Unit of Sporades, the extent to
which each initially selected indicator can offer the
desired result, was checked. The final system of
indicators includes 38 of the 59 indicators, since 21
were rejected on the following grounds:
- The specific indicators could not produce the
desired result, i.e. either because they could not
produce any comparable result, or their
quantification could not be objective. For example,
the indicator regarding sports facilities is not
satisfactory and was not selected, because the variety
of sports facilities may range from a large-scale
riding school to a small-sized water sports centre
with a different visitor rate.
- Insufficient data was found concerning the
indicators, i.e. the collection of information and data
was insufficient to process and assess the indicator.
One such example, are the noise pollution indicators
which measure the noise pollution levels at particular
land use zones.
- An indicator cannot be processed since the
initial indicators refer to a different date. For
example, the annual water production to the annual
water consumption indicator cannot be estimated,
since the value of the first was calculated for the year
2006, and of the second, for the year 2010. Such a
calculation would not produce a reliable result.
Of the 38 indicators, included in the final
system of indicators for the Regional Unit of
Sporades, 16 are social indicators (S), 6 are
economic (Ec) and the remaining 16 are
environmental (E). Finally, the indicators were
classified according to the DPSIR framework as
follows:
'ULYHUV ' LQGLFDWRUV
3UHVVXUHV 3 LQGLFDWRUV

The main volume of indicators used, concerns
an analysis of the current situation in each individual
study area [11,12,13,14,15,16]. Using tables
depicting aspects of the economy, society and the
environment, the values of each parameter are
quantified and lead to documented conclusions. In
addition, certain texts also include complex
indicators [17,18,13,14,19,20,21,22], which provide
data and estimates based on specific methodologies
and mathematical formulae. Some of the indicators
used
come
from
questionnaire
research
[23,24,25,26],
from
Delphi
technique
[26,27,28,29,30] or from subjective information
provided by local stakeholders [13]. It is worth
noticing how these indicators are presented within
each article. Indicators present their results through
summary
tables
in
numerous
studies
[32,17,25,18,13,14,15,16,33,30,31]. In many cases,
in order to facilitate comprehension, their values are
included in diagrams [32,12], figures [24,28,20] and
maps [32,17,18,13,14,19], providing a higher quality
outcome. Concerning the study area, Christopoulou
and Petrakos (2012) developed a set of 31 tourism
carrying capacity indicators in order to evaluate the
tourism carrying capacity in the Northern Sporades
islands [34].
After examining literature regarding tourism
development in Greece and systems of indicators, as
well as the SWOT analysis of the study area, an
effort has been made to create a system of suitable
indicators especially for the Regional Unit of
Sporades.
The analytical process of the methodology
followed is illustrated in Figure 1.
The indicators are classified according to the
three pillars of sustainable development (social,
economic and environmental) and in relation to the
following thematic areas: population, sports, health,
transport, tourism services, coastal shipping
services, accommodation, tourism, employment,
1303
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x

Information and data collection for
calculating the indicators. The main source for the
indicators referring to the population and coastal
shipping services was the National Statistical
Service of Greece [35], which provides data
regarding the most recent census in Greece in 2011
along with other important data.
Regarding the sectors of healthcare and
transport, sources of information collection were onsite or telephone conversations with employees or
competent persons in the relevant departments.
Information was collected through face-to-face
interviews from pharmacies and health centres in
each area, from ticket offices regarding ship
(A.N.E.S) and Flying Cat services (Hellenic
Seaways), and also from the National airport of
6NLDWKRV ³$OH[DQGURV 3DSDGLDPDQWLV´ DQG WKH
iVODQGV¶FRDFKWRXUVHUYLFHV
$WWKHVDPHWLPHDODUJHSDUWRIWKHLQGLFDWRUV¶
values was assessed according to existing studies of
Sporades islands, in the fields of energy, water
supply, litter, projects and programmes, geography
and land uses. Such studies include the General
Masterplan for Skiathos 2010 [36], the General
Masterplan for Skopelos 2011 [37], the Plan for the
Spatial and Residential Organisation of Open Towns
for Alonnisos 2010 [38], studies on the sustainable
development of Skopelos [39] and Alonnisos [40]
prepared by the Network of Islands for Sustainability
in 2006 and from the Regional Operational
Programme for Thessaly 2011 [41].
Significant support was also provided through
DXWKRUV¶RUDOFRPPXQLFDWLRQVby the Greek Tourism
OrganisatioQLQ9RORVDQGWKH+RWHOLHUV¶$VVRFLDWLRQ
of the islands regarding accommodation.

x

x

x

x

x

x

RESULTS AND DISCUSSION
x

The results of the assessment of both of the
values for each indicator and of the current situation
from a qualitative perspective are depicted in Table
2. In order to better understand the table, it should be
noted that:
x Indicator S01, which refers to the number of
holidaymakers at the destination area, was
estimated according to the vacant or summer
homes recorded at the destination area and the
figure was then multiplied by 3, with 3 being the
average number of members in each household

x
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(PSROOT Alonnisos, GMP for Skopelos, GMP
for Skiathos).
Indicator S02, which refers to the number of
tourists per destination area, was estimated
according to the existing bearing capacity of the
number of beds at the destination area.
Indicator S09, which refers to healthcare facilities
at the destination area, refers to the three
hospitals operating on Sporades, one on each
island. At the same time, the island of Skiathos
also has two private health centres in operation.
Indicators S10 to S12, which refer to the number
of routes to the destination area, include all
flights at Skiathos airport and the routes of ships
and the Flying Cat from Volos and Agios
Konstantinos for the period 2012-2013.
Indicators S13 to S15, which refer to the public
transport vehicles at the destination area, concern
both buses and water taxis on the islands.
Indicator Ec04, which refers to the number of
beds at the destination area, does not fully
correspond with actual conditions on the islands.
According to the Municipal Councilor of
Skiathos involved in such matters, there is an
even greater number of beds that have not been
declared, and amounts to approximately 1/3 of
the declared beds. Nevertheless, this paper only
refers to the beds declared with the Associations
of Rented Accommodation, as recorded by
G.T.O. also for 2012.
Indicators E06 to E11, which refer to the topics of
energy and water supply, present the details for
the islands of Skopelos and Alonnisos; the
available data for Skiathos were insufficient.
Indicators E10 and E11, which refer to the water
supply, were calculated through mathematical
formulae that involve water consumption
standards and using the demographic data for the
islands. The annual water consumption for
agricultural use in Greece amounts to
approximately 87%, on average, of the total
water consumption.
Indicator E14, which refers to the quality of
swimming water, involves all those points on
each island where measurements were carried
out. The Blue flag is the highest scale that could
be given to the destination areas and was awarded
for all measurements.
Indicator E16, which refers to the bearing capacity
of the beaches, was estimated through the beach
capacity standards which vary depending on the
length and width of each beach (PSROOT
Alonnisos, GMP for Skopelos, GMP for
Skiathos).

© by PSP

Volume 26 ± No. 2/2017, pages 1301-1309

Fresenius Environmental Bulletin

TABLE 2
Results of indicators assessment
Indicator Description; source

Skiathos

Skopelos

Alonnisos

S01

2.28
+++
2.62
+++
29,450
++

0.74
0
1.32
++
15,751
0

1.14
++
1.60
++
7,062
--

S05

Holidaymakers per resident;
3,4,5
Peak-period no of tourists per
resident; 1,2
Max. no of people that can be
accommodated during the
peak period; 2
Max. no of people per
destination area; 1
Locals to tourists ratio; 1,2

S06

Ageing Indicator; 1

S07

Population density; 1

S08

Pharmacies; 1, 9

S09

Healthcare Facilities; 1, 9

590.29
0
38.21%
0
11.80%
+++
1.30
-1.00
++
0.60
++

164.41
++
75.73%
++
17.00%
0
0.49
0
0.58
0
0.19
0

54.49
++
62.12%
++
14.67%
++
0.42
0
1.59
++
0.53
0

S10

No of transport routes to the
destination area outside the
tourist season; 9
No of transport routes to the
destination area during the
peak season; 9
Mean daily traffic during the
tourist season to mean daily
traffic outside the tourist
season; 9
Public transport vehicles
outside the tourist season; 9

2.28
0

2.00
0

1.43
---

Percentage of inactive
elderly people, 2011
Residents per hectare,
2011
No of pharmacies per
1,000 residents, 2013
No of hospitals and
health centres per 1,000
residents, 2013
Mean daily no of
transport routes, 2013

12.00
++

4.00
--

3.00
---

Mean daily no of
transport routes, 2013

5.26
--

2.00
0

2.10
0

0.60
++

0.39
--

0.53
0

S14

Public transport vehicles
during the peak period; 9

1.40
++

0.77
0

0.53
--

S15

Public transport vehicles
during the tourist season to
public transport vehicles
outside the tourist season; 9

2.33
++

1.97
++

1.00
--

S16

Continuing ± new sustainable
tourism projects and
programmes out of the total no
of projects and programmes; 8
Goods per resident; 1,11

50.00%
++

42.31%
++

48.39%
++

Ratio of routes during
the tourist season to
routes outside the tourist
season, 2013
No of transport vehicles
per 1,000 residents,
2013
No of transport vehicles
per 1,000 residents,
2013
Ratio of public transport
vehicles during the
tourist season to public
transport vehicles
outside the tourist
season, 2013
Percentage, 2011

28.34
++
43.00
+++
12.44
+++

16.87
-28.96
++
8.91
++

24.81
0
31.30
++
6.29
0

No of goods (unloaded)
per resident, 2006
Ratio, 2006

1.56
-1.31
-3.02
-1.90
++
80.06
+++
49.89
0
47,980
0

0.90
-0.52
-1.40
-0.99
0
22.17
0
95.8
0
76,251
0

1.07
++
0.58
-13.02
+++
0.79
0
40.20
++
129.6
0
79,250
0

No of rented rooms per
resident, 2012
No of hotel beds per
resident, 2012
No of furnished homes
per 100 residents, 2012
No of hotel units per 100
residents, 2012
No of overnight stays
per resident, 2006
Sq km

S02
S03
Population

Healthcare

S04

S11
S12

Transport

S13

Projects and
Programmes
Ec01
Coastal
shipping
services

Ec02
Ec03
Ec04

Ratio of passengers per
resident; 1,11
Arrivals per resident; 1,11
No of beds per resident
Rooms for rent; 1,2
Hotel accommodation; 1,2

Accommodation

Geography

Measurement
unit, Year
Individuals, 2011

Indicator

Furnished homes; 1,2
Ec05

Hotel units; 1,2

Ec06
E01

Overnight stays per resident;
1,2
Surface area; 6,7,8

E02

Length of coastline; 6, 7,8

1305

Individuals, 2011
Individuals, 2011

Individuals per sq km,
2011
Peak-period ratio, 2011

No of arrivals per
resident, 2006

M
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Indicator

Indicator Description; source

E03

Land Uses/Total Area; 3, 6, 7
Forests

Grazing land
Land uses
Crops

Urbanised land

E04
Biodiversity

E05

E06
E07
Energy

E08

E09
E10
Water supply
E11

Wastes

E12
E13
E14

Seawater
quality
E15

Ratio of NATURA 2000
protected areas to the total
area, 8,10
No of species per 100
residents; 1,6,7
Energy consumption outside
the tourist season, 11
Energy consumption during
the peak period, 11
Ratio of energy consumption
during the peak period to
energy consumption outside
the tourist season, 11
Annual water consumption per
resident for domestic use,11
Water consumption per
tourist-holidaymaker, 11
Annual water consumption per
resident for agricultural use,
11
Annual waste production per
resident, 11
Percentage of blue flag
beaches; 12
Swimming water quality
according to directive
76/160/EEC (density in
bacteria, ppm, ppb, 20022004); 8
Visitors per metre of beach
coastline; 2,3,4,5,8

Fresenius Environmental Bulletin

Measurement
unit, Year

Skiathos

Skopelos

Alonnisos

25,942
(51,9%)
++
4,839
(9.7%)
0
13,869
(27.9%)
0
5,238
(10.5%)
0
1.70%
0

46,100
(47.8%)
++
25,400
(26.4%)
0
20,300
(21.2%)
0
4,400
(4.6%)
0
40.81%
++

54,603
(42.13%)
++
59,697
(46.06%)
0
5,003
(3.86%)
0
10,304
(7.95%)
0
100.00%
+++

7.61
++

7.67
++

19.93
+++

0
0
0

1.50
0
7.50
-5
--

0.70
++
1.40
0
2
++

----

62.15
-17.95
-478.07
--

56.15
--29.43
--431.99
--

m3 per resident for
domestic use, 2010
m3 per touristholidaymaker, 2010
m3 per resident for
agricultural use, 2010

1.10
--37.03%
+++
Blue dot
+++

0.70
-29.63%
++
Blue dot
+++

0.97
--0.00%
-Blue dot
+++

Tonnes of wastes per
resident annually
Percentage, 2009

2.75
--

1.24
0

0.66
++

E16

Area in acres
(Percentage)
Area in acres
(Percentage)
Area in acres
(Percentage)
Area in acres
(Percentage)
Percentage, 2013

No of bird and fish
fauna per 100 residents,
2006
Energy in MW, 2003
Energy in MW, 2003
Ratio, 2003

Blue dot: swimming
water in accordance with
the desired and
mandatory values of
Directive 76/160/EEC
No of tourists and
holidaymakers per metre
of beach coastline
No of bathers per day

Bearing capacity of beaches;
18,698
15,789
15,580
3,4,5
+++
+++
+++
Data Sources: 1. Population Census (2011) - 1DWLRQDO6WDWLVWLFDO6HUYLFHRI*UHHFH>@*UHHN7RXULVP2UJDQLVDWLRQDQG+RWHOLHUV¶
Association, 3. General Masterplan for Skiathos (2010) [36], 4. General Masterplan for Skopelos (2011) [37], 5. Plan for the Spatial
and Residential Organisation of Open Towns for Alonnisos (2010) [38], 6. Study on the sustainable development of Skopelos (2006)
[39], 7. Study on the sustainable development Alonnisos (2006) [40] 8. Regional Operational Programme for Thessaly (2011) [41], 9.
Fieldwork, 10. Opendata (http://geodata.gov.gr/), 11. Communication with relevant authorities/organizations, 12.
http://eepf.gr/el/blueflag [42]

The assessment values range from bad (---),
mediocre (--) and neutral (0) to good (++) and very
good (+++) and the qualitative assessment was
performed by the authors, taking into consideration,
wherever necessary, the consultation of an expert
group. It is noted that:
 During the assessment of the indicators¶results,
both the values of the indicators and a qualitative
assessment of the current situation were taken
into account. As regards the topics of water
supply and energy, where there were no indicator
values for the island of Skiathos, only a
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qualitative assessment was performed.
The only assessment conducted regarding the
geophysical attributes of the islands concerns the
forests and the large percentage of forest
coverage on the islands. No assessment could be
made regarding the rest of the data and therefore
WKHVLWXDWLRQZDVGHVFULEHGDV³QHXWUDO´
Indicators S04, S05, S07, E06, E07, E08, E09, E10, E11,
E12 present some of the negative impacts on
quality stemming from mass tourism on
Skiathos, since there are visibly high levels of
population density and crowding on the island.
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selected. The sustainability issues in each dimension
should be highlighted and the specific sustainability
criteria that can be used as a basis for the creation of
policies should be identified. A well-defined
indicators system that allows for the evaluation of
tourist destinations from social, economic as well as
environmental point of view is an important
instrument that improves the decision-making
abilities of local agents and facilitates tourism
planning [18].
One of the problems noted in relation to the use
of indicators in Greece, is related to the availability
of data and the difficulties in their assessment. The
best method would be to calculate all indicators for
the same time period. This is unfeasible however,
since the availability of the data is fragmented in
certain cases and the latter do not always refer to the
same period. In order to carry out a full study, there
should be an integrated timeframe that will facilitate
the necessary comparisons. More specifically, in the
island area of the Sporades, the collection of data
concerning the indicator values was particularly
complex and unfeasible in many cases;
consequently, the use of several indicators was
barred and led to their rejection.
Furthermore, the results and conclusions
arising from a system of indicators may potentially
not fully represent reality, due to unforeseen factors
or because the wrong indicators were selected. Thus,
for the final conclusions of any study, quantitative
data alone do not suffice; a qualitative analysis of the
area is also required, along with the activities
practiced there. In the case of the Regional Unit of
Sporades, an assessment system was set up, aiming
to assess the current situation on the islands, both
according to the indicator values, and also according
to a qualitative assessment by area experts.
7KHH[SHUWV¶FRQWULEXWLRQZHUHWZRIROGRQWKH
one hand, they highlighted the essential topics that
should be covered by the indicators system and on
the other, they assisted in the qualitative assessment.
TKHUHVXOWVRIWKHLQGLFDWRUV¶DVVHVVPHQWZHUH
then presented in a table, using a qualitative
assessment scale from (---) to (+++), to depict the
weaknesses and strengths of the islands. Based on
this data, proposals were then elaborated concerning
ways to LPSURYH DQG HQKDQFH WKH DUHD¶V WRXULVP
development.
The set of indicators presented here provides a
useful start for a monitoring system that contributes
to the evaluation of sustainability and eventually
planning for sustainable development. Following the
evolution of indicator scores in the future monitoring
years may provide valuable indications about the
social, economic as well as environmental
performance of the touristic activities in the
examined islands.
In any case, the selection, creation and use of
suitable indicators are deemed essential in order to
depict the current situation and prepare a relevant

Indicator S09 concerning Skiathos differs from
the relevant assessment for Alonnisos, since
although the indicator values may be somewhat
similar, nevertheless Skiathos also has two
private health centres. Thus, the healthcare
services provided on the island are very good.
In Skiathos, an almost equal sharing of
indicators that belong to the last four scales of
qualitative assessment appears, with a minimum
FRQWULEXWLRQRIWKH³EDG´VLWXDWLRQ,Q6NRSHORVWKH
situation of the majority of indicators are
FKDUDFWHUL]HG DV ³QHXWUDO´   ZKLOH WKH
PLQRULW\ DV ³H[FHOOHQW´   OHW DVLGH ³EDG´
scaling). In Alonissos, the situation of the majority
RI LQGLFDWRUV LV FKDUDFWHUL]HG DV ³JRRG´  
ZKLOH WKH PLQRULW\ DV ³H[FHOOHQW´ DQG ³EDG´
(11.63%).
According to the results of this study, some
negative signs of mass tourism have already
appeared in Skiathos. For example, the number of
accommodation beds per resident as well as the
number of tourists and holidaymakers per metre of
beach coastline indicate the pressures imposed by
tourism development. Skopelos is less affected by
tourism development, but there are specific sectors,
such as transport, energy, water and waste services
that should be ameliorated and constantly monitored.
Although, Alonissos is the least influenced island by
tourism activities so far, special attention should be
attributed to tourism planning and development, as
the island plays host to the National Marine Park of
Northern Sporades, a refuge for rare seabirds,
dolphins and the Mediterranean monk seal,
monachus monachus.
Taking into consideration both the SWOT
analysis and the indicators assessment, the following
directions are proposed: i) improvement
of
accessibility of the islands, ii) improvement of
DFFHVVLELOLW\RILVODQGV¶UHPRWHORFDWLRQVLQFrease of
the number of bus runs, iii) amelioration of tourist
infrastructure, iv) implementation of evaluation and
monitoring system for hotels, v) improvement of
water and solid waste services, vi) support of
alternative forms of tourism, vii) collaboration of
public and private sector in the marketing sector.

CONCLUSIONS
The systematic use of indicators in modern
research related to tourism development, proves that
their contribution is of particular importance. On the
one hand, they produce direct values and conclusions
regarding the current situation in the area, country or
development model, and on the other hand they
produce indirect conclusions, through complex
indicators and standards, regarding the future.
At the same time, there is an obvious
connection between sustainable development and the
indicators and criteria on which the latter are
1307
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entails environmental footprints which are rarely
sustainable.
(ii)
Socio-economic reasons: Production of
waste appears to be the result of wasting natural
resources and these resources are both limited and
unequally distributed.
(iii)
Financial reasons: Reducing the quantities
of waste produced means it should be possible to
reduce the budget required for the collection,
transportation and treatment of waste products,
(iv)
Legal reasons: The European framework
directive on waste requires national WP
programmes to be drawn up.
According to the Waste and Resources Action
Programme (WRAP) [1]WP is considered to be
very personal issue, which often goes undetectable
(e.g. when shopping) or out of the sight of others (at
home), so that there is no descriptive social norm to
support it. WP is performed in the privacy of our
own home and is personal as it is driven by deeply
held beliefs and attitudes rather than social norms.
WP strategies available to national authorities
fall into three broad categories: (a) information, (b)
promotion and (c) regulation. Informational
strategies aimed at changing behaviour and
informing decisions, include: public awareness
campaigns, information on WP techniques, training
programmes for competent authorities, ecolabelling, WPinformation on products. Promotional
strategies, incentivising behaviouralchange and
providing financial and logistical support for
beneficial initiative, include:support for voluntary
agreements, promotion of Eco design, development
and promotion of environmentalmanagement
systems, support for reuse and repair infrastructure,
clean consumption incentives, promotion of
research and development fordeveloping less
wasteful products and technologies. Regulatory
strategies, enforcing limits on wastegeneration,
expanding environmental obligations and imposing
environmental
criteria
onpublic
contracts,
include:extended producer responsibility policies,
green public procurement policies, waste taxes and
quotas, these strategies are complementary and can
beintegrated with other relevant existing
policies[2].
One of the key challenges mentioned in the
renewed
EU
Sustainable
Development
Strategyfrom 2006 is to improve management and

ABSTRACT
Waste prevention (WP) is a cross-cutting area
of policymaking and it has direct relevance to a
considerable number of already established policy
areas, both in the field of the environment (e.g.
environmental management systems) as well as
specific primarily non environmental areas (such as
e.g. innovation policy), which have good potential
to decrease the amount and/or the adverse impacts
of generated waste, both at EU and Member State
levels. The EU Waste Framework Directive, places
WP, rather than recycling, as a top priority, and
requires Member States to develop WP plans by the
end of 2013.WP encompasses a range of policy
options and has a broad range of benefits. Targeting
at-source waste production, it reduces the amount
and toxicity of waste before recycling, composting,
energy recovery and landfilling become options and
includes measures to reduce the adverse impacts of
the generated waste on the environment and human
health. The proposedCyprus prevention strategy
plancovers the state of the art, the compositional
analysis, the WP activities, the WP actions, the WP
target and indicators, the methodology for
determining the WP as indicated in the proposed
paper.

KEYWORDS:
prevention, waste management, strategic plan, public
awareness, waste reduction, measuring WP.

INTRODUCTION
WP means avoiding and reducing the waste
we generate, and reusing items instead of throwing
them away [1]. The link between economic growth
and waste generation is beginning to weaken in the
EU [2]. plays a key role in strategic sustainable
waste management and is seen as a beneficial waste
management option which should be integral to any
waste strategy.There are various reasons to be
concerned about :
(i)
Environmental reasons: Municipal waste is
merely the final evidence of consumption which
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According
to
Waste
Framework
Directive(WFD) article 3, [3] WP are the measures
taken before a substance, material or product has
become waste, that reduce the quantity of waste, the
adverse impacts of the generated waste on
environmental and human health or the content of
harmful substances. So WP has two distinct
aspects: (i) quantitative prevention, i.e. reducing the
quantity of waste being produced, and (ii)
qualitative prevention, which reduces the impact of
waste through prevention/reduction of the
hazardous substances in the various products, that
will inevitably, become waste at some stage of their
life cycle.
The long-term goal is for the EU to become a
recycling society that seeks to avoid waste and uses
waste as a resource. Also, the revised WFD[3]
requires that Member States establish, by the end of
2013, national WP programmes (to be evaluated at
least every sixth year and revised as appropriate).
On article 29(5) the Commission is called to create
a system for sharing information on best practice
regarding WP and to develop guidelines in order to
assist the Member States in the preparation of their
WP programmes [3]. Also, the target of the EU
Landfill Directive (1999/31/EC) [13] is the
progressive reduction of biodegradable municipal
waste going to landfill, to 35% of the 1995 disposal
level by 2020. Prevention of this waste stream
obviously contributes to the achievement of this
target
The Waste Strategy for Cyprus suggests that
local authorities and policy makers should now put
more emphasis on WP and re-use in order to
achieve a reduction of disposal costs, CO2
emissions and a decrease in the demand for natural
resources. This WP Strategy Plan supports the
overarching Waste Management Strategy for
Cyprus from 2014-2020.

avoid overexploitation of natural resources. It set as
target to avoid the generation of waste and to
enhance efficient use of natural resources. The
Sixth Environment Action Programme (2002±2012)
VHWV RXW WKH (8¶V NH\ HQYLURQPHQWDO REMHFWLYHV
One of the overall goals is to decouple resource use
and waste generation from the rate of the economic
growth. The programme mentions an overall
reduction in the volumes of waste generated
through WP initiatives and a significant reduction
in the quantity of waste going to disposal. It further
encourages reuse and aims to reduce the level of
hazard, giving preference to recovery and
especially recycling, making waste disposal as safe
as possible, and ensuring that waste for disposal is
treated as close as possible to its source [2].
WP is a cross-cutting area of policymaking
and has direct relevance to a considerable number
of already established policy areas, both in the field
of
the
environment
(e.g.
environmental
management systems) as well as specific primarily
non environmental areas (such as e.g. innovation
policy), which have good potential to decrease the
amount and/or the adverse impacts of generated
waste, both at EU and Member State levels. In
Europe, WP has been a key part of waste
management policy. In 2008, it was integrated in
the EUlegislation [3]and stated that prevention is
the first priority of waste management, being at the
top of the waste hierarchy, with a requirement from
European member states to produce WP plans. In
the UK, the Government has funded a large
research program in WP. It includes a review of
evidence analysing the behavioural opportunities
and barriers in household WP, associated with the
effectiveness of various policy measures [4]. The
impact of WP campaigns[5], and methods to
monitor and evaluate WP through mass reduction
and behavioural studies [6], were also developed.
Current decoupling indicators of WP were
reviewed[7]. This unprecedented government led
research initiative has demonstrated the key issues
of WP from a behavioural perspective. It is,
however, quite critical also to assess the
environmental significance of WP as this can
reinforce evidence for policy development. In the
United States, the US EPA has undertaken a
program to support local authorities and waste
management organisations to quantitatively assess
the consequences of WP on global warming
potential (G) reduction with the Waste Reduction
Model but does not include other environmental
impact categories [8]. Some countries, such as
Taiwan [9], South Australia [10] and New Zealand
[11] KDYH DGRSWHG WKH WDUJHW RI µµ]HUR ZDVWH¶¶ DV D
form of strategic WP. Unfortunately, zero waste,
usually has strong relation with recycling as well as
most of the times means that wastes can be
discharged to landfill (control or uncontrolled) [12].

MATERIALS AND METHODS
Figure 1 presents the steps that were followed
to prepare the Cyprus prevention strategy plan. The
Cyprus prevention strategy plan (in a Governmental
Level) covers the state of the art analysis
(evaluating the existing waste management system,
identification of the main waste producers, waste
compositional analysis), followed by the priorities
setting per waste producers and main waste stream.
Then the National Prevention program was
developed covering the WP activities, the WP
actions, the WP target and indicators, the
methodology to determine the WP. Before the
approval of the prosed program a public
participation was established discussing several
issues.
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FIGURE 1
Steps for the development of the WPStrategy
Waste amount (t)
700.000
600.000
500.000
400.000
300.000
200.000
100.000
0
2012

2010

1312



2009

2008

2007

2006

2005

2004

2003

2002

2001

FIGURE 2
Waste generation in Cyprus from 2001-2012
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FIGURE 3
Waste production per economical sector 2010 [15]
TABLE 1
Cyprus average waste compositional analysis [16]
Quantity in tonnes

% w/w

Organics
Paper package
Printing paper
Other paper
Plastics package
Other plastics
Metals package
Metals Other
Glass package
Other glass
Wood
Residual
Others ± Inert

237.554
78.995
3.060
32.812
67.841
11.124
13.823
4.514
21.544
406
19.080
68.497
26.614

40.55%
13.48%
0.52%
5.60%
11.58%
1.90%
2.36%
0.77%
3.68%
0.07%
3.26%
11.69%
4.54%

Total

585.864

100.00%

19.6
13.48
2.36
0.77
3.75
3.26
11.69
4.54

> Agricultural-Forest-Fishery > Food and Drinks >
Wooden > Wear > Paper products > WEEE (mostly
electronic devises) > Furnishing > Plastics.
The overall compositional analysis of solid
wastes in Cyprus is presented in Table 1[16]. In
decreasing order the analysis consists of 40.55%
organics (which are products that can be
composted), 19.60 %Papers (including package
paper, printing papers), 13.48% plastics (mainly
packaging materials), 11.69% residuals, 4.54%
inert waste, 3.75% glass, 3.26% wood and 3.13%
metals (ferrous and non-ferrous).
The implemented solid waste management
plan (ISWMP) in Cyprus includes the door by door
collection from houses or organizations. Recyclable
materials (such as, papers, PMD, plastics, glass,
batteries, including WEEE mostly electronic

RESULTS AND DISCUSSIONS
The annual per capita production of waste in
Cyprus is estimated at 468 Kg for residential areas
and 670 Kg for touristic areas, while the total waste
amount was estimated at the end of 2012 up to
630000t (Fig 2). The MSW are disposed in
landfills, five of which are known to be operating
currently in Nicosia, Limassol, Larnaka, Paphos,
and Paralimni (the last one closed at the end of
2011). Only 75% of the population of Cyprus is
served by those landfills. The other 25% (mainly in
residential rural areas) dispose of their waste
illegally. Figure 3 presents the waste production per
economical sector [14, 15, 16]. In decreasing series
from the most pollute to the less polluted sector we
have: Constriction > Household > Query and Mine
1313
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The WP activities and the proposed WP actions are
presented in the Table 2, along with the WP target
and indicators per selected group. At the first stage
the main waste producers and the main waste
streams were identified. The proposed prevention
activities have been chosen to be established in
selected groups (Public Authorities, Local
Authorities, Educational Centre, Agricultural
sector, Tourist Activities, Shopping centres / Malls,
Construction sector). The prevention activities
focus on a public awareness program using social
media, newspaper, radio spots, tv spots, mails to
selected groups, door by door information, live
links, seminars, conferences, advertising in of WP
through video walls (which may be establish in
football fields) as well as through telephone lines.
Also, the activities promote home composting, on
which yard and green waste can be composted
easily (those wastes in some regions especially the
touristic areas comprise 25% of the total waste).
The promotional and the establishing of the30
Green Points all around Cyprus will help to collect
several waste streams like electrical equipment in a
good condition, cooking oils, inert waste, specific
demolition waste (like doors, windows etc),
furniture etc. Such wastes as electrical equipment
can be forwarded to repair stores and get back to
the market. Food waste can be collected separately
and can be forwarded to biogas production units.

devises) are collected by Green Dot Cyprus (GDC)
[17]. GDC is responsible for the first collective
compliance system in the Island. GDC covers the
gap between the Packaging and Packaging Waste
Law (L.32(I)/2002) (according to demand of EU
directive 95/62/EC) [18] and the responsibilities of
the enterprises that are considered as packaging
managers and that must secure the recovery and
recycling of their packaging. Also, more than 30
Green Points have been assigned and will be
established by the end of 2015(latest 2016) around
Cyprus. At the Green Points citizens could deposit
specific waste stream like WEEE (refrigerators,
ZDVKLQJ PDFKLQHV HWF  IXUQLWXUH¶V HWF. Several
composted units exist but the organic wastes that
are forward for composting are considered to be
limited (less than 5% of the total organic waste).
Until the end of 2013, 115 illegal landfillsexisted,
113 of them have been closed (the other 2 will be
closed by the end of 2015). One waste management
plant (WMP) exists which has the ability to treat
the wastes that are produced from 2 Districts
(Famagusta and Larnaka) whita capacity up to
150000 t/y. One more WMP will be established by
the end of 2016 for the District of Limassol and
Paphos, with capacity to beapproximately 200000
t/y. The ISWMP includes implementation of payas-you-throw
principles
and
zero-waste
management approach in smaller Municipalities
[16]

TABLE 2
WP activities and targets per selected groups
Waste stream
Green waste
(General Target
50% after the 6
year)
Food
waste
(General Target
50% after the 6
year)
Textiles ± clothes
Demolition waste
±
Contraction
materials
Hazardous house
hold
Plastic Package
Toys
WEEE
Papers cardboard
and other paper
(main
target
directly 25%. and
50 % before the
first 5 years)
Plastic Bottles
(500 ml)

Economic sector
selected group
Local authorities
Houses
Tourist sector
Agricultural
Educational Centre
Houses
Tourist sector

Over all
Constructions

Houses
Over all
Houses

±

Target of re-use
prevention
50%
50%
50%
100%
100%
50%
50%

Time Limit to reach the target
Directly
In 5 Years
> 6 years
(25%)
(50%)
(50%)
(50%)
(50%)
(100%)
(50%)
(50%)

50%

(25%)

(40%)

70%

(5%)

(70%)

(5%)

(15%)

(5%)
(10%)

25%

Educational Centre
Local Authorities
Houses

10%
50%
10%
50%
50%
50%

(25%)
(25%)
(25%)

(10%)
(50%)
(10%)
(50%)
(50%)
(50%)

Educational Centre

100%

(50%)

(70%)

(50%)

(25%)

(100%)
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concerns over environmental protection related to
tourism and travel. It has been estimated that most
environmental impacts created by the hotel industry
can be attributed to site planning and facility
management, excessive consumption of local and
imported non-durable goods, energy, and water,
and emissions into the air, water, and soil [19].
These observations have led many interested
parties, including academic researchers, to study
and criticize the general policies and daily
professional practices of the tourism, travel, and
hotel industries, their mode of organization, the
services they consume and provide, and the
resulting environmental impacts. At the same time,
the hotel industry has faced increasing pressure to
pay appropriate attention to environmental issues.
A clean environment is a basic component of
quality service and is thus important for the
development of travel, tourism, and hotel
industries. Sustainable prosperity of travel, tourism,
and hotel businesses also calls for the inclusion of
environmental protection components in every
phase of their business venture, from the
preparation and application of site plans and
business programs and policies to daily routine
practices. The International Hotel Environmental
Initiative [21] indicated that solid waste generation
is considered one of the most adverse
environmental impacts created by several and
especially small hotels. Collectively, they produce a
vast amount of waste, much of which goes to
landfill. Many hotels consider their environmental
responsibilities as a secondary objective [19] and
take very little action to reduce their environmental
impacts [22].The several streams of solid waste
generated by the hotels include: plastic, paper,
glass, wood, organic (kitchen), old durables,
electric and electronic equipment, green waste,
clinical waste, hazardous, sands (from the filters of
pools), dust, metals, packaging and waste
packaging, batteries, solid waste from biological
treatment, hazardous from funnels and especially
from the kitchens funnels. Due to the absence of a
specific waste measuring mechanism, the hotels
were not able to provide the exact volume of waste
produced per department. As a recommendation,
hotels should first incorporate a measuring
mechanism in order to obtain the total volume of
waste produced. As food waste accounts almost
20% and green waste 19% [19] of the total waste
production the proposed general target set out is to
reduce food waste up to 50% the first years of the
implementation of the proposed plan. The
implantation of composting could be a solution to
reduce those wastes from landfilling.

WP by Public Authorities. Public
Authorities¶ ZDVWHV mainly include papers, PMD,
WEEE, furniture, cartridge, batteries. 30
Municipalities and 349 Communities are based in
Cyprus (Free part of the island). Local Authorities
are the main waste producers according to the
statistical services, as the total amount of houses are
309300 houses[14]. The main waste streams that
these houses produces are green waste, food waste
(both account around 50% of the total wastes v/v)
papers, plastics, glass, PMD, toys, clothes,
hazardous, WEEE etc. The main proposed
prevention activities include public awareness,
exchanges items, second hand equipment, and
repair stores, home composting etc.
WP by educational organisations. Cyprus
has 887 kindergarten, primary, secondary schools,
gymnasiums and lyceums, 3 public Universities, 5
private Universities, colleges and other institute
[16]. All of them count more than of 150000
students. The main waste streams from this sector
are papers, food waste, plastic cups, plastic bottles,
WEEE, batteries, cartridges, green wastes.
However, plastic bottles are considered to be a
serious and unsolved environmental problem from
this sector, as approximately every student buyone
bottle of 500 ml of water during the hours of the
lessons, producing more or less 150000 pcs per day
(equal to 30000 Kg/d of plastics). The main target
is to reduce plastic bottles by 50% the first year of
implementation of the Strategy
Plan. To achieve this target, public awareness
activity must be taken into consideration and
refilling water containers must be used.
WP by the hospitality industry. Hospitality
industries (one very significant player in the waste
production) often pay little attention to their
environmental responsibilities. Solid waste is a key
concern in the hospitality industry. Typically, a
hotel guest can produce 1 kg of waste per day that
accumulates to thousands of tonnes of waste
annually. Cyprus has the ability to guest almost 2
million tourists per season (season last from April
to October every year). Many hotel operators have
very little interest in reducing, minimizing and/or
recycling waste, believing that such activities are
too expensive and time-consuming [19]. The most
widely tourism development model used in the
region is based on seaside summer holidays and
attainment of quantitative goals [20]. Tourism
provides substantial contribution to local economies
by creating employment and investment
opportunities, but rapid growth has been the main
cause for many adverse social, environmental and
economic impacts. Hotels constitute a key element
of the organized chain of activity in the travel and
tourism industry, and occupy a crucial place in

Measuring WP. Several methods have been
used to measure WP, which can be summarised as
following: (a) Direct quantification of source
reduction, referred on reported measurements of
1315
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6FRWODQG¶V WP Programme has taken a hybrid
approach to monitoring and evaluating its
programme [27]. Each initiative has a specific
monitoring and evaluation stream including
attitudinal surveys, web statistics, composition
analysis and participation surveys.

changes in waste stream quantities, either by
volume or weight. This method includes direct
monitoring programs through case studies, audits
and/or waste sorting studies. (b) Source reduction
cost analysis, which generally incorporates two
financial factors: the cost of undertaking the source
reduction effort and the savings in purchasing and
disposal costs, combined to calculate the realised
total costs of the effort. The basic steps include the
identification of the source reduction and the direct
cost of implementing the source reduction as well
as the costs to be measured (such as purchasing,
disposal, labour and other relevant factors) before
and after implementation of the source reduction.
(c) Another measurement technique is the use of
indicators (determined on either an economic,
resource, or waste basis) to establish both the
baseline potential for WP programs and to measure
the effectiveness of the program after
implementation. Such indicators could include per
capita waste generation, per employee waste
generation, or tons of waste per wage dollars. (d)
Resource
productivity
ratios
are
simple
measurements of a product or service divided by
the resources required to produce the product or
service. Each ratio is a measure of the efficiency
with which resources are used. For example,
product sales divided by raw material costs provide
a measure of whether improvements in raw material
use are effective. If raw materials are conserved, the
ratio of sales to raw materials will be increased. (e)
Side management is used for designing approaches
to evaluate WP, reliance on existing methods and
approaches to the evaluation of WP, as well as the
results and costs of evaluations undertaken
elsewhere would seem logical[23, 24].The
proposed strategy prevention plan includes also the
methodology to measure the WP according to
Zorpas and Lasaridi proposed method [1].
Although it appears that there are no accepted
or standard methodologies for monitoring and
evaluating household WP[25], it is clear from
analysing the evidence that some consensus appears
WREHHPHUJLQJWRZDUGVD³K\EULGDSSURDFK´ [1]. A
collective review of the evidence reveals a typical
approach comprising: (i) A baseline survey (and or
interviews / focus groups); (ii) Householder
monitoring ± comprising either self-weighing or
observation analysis; (iii) Local authority (or
delivery organisation) monitoring ± comprising
waste composition analysis, waste audits or
tracking waste arising via collection data (this is
less frequently done); (iv) A follow up survey
(sometimes) qualitative feedback (interviews /
focus groups); (v) Depending upon the timeframe
and resources, interim surveys are also conducted.
Using a suite of well-planned monitoring
DSSURDFKHV LV UHFRPPHQGHG E\ :5$3¶V FXUUHQW
monitoring and evaluation guidance [26] and it is
further reinforced by the literature. Waste Aware

CONCLUSIONS
The proposed prevention plan is its early
stages and needs time to mature. However, through
this prevention plan several priorities were given in
order to reach specific targets. These priorities aim
to manage waste in line with the waste hierarchy
and reduce the carbon impact of waste as well as to
develop a range of measures to encourage WP and
reuse, supporting greater resource efficiency. Also,
through this plan emphasis is given to develop
voluntary approaches to cutting waste, increase
recycling, and improve the overall quality of
recyclable material, working closely with business
sectors and the waste and material resources
industry and to consult on the case for higher
packaging recovery targets for some key materials.
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ZOOPLANKTON POPULATION SEASONAL VARIATIONS IN
RELATION TO NUTRIENTS. CASE STUDY OF LAKE
KASTORIA, WESTERN MACEDONIA, GREECE.
Niki Matzafleri, Aris Psilovikos*, Antonios Sentas
Department of Ichthyology & Aquatic Environment, University of Thessaly, Fytoko st. N. Ionia Magnisias, 38446, Greece

part of Greece (40oǯȃ Ƞǯ(  )LJXUH   ,WV
watershed is approximately 281 km2. The lake
covers a surface area of 27.9 km2, has an average
depth of 4.4 m and a maximum depth of 9.1 m. The
water retention time fluctuates between 1.6 and more
than 2 years, due to hydraulic adjustments of its
outflow to Gioli torrent, in order to keep a constant
water level. Lake Kastoria is a eutrophic,
occasionally with signs of hypereutrophication,
urban lake that has received sewage for decades. The
lake is of polymictic stratification type of mediumhigh altitude, medium depth and suffers from
persisting cyanobacterial blooms.
The eutrophication process in shallow lakes can
greatly change the community structure of aquatic
organisms. It is known that eutrophication affects the
specific composition of zooplankton through
physical and chemical alterations of the environment
[1]. Such changes may promote alterations in the
quality and quantity of available food for the
zooplankton population. The community structure of
zooplankton depends on the trophic status of the lake
and individual species may reflect the level of
eutrophication [2]. In freshwater systems, total
zooplankton abundance and diversity vary according
to limnological features and trophic state [3, 4].
Furthermore, the status of eutrophication,
particularly in temperate regions, is associated with
the composition of the zooplankton community [5].
Zooplankton is still not included as biological
quality indicator for aquatic ecosystems, according
to the implementation of EU Water Framework
Directive [6]. Several studies though, have shown its
necessity as an indicator of alterations in the trophic
dynamics and the ecological state of lakes related to
changes in nutrient loading and climate [7]. In order
the trophic status of Lake Kastoria to be evaluated,
its seasonal patterns of nutrients, chlorophyll-a and
zooplankton were examined from January to
December 2011. The improvement of the ecological
status of a degraded aquatic ecosystem, requires
measures that contain monitoring. Such measures,
have been taken into account by the international
legislation [6].

ABSTRACT
In order to evaluate the trophic status of Lake
Kastoria, seasonal pattern of nutrients, chlorophyll-a
and zooplankton have been examined from January
to December 2011. Lake Kastoria is a polymictic
lake, characterized by both urban and agricultural
activities. It has an area of 27.9 Km2 and is located
in the northwestern part of Greece. Forests and seminatural areas are characterized as dominant land use
W\SH   LQ WKH ODNH¶V ZDWHUVKHG (281 km2)
followed by agriculture areas (39%). Urban land
FRYHUVRIWKHODNH¶VZDWHUVKHG7KHODNH¶VZDWHU
retention time varies due to hydraulic adjustments of
its outflow to Gioli torrent. Water samples were
collected monthly from 5 sampling sites. The
average of the measured values in all sampling sites,
was estimated and the seasonal variation is
demonstrated. The sequence of dominant
zooplankton species groups in Lake Kastoria was
Rotifera > Copepoda > Cladocera. Correlation
between zooplankton species and nutrient level was
established. The chlorophyll-a, an indicator of
phytoplankton biomass, reached its maximum
during the summer period. The values of total P and
total N were also in high values in early spring and
early autumn. Concerning chlorophyll-a and TSI
indexes values, the trophic status of Lake Kastoria
varied from eutrophic to hypertrophic depending on
the season. The present study was to investigate the
composition and abundance of species of
zooplankton in the coastal zone of Lake Kastoria.
The diversity of zooplanktonic organisms in lake
ecosystem worldwide is a "key" factor of the
biological and ecological status of the lake, as links
the functioning of the ecosystem, the complexity of
the food web and ecosystem stability.
KEYWORDS:
Lake Kastoria, trophic status, zooplankton, chlorophyll-a,
physicochemical parameters

INTRODUCTION
Lake Kastoria is located in the northwestern
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measured. For the purpose of classification, priority
is given to Chl-a, because this formula (Equation 3)
is the most accurate of the three formulas at
predicting algal biomass. According to Carlson [14],
Total P formula (Equation 2) is more appropriate
than Chl-a (Equation 3) at predicting the trophic state
during the summer months and SD formula
(Equation 1) should only be used if there are no
better methods available.

MATERIALS AND METHODS
Water samples for chemical analysis were
collected from 5 sites (Figure 1) inshore along with
in situ measurements of physicochemical
parameters. Water temperature (T), Electrical
Conductivity of water (ECw) and pH values were
measured by probes and transparency using the
Secchi Disc (SD). Chemical analysis of nutrients
were carried out following APHA 2000 [8] standard
methods. For the determination of chlorophyll-a,
water samples were filtered through a Whatman
GF/A glass fibre filter shortly after collection.
Pigment extraction was made in 90% acetone and
concentrations of the parameters were determined
spectophotometrically [8].

RESULTS
The surface water temperatures (T) varied from
3.0 (in December) to 28.3oC (in August) and due to
the shallow depth of Lake Kastoria, there was no
thermal stratification (Figure 2). Dissolved oxygen
(DO) in the surface of the lake fluctuated between
4.2 and 14.2 mg L-1. The minimum values appear
through the warm period of the year with an
exception in July, when the measured value was the
maximum of the year (14.2 mg/l), probably due to
high photosynthetic activity (Figure 2). The pH was
alkaline throughout the sampling period (7.9±9.1)
and the lower values appear mainly during wet
periods (Figure 2).
The seasonal variation of Secchi Disk (SD),
ranged from 0.75 m in September to 4.05 m in
December (Figure 2). The highest values may be
related to the low phytoplankton biomass, while
there was low seasonal variability throughout the
year. Factors which favor the turbid water state in
Lake Kastoria are the algal biomass and the stirringup of the sediment due to wind and severe rainfall
episodes.
Concentration of Total P varied throughout the
year, with the highest values recorded in summer
(Figure 2). In autumn, Total P values were decreased
and in winter the lowest values were recorded on the
surface. Total P is probably influenced by inflows,
algal dynamics and internal loading. During the
periods of high water level due to the increased
inflows, large amounts of phosphorus are entering
into the lake. During the warm period, dissolved
oxygen and pH conditions in the sediment ± water
interface, enhance the internal loading process,
enriching the water column with phosphorus from
the bottom. This fact in relation to the low water
level, results in high concentrations of Total P [15].
According to studies about European eutrophic lakes
gradual reduction of Total P, during autumn and
winter, is succeeding the high values of summer
period [16]. The higher value of Total P (297.2 ȝg L1
) was recorded in July and the minimum (6.8 ȝg L1
) in December.

FIGURE 1
Map of study area [9]
Zooplankton samples were collected with a
standard plankton net (Hydrobios, Kiel, Germany)
with a diameter of 25 cm and a mesh size of 55 ȝm,
through vertical and horizontal hauls. Sampling was
performed every month in five stations. The samples
were preserved in 4% formalin after sampling. The
samples were divided into subsamples (1 cc) with a
pipette and were measured using an electronic
microscope. Species were identified according to
[10, 11, 12, 13].
The trophic classification of the lake was
estimated by the Trophic State Index (TSI) using
&DUOVRQ¶VHTXDWLRQVIRU7UDQVSDUHQF\ 6HFFKL'LVN±
SD), Total Phosphorus (TP) and chlorophyll-a (Chla) [14] as follows (Equations 1,2 and 3):

TSI SD

60  14.41  ln SD

(1)

TSI TP

14.42  ln TP  4.15

(2)
(3)

TSI chl  a

9.81  ln chl  a  30.6
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The three index variables, are correlated to each
other by linear regression models. Any of the three
variables can therefore be theoretically used to
classify a waterbody. This is particularly useful in
urban lake monitoring programs, where SD is often
the only variable that can be inexpensively
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FIGURE 2
Temporal fluctuation of water physicochemical parameters in Lake Kastoria
Total N diminished during summer due to
increased photosynthetic function (Figure 2). Total
N values in the wet period were high, probably due
to the nitrogen inputs from the inflows and varied
between 84.7 and 220.0 ȝg L-1. During summer

lower Total N concentrations were recorded, ranging
from 19.1 to 99 ȝg L-1 as result of biological
utilization.
Electrical
Conductivity
(ECw)
values
fluctuated between 251.6 and 345.6 ȝS/cm, being
1320
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lower during the winter period (Figure 2).
The seasonal pattern of chlorophyll-a (Chl-a) is
presented in Figure 2. The average concentrations of
Chl-a ranged between 1.3 and 77.44 ȝg/l reflecting
the eutrophic state of the lake [17,18]. The highest
concentrations were recorded between late summer
and early autumn, when phytoplankton grows
favored by the abundance of nutrients, high
temperatures and long sun duration.
The application of TSI, using the formula of
Total Phosphorus (Equation 2) revealed values
between 25.8 and 87.9, which classify Lake Kastoria
as hypereutrophic. Using the other two formulas of
SD (Equation 1) and Chl-a (Equation 3), TSI values
ranged between 39.9 to 64.1 and 38.3 to 68.6
respectively, which classify Lake Kastoria as
eutrophic. It can be concluded that according to TSI
Index values, Lake Kastoria is a eutrophic lake with
trends of hypereutrophication (Figure 3).

Fresenius Environmental Bulletin

TABLE1
Zooplankton species found in Lake Kastoria
during the present study.
ROTIFERA CLADOCERA
Anuraeopsis
fissa
Daphnia cucullata
Flinia
Daphnia galleata
longiseta
Polyarthra
Daphnia
sp.
mongolianum
Daphnia
mongolianum Ceriodaphnia sp.
Ceriodaphnia Ceriodaphnia
sp.
pulchella
Polyarthra
Bosmina
vulgaris
longirostris
Pompolyx
sulcata
Bosmina coregoni
Trichocerca
Diaphanosoma
sp.
brachyurum
Trichocerca
similis
Trichocerca
cylidrica
Trichocerca
elongata
Trichocerca
rattus
Trichocerca
pusilla
Notholca
squamula
Asplancha
sp.
Asplancha
priodonta
Ascomorpha
saltans
Euclanis sp.
Euclanis
dilatata
Lepadella sp.
Kellicotia
longispina
Hexarthra
mira
Keratella sp.
Keratella
cochlearis
Keratella
quadrata
Lecane sp.
Lecane luna
Lecane
lunaris
Brachionus
sp.
Brachionus
calicyflorus
Brachionus
forficula
Brachionus
angularis
Brachionus diversicornis

FIGURE 3
Seasonal fluctuation of TSI indexes in Lake
Kastoria.
Zooplankton samplings in Lake Kastoria
revealed 45 invertebrate species, which comprised
three groups. A total of 33 Rotifera, 8 Cladocera and
4 Copepoda species, were identified in the study area
(Table 1).
Based on the number of the species values,
Rotifera was the dominant group in the lake (56% of
the total species), followed by Copepoda (29%) and
Cladocera (15%) (Figure 4).

FIGURE 4
Zooplakton community composition
in Lake Kastoria.
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COPEPODA
Nauplii
Copipodites
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Seasonally, total zooplankton biomass
decreased after the summer period, remained low
during winter and increased at the beginning of
spring. The first peak of abundance in April, was the
result of the increased number of Rotifera (Figure 5).
Rotifera started to grow at the end of spring and
the population reached an abundance of 458 ind/l in
April. Regarding seasonal fluctuations, Rotifera
seemed to increase its abundance in spring and early
summer with most maximum values occurring
during summer, in June (694.8 ind/l) and August
(705.6 ind/l). Copepoda abundance ranged from 3.6
to 516.8 ind/l in January and June, respectively.
Copepoda increased in spring due to their
reproduction period. Cladocera exhibited low values
during winter, spring and autumn and reached a
maximum of 270.6 ind L-1 in July.
The most abundant Rotifera, Cladocera and
Copepoda species were Keratella spp., Bosmina
longirostris and Copepodites sp., respectively. The
composition of the Rotifera, Cladocera and
Copepoda groups is shown in Figures 6A, 6B and
6C.
Our results showed that temperature was
among the main factors correlated with the
abundance and variation of the zooplankton
community in Lake Kastoria. Water temperature is
considered a crucial factor influencing many aspects
of the biology and ecology of zooplanktonic
organisms [19]. The influence of temperature on
several Rotifera species has been well demonstrated
[20,21,22,23]. Quantitative responses of the biota to
the increased nutrient loading are adequate in a
nutrient-limited environment but differ in a wide
range in the case of other limitations [24].
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FIGURE 5
Seasonal fluctuation of zooplankton community
in Lake Kastoria. The SDEV are given on the
bars

FIGURE 6A
Community of Rotifera

DISCUSSION AND CONCLUSIONS
Lake Kastoria is a eutrophic system with
signals of hypertrophication (during the periods of
algal blooms). Low SD transparency recorded
during the summer, indicates the absence of the
³&OHDU 3KDVH´ WKXV HQKDQFLQJ HXWURSKLFDWLRQ >@.
Previous studies have also highlighted turbid
eutrophic conditions in Lake Kastoria, related to
high algal biomass [26].
According to the results of this study,
chlorophyll-a and total phosphorus concentrations
were elevated underlining the anthropogenic
impacted environment. Lake Kastoria is considered
eutrophic according to [18] and [19], with a trend of
hypereutrophication in August, when the maximum
annual concentration of chlorophyll±a reached 77.4
ȝg L-1, just above the threshold value of 75 ȝg L-1.
Lake Kastoria is heavily impacted by nutrient
pollution and anthropogenic disturbance and, as a
consequence, has suffered increased filamentous and
toxic cyanobacteria blooms in the last few years
[27,28]. The low abundance of Cladocera in lake

FIGURE 6B
Community of Cladocera

FIGURE 6C
Community of Copepoda
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Health and Management, 5, 31-43.
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Smithsonian Institution and National Science
Foundation, Washinghton DC.
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[13] Benzie, J. (2005) Cladocera: the genus Daphnia
(including Daphniopsis), p 1-368. In Guides to
the Identification of the Microinvertebrates of
the Continental Waters of the World. Dumont
(Ed.), Vol.21, Backhuys Publishers, Leiden.
[14] Carlson, R.E. (1977) A trophic state index for
lakes. Limnology and oceanography, 22, 2, 361369.
[15] Bengtsson, L. (1975) Phosphorous release from
a highly eutrophic lake sediment, Verh. Int.
Limnology, 19, 1107-1116.
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(2003) Role of sediment and internal loading of
phosphorus in shallow lakes, Hydrobiologia,
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Kastoria probably explains the absence of grazing
over phytoplankton [26]. Under these conditions,
smaller sized zooplankton species (Rotifera) are able
to be fed with bacteria and algae and thus become
dominant. In addition, high values of chlorophyll-a
concentration was correlated with high Rotifera
densities. The small numbers of large Cladocera
species in the zooplankton samples, could be an
indication of fish predation pressure [29]. It should
be considered that the majority of the Greek lakes are
characterized by fisheries that are dominated mainly
by carp and other small fishes [30]. These can affect
the spatial distribution of large Cladocera species. It
is accepted that in lakes, where littoral zone is
dominated by small fishes, the density of crustacean
zooplankton within the macrophyte beds are similar
or even lower than the one found in scarce vegetated
areas or open water [31]. In addition, in [32] it is
highlighted the increasing occurrence of
cyanobacteria blooms in Greek lakes and is noted
that cyanobacteria are resistant to grazing. This
could explain the dominance of small-sized
zooplankton species over the larger grazers. This
result is not a surprising one, as in eutrophic
ecosystems small ± sized zooplankton species tend
to dominate [33,34].
Lake Kastoria is a shallow lake, highly
influenced from seasonal fluctuations and the
amount of nutrients. According to their interactions
the ecosystem of the lake changes, necessitating the
monitoring of all the physicochemical and biological
parameters, especially in summer and early autumn,
when the lake appears to suffer from eutrophication.
The study of all interactions within the food web,
especially the correlations between the abundance of
a) phytoplankton, b) zooplankton species, c)
macrophytes, which provide refuge to zooplankton
and d) juveniles and fishes which constitute the
predators, would suggest appropriate measures and
practices for the sustainable management of
macrophytes and fisheries, in order to improve the
trophic status of the lake.
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